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CONSULTING ENGINEERS 103830 -1247H STREET, EDMONTON, ALBERTA - TELEPHONE 4B2-4411. AREA CODE 403

PLEASE REFER TO FILE No

VA NCOUV ER

April 29,1968

LETTER OF TRANSMITTAL
Mr. K. W. Stalrs,
Chief, Engineering Division,

Department of Indian Affairs & Northern
Development,

Ottawa, Ontario
Dear Sir:

Re: Town of Yellowknife
Proposed Water Supply Line

We take pleasure insubmittingour report on the proposed water supply line
and associated works for Yellowknife, N.W.T,

W e have beenunable to assess at this time what treatment isrequired, if any,
for the proposed source of water in the Yellowknife River. This is due to
the lack of records as to the colour and turbidity qualities for the river dur=-
ing the spring runoff period. We propose to carry out a testing programto
provide this data during this spring and once analysis of this data is com -
plete, we will report on this aspect of the proposed system.

Estimated costs have been prepared, however, it should be noted that the
cost of this project could vary over a wide range due to higher than normal
risk involved and contractor interest in the project.

We thank you for this opportunity in participating in the development of the
north and are prepared to meet with you andreview this report should you

feel this is required.

Yours tru ly,

/R Tweddle, P. Eng.

C AL G ARY - E DM ONTON . R E G | N A - W I N NI P E G

JRT:[z

T O R ONT O



Reip. CrowTHER & PARTNERS LiMiTED

TOWN OF YELLOWKNIFE
WATER SUPPLY LINE

I INTRODUCTION

This report outlines the results of our review of various alternatives
open to provide water with lower concentrations of arsenic than are now
being experienced, to the Town of Yellowknife, Giant Mine and the Con-
Rycon Mine complex.l

The Town of Yellowknife and the adjacent mines currently draw their
water supplies from three separate intakes on Yellowknife Bay.

It has been reported that the arsenic contentof the water in the dis-
tribution systems at the Town of Yellowknife and the Giant and Con-Rycon
Mine has occasionally been in excess of the U,S. Public Health Service
recommended limit of 0,05 parts per million. Exhibit No. 3 shows arsenic
test results obtained by the Department of National Health and Welfare
taken over a period from November 1966 to February 1968.

There are two sources of the arsenic pollution namely through the mill
stacks and from the mill tailings ponds.

The pollution from mill stacks has been fairly well checked at this
time with recoveries of arsenic in the order of 99 percent and 90 percent
reported at Giant Mine and the Con-Rycon Mine respectively.

The mill tailings comprise a more difficult problem. Four methods

by which the Town's potable water supply may be protected from the arsenic
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l. INTRODUCTION (continued)

pollution have been studied in varying detail. The first is to remove the
arsenic from the mill tailings. Although some progress by Giant Mines has
been reported recently in reducing the amount of soluable arsenic in the
tailings, it is not deemed practical to remove all the arsenic from the tail-
ings.

The second method is to transport the tailings to a remote location
which would not interfere with the Yellowknife water supply. This is the
method currently used by Con Mine as their tailings are drained in a south-
erly direction and enter Great Slave Lake south of Yellowknife Bay. This
approach is not practical to control the Giant Mine tailings as there are no
lakes within reasonable distance which do not drain into Yellowknife Bay
or endanger other unpolluted areas.

The use of either of the first two methods does not remove the possi-
bility of a large amount of arsenic being introduced into Yellowknife Bay,
should dykes fail on the tailings storage pond adjacent to Yellowknife Bay,

A third approach is to provide treatment of the Yellowknife Bay water
to reduce arsenic levels to the recommended limits during the periods of
higher concentrations. This method would give some measure of assurance,

should stored tailings be accidently discharged into the Bay.
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l. INTRODUCTION (continued)

We have had some laboratory work carried out during the period from
June 1967 to this time, with a view to determining a method of lowering
arsenic concentrations which could be applied to a water treatment plant.
The following samples of raw water from the Town intake were analyzed

for arsenic content:

1. Sample No. 1 - arsenic content = 0,122 ppm
2, Sample No. 2 - no trace
3. Sample No. 3 - arsenic content = 0.020 ppm

Lime and ferric sulphate treatment was applied to the first raw water
sample achieving a 25 percent reduction in arsenic content from 0.122 ppm
to 0.09 ppm. The third sample was reduced by the same process from 0.020
to 0.016 ppm for a 20 percent reduction.

Removal of the arsenic by the use of a Manganese Zeolite Filter was
also attempted, but without success.

Although thissmall amount of laboratory work carried out has met with
only slight success, we feel that the pursuit of this aspect, should time and
funds be available, might ultimately provide the best solution. However,
the potential success of research is difficult to assess at this time.

The fourth alterntaive is to obtain the Town's potable water supply

from a new source. Examination was carried out of a number of potential
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. INTRODUCTION (continued)

sources of water, hopefully arsenic free, within Yellowknife Bay both up-
stream and downstream from the present Town intake. An extensive program
of samplingin Yellowknife Bay was carried out in April and October of 1967,
The result of these surveys which are compiled in Exhibit No. 3 indicated
a fairly constant distribution of arsenic throughout the Bay. Therefore a
potential source of water inthe Yellowknife River was reviewed and it was
proposed by the Department of National Health and Welfare to construct a
new potable water intake at the mouth of the Yellowknife River and to supp-
ly the Town of Yellowknife and the adjacent mines with water from this in-
take through a submarine pipeline on the bottom of Yellowknife Bay.

The balance of this report has been divided into sections dealing with

the various aspects of this proposed water supply system.
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. INTAKE SITE

An intake site hasbeen selected in the Yellowknife River north of the
existing minimum security camp. The river channel location at this point is
stable and has adequate depth to construct a submerged intake which would
not be subject to the ice problems generally associated with intakes which
extend to the surface of the water.

Tests have indicated that water in the river in the vicinity has arsenic
contents well below the accepted levels.

Flow records taken at the Bluefish River Dam indicate that there should
be adequate flows of water in the Yellowknife River to supply the potable
water requirements of the Town and the mines throughout the year.

The site selected would tend to be less affected than sites further down
the mouth of the river should effluent from the Giant Mine tailings pond
be accidently discharged into the Bay, or by the backing up of water in
Yellowknife Bay which is occasionally experienced when the wind is from
the south.

The existence of mud flats in the vicinity of the river mouth below
the proposed intake site could indicate that the river carries considerable
turbidity at times.

We have been unable to locate any existing records for the Yellowknife
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[I.  SITE INTAKE (continued)

River as to the colour and turbidity qualities of the water in the river.
Therefore, sampling of the river water will have to be conducted during the
spring runoff and early summer to determine these qualities.

Should significant colour or turbidity be encountered, treatment for
their removal will be required. This aspect will have to be given further

study once results of the water sampling program are available.
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IV PIPELINE

A sounding program was carried out during February and March, 1968,
to determine as far aspossible the profile and characteristics of the bottom
of Yellowknife Bay along routesselected from aerial photographs. Proposed
routes are shown on Exhibit No. 2.

The soundings indicated that the bottom of Yellowknife Bay in areas
sounded is, with a few exceptions, gently undulating. The depthof water
encountered was from 2 feet to 65 feet. Profiles of the routes are also
shown on Exhibit No. 2.

The limited lake bottom information obtained from manual soundings
indicated that the bottom composition varied from mud and silt in the shall-
ow areas in the vicinity of the Yellowknife River mouth to exposed rock or
boulders in the vicinity of Latham Island. One near vertical sided hole
was found on the first trial line for the submarine alternate connection to
Con Mine. A second ttial submarine connection to Con Mine was sounded
and found acceptable.

The profile of the rock bottom area off Latham Island varies consid-
erably in elevation within short distances, however, we believe that these
gaps can be bridged by the use of heavy walled welded steel pipe. It is

assumed this arearepresentsa fault in the bedrock extendingacross the lake
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V. PIPELINE (continued)

from the end of Latham Island.

Various types of pipes were considered for the installation. At present
we would favour the use of welded steel pipe due to its known performance
record and its ability to provide some bridging. The fact that steel pipe
retains its strength and canbe jointed in severe cold weather would indicate
itssuperiority for a winter installationover plastic pipes considered. Add-
itionally, plastic pipes generally require the provision of anchors.

Some dredging will be required through the mud flats area in the vi-
cinity of the mouth of the Yellowknife River as nodistinct channels of ad-
equate depth to protect the pipeline were found.

The possibility of constructing anoverland line from the Yellowknife
River to the existing Town system was briefly reviewed.

Both a buried line and an insulated surface line were considered.
These alternatives were both estimated to cost more than the proposed un-
derwater pipeline due to increased overall length and the rugged terrain
over which the lines would have to be constructed. In view of the high
estimated cost of the overland routes and the risk of freezing should flow
in the line be stopped due to pump breakdown, we would not recommend

this approach.
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IV. PIPELINE (continued)

An alternative overland route to Con Mine was studied from the ex-
isting Town disiribution system at 54 Avenue and 52 Street, southerly along
the westerly side of Rat Lake. This overland route is estimated to cost app-
roximately $120,000. and the submarine route is estimated to cost $125,000.
As the overland route appears slightly cheaper and would be potentially
useful in the future, we would recommend that the overland route to Con

Mine should be constructed.
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V. OPERATION OF PIPELINE

Two basic methods of operating the proposed pipeline have been re-
viewed, that is, firstly, as a suction line and secondly, as a pressure line.

If a suction line is constructed a 24 inch diameter pipeline will be
required to handle the demand when the Town population reaches 10,000.
The advantage of a suction line is that no pumping station would be requir-
ed at the Yellowknife River. However, there are several disadvantages.
The proposed pipeline is to be constructed through the water which it is
desired to exclude from the water distribution system. Should leaks occur
in the suction line, the pipeline would fail in its purpose. Additionally,
leaks in a suction line would be exfremely difficult to locate. A suction
line will be difficult to start up and maintain due to the tendency for air
to collect at the summits of the pipeline laid on the undulating bottom.

The second alternative is to operate the pipeline as a pressure line
which, of course, would require a pump station constructedat the Yellow-
knife Riverintake. A 16 inch diameter pipeline would be required to handle
the estimated demand when the Town reaches a population of 10,000 persons.
In addition to the smaller pipe size requireda pressure line has the advantage
that should leaks occur in the line, water will flow out of the pipeline and

thus still maintain itspurpose of excluding the undesirable water from the
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V. OPERATION OF PIPELINE (continued)

system. We would also anticipate that leaks in a pressure line would be
somewhat easier fo locate than with a suction line. We would, therefore,
recommend that a pressure pipelinebe utilized and that a pump station be
constructed in connection with the Yellowknife River intake.

The area on the east side of the river adjacent to the proposed intake
appears satisfactory for a pump station and treatment plant, if it is found to
be necessary. Some soil testing will be required at this location when de-
sign of the intake and pumphouse is carried out. It would not “appear de-
sirable to carry out any detailed design for these items until results of water
tests are known this summer.

Arrangements will have to be made with Con-Hydro to construct an
electrical substation and obtain power from the Con Hydro Transmission Line
which crosses the river about 1,400 feet south of the proposed intake.

Control of the pumps at the Yellowknife River intake will take some

special consideration, the pumps being so far from the source of demand.
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VI. RENOVATIONS TO EXISTING TOWN PUMPHOUSE

It is proposed that the existing pumphouse operate in a similar manner
as to current operation. The fire pump and suction would be retained to
provide for the intermittent fire flows. Additionally, the existing low lift
pumps will be retained to provide for emergency use should difficulties de-
velop with the new intake line or pumping station. The proposed new supply
line would, therefore, bypass the existing low lift pumps and feed into the
existing 10,000 gallon makeup storage tank. An automatically controlled
valve will be required to adjust flow through the supply line to meet the de-
mand of the Town and the Con Mine.

With the addition of the Con Mine demand on the Town system, the
existing high lift pumps will not provide for any standby capacity. It is,
therefore, proposed to change to two 40 H.P. Ingersl Rand pumps and head-
ers for two larger pumps and headers while the balance of the renovations
are being carried out.

New piping arrangements will be requiredin the existing intake well
and pipe tunnel, as well as for the floridation equipment.

As the existing pumphouse is crowded and the renovations will have
to be done while the system is operating special consideration will have to

be given to the scheduling of construction for this portion of the project.
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VIl.  ESTIMATED COSTS

Estimating the cost of the proposed Yellowknife pipeline has presented
a considerable problem, as there is little comparable experience in con-
structing a pipeline of this nature on which to base costs.

A 10 inch diameter pipeline was constructed at Hay River during the
winter of 1965-66. This pipeline was laid in a well graded bottom with no
rock protrusions in depths up to 50 feet. Some 3,000 feet of ditching close
to shore was includedin this work. Four tenders were received for this pro-
ject, varying considerably from a low of $12.00 per lineal foot, second
low of $17.00 per lineal foot to a high of $28.00 per lineal foot.

The increased cost for the Yellowknife pipeline would be approxi-
mately $7.00 per lineal foot for the supply of the pipe. The Yellowknife
pipeline, in addition to being larger in diameter and twice as heavy re-
quiring heavier equipment, represents a more difficult job as the bottom
is rougher, connections and valves will have to be provided resulting in
increased underwater work. Basedon the experience at Hay River and con-
sidering increased cost trends since 1966, the larger and heavier pipeline,
and the somewhat more difficult nature of the jobat Yellowknifé,one can
expect a cost range from approximately $25.00 per lineal foot to approx-

imately $50.00 per lineal foot for supply and installation of the pipeline.
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Vil. ESTIMATED COSTS (continued)

providing the lower tenders on the Hay River project were interested in con-
structing another project.

We have also interviewed various parties who have been associated
with the laying of submarine pipelines. We have received indications of
costs which vary overa very large range, that is, as low as $32.00 per lin-
eal foot to $150.00 per lineal foot for supplying and laying the submarine
line. The latter figure was received from a reputable contractor experienced
in this field for laying the pipeline during the summer.

As the cost of the pipeline may be strongly influenced by contractor
interest, and there is a fairly high risk factor involved on this type of pro-
ject, we have used an estimating figure of $40.00 per lineal foot for supp-
lying and laying the 16 inch diameter pipeline. On this basis, the estim-
ated cost of the main 16 inchpipelineis $1,220,000. The 24 inch diameter
suction line was estimated to cost in the order of $1,700,000.

The estimated cost to construct the Yellowknife River intake and pump-
house is $225,000.

The renovations and provision of additional pumping capacity in the
existing Town of Yeliowknife pumphouse is estimated at $75,000.

Should it be found necessary to provide treatment of the water, an

additional amount in the range of $500,000. will be required for provision
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VIl.  ESTIMATED COSTS (continued)

of the treatment plant. We have included this figureas a guide only sas the
requirements for a treatment plant, if any, will have to be determined once
results of the testing program are known.

The cost of a treatment plant could vary over a very large range, de-
pending on the water quality. The total cost of the new supply systemto
Town is, therefore, estimatedat $1,520,000. excludingthe cost of a treat-
ment plant. Should a treatment plant be required, an additional minimum
of $500,000. will be required.

The submarine connections from the 16 inch supply to Giant Mine and
to the Con-Rycon Mine are estimated to cost $180,000. and $125,000. res-
pectively. The recommended overlandroute from the Town distribution sys-
tem to Con Mine is estimated at $120,000. The above figuresdo not include
any allowance for renovations of mine intake or distribution systems.

The total cost of the proposed Town water supply system and the conn-
ections to the mines is estimated at $1,820,000. to $2,320,000. depending
on whether treatment of the river is required.

Cost of operation of the systemis esﬁm'ofed at approximately $25,000.

per year, providing treatment of the river water is not required.
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Vili. RECOMMENDATIONS (continued)

on the bottom of Yellowknife Bay from the proposed intake site on
the Yellowknife River to the existing Town of Yellowknife intake
be constructed.

3. That the pipeline be operated as a pressure line.

4. That water samples be taken periodically through the spring
and early summer to determine colour and turbidity qualities with
a view to determining if treatment of the water of the Yellowknife
River will be required.

5. That an overland connection from the Town of Yellowknife
distribution system to the Con-Rycon Mine be utilized'in prefer-
ence to a submarine line.

6. That a submarine connection from the proposed line to the

Townsite to Giant Mine be constructed.
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