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'ARSENIC SURVEY OF YELLOWKNIFE BAY

n,~L;A SUMMARY
The concentrataon of dlssolved arsenic in the water supplies‘h
“of Con Mines, Giant: Yellowknife Mines and the Town of - ’
. Yellowknife has increased to alarming levels. For this"”
reason, engineers from this office conducted a survey of

the water :in the bay to determine whether or not an
arsennc-low water current exists that may be tapped
as a source of domestic water. . L L

s e
L Tl e

¢
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" This study'revealed the presence of water currents con=
taining low levels of dissolved arsenic. However, these
arsenic concentrations are wéll above the recommended

.+ limit of 0.01 mg/1*. For this reason, a pipéline should =

be constructed to convey Yellowknife River water to Giant

Yellowknlfe Mines Ltd. and the Town of Yellowknife. Water 5
“for drinking and culinary purposes for Con Mine Ltd. should
be hauled from the Yellowknufe Pubtlic Supply., LT

. v PR
L. » . . W

CRECOMMENDATIONS .~ . v

“1." Adopt 0.01 mg/l arsenic as the recommended or acceptable
llmit of arsenac concentration in domestic water supplies.h”
;‘2.. Construct an underwater pnpeline to supply Glant ,
Yellowknife Mines Ltd. and the Town of Yellowkni fe. wnth
Yellowknnfe River water. The potable water supply to .
Con Mine Ltd. will be ln portable containers delivered
by truck... :

‘3; ‘Continue the study to determine methods of reducnng
both air and water pollution.w_»' : :

v .

4

INTRODUCTION

"The potable water supplies for the Town of Yellowknife,
“Giant Yellowknife Mines Ltd., Con Mines Ltd., and Indian
Village are obtained from Yellowknife Bay. Analyses of .
“water samples from these water supplies show the presence" i
of excessive concentratlons of dlssolved arsenlc. : oy

,The physuologlcal effects of arsenic have been dlscussed

- in a previous report. 2 This report shows that arsenic

" is carcinogenic and thus must not be allowed to exceed '
safe limits with respect to its concentration {n domestick
‘i water supplies. This office suggests the permissable . |
_level of arsenic concentratuon in the water supplies be_j
set at 0, Ol ppm.3,vv o S
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In"order to determine if there was an arsenic-low water. :
‘current in the bay, this department, with the co-operation
of the Medical Services Directorate, Mackenzie Dlstruct, L
instituted weekly sampling in Yellowknife Bay.  The. N
'samples were taken from 11 locations within the bay. S
Samples were also taken at the Work Camp, Giant: Yellowknife
Mines Ltd., Con Mines Ltd., and the Town of Yellowknife.

[

ThlS sampllng program ls contununng durlng the - 5ummer..yéff7

Durlng the latter part of Aprll two englneers from thls
. 'office set up a sampling grid-on and took water samples
- from Yellowknife Bay.  The sampling grid extended from .
~.the mouth of the Yellowkni fe Rlver to south of the" ~
Con Mlne Ltd..water |ntake..~?]

. o

The fueld work was done by Messrs. R. N. Dawson and
J. w. Slupsky. '31~

f ' P
. .

aThls report was prepared by Messrs. J w. Gralnge and'
JoWe . Slupsky.~ _ : : ‘

. s
.

" WEEKLY SAMPLING ST T 2

‘A weekly samplung program of Yellowknlfe Bay was’ wAT
‘organized by this office in January, 1967. This program
consisted of taklng water samples from the bay at the ' -
‘locations shown in Figure 1. . Two samples were taken at
each . location, 4/5 and 1/5 depth. Water samples were
also taken from the water intakes of Giant Yellowknife
Mines Ltd., Con Mines Ltd., Town of Yellowknlfe, and the .
-iWork Camp. : e - T

R ’;;
‘dThe samples were analysed for arsenic concentratlon and
the results are presented in Table l.;;c_

ﬁ'The sampllng was carrled out by the Public Health InSpector,;aa
kM F Gullls, Medlcal Servnces Dlrectorate.

Depth samples were obtalned usung ‘a standard B 0 D. sampler
‘" which was adapted for this purpose. However, during the _ =
‘latter part of April, it was noted that the sampler S
leaks around the cap. Thus all of the results for the .
! Bay in Table 1, except April 26, should be use& for their.
;qualltation value only. The. Aprll 26 .results were obtalned

{

us:ng the Aprll survey sampler.3{.,_w

APRIL SURVEY

”Durlng the perlod Aprll lO to 23 two engnneers from thls
“offlce set up a sampllng grid op Yellowknife Bay extendang
- from the mouth of the Yellowknlfe River to below the COn Mlne

i
i
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‘Ltd. water supply |ntake, as - shown in‘Figure 2, ‘This .
‘Samplung grid consisted of 20 lnnes, numbered from
“north to south, one-quarter mile’ apart with.a maximum.

. of five sample point locations on each line. The grld
‘was laid out, see Table 2, ‘so that it could be
re-established with an arror limit of 20 feet for any e;

‘one point. .The number of samples taken at each location

~.wWas varied accordlng to the ‘water depth~ see Table 3,

- as follows: . - . . . :

Water’Depthtt '{“: Number of Samplesft*J Sample Depth

’greater than 12 feet »ﬁl h'* o ,Z;f' Top,l/3 2/3, bottom
b.to 12. feet .. ... - 3 Lo« Top, middle, bottom
leSs than h feet *;Q}jﬁ‘ Tl,_giﬁlrgffg middle =

The sampler, shown in Figure. 3, was. fleld fabrlcated.- A
“test showed a water leak into it: amountung to 10 ml

‘a 500 ml volume or 23. This leak is the result of -
~loosely placing the stopper on. the sampler for easy
removal underwater. -

o 4

The samples were taken over a perlod of h days as follows‘

lines 20 18 l6 lk 12 (sample pounts 3 to‘j‘f
.. 5 lncl ), lO (sample points 3 to 5 incl. ), 8 and 6.
. i
,lnnes 19, l7, 15, 13 (sample pounts 3 to'5 Incl ),
12 (sample point l), 11, 10 (sample pounts l and :
2), 9 and . | S
R

ApE{l“zzj"lines 5, b, 2 and the Yellowknlfe River.,pf
Aprll 23 ‘Samples l3 1 and l3 |

‘Yellowknlfe River samples were taken Just below and on. oo
the north side of the brndge. The sample point locatlons'~f¢
‘were as follows. Pl

‘YR- 30 ft. from west abutment (l8 in. laa[lB ft;lwater)lx
YR-2 - 70 ft. from west abutment (1 ft. ice,14 ft. water).
: 110 ft.,from west abutment (l ft lce, 9 ft. water)

The samples were analysed for amsennc concentratuon and
the results are presented in Table h :

L

DISCUSSION

JZA report by Mr.rJ w Gralnge dated December 23. 1963

- showed that arsenlc exhibits carcinogenic properties. -
“His literature survey shows that in one case exposure to -
a drinking water equivalent of 3.1 mg/1 arsenic over a




“period of three weeks has caused cancer. One case of
cancer was recorded.as a result of exposure to a o
- drinking water equivalent of. 0.2 mg/1 arsenic with the
‘consumption of 700 grams of arsenic trioxide, As a-
:7 result of this, we in this office concur with the.

'h adoption of the U,S. Public Health Drnnklng Water . _
‘Standard, that the concentration of arsenlc in drinking:
‘water should not‘exceed 0.01 mg/l This will. provnde,.
"to the best of our knowledge, an adequate safeguard wuth "
;regards to this element. This level of arsenic con- . °
centration should be maintained at the altowable limit -
- until such time when suffucnent |nformat|on is avallable
to warrant-a change. . 'slﬂ o P ,( i
;The‘arSenic concentrationS’ln the water supplles to the A
"Town of Yellowknife, Giant Yellowknife Mines Ltd. and
. Con Mines Ltd., have varied from year to year as well as
+during the_year.‘ The mostnlmportant part of these
~fluctuations is that the arsenic ’'concentrations in
’these supplies are consistently very hlgh during the:
“months of May, June and July. An examination of this

' datalshows that there'is a trend towards these arsenlc
concentrations increasing ln subsequent years. ' T

Table 1 shows that durung the~per|od Feb. 13 to Aprlﬂ 26
the arsenic concentration in the water in Yellowknife " .
_Bay at the various sample points varied, on the average,".
by a factor of 7 (average of max/min.for the points). ...
These results also show that the arsenic concentration
"of the Yellowknife River water (analysis of Work Camp -
intake water) did not exceed 0.01 mg/l. The arsenic:
‘concentration of a few water samples from Yellowknife

. Bay, in the VlClnltY of the Indian Vlllage, were on a
;few occasions below 0.01 mg/l. BT L

An examunatlon of Table h shows the arsenic concentratlon
- in the Yellowknife River is 0.01} mg/l or less and the
;arsenlc concentration in the Bay varies from 0.020 to" .
©0.294 mg/1, average arsenic concentration is 0.120 mgllff
.7 Two analy5|s, namely. 2.200 and 1.781 mg/l arsenic from
samples 7-2-B and 8-2-B respectively are exceptionally.’
high. This is due to contamination of these samples . .
_with bottom mud. = The presence of arsenic in the Yellowknife
‘River water may’ be attributed to the water passing over
- rock contalnlng arsenic and/or ‘arsenic fallout as a .
~result of air pollution. The varlatuon in arsenic con- . .
centration of the water in the Bay is due to lncomplete
mixing of Giant Tailings Pond effluent with incoming
“river water, flow channels ‘and Vack of vertical mixlng.
Evldence of these is shown by the followlng samples'

71(6) lneomplete mixing - analysns Ff atl samples on :f*t"”

o, Vines 2, # and 5.




: Flow Channels - analyses of samples from sample pOlntS’~>;
e . 6=3,- 6 -5, 7-4, 7-5, 9-2, 9-3, 9-4, AR

- 10-2, , 11-3, 12 3, 12-4, 12- 5,

13- 3, , 1h=4, 14-5, 15~ 3, 15-5, - .
lg ? 18 4, 19-3, 19 4 and_ afﬁ_uV
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~Lack of vert1¢al mixing analyéis\of saﬁp]es f}om.nfs
sample pounts 16~ -5, 17-1, 17-4, 17-5, 18-3,~18-h, )
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At the - present time Glant Yellowknlfe Mines Ltd. have
“converted part of their mill circuit for arsenic removal,
This is the result of an applied research project carried
out by Giant Yellowknife Mlnes Ltd during early 1967.

' Based on a bench-scale study, 2200 lb/day of quick lime

(Ca0) will reduce the amount of arsenic in solution. .
leaving the mill from 237 1b/day to 36 1b/day (85% ‘'

. reduction). At $0.05/1b for quick lime delivered at

the mine, this operation will cost $110 per day. This .
'would reduce the average levels of arsenic in thé drlnking
water by 0.07 to 0.02 mg/].

" " ’ "'v

The most economical route for a pipeline to supply '~
'Yellowknufe River water to Giant Yellowknife Mines Ltd., :
- Con Mines Ltd. and the Town of Yellowknife is an under- makﬁ“
waten pipeline. This would supply. the Town of Yellowknife
‘at peak demand with 700 USgpm of water (three times average'
‘consumption). The estimated cost of this pipeline would
be $330,000.  See appendix. Giant Yellowknife Mines Ltd.»,f
could construct a branch, line from this main line to = -
“ their water works to supply domestic water only. “‘In the
'.case.of Con Mines Ltd., the resident population is small,
so that it should be serviced by a truck hauling portable
‘water containers of river water that would be used for :
o drinking and culinary. purposes only.-

ﬂCONCLUSIONS =

Al.ﬁ During recent years the arsenlc concentratlon in
Yellowknife Bay water has increased to levels which
render the water unsuitable for human consumptlon.b:v

2.- The concentratlon of dussolved arsenic in drlnking
water should be less than 0.01 mg/l because of the G
carclnogenic nature of |ngested arsenuc., L




3. Durlng winter there are no locatlons W|th|n EAERT
Yellowknife Bay where the arsenic: concentration, is less"
than 0,01 mg/1. which is reasonably. accessible to the
“Intakes of the water supplles. In fact, the arsenic
‘concentration in the water. samples taken from. the .
~three water supply, intakes .is generally less than the =
tarsenic concentrations at most points in the bay, except
,those across the bay fr?m Con Mune Ltd.\“

-

4:? The source of most of the arsenic ln the water in
"Yellowknife Bay ' is the Giant Yellowknufe Mlnes Ltd.
Ataullngs pond effluent. .;7154

i

4 s

IA secondary but very sognnfucant source of arsenlc
is contained in run-off water.  This is.the result of = .
;stack emissions which settle on the ground in the vucnnlty
of Con Mine Ltd. and Giant Yellowknife Mines Ltd. ‘Baker '
:Creek is the prlncupal stream whuch affects ‘the pollution,
dn Yellowknlfe Bay.! : ; S ,1v - . \v :

;6w?‘Dlvertlng the Glant Yellowknife Mines Ltd. talllngs
‘pond effluent to Baker Creek will reduce the arsenic
"concentratlon in the water at.' the mouth of the. Yellowknlfe
‘River to that of the rlver Wthh is generally less than
0 OI ppm. - ' . ,’k

A':It is posslble to nmprove the treatment of stack .
wastes and tailings to reduce the arsenic concentratlon
in the bay to less than 0.05 ppm.. However, it is not
.- economically feasible to reduce the concentration of /.- '\
"ﬂarsenlc ln the water in the bay to less than 0.01 mg/l.:mﬁg,af

8., The most economlcal method of supplylng Yellowknlfe
Rlver water is to use an underwater pipeline.

T

An alternatlve route for the plpellne would be _ overland
past the townsvte of Giant Yellowknofe Mines Lid.

)

?9.; A tap could be made to this pnpellne to supply domestic 'y
;water to Giant Yellowknufe Mlnes Ltd, - _ o

lO The plpellne should be large enough to . accommodate
the highest tnstantaneous domestic demand anticipated. i
However, fire demands could be met by injecting Yellowknnfe
Bay water into the system. " This use of bay water (water
containing more than 0.01 ppm arsenic) is acceptable as a i
minimal amount of it would be injested and, in these cases,

would not be physiologically signifiFant. ‘




“11. 1t would be feasible to supply the small number
- people living at Con Mine Ltd. with acceptable water
;ln‘portable‘containérs.::, CA Y - ‘ iy

i

:'(.
W. Grainge,
‘Regional Engineer
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»rAPPENDIX

,COmnaruson of estumated costs " of two plpellnes to - supplyi
Yellowknife River water to the: Town of Yellowknufe, Giant’
nYellowknlfe Mlnes Ltd.,and COn Mlne Ltd. , by haulage.ﬂ~

fBasis ,?l};

The system s desugned to supply a peak flow
“of 700 USgpm (3 times average use’ ln PR
Yellowknlfe) R L e

. Fire water requurements wull be met by uslng
_Yellowkn ife Bay water.,,ﬂ

" Pipe- lnsulatnon |s S thick Polyurethane +
28 ml Polyethylene cover.,u,

Overland Underwater

e e
e

e
K a e i

Senes

5 l/2 ml

s

VPlpe ($3 78/100#)

) k6 e
s 882j°

-

Plpe'bed preparatlon ‘ -f$'20;000:

Pumphouse lnstallatlo_‘ f;$'l7,000?ﬁ

AT

T38s




=104

LThe overland route has the followung estlmated dally
operatlng costs. :

}7526;64

Pumplng - Electrlclty

Heatlng ' o - $19.16 .

1 man hr/day at $2 50/hr e $20, 00 T

"TOTAL Lo o SR 3 $E 80 , ' '
‘. : ; Lo ‘S Y

A'Q;EJ' The heatlng cost in that heat/requnred in the water
“to prevent it freezing while travelling the . 5 1/2 miles.
"This cost, although occurring pnly during the heating

season. is shown as be'ﬂg spread throughout the whole year. .
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