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IARSENICfiSURVEYroffiYELLGwMMIFEZGKYI. 1 

SUMMARY
" 

‘The concentration of dissolved arsenic in the water supplies fl 
_, of Con Mines, Giant Yellowknife Mines and the Town of '..5 ’ 

If 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 ' 

13arsenIc-low water current exists thatmay be .tapped 
'as a source of damestic water.a. . 
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1:.~ 
’.fi This study revealed the presence of Water currents cone‘ 

taining low levels of dissolved arsenic. HoWever, these 
arsenic concentrations are well above the recommended . 
limit of 0. GI mg/l*. For this reason, a pipeline should . 

be constructed to convey Yellowknife River water to Giant 
:_Yell0wkhife Mines Ltd. and the Town of Yellowknife.- Water U y“for drinking and culinary purposes for Con Mine Ltd. should{ 
E{be hauled from the Yellowknife Public Supply., -v "r 

I ,‘
‘ I... . ,, x 

“RECOMMENDATIONS - -, 
_ 

';~, j,. 
. 

_ _ 'r :.,V‘\f

~
~ 

f-I. Adopt 0. OI mg/l arsenic as the recommended or acceptable 
“alimit of arsenic concentration in domestic water supplies. ” 

;n2.. Construct an underwater pipeline to supply Giant
' ;Yellowknife Mines Ltd. and the Town of Yellowknife with 

‘Yellowknife River Water. The potable water supply to ‘ 

M Con Mine Ltd. will be in portable containers delivered 
m.by truck... ~ . 

‘3. Continue the study to determine methods of reducing 
.both air and water pollution.» I' 

. ;: 
,v ,_“ 

I! ‘INTRODUCTION 

gtThe,potabIe water supplies”for'the Town of‘YeIlowknife,fg 
" Giant Yellowknife Mines Ltd., Con Mines Ltd., and Indian_ a 

Village are obtained from Yellowknife Bay. Analyses‘of '

_ 

water samples from these water supplies show the presencef “' 

of excessive concentrations of dissolved arsenic. 
- *x" ~~ 

[The physiological ef_fects of arsenic have been di scussed¢ 
a In a previous report. 2 This report shews that arsenic 
vnis carcinogenic and thus must not be allowed to exceed 
safe limits with reSpect to its concentration In domestic_ 

’gwater supplies. This office. suggests the permissable _” 
,Ievel of arsenic concentration in the water supplies be‘fi 
set at 0. OI ppm.3,vv IJ_ _ 
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In order to determine if thereLwas an arsenic-low water. 
'current in the -bay,.this department, with the co- operation “ 

of the Medical Services Directorate, MackenZie District, ,< 
‘ 

instituted weekly sampling in Yellowknife Bay. The ‘ 

samples were taken from ll locations within the bay. ,

* 
Samples were also taken at the Work camp, Giant Yellow knife 
Mines Ltd., Con Mines Ltd., and the Town of Yellowknife.,,y

I This sampli n'g program is contInUIng during the Summer.?yéLff ~~~ During the latter part of April, .two engineers from this 
"office' set up a sampling grid on and took water samples 
from Yellowknife Bay. The sampling grid extended fromL~JL 
the mouth of the Yellowknife River to south of the" 4 

LCon Mine Ltd..water 
i 
ntake.,.3f-

h~ 
~~~ 
~~ ~~~ 

LThe Lfield work was done by Messrs. R. M. LDawson andL 
J. u. Slupsky. LMLL 

aThisL report was p-repared by Messrs. J. w. Grainge and 
J. W. SIUPSKYc . 
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3 WELERLY SAMPLING * 

. 

' 

i 

L' 

LL

~ A weekly sampling program of Yellowknlfe Bay was v 's” 
organized by this office in January, l967. This program 
consisted of taking water samples from the bay at the j- 
slocations shown in Figure 1. Two samples were taken at 
each location, AIS and 1/5 depth. -Water samples were‘” 
also taken'from the water intakes of Giant Yellowknife 
Mines Ltd., Con Mines Ltd., Town of Yellowknife, and thew{wLy 

- Work Camp. . 
‘ 

. - 
, 

‘, " ” ~~~~ ~~~ 
~~~ ~~~~~ 

J i;; 
f The samples were analysed for arsenicconcentration and 
the results are presentedin Table l. :t_ ~ ~~ The sampling was carried out by the Publio Health InSpector,g€a 
_M. F. Gillis, Medical Services Directorate. ~~ Depth samples Were obtai ned using a standard 8. D. D. sampler 

_ 
which was adapted for this purpose. However, during the 

. 

yd 
;latter part Of April, it was noted that the sampler L

’ 

leaks around the cap. Thus all of the results for the r,, 
‘ Bay in Table 1, except April 26 should be usen for their 
,qualitation value only.; The April 26 results were obtained

l : using the April survey sampler.;,-,_w 
LAPRIL SURVEY ~ ~~~~ HDuring the period April lD to 23 two engineers from this 

L‘office set up a samplingL grid on Yellowknife Bay extending 
from the mouth of the Yellowknife River to below the Con Milne

~
~



~~~~ ;Ltd. water supply intake, as shown in Figure 2.I This]: 
Asampling grid consisted of 20 lines, numbered from 
north to south, one- quarter mile apart with a maximum 
of five sample point locations on each line. The_ grid 

3was laid out, see Table 2, so that it could be 
re- established with an error limit of 20 feet for any :Q 

‘one paint. .The number of Samples taken at each location 
q-was varied according to the. water depth~, see Table 3, 

' as follows: . 

~~ ~~~ ~~ ~~ ~~ ~~ ~~~ ~~~~ ~~~ ~ ~~~ ."II~~ ~ Wat er*Depthti 'FVA Number of Samples 3“ f sample Depth 
(greate r than l2 feet ,5: Ah* f; ,Zifl' Top,l/3, 2/3, bottom 
A to l2 feet ,3 flug;,;;,*3‘;g :1“;4j; Top, middle, bottom less than A f_eet =;fi}f§‘ 2'»3W77Q’17Jf middle ’ “ ~~~ ~ ~~ ~~ ~~ ~~~ The sampler, shoWn in Figure 3, was field fabricated.~ A33 
“test showed a water leak into it amounting to ID ml 
a 500 ml velume or 2%. This leak is the result of jln 
loosely placing the stopper on the sampler for easy 
removal underwater. 

~~ ~~~ ~ l' a, .I. ’ ~ ~~ The samples were taken over a period of h days as follows‘~ ~~ - lines 20,18 16,1A I2 (sample points 3 'to‘pt 
4 5 iAncl ), ”l0 (sample points 3 to 5 incl. ), 8 and .6. .p “*A 
,lines I9, i7, IS, I3 (sample points 3 to 3 incl ), 
12 (sample point Al), ll, 10 (sample points- Iand - 

2)? 9 and 7e 

~~~~~ fl-w , . 

. AA 
'lines 5, A, 2 tend. theYeilowknife River.,(”

~ 
AApril"22A~~ April 23 ‘sampIes l3.- 1 and 

I3 ~~ AYeIlowknife River samples were taken just below and on _p~f 
the north side of the bridge. The sample point Alocations*~f¢ 

1were as follows: *“i~ ~ ~ ~~ ~~ jYRél- 3D ft. from west abutment (l8 in. in; l8 ftIqwaterlfx 
YR-Z - 70 ft. from west abutment (I ft. ice, IA ft. water) 

‘ YR-3- llO ft. from west abutment(l ft. ice, 9 ft. water) ~~ ~ ~~ ~ ~~ 
The samples were analysed for arsenic AconCentrationA and 
the .resuIAts are presented- in Table A. ~~ ~~~ A‘. ~~ DISCUSSION ~ 
A report by Mr.rJ. w Grainge dated December 23. l963 
showed that arSenlc exhibits carcinogenic properties. .~ 

AHis literature survey shows that in one case exposure to“‘ 
“‘a drinking water equivalent of 3_I mg/I arsenic_over a

; 

~ ~ ~~~ ~ ~ 
~ ~~



'"period of three weeks has caused- cancer. One case of - 

cancer was recorded as a result of exposure to a ” 
. drinking water equivale nt of 0.2 mg/i arsenic with the 
4consumption of 700 grams of arsenic trioxide. As a 
result of- this, we in this office concur with the 

"1 adopt_ion of the U. S. Publ_ic Health Drinking Water 
3 

Standard that me concentration of arsenic in drinking
. 

fwater should notI exceed 0. Di mg/l. This will provide,. 
‘7to the best of our knowledge, an adequate safeguard withfg 
-rregards to this element. This level of arsenic con- '. ,1" 
centration should be maintained at the allowable limit-v] 

: 

until such time when sufficient information is available 
gto warrant achange.’. 2* 

I ._ 'slfl .- 4. - i: -. 

;The'arSenicconcentrations’in the water supplies to the ” 

.Town of Yellowknife, Giant Yellowknife Mines Ltd. and 
fCon Mines Ltd. have Varied from year to year as well as 
‘«during the year. The mostnimportant part of these *- 
_fluctuations is that the arsenic concentrations in ‘( 

‘these supplies are consistently very high during thefg 
months of May, June and July. An examination of this 
data'shows that there is a trend towards theSe arsenic 
concentrations increasing in subsequent years. ' 

'

_ 

Table 1 shows that during the period Feb. l3 to April 26 
cthe arsenic concentration in the water in Yellowknifergn‘ 
Bay at the various sample points varied, on the average,g 
by a factor of 7 (average of max/min. for the points).3v " 

These reSults also shew that the arsenic concentration 'of the Yellowknife River water (analysis of Work Campvw“ 
intake water) did not exceed 0,0] mg/l. The arsenic 
concentration of a few water samples from Yellowknife 
Bay, in the vicinity of the Indian Village,l were on a 

3few occasions below 0. 0] mg/l. ”~ 
.. V . I 

,- 

‘An‘ examination of Table h shows the arsenic concentration 
. in the Yellowknife River is 0. Oil mg/l or less and the’ 
;arsenic concentratiOn in the Bay varies from 0.020 to 3 

30. 294 mg/l, average arsenic concentration is 0 120 mg/l-f 
Two analysis, namely 2.200 and l. 78] mg/l arsenic from 
samples 7- 2-8 and 8- -2- B respectively are exceptionally 
high. This is due to contamination of these samples fl-_ , 

_with bottom mud. The presence of arSenic in the Yellowknife 
River water may be attributed to the water passing over 

»rock containing arsenic and/or arsenic fallout as a 'm' 
result of air pollution. The Variation in arsenic con-3m 
centration of the water in the Bay is due to incomplete:’ 
mixing of Giant Taillngs Pond effluent with incoming 
'river water, flow channels and lack of vertical mixing. 
Evidence of th_ese is shoWn by the following samples: 

l£(a)lncomplete mixing f analysis Ff 
all samples on :liiiw 

-¢U_lines 2,. ;and 5.



; Flow Chann els - analyses. of samples from sample pOInts 
I >‘L63365’7hp75 9293991, 

~al0- 2, . 
II .3, 12- 3, l2- -4, I2- 5, 

313- 3. ,M-ls. Iii-5', '5- 3, 15-5. 
3 

.1 n 2, I8 4, I9- 3, I9- ~4, and_ .xfi_.‘W 

‘Lack of vertical mixing analysislof Samples f}om.nfs 
sample points l6- 5, I7- I, I7-4, I7-5, I8~3,-l8-4, ' 

At the present time Giant Yel‘Iowknife Mines Ltd. have 
converted part of their mill circuit for arsenic removal.l 

.Th is is the result of an applied research project carried 
out by Giant Yellowknife Mines Ltd. during early l967. 

' Based on a bench- scale study, 2200 Ib/day of quick lime: 
(CaO) will reduce the amount of arsenic in solution. V,jg'“* 
leaving the mill from 237 Ib/day to 36 lb/day (85% )’~ 
reduction). At $0. 05/lb for quick lime delivered at 
the mine, this operation will cost $ll0 per day. This , 

'would reduce the average levels of arsenic in the drinking 
water by 0.07 to 0.02 mg/I. i 

. 
~ 

. , ,_ 
The most economical route for a pipeline to supply 'J‘ 

' Yellowknife River water to Giant Yellowknife Mines Ltd.,
‘ 

Con Mines Ltd. and the Town of Yellowknife is an under- 4.?fi“ 
waten pipeline. This would supply. the Town of Yellowknife ' 

:at peak demand with 700 USgpm of water (three times average' 
jconsumption).l 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* g“ 

I their water works to supply domestic water only. In the 
'.case.of Con Mina Ltd., the resident population is small,

, 

so that it should be serviced by a truck hauling portable “' 

water centainers of river water that would be used for ‘ 

3 drinking and culinary purposes only.-.; »
- 

”CONCLUSIONS ‘" 

‘n During recent years the arsenic concentration in 
Yellowknife Bay water has increased to levels which 
frenderx the water unsuitable forhuman consumption. LE 

2.- The concentration of dissolved arsenic in drinking 
water should be less than 0. 0I- mg/l because of the I I! 

carcinogenic nature of ingested arsenic.f 
' 

H_ a’



~ ~~~ 3.5 During winter there. are no locations within. , 

«
- 

Yellowknife Bay where the arsenic concentration is less; 
than 0. 0| mg/l. which is reasonably accessible to the

‘ 

hintakes of the water supplies. In fact, the arsenic 
iconcentration In the water samples taken from the a 

:three were r supply intakes is generally less than the‘“ 
iarsenlc concentrations at most points in the bay, except 
those across the bay tram Con Mine Ltd.I' 

~~~ 
- I ~~ ~~ 4:? The source of most of the arsenic in the water ~in 

Ye llowknife Bay is the Giant YeIIoWknife Mines Ltd. 
itailings pond effluent. .Iylfi 
357' A secondary but very significant source of arsenic 
is contained in run-off water.. This is the result of

~ ~~~~ ~~~ ~~ ~~ ~~~ ~~ ‘of Con Mine Ltd. and Giant Yellowknife Mines Ltd. Baker ~~ ~~~~~ in Yellowknife Bay.x ' 

[ .,.,1, ‘- v v_‘* 
:6wé‘Diverting the Giant Yellowknife Mines Ltd. tailings 
fpond effluent to Baker Creek will reduce the arsenic 

~~ ~ ~~ ~~~~~ ~~~ River to that of the river which is generally less than 0 0| ppm. ‘ .;7_ . 
, vac 

L7.A:lt -is possible to improve the treatment of stack . 

wastes and tailings to reduce the arsenic concentration 
;in the bay to less than 0.05 ppm. However, it is not,_ 
leconomically feasible to reduce the concentration of ‘

~ ~~~~~ ~~~ ~ ~~~~ ~~~ A8 
RIver water is to use an underwater pipeline. ~~ ~~ An alternative route for the pipeline would be overland, 
past the townsite of Giant Yellowknife Mines Ltd. 

_" ~ ~ ~ ~~ ~~ ~~~~ .water to Giant Yellowk nife Mines Ltd 

IO~ ~~ The pipeline should be large enough to accommodate 
the highest .instantaneous damestic demand anticipated. ,

' 

However, fire demands could be met by injecting Yellowknife 
Bay water into the system. This use of bay water (water 
containing more than 0. OI ppm arsenic) is acceptable as a

~ ~ ~~ ‘would not be physiologically signifipant. 
~~~ 

~~~ ~~ ~~ ~ ~~ ~~~~ 
{stack emissions which settle on the ground in the VICInIty 
wereek is the principal stream which affects thepollution A 

"concentration in the water at the mouth of the Yellowknife 

79.; Atap could be made to this pipeline to supply domestic 

minimal amount of it would be injested and, in these cases, 

. arsenic In the water in the bayi to less than 0. Di mg,f’$wg§jt£ 
The most economical method of supplyingYellowknife WEI'VE

~~~
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_KIIQ“lt'Would'be'féééihfé f67$fippiyjt5e small numbef‘ .HpeOple living at Con Ming Ltd, With acceptable water "Jl ‘portable contalnérs.xfl- ~‘-'f'.': .- 
‘
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.w. Grainge ‘P; Eng,;i9 

,Begional Engineer‘
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.3APPENDIX 

,60mparison of estimated costs of two pipelines to supply“ 
Yellowknife River water to the Town of Yellowknife, Giant 
Yellowknife Mines Ltd. and Con Mine Ltd. ,by‘ haulage.,. 
{Basis

. 

KMThe systemi Is deSIgned to Supply a peak flow 
,fof 700 USgpm K3 times average use in ‘;"~ 
aYellowknife).1_fi. 

. 

. >_ 7 

, 
p- 

b.Fire water reqUIrements will Mb‘e met by using 
_3Yellowkni Ife Bay water.§

‘ 

Pipe insulation is 1" thick Polyurethane + 
28 -ml Polyethylene eover.1~, I 

EEEESE 
Overl a nd Underwater 

5 1/2 mi 

.«w-II 

'Pipe ($3 78/Ioo#) 

S A6 A6A W 

1$' 882j° 

Pipe bed preparatIon_ 
' 

?*$'20;000: 

PumPhouse installationr fi$'l7 0003f 
T$3862628;$ 

2-:- 

4

. 

z:

A 

‘. 

”.433: 

Jarr'rf 

~11 

12,.



.91643r 

qhe- overland route has the following estimated daily 
operating costs. -, .. 

Pumping - ElectrIcIty ' .~.$26.6h 
Heating ' '-‘ 

»' $19.16 
I man 8hr/day at $2. 50/hr ‘W:E_$20. 00 

.TOTAL a .,, ,g, ,_._;.fi'J$E .30 
I 

’ ‘ V IS \ 
I » 

'N;B; The heating cost in that heat/required in the wate r 
‘fo prevent it freezing while travelling the 5 l/Z miles, 
'This cost, although occurring‘ pnly daring the heating 
season_ '5 shown as be'ng spread throughout the whale yearLI*v“
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