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Mines Branch Investigation Report,IR60-41

A SURVEY OF WATER QUALITY AT CAMP MUSKWA9

FORT NELSON, B. C. , 1959

.

by

J.F.J. Thomas*

SUMMARY OF RESULTS

J

.1

A year long study of the chemical quality of
Muskwa River water and the currently-used well water at
Camp Muskwa, Fort Nelson, B.C. showed wide seasonal variation
in each water, the river water being of superior quality
during the winter while the well water is less mineralized
during the summer. If problems related to obtaining the
river water can be economically solved it, or a mixture of
it and the well water, would provide a better quality water
for the Camp„

Head, Industrial Waters Sectiôn' Mà.nëral Processing
Division, Mines Branch, Department of Mines and Technical
Surveys, Ottawa, Canada.
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INTRODUCTION 

The chemical quality of waters available to Camp 

Muskwa, Department of National Defence (Army) at Mile 256 on 

the Alaska Highway near Fort Nelson, B.C. has continually 

caused problems when used for domestic and general camp use. 

At the request of the Directorate of Works, Army Headquarters, 

Ottawa, the writer and Mr. R. Bowser, Public Utilitieg Section, 

Directorate of Works, visited Camp Muskwa in 1958 and carried 

out a limited study of the treatment then being applied to 

the well water supply to the Camp. A detailed report of 

this visit and all studies carried out up to December, 1958 

at the Camp and in the Ottawa laboratories regarding treat-

ment of this water was issued in March, 1959 (Mines Branch 

Investigation Report IR58-215). 

A number of recommendations for improving both the 

plant operation and final quality of the well water supplied 

to the Camp were included in Report IR58-215. While it is 

not known how many of these recommendations have since been 

implemented, some major changes in treatment chemicals, es-

pecially the use of the coagulant aid, activated silica, were 

made during the. visit. 

The well water at Camp Muskwa is not a satisfactory 

supply because of its high mineralization and very high con-

tent of iron. The treatment being used is designed to re-

move the iron and the carbonate hardness but, even when such 

treatment is satisfactory, the final water is still very hard 
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-and cannot be classed as a satisfactory municipal supply' 

Since the change in treatment in October, 1958 

monthly samples of the final water supply have been received 

in order to check the efficiency.  of these changes and to some 

extent the operation of the treatment plant.. 

At the time of the October, 1958 visit a search 

was underway for a more suitable water supply for the Camp 

and the Industrial Waters Section was asked to investigate 

the chemica/1 quality of the nearby Muskwa River. As report 

IR58-215 had indicated possible seasonal changes of a sig-

nificant nature in the well water supply this water was also 

investigated. 

This report covers all studies on the Muskwa River, 

,the untreated and the treated well waters at Fort Nelson, 

carried out by the Industrial Waters Section during the pe- 

riod December, 1958 to January, 1960 inclusive. 

PROCEDURE 

Monthly samples of the Muskwa River were requested 

from midriver at a location near the present well, which is 

situated in the flats alongside the river. An intake near 

this point would permit the use of river water alone or of a 

mixture of it with the well water since the pumps would be 

located at or near the present well. 

Well water samples were collected monthly at the 

well pump at or about the time the pump was started and at 



the plant prior to treatment, but after the pump had been 

operating for several hours. The well water is pumped a 

considerable distance uphill to the plant and there was some 

possibility of changes in the water during pumping or transit. 

Monthly samples were also requested of the treated 

well water, le the water coming from the plant reactor or 

softener just prior to its entrance into the storage reservoir 

or clear well. The water is then pumped from the reservoir to 

an elevated tank and the system, with no additional treatment 

other than ion-exchange softening of the water used as make-

up to the boilers in the central heating plant. 

Monthly samples of all these waters were collected 

by the chief operator of the Camp Muskwa plant from December, 

1958 to January, 1960 inclusive, except for the months of 

September and December, 1959. These samples were analysed 

In the Industrial Waters Section laboratories at Ottawa by 

standard methods of water examination, a relatively complete 

analysis being carried out on each water sample. 

RESULTS 

Table 1 records the detailed analyses of the sam-

ples of the Muskwa River over the 14 month period. 

Table 2 details the analytical results obtained 

on the well water sampled at the well pump and again later 

at the treatment plant. 



The analyses of the treated well waters (final

camp supply) are tabulated in Table 3.

Changes in the major constituents or other important

properties of the Muskwa River, untreated well and treated welZ^

waters are graphically shown in Figures 11 2and 3 respectively.

Owing to the high mineralization (especially car-

bonate hardness) and very high iron content, storage and ship-

ment of the well waters tan have a significant effect on sev-

eral constituents. The iron precipitates as iron oxide and.

.there may be a loss of some hardness with change in pH. Since

the iron is often precipitated prior to sampling, especially

by the time the water reaches the plant, variations caused by

the sampling technique can also be expected. Variations?

therefore, in some of the analyses reported in Tables 2 and

3 must be evaluated with these factors in mind.
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TABLE 1 

Chemical Analyses oe Muskwa River near Fort Nelson, B.O. 
(In parts per million) 

Sampling point Direct from 	R v .e r 

Laboratory number  	, ,1,19 	1253 	 1361 	 14e2  
Date of sampling  	De.Q9 15/5Q 	Jail,..J.Z/5 	Fe..  .1925P 	Mgr....?4/59... 
Storage period (daye) 	 em 	1114 	7;1Z 	1Z;AZ 	 
Temp. nt sampling (°C)   	Q 	 0 	 Q 	1.1 	 
Temp. at testing ( °C)  	. 	21.2 	24.5 	24.4 	244 	 
Appearance, odour, etc.  	 .  

Oxygen connumed (Idin04)  	, 	.r1.4 	. 	14 	 41,0 	 2.8  
Chem. oxygen &mend (C.O.D.) 	. 	  
Carbon dioxide (CO 2), calculated . 	... , . A.4 	Z,7 	4.0 	?  
PH 	 ,Q,0 	 8,0 	 7,9 	 $4  
Colour (Hazen units) 	 0 	 10 	 .10 	 5  
Turbidity 	. 	.. 	Q 	 Q 	 Q 	 J- 

	

. 	  
Alkalinity as 	1.-phenolphthalein 	Ci 	 0 	 9 	 9  

CaCO 3 	L-Total  	, 	.183 	 193 	 196 	 198  

Susp,  malter, 	dried at 105°C. 
ignited at 550°C. 

Re. on evap.,dried at 105°C. 	 310 	 333 	 329 	 340  
.. 	'. 	”. , ignited at 550°C. 	 272 	 282 	 306 	 279  
Conductance, micromhoe at 25°C. 	, 487.4 	506.6' 	- 	509.2 	.535.7  

Hardness as f Total 	 259 	 e4 	 P77 	PW 	 
CaCO 3 	I, Non -carbonate 	... 	......7..gt 	 g47 	 Up? 	teA 	 

Calcium 	(Ca) 	 70.3 73.6 	 74.5 	 79.6  
Magnesium 	(Mg) 	 40.3 	 22.0 	 - 22.1 	 21.4  
Strontium , 	(Sr) 	  
Sodium 	(Na)  	. 	3.5 	 4.1 	 4.8 	 5.3  
Potassium 	(K) 	 0.7 	 Q.8 	 1..4 	 1.2  
Lithium 	(Li)  	, 	  

Iron (Fe) 	Total 	 •- 	 - 	 - 	 *-  

Dissolved 	 9.0 	 0.0 	.9  20 	Trace  
Aluminum 	(Al) 	 • . 	0.06 	 0.04 	9 .40 	 0,9 	 

• Manganese 	(Mn) 	 0 Q 0.0 	0.Q1 	 9 .9 	 
Copper 	. (Cu)  	 .0...Q 	, 	. 	. 0,0 	0.0 	0.0 	 
Zinc 	... (Zn) 	 0.0  	0.0 	 0.06 	P.0 	 
Lead 	. • (Pb) 	  

' 	.   Ammonia 	(NH3) 	 0.1 	 Trace 	0.1 	 0.3  

Carbonate 	(CO3) 	 0.0 	 0.0 	 0.0 	 0.0  
Bicarbonate 	(HCO3) 	 22 	 23e 	ge 	 242 	 

Sulphate 	• (804)  	. 	78.8 	79..2 	 7e.? 	82.2 	 
Chloride 	(Cl) 	 .2...7 	 1.1 	 3.2 	 3.3 	 
Fluoride 	(P) 	 „ 	.0.0 	 0..0 	 .1. 	 0 .0 	 
Phosphate 	(PO4)  	 - 	 .... 	Q.0 	 
Nitrate 	(NO3> 	. 	 0.2 	 0.6 	 0.6 	 0.5 	 
Silica 	. 	(£401)  	 3,1.3 	 3•3 	 3.4 	 3.8 	 

Sum of constituents 	 ,g90 	5Q1 	Z05 	52Z 	 
Saturation Index at test temperature 	+0.6 	 +0.7 	•0.4 	 +0,e 	• 
Stability index at test temperature 	 6.8 	 6.5  
% s o d I u m  	 .?..$ 	5.1 	5.6 	 3.8. 	 
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TABLE 1 (cont'd) 

Ohemical Analyses of Muskwa River near Fort Nelson, B.O. 
(In parts per million) 

Sampling point Direct 	from 'River 

Laboratory number  	.•, ,487 , 	1565 	 .65r1 	 1794  
Date of sampling 	Apelap/59 	14.y. 12A9 	.711.nfp_871.59 	hly_25/59..- 

8:10 	21:29 	10:16 	24:32  Storage period (days) 	 
Temp. nt nampling (°C) 	 0 	 10 	 13.3 	 13.3  
Temp. at testing (°C)  	«  23.7 	23.7 	 23.6 	 26.1  
Appearance, odour, etc. 	 

Oxygen consumed (KMnai)  	" 	• 	24 	7.4 	 2. e  
Chem. oxygen demand (C.O.D.)  	., 	  
Carbon dioxide (CO 2), calculated . 	. 	.24 	2.5 	 ZP.Q 	e  
pH 	 P.1 	 7 p 8 	 7.7 	 7.7  	 
Colour (Hazen units)  	. 	5 	150 	 20 	 10 	 
Turbidity  	

. 
	 300 	 370 	90 	 

Alkalinity as 	I.-Phenolphthalein  	d 	0 	 0 	 9  
CaCO 3 	L-Total  	. 	.172 	82,,Z 	9z.e 	107 	 

susp, matter, dried  al 105°C. 	 ,. 	 294 	 81e 	125  
" 	" 	, ignited at 550°C. 	... 	. 	. 	 269 	782" 	 118  

Res. on evap.,drled at 105 °C. 	. 	294 	 216 	 211 	 187  
" , ignited at 550°C. 	 274 	159 	 163 	 161  

, 	 .  Conductance, micromhos at 25°C. 	469 	 253.8. 	 253.8 	 270.8 	

Hardness as f Total 	 249 	131 	 133 	 144  
CaCo, 	L Non -carbonate 	. 	 .. „..7. 7..5 . 	.. 49  o 	. 	59.4 	 57.4 	 

Calcium 	(Ca)  	. - .68  5 	 38..3 	57.%0 	26.9 	 
magnesium 	(Mg)  	. 	19.0 	 $ 7  
Strontium 	(Sr) 	,.. 
Sodium 	(Nu) 	. 	, 	. 4..3 	 3..6 	 1.7 	 1.5 	 
Potassium 	(X)  	, 	.0..7 	 1.4 	 0.9 	 0.7 	 
Lithium 	(Li)  	.. 	  

Iron  (Fe) 	Total 	 _ 	 7.0 	 4.0 	 1.3• 
Dissolved 	 0.02 	0.25 	0.28 	 004  

Aluminum 	(Al) 	 • , 	0.06 	0.0 	 0.94 	 0,97  
rAanganese 	(Mu) 	 9.0 	 9.0 	 9.9 	 0,91, , , „ 
CoPPer 	(Ce) ' 	. 	 0.0 	 0.9 	 0,0  
Zinc 	... (Zn)  	, 	... 	 0.0 	 0%9 	0.9 	 
Lead 	.. (Pb) 	  
Ammonia 	(NIL) 	 ma 	

..4 	 0 .4 	 0.0 	 

(»ids-mate 	(CO.,)    	 .o.o 	9.0 	0,0 	9,0  
b 1 carbonate 	(IICO3)  	. 	.209 	 100 	 114 	150 	 
Sulphate 	( 604) 	 Q4.5 	 45.1 	554 	3.0  
Chloride 	(Cl) 	 2,5 	?.4 	 1.2 	 0.7  
Fluoride 	(I°) 	 - 	9.0 	 .. 	 9%4 	OA 	 
Phosphate 	(PO4)  	... 	" 	 . 	 0.0  
Nitrate 	(NO,)  	. . . "0.62 	 0.2 	 0.8 	 0.2 	 
Silica 	. 	(6102)  	 3.0 	 3.7 	 4..2 	2%5 	 

Sum of constituents  	......e.2 	lo. 	 1.48 	154...... ,_. 
Saturation Index at test temperature 	.. 	+0. 5 	...O. 4 	-0.2 	 ...0.3  
Stability index ai  test temperature 	.. 	74 	8.? 	 8,1 	8.3  
% sodium 	 3.6 	 5.5 	 4.7 	p.2  

n Black mud 
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TABLE 1 (concl'd)

Chemical "nalYseg of Muskwa River near Fort Nelson, B.C.
(ia parts per million)

Sampling point D i r e c t f r o m R i v e r

Laboratory number . . . . . . . . , , ,1983 2124 2265
Date of sampling . . . . . . . . . .. . . . Aug-..2i313^..... OG t.a $^59

, , , ,
. .. . . . 94v•. . t,6^,5,9 .....

, , ,
.. Tan. ].1. 60,

Storage period (days) . . . . . . . . . . . . . . . . . . .2r :35. . . . . . . . . . . l7 • 70 . . . . . . . . .
,

. . . . . . . . 10 : 22. . . . .
Temp. at sampling (°C) ......... 1A •4 .......... ...Q.•,Q... .......... Q*6 . ........ .. . , ... 1 .1 .....
Temp. at testing (°C) . . . . . . . . . . .. 2 ^ 7 e 7 . . . . . . . . . . . . .U.•.$ . . . . . . . . . . . . A P V A . . . . , . . . . . . . , . . . . . .24.8. . . , . .
Appearance, odour, etc.......... ......... .. . .......... ......................... ....................

OayOen consumed (1CMno') ...... AQ ............. ...8.7...... ....... 8•4.... ...... . .........`".. .. .....
Chem. oxygen domaud(C.O.D.) .. .. .... .........

52

.. .
2 7

......... .. ......
S

.........
6Carbon dioxide (CO2), calculated . ..... .. . . . . ..........., ..

Z
^ .. .... .

pH . . . . . . . . . ... .. . .. .. . . . . . . 7!8 . .. . . . . 719 .. . . . . . . . . . 800. ... . .. . . . . . . . . .. . 7.8
Colour (HaZen units) ........... . ... ..........25 .. ...... ....

..
... ...... 0 .......

Turbidity . . . . . . . . . . . . . . . . . . . . . . `3.tiP0Q. . . . . . . . . . . . . . . 35 . . . . . . . . . . . . . . . . `^. . . . . . . . . . . . . . . . . . . . . . . .`J. . . . . . . . .

Alkalinity as r-Phenolpbthalein Q. ... ........ ... ..Q ..... ......, rQ . ................. 0 .. .
CaCO, I.,j 1'otal . . . . . . . . ... . . . . . . . . . .124 180 190

8usp. matter. dried at lbô°C. . . . . . . . . . . . . . . . . . . 6.4 • 0. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

i0nitod at Bfi0°C. . . .

.

. . . . . . . . . . . . . . . .6.Q. .. . . . . . . . . . . . . . . . . . . . . . ... . . . .. . . . .. . . . . . . . . . .

Ites. on evap.,dried at 10t3°C 6 .............. . ... ......................... ....................
" ^ignited at G80°C Q ..............195..... ......... ............ ....... .....

C:onductan.ce, micrombos at 2 i°C 5.7 336.6 ,' . . . 489,.6 . . . . . . .'.506.1. . . . . .

'Hardness as rotai .. .. . .. ... . . .. .. ^^k9 . . . . ... . ... . . ^ 7^?. . . . . .. . .. ...2iU . . ... . .. .. . . . .... ..U,1. . . . .
^Non-carhonate . ..Cal 6A.1^........... . 5?ro2.. .......... QQ.,7 .......... ......... 83,3.....

Calcium (Ca) . . . . . . . . . . . . . . . . . .4M.. . . . . . . . . . . 49 . 2 . . . . . . . . . . ?3I? . . . . . . . . . . . . . . . . 74.6 . . . .
Magnesium (Mg) ............ .... ..$.4 ........... . U.9.. .......... 19i? .......... .........i2Qrs......
Strontium (Sr) .......... .,.. ... .......... .. . . .......... ......... ......... ....

sodium (Na) ............ . , .. 94$ ........... ...M .. ........... 5tQ.......... ........... ^!Q.....
Potassium (K) 1.8 ........... ... Ow.5.. ........... 11Q.......... . .......... Q ►9 .....
Lithium (Li) ............ . ................. ......... ......................... ....................

Iron (Fe) Total . . . . . . . . . . . . . . .. 7.0 . . . . . . . . . . 0.94 . . . . . . . . . . 0.23 . . . . . . . . . . . . . . . . 0•15. . .
Dissolved ........ 0.16......... .. 0;.09 .......... 0!QA ....... ......... .n'to

Aluminum (Al) ............. ...... 0.0 .......... .. 0!06 .......... QepS ....... ........ Or07.,..
Mnnganese (Mn) ............ ..... QtQ...... .... .. .. .Q!02. .......... QeQA ........ .......... Qt^! ....

Copper (Cu) ............. ....,..TP$çe ......... ...Q!0 . .......... OtQ . ........ ......... Qr0 ....
Zinc ... (Zn) ............ ... .. . 4%Q ........... ... O,•.Q.. ........... R.o.......... .. ........ .0I0 .....
Lead .. (Pb) ............. .................. .. . .......... ........ .......... ....

Ammonin (NI:[n) • ..... . . .... . . . .... . . .. .. . . .0.4 .. ... .. ... . . . Pl a ..... . . . . .. . . . ... . . .Q!Q .. .. .

Carbonate (CO,) ........... ....... Q*p ........... ... Qe.Q.............. 0.Q..................... QrQ.....
Bicarbonate (HCO3) . . . . . . . . . . . . . ..10^ . . . . . . . . . . . ],51 . . . . . . . . . . . . . .22A . . . . . . . . . . . . . . . . . . . . 231. . . . . . .
Sulphate (SO4) . . . . . . . . . . . . . . . ,...61...5 ... . . . . . . . . 52.5 . .. . . . . . . . . . . . 90.2 . . . . ........... . . . . . . . . 84.4 . .. ........
Chloride (Cl) . . . . . . . . . . . . . . .. . 1.3 . . . . . . . . . . . 1.1 . . . . . . . . . . . ^ t 5 . . . . . . . . .

'
. . . . . . . . . . ]..7 . . . .

.Fluoride (^) 0 t 0 . . . . . . . . . . . . . . 0 ^ 1. . . 6.6. . . . . . . .. . . . . . . . . 6 . 0 . . . . .. . . . . . . . . . .
Phosphate (POa) ........... - ............ .....................Q.Q.5 ........ ....................

Nitrate (NOa) ........... ... ....Q.i .......... ... (...Q.... .......... Q.a ......... ........2wQ.....

Silica (PaiOs) ........... . ...... . 4.1 .......... ...3...l .. ............4e5 ......... ... .....^.Q.....

Sum of constituants ............ 17.$ ............. . 1,96.. ....... .....303... ..... ...........3Q7.. ..
Saturation index at test temperature ... ... Q^Q. ......... . ^%*.* .. .......... tQ.•.7 ......... ......... :%w.^.....

Stability indo); at test temperature ..... .7 r13 ........... ... 7..,3.............. 6.6 .......... ...........6•â.....
% sodium .. .. . . .. .. ...... . . ... . .3.9.. ... . . .... . ..3.a0. .... . . .... . . . 4.0 . .. ... . .... ... ... .. .3.,8. ....

%temark4: .. Level .... . .... .. ...... . ....Highe.st.. . . .. .. Low, .... .... . . ..... .Y... . . ..... . .... . . ...Lour.... ...
............................................................................................................

..............................................................................................................
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TABLE 2 
Ohemibal Analyses Of Well Water . at'Oamp Muskwa, Fort Nelson, B.O. 

.(In parte per minion) 

At pump 	At plant 	At pump 	At plant 
at start . 	after 30 hrs at start 	after 63 hrs 
of pumping 	pumping 	of pumping pumping 

Laboratory number  	 .1.198 	,1295 	1254" 	 1,4em 	 
Dale of empling  	.Deo...10/58 	Dme...11/55 ,ZaJa%  1Q/59 	J4P... 1.2/P9 
Storage pedod (days)  	- 	ROffl 	?5 ■ 51 	.:17 	 . :lb  
Temp. at sampling ( °C)  	' 	7 P.Ei  . 	 7: 14e 	4  7 	 60 	 
Tempi at testing (ocr). 	. 	, 	el..0 	214 	44,4 	 24.3  
Appearance, odour, etc. 	 

Oxygen coneumed (Kfrin0 4)  	• 	Pe0 	 -  

- 
Chem. oxygen demand (C.O.D.) - 
Carbon dioxide ( (102 ), calculated . 	.59 	2Q 	15 	 15 	 • • 
pH  	• 	7.P 	7,7. 	7•8 	 7.8  
Colour (Hazen units) 	 P- 	 5' 	- 10 	 10  
Turbidity 	 . 	 . 

Alkalinity as 	f-phenolphthalein 	. , 	Ô 	 0 	' 	0 	 . 	0  

	

caw, 	' 	1,-Total  	. 	.n$7. 	572 • 	559 	  
. 	• 

MM ,  matter, dried at 05°C. . 	 151 	  
" 	," 	,leted trt 6500.. .. 	...    110 	  

Ite .s, on evap.,dried at 105°C. 	. .. 	_1,455-  	1.575 	 - 

	

" iltrdited at  550°C. 	.. 	-1,A45 	 4275 
Conductance, micromhàs at 20°C. 	. 	_4816 	1177O 	1, 731 	 1 , 728 4  

Hardnens as f Toial  	..1,171 	' 	1 172 	1, 125 	 1 112  , 
CaCO 3 	I Non -carbonate  	... ,Q$4 	0Q9 	57A 	 554 	 

Calcium 	(Ca)  	.P5A• 	545 	P49 	 N7  
magnesium 	mo  	70.0 	75...5 	674 	 • 	A6.Q 	 
Strontium  . 	. (Sr) 	.,  
Sodium 	' 	(Na) 	. 	. 	M.1 	7.1 	7.1 	 7.1 	 
Potassium 	( c)    	2.5 	 2.5 	 32.7 	 pi,/ 

Lithium 	: 	0,i1  	t f 	 ' 	
.  

irdit (Fe) 	' Total 	, 	Pn 	el 	74 	 /e  
- 	. 	Dissolved    	- 	id 	' 	1.0 	 -  

Aluminum 	(Al) ' 	. 	.0.28 	. 	 0.12 	 - , 
Mnnpumee 	(Mn) ' .(.Total,)  . 	" 	0.76 	. 	• 	- 	04.33 	.1.tà 	 04.9 	 
copper 	..(Cu) 	' 	., . 	g).9 	. 	-- 	Q•O. 	 - 

'irio 	... (Z11)  	. 	0f0 	 - 	 0,0 	 ...  
Lead 	- (Pb)    	, 	. 	. 
Ammonia 	(NH,)  	. 	  

Carbonate 	((103) 	 0,0 	9.Q 	0,0 	Q.4 	 
BicarbonMe 	(H(1O,)  	..ne 	Q9? 	671 	 e6E1 	 
Mom° 	• f&DIM 	

584 	581 	550 	 548 

chloride 	(Cl) 	• 	 2.3 	3.4 	. 	0.4 	' 	 0.5  
Fluoride • 	Oei 	 0.0 	 '... 	 0 1 0 	 •"  
Phosphate 	(r0.4) 	 -. 	 - 	 - 	 - 
Nitrate 	_aloe 	. 	  . 	_ 	0.1 	0.1 	 0.3 	 0.1  
Silica 	-: 	eti(M  	, . 	gr8 	' 	P.$ 	7,7 	 5.4  

Sum of constituents  	. 	1-e82 
 	 1,30s 	' 	1,499  

Miruration index at test temperature 	+0.9 	+1.3 	+1.2 	 +1.8  
Stability index  at  test temperature 	5.5  
% 'sodium  	. 	-le 	1,3 	1,3 	 1.4 	 

Sampling point 

Rol/larks: 	  



Sampling point 

Chemical Analyses of Well eiater at Camp Muskwa, Fort Nelson, B.O. 
(In parts per million) 

At pump 	At plant 
at start of 
pumping 

after 51 hrs 
pumping 

At pump 
at start of 
pumping 

At plant 
after steady 
Pumeng 
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TABLE 2 (cont'd) 

Laboratory number 	 1362 	 1363 	 »53 	1464. 
Date of sampling  	Yeh...6i5.9 	eah. 1Q/.9 	Mar.-18/59 	Mar...41/59 

	9:15   Storage period (days)  	 71 	 1929 	1621 
 

Temp. at eampling (°C) 	 6.1 	 5.0 	 4.5 	 6,1 
Temp. at testing (°C) 	 24.4 	 24.4 	 2e .4 	 244  
Appearance, odour, etc.  	 . 	 . 

, 	3.5 	 .. 	 ...'  Oxygen consumed (1CMn04) 	 
Chem. oxygen demand (C.O.D.)  	. 	  
Carbon diwdde (CO 2 ), calculated . 	. 45 	 la 	 13 	 10 

P11     M.3 	 7.7 	 7•9 	 8,0 
Colour (Hazen units)  	..10 	10 	 5 	10 
Turbidity 	  

Alkalinity as 	f -Phenolphthalein   Q 	 0 	. 0 	 0  

CaCO 3 	• Total  	. 	.554 	 544 	 516 	 50...  

Susp.  malter, 	dried at 105 00 . 
, ignited at 550°C. 	... 

Res. on evap.,dried at 105°C. 	1 , 398 	 1 , 287 	
. 

ignited at  550°C. 	 ... 	 1,09g 	  
Conductance, micromhos at 25 °C. 	.l,Y.04 	 1,679 	 1,6e/  

hardness as f Total 	 .4111 	 1,106 	 1,060 	  
CaCO 3 	L Non -carbonate 	 . 557 	 562 	 ee4 	 559  

	

• 	  
Calcium 	(Ca)  	. >IQ 	 33.6 	 AgA 	 UR_ 
Magnesium 	(Mg)  	63.7 	 65.0 	• 	61.7 	 654 
Strontium 	(Sr) 	  

Sodium 	(Na)  	. 	6 .9 	 6.9 	 6.7 	 6.6 
Potassium 	(K)  	. 	2.ei 	 2•7 	.2.6 	 2.6 
Lithium 	(Li)  	, 	  

Iron (Fe) 	. Total   	gi 	 72 	 66 	 77  
Dissolved     ,Q.05 	. 	0.05 	 Q • 5.3 	060 

Aluminum 	(Al)  	. .0.14 	 - 	 0 .0 	 0.0 
Manganese 	(Mn) (TP.4 al ) .   .Q.54 	 0.64 	 1.a 	 1.0 _ 
Copper 	(Cu)  	-0.0 	 .r. 	 • 	 7 	 I.  

Zinc 	... (Zn)  	9,0 	 .• 	 ■•.  
Lead 	.. (Pb) 	  

Ammonia 	(NH3) 	  

Carbonate 	(CO3)  	. , , 	0.0 	 0 t. 0 	 0.0 	Qd 

Bicarbonate 	(1I00à)  	. 	675 	663 	 629 	 618.. 

Sulphate 	(SO4) 	 532 	 544 	 520 	 520  

Chloride 	(01) 	 1.0 	 1.2 	 ' 	2,9  	2.2 
Fluoride 	(F) 	 - 	 - 	 0,0 	 -  

Phosphate 	(PO4)     0.0 	 -  
Nitrate 	(Nos)   	Q.5 	9.1 	 Mreae 	Thau 
Silica 	(SUM  	. .9.1 	 8.9 	 9.5 	 9.E 

Sum of constituente  	.; ?89 	1, ?9.2 	 1, 238 	1,340.. 
Saturation index at test temperature 	, , +0,8 	 +1.2. 	+1.5 	 +1...E 
Stability index  et test temperature 	. 	.5 . 7 	5..1 	 4.9 	 4•E 
% sodium  	1.3 	 1.3 	 1.3 	  

Remarks: 
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TABLE 2 (cont'd)

Chemiéal Analyses of Well 6`later at Camp Muskwa, Fort Nelson, B.C.
(In parts per million)

Smlpling noint At pump At plant At pump At plant
at start of after steady at start of after ateady
pumping pumping pumping pumping

Laboratory number .. . ...... .. . . . . -. .. .. . . .1566.
- =_

1567
A ril 9J59 A lDate of namplinl : .............. p pr; 1 i]„^rSQ...... MPY , a 2/5.9

F
. 1^t^y.13/a

storaiso period (dny ) ... ...... .. ^, `^ ... .....
^.^

. .... . .. 1,Qr12... . . ...... .....2] 529 . 20.^
'i'omp. at samplinu (DC) .. . . . . . .. . .. . . .. . . . . . . .. 6.7 607 . . . .. . . . . .. . 5.6
7^omp. at testing (°C) . 23.6 . . . . . . . . . . . . . . . . . . 22 q 9. : . . . . . . . . . . . . . . . 23.7 . . . . . . . . . . . . . . 234 7
Appearance, odour, etc. .. ....... .. ........... ...................................... ..................

Oxygen consumed(KMaOn) . ..... ............ ...................................... ...... .......
Chem. oxyt;on dema.nd(C.O.D.) . . ........... ....... .................. ... ............. .
Carbon dioxide (CO2), calculated . 15. 10 ... . . . .. . . . . .. . . . ...10. . .. . . . .. . . . ... . .. ^ . .

pH ... . . ..... ....... .. . .. ..... . .... 7tQ.................. aaQ......... ........ 7.4 .. . ...... .... . Mo3
Colour (Hazen u[Sts) .. . . . . . . . . . Q . . . . . . . . . . . . . . . . . . . . . 5 .. . . . . . . . . . . .. . . . . . . .1Q . . . . . . . . . . . . . . . . . ^Q . .
'i'urbidity ............ ......... ......... ........................... . ..... .............

Alkalinity an -Phenolphthalein .. Q ............ .... ^Q ................. ..p ... ...,.......... Q

CnGO, f.-Total .. . . . . . . . .. .^Q6 . . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . .4$9 . . . . . . . . . . . . . . . .^f.^

guap. matter, dried at 1.05°C. ... ...... ...................................... ..................

.tlsnited at550°C. ... ........ . ............... ................ ..................

Ree. on evap.,drled at 105°C. ............ .......... w...............1,.25.4.... ................^.
11 It 11 ignited at 550°C. ... ^^2^4 . ..... ....... .......... ... ... ..... .....1.r06.7.. . .. . .......... ... . ...

Conductatice, micromhoe at 26°C. l^ 6a.6 .. . . . .. . . . . . .. . .l.f.01s . .... . ... . . . . . ..14.U.0 . ... . . . ... . . . 1®4pc.

liardness as ( Total . .... ... .^ f 042 . . . . . . . . . . . . . . . . I.sQ57. . . . . . . . . . . . . . . . . . . .99.3 . . . . . . . . . . . . . . . . 914..
CaCO, S l . Non -carbonate . . . . . . . . . . . . . . . . . . . . . .S5.5 . . . . . . . . . . . . . . . . . . .50.4 . . . . . . . . . . . . . . . 4 4 : 9 . ..

Calcium (Ca) ............. ... '34 . ................ ...............5Q.9................2s5 ..
ivlagoesium (Mg) ............ .... .5.$r3 .......... .......5.:W ...................54.1.. ............. 49.1
Strontium (Sr) .......... .... . ......... ....... ................ . ..............
sodium (Na) ............ .6t7 ......... .........6t7. ................... 7.ti.. ............. ..Fo9
Potassium (K) . ... ....... ... ....2.6 .............. ..... . 2 . 0 . . . . . . . . . . . . . . . . . . . . 2 . 7 . . . . . . . . . . . . . . . . . . 2 . 6
Lithium (Li) ............ . ................ ..................................... ..................

Iron (Fe) ' Total . . . . . . . . . . . . . . . . . K$ . . . . . . . . . . . . . . . . 71 . . . . . . . . . . . . . . . . . . . M. . . . . . . . . . . . . . . . 6.0-1

Di.^solved ........ QrQ.$ ......... .......... .O.$........... ......Q.1.9 ................ 0.0
Aluminum (Al) ............. . .. ... .Q.20 .. . . . ... . .. ... . . . A.20 . ... .. . ... .. . .. . . Q.03 .. . ... .. .. .... .
Manganese (Mn) .. .... .0.8 .........0.8, .................. f1.50 ... .....^. .....1Qo5
Copper .(Cu) ............ ^ ............ ................................ ... r ... ..................

zinc ... (zn) ............

.

.° ............ ........... ........................ .... ............. .....

Lead (Pb)............... .............. ..... ................................ ..................
Ammonia (NII,) .. .......... .............. ..................................... ..................

Carbonate (CO,) ........... Q•0 ....... .... ........ ^.0............... 0.0.. .............. ^4©
Bicarbonate (t1C03) .......... Q^7 ................. .^J? ...................* Q..... ............ 5Â.7..

sulphnte • (S04 ........... ... 514 ............. ......515................. 449.. . ............416..
Chloride (Cl) ........... ..... .^.,2 . ................. Q.a ................... a..6.. ........... ....7.u8
Eeluoride (F) . . . . . . . . . . . . . . . ..R.Q . . . . . . . . .. . . . . . .Q.Q . . . . . . . . . . . . . . . . . .. .. It . . .. . . . . . . . . . . . . .. . . . .
Phosphate (PO4) ........... .... .` .......... ............. ........... ............ t°... .............F.

Nitrate (NO,,) .:......... ... ...QeQ ...................Q.Q ................... 1.Q ..............002
sillca (61oa) ........... .......9.C1 ...................9.9....................7..9.. . .............,.

k;um of conntituenEn ............ .1821$ .. ..............7..,224.... . ...........7..... .........1.s034..
[:ef;nration index at taut temperature ... F. b.^ ..................1.1.6. .. ... ............ta,.5.. ........... .. tlo.r7

Stability Index at test temperature .....5.A .... ...... ........ 4.a ..................:4.9.. ...............501
nodtum . . . . . . . . . . . . . . . . . . 1.9 . . . . . . . . . . . . . . . . . . .1. ik . . . . . . . . . . . . . . . . . . J..5. . . . . . . . . . . . . . . . .7. o E

ROinarlSh7 : .....................................................................................................

..............................................................................................................
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..............................................................................................................
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TABLE 2 (cont'A) 

Chemical Analyses of.Well Water at Camp Muskwa, Fort Nelson, B.C. 
(In parts per million) 

At pump 	At plant 	At pump 	At plant 
at start of 	after steady ' at start of 	after steady 
pumping 	pumping 	pumping 	pumping 

Labeatou numbe  	. 458 	 Ap:P, 	 17952  

Date of sampling  	441 2 5/59 	- 	.141..25/.59 	4,1Y. .22/.59 	ZY  1Y. . ?el 
Storage period (days)  	...12.:19 	 11.0.7 	  
TeMP. at snuffing ( °C)  	5.5 	 5.5 	 6.7 	 6.7  
Temp. M: itesting ( ° D) 	,  	• 23.8 	 23.8  ' 	 26.0 	26..0 
Appearance, odour, etc. 	 .  

Oxygen consumed (Kffin04)  	.. 	2.9 	• 	. 	3.9 	. 
chem. oxYgett demand (C.O.D.) 	- 	. 	  
Carbon dioxide (002 ), calculated , 	. e 	 ? 	

0 	 20. •  
pH 	 7.1 	 7.5 	 792 	 7.  5 
Colour (Hazen units) 	 20 	 5 	 lo 	 10.  
Turbidity 	  

•	  
Alkalinity as 	f-Phenolplithalein   0 	 9 	 9 	. 	0  

	

Ca003 	I,-Total  	• 	0.9 	 425 	 372 . 	 348  

Sun' ,  matter, 	dded at  105°C. 	 ' 	 
. 	 . 	 , ignited at  550°C. 	 ... 

Non. on evap.,dried at 105°C. 	- . 	954 	 870 	. 
ignited at 550°C. 	... 	874 	 7Q9 	  

Conductance, micromhos at 25°C. 	3r .P53 	 1,279_ 	 1,135 	' 	1,074  

Hardness as f Total 	 795 815 	 705 	 637  

. CaCO3 	/ Non-carbonate , 	 376 	 eP 	 M3 	?PP 

Calcium 	( 11)  	, 236 	 248 	 210  
magnesimm 	MO  	59.4 	 47.9 	 45.,9 	54.4 
Strontium . 	(Sr) 	 
Sodium 	(Na) ' 	. 	A.4 	 6,9 	 5.7 	 fi.5 
Potassium 	(K)     2.2. 	 2.2 	 2.3 	 2.2 
Lithium 	(Li)  	. 	  

Iren (Fe) 	• Total 	 ' 58 	 56 	 37 	 35  

Dissolved 	 0,07 	 . 	0,0 	 0„N, 	. 	0,0  
Aluminum 	(Al)  	. 0...17 	 0 4g 	 0 41 	. 	0,9 
m„emese 	(Mn) 	(Total)    9.50 	 0,4? 	 MA 	(1,3 
Copper 	. (Cu) 	' 	,, , g:t90 	 - 	. 	... 	 ..  
Zinc 	... (Zn) 	 0.0 	 - 	 -  
Lead 	.. (Pb) 	 

An:merlin 	(N113)  	 

Carbonate 	(CO 3) 	 0,0 	 0,0 	 0,0 	 0,0 

Bicarbonate 	o11c03)  	. .5P, 	 5)-5 	45:4 	 42.4.. 
334 	 354 	 262 	 265  Sulphate 	(SO4) 	 

Chlodde 	(Cl) 	 2.0 	 2.4. . 	. 	 2,2 	 26 

Fluoride 	(P) 	 0.0 	 0.0 	 -  

Phosphate 	(PO4)  	 ... 	 .» 	 Q.0.1 	 -  
Nitrate 	(NO')   	4.0 	 4.5 	 0.2 	 0 e  

Silica 	' 	(610d)  	.15 	 15 	 7.5 	 700 

897 	 929 	 778  oum, of conniMmMgs  	. 

Saturation index at test temperature 	+0.5 	 +009 	+0.6 	 +0,S 
 

Stability index  et  test temperature 	6.1 	 5,7 	 n,0 	5.9 
% sodium 	 1,6 	)1,6 	197 	 .1•E 

Sampling point 

Remarks: 
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• 	
TABLE 2 (oontld) 	

, 

Chemical Analyses of Well Water  at Oamp Muskwa, Fort Nelson, B.O. 	
. 

, (In parts per million) 

At puMp 	At plant 	At pump 	At plant 
at start of after 24 hrs 	at start of after 24 hrs 
pumping 	pumping 	' puftping 	pumping 

Smnpling point 

5 

7 
1 

•LaborMory iluiriber  	,M1A$ 	 X649 	 190.4 	• 	19e. 
Dao of sampling  	44gp.g4/P.9 	Mg.... 	Qqt,..7/.59 	QAt,e/e9. 
Storage pedod (days) 	. 	- 	1Q;17 	• 	9z16 	26; 3 	25:3 
Temp. nt sampling ( bC) 	 10,0 	 24,0 	  
Temp. ut testing ('O)  	. 	g.7,0 	 27,7 . 	25,1 	ma 
APPearance, odour, etc. 	

. 	   

Oxygen connumed (Krin04)  	 .., 	• 	 .  

Chem. oxygen demand (C.O.D.) 	- 	. 	  
Carbon dioxide (002 ), calculated . 	R2 	 15 	28 	 11.. 

PH 	 7.5 	 7,7 	 7 • 5 	 7.8  
Colour (Hazen units) 	 10. 	 ' 10 	 5 	 5  
Turbidity 	. 	 .. - 	 • 

. Alkalinity as 	f -11  h o n o 1 p h t h a 1 e i   d 	 0 	 0 	. n 	 Q  

	

caCO 3 	L'iota! 	 ea 	4e 	 49.2  • 	Z75  

asp,  matter, 	dried at 105 °C. 	. - 	" 
. 	,0 	, limited at  550°C. 	.. 	. 

Nee. on eyap.,dried at 105°C. 	... 	. 934 . 	 - . 	 4() 	 .  
, ignited at  550°C. 	 . - 	 .648 	 40 	  

Conductance, micromhos at 25°C. 	Jeg9 	1,51Q 	1,20.1 	1,181_ 

Hardness as f Total 	 775 	 815 	751, 	 712_ 
387 	eg 	 5M CaCO3 	L. Non -carbon Me , . . 	 400 	9 	9..  ,  

Calcium 	(CO  	.228 	 24.4 	 225 	 223.. 
Mmmedum 	(Mg)  	. 	M0,5 	 50,5 	 41.8 	 37.8 
Strontium 	(00 	.  

Sodium 	(Na) '  ' 	 ., 	. 01g1 	 6,2 	 5.5 	 5..5 
Potassium 	(K)  	• 	.z.5 	2.5 	 2.2 	 2.1 
Lithium 	(Li)  	. . . 	  

Iron (F0 	' Total  	' 	4e 	 51 	 48 	 57  
Dissdved 	 0,0 	 ' 	(40 	 £4P 	' 	Q.9 

Aluminum 	(Al)  	. .4,07 	 Q1.07 	 0.15 	 Q,X 
; 

Manganese 	(Mu) 	. .(Xe.41 ). .   PpA4 	• 	me 	(45.5 	Q,A 
Copper 	, 	: (Cu).  	....Triee 	 - 	.. 	r 	 .  
Zinc 	... (Z.11)  	, •.0.8 	 - 	 r 	 .  
Lead 	.. (Pb) 	  
Ammoda 	(NH3) 	  

Carbonate 	(CO3) 	 0.0 	 0,0 	 0,0 	 Q.0 
Bicarbonate 	(11003) 	 m 	 505 	49P 	454_ 

347 	 349 	 329 	 330  Sulphde 	• (004) 	  
, 	0.5 	 0.7 	 ' 	1,3 	 2.E Chloride 	(Cl)   	 ' 

Fluoride 	(P) 	 0.0 	 _ 	 0.0 	 0.0 
Phosphate 	(PO4)  	. 	. 	 -  

Nitrate 	(NO3)  	. . . .Q.4 	 OA 	 0.8 	 0.E 
Silica 	' 	(CO)  	.. 	.. 7.8 	 8.1 	 7.2 	 7.£ 

Sum of constitmeMs  	. , $7ç 	91Q 	 em 	• 	833" 
Saturation Index  ixt test temperature 	. 	. 	+0 . 9 	 +1.g 	-1- (49 	 4-11J 
etemity item ut test temperature 	5.7 	5.3 	5.7 	5..4 
% nodium 	

. 	
• 	, 	1.6 	1.e 	 .1.E 	 1...i 

Romadm: 	  
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TABLE 2 (canard) 

Chemical Analyses of Well Water at.Camp Muskwa, Fort Nelson, B.O. 
(In parts per million) 

• 
At pump 	At plant 
at start of 	after steady 
pumping 	pumping 

Laboratou flambe  	, 2125 	 426  	2867 	• 	2268. 
Date of sampling  	PIOVp..W/A9 	NW.. 	14/59 .... Jan...8/60 	taxi. ..9/6' 
Storage period (days)   	?PA? 	 19.V72. 	 17.:.25 	 16:2 
Temp. at nampling (°C)  	 5.7 	 5..0 	 5+6 	 6.7 
Temp. nt testing (°C)  	?6...4 	 25e9 	 25+6 	 25.5 
Appearance, odour, etc. 	 .  œ 	  

Oxygen consumed (Klin04) 	 - 	. 	 ,r  
Chem. oxygen demand (C.O.D.) 	. 	  
Carbon diœdde (CO 2), calculated . 	gg 	 12 	 7Q 	 40  

PH     7.5 	 7.8 	 7.0 	 9.3 
Colour (Hazen units)  	un 	 10 	 0 	0 
Turbidity  	.. 	, 	 .  

Alkalinity as 	f -Phenolphthalein   P 	 0 	 0 	. 	0  
Cu.0O 2 	Votai  	; .Z9A 	 Zte 	 43e 	 48e.. 

Buse. matter, 	dried at 105°C. 

Ignited at 550°C. 	...  

rtes. on evap.,dried at 105°C. 	... 	 .. 	 ."  
ignited rtt 550°C. 	... 	 ... 	 •1  

Conductance, micromhos at 25°C. 	À.R18 	1 41SP 	leY, 	1,52Z.. 

Hardness as j'Total. 	 769 	 740 	837 	elY 
CaCO, 	t. Non -carbonate 	 373 	 353 	 393 	59.4.. 

Calcium 	(Ca) 	 225 	 221 	 250 	 247  
- Magnesium 	(Mg) 	 50.9 	 46 1 1 	 524 	 49,0 

Strontium . 	(Sr) 	. 	  

Sodium 	(Na) '  • 	 5 7 . 	t 	 5,e 	 n, 	 na 
Potassium 	(K)  	. 	2,2 	g e2 	gd 	 200 
Lithium 	(Li) 	  

Iron (Fe) 	' Total 	 48 	 4n 	55 	 52 , 
Dissolved  	.Trace 	 . 	P.02 	0..0 	  

Aluminum 	(Al) 	 . 0.08 	 0.0.5 	 (1.14 	 0.2 
moneune„ 	(Mn) 	(Total)    0.50 	 0.40 	 0.8 	 0.8 
CopPer 	. (Cu) 	* 	., . n .0 	 .1. 	 %. 	 • 	 .e. 

Zinc 	... (Zn)  	, 	.0.0 	 ... 	 ... 	 -. 
Lead 	.. (Pb)  	 ' 

Ammonia 	(NH3) 	 

Carbonate 	(00 3 )  	, . n•9 	 0,0 	 0.0 	 Q.0 
Bicarbonate 	(HCO3 )  	..40.Z 	 !WI. 	 529 	51e.. 

324 	 319 	 370 	 372  Sulphate 	• (SO4) 	 
Chloride 	(Cl) 	 0.8 	 1,A. 	  
Fluoride 	(F) 	 0,0 	 0.0 	 4.1 	 -.  
Phosphate 	(PO4)  	. 	. 	.0,04 	 ,. 	.... 	 + 
Nitrate 	(NO3)  	. . . .1.8 	 0.2 	 5.0 	 3.2 
Mien 	(SiOa)  	• 	. .Qe), 	 7 1,7 	 7.5 	 6.9 

Sum. (4 eonstitumts  	.  86 	 835 	95.e 	 99.5.. 
Saturation index at test temperature 	+0p9  
Stability index at test temperature 	5 • 7 	5.4 	 6.n 	 
% sofflatm  	.1,05 	1.6 	 .3..6 	 1..E 

Sampling point 

4 

At pump 	At plant 
at start of 	after steady 
pumping 	pumping 

Remarks: 
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TABLE 3

Chemiaal Analyses of Water Supply to Camp Muskwar Fort Nelson, B.C.
(In parts pér million)

Sempling point Prerflovt from softener (reactor) prior
to storage and pumping to system,'

Laboratory number ......... M94 . 1261 l364 1465
Dea 11%58 J Fen 3^2IDate of nampling . . . . . . . . . .. . . . ! . . . . e b.. .. . . ?9 . . . . . . . . .

BtoraOo period (dnyn) . . . . . . . . . . . 2r^ ^.^^ . . . . . . . . . . . . . . .9 %.^6. . . . . . . , .. .7 ^.^^. . . . . . . . . . . . . .^^ %.29
'xemp. at sampling (°C) . . . . . . . , . $^.•.Q . . . . . . . . . . . . . . . . . .3QrA , . . , . . . . . . . . . . . . . 23t^ . . . . . . . . . . . , . . .?r7
Tomp. at tentin6 (°C) ........... ....... .. .........94s.4 ......... . ..... `i4rA ............. ..2z^..:9
Appearanoe, odour, oto. ..... ..... ......... .. ......................................

,
Oxygen conaumed(KMnO4) ...... . ...... .......

.
.............. .........:............... ........... . ........

Chem, oxygen domand(C.O.D.) .. .. ......... ....... ..................... . .. .............. ...

Carbon dioxide (Co,), calculated . .ga.a . . ... . . .. .. . . .. . . . .Q. . . , .. , . . . .. . .. ... .0•S.. . . . ... . . ... . ..0..5

pfI .............. r%s.Q......... ....... 9^.Q...........,.... BwQ...,..,....... .8.2

Colour(liazen unite) ........... ^.... ....10 ...................... 1Q........ . ...,.10...

'l'urbldity .. ............... ..,.. .................... . ..,................

Alkalinity an p . .......... ... 4 .^ .......,........ .Q... ............. .•d..

CnCOa I.,°'i'otal .. . . . . . .f.-Total . . . . . . . . . . . . . .. . . . . .^^.^^. . . . .,..... . . . . . . . . . . . . . . . .. .^k7.^.$ .. ..8fS.-tQ

BusU. matter, dried at 105°C. ... .. .................................................
.. 11 ^ignitad at 550°C. ... ........... ......................................................

40 s. on evap.,dried at 105°C. ... ............... ....................................... .......

ignitod at6i50°C. ... ......... ............ ............... . ...............

Conductance, micromhon at 26°C. . . . . . . . . . . . . . . . . . . . R84.................1,0.19... ....... ....... .945...

Iiardnesn as Total . . . . . . . . . . . . .1 .6M3 . . . . . . . . . . . . . . . . . . 0539. . . . . . . . . . . . . . . . . . . 57.0. . , . . . . . . . . . . . . . fil6.. .
CaCO3 ^ Non -carbonate , . . .b6Q . . . . . . . . . . . . . . . . . . . tuP.. . . . . . . . . . . . . . . . . an... , . . . . . . . . . . . . 491 . .

Calcium (Ca) . . . . . . . . . . . . . . . . ^74 . . . . . . . . . . . . . . . . X$9 . . . . . . . . . . . . . . . ^$9. . . . . . . . ^ a. .

Magnesium (Mg) . . .. . . . . . . . . . . . . . . . . . . . . . . . . .16.u4 . .. . . . . . ...'. . . . . . .f ^wQ. . , . . . . . . . . . . . .42.0
..........strontium (Sr) ........ ......... ..................

Sodium (Na) . ' . . . . . . . . . . . , .6 . . . . . . . . .
V'6

. . . . . . . . . . . . . . . . . . . . . . . . . : 7 •.7 . . . . . . . . . . . . . 7.e$
Potassium (Y) . . . . . . . . . . . , . . . . 2.5 . . . . . . . . . . . . . . . . . . . . 2.9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . , , . . . 2^$

Lithium (Li) ............ .. ..................................... ... ................

Iron (Fe) Total . . . . . . . . . . . . . . . . . 1..,2 . . . . . . . . . . . . . . . . . . . 0.,I0. . . . . . . . .. . . . . . . . . .4 09. . . . . . . . . . . . . 0A:

Dieoolved ........ .......... .............. ............. ....... 4.•.49...........'....Q.O:

Aluminum (Al) .. - ...... ......... ^ ................ .. 9 ...... ...,...0'.11

Mnnganese (Mn) ..O^al),. QsQ^..... O19 ................... ^,^^^................ .0
Copper .(Cu) ............ .... ... . Y...................-

Zinc ... (Zn) ............ ................... ...... .....rt...,................... r....................

Lead ..(Pb) ........... .. ...............
•

.........................................................
:

Ammonia (NH3) ............ .... - ......... ............... i........ ............. M.,..................

Carbonate (CO,) . .. . . . . . . . . , .. 0.19 . . . .. . . . . . . . . . . . . . . 9 .9. . . . .. . . . . .. . . . . . , . Q.Q................ 0.0

Bicarbônate (1-ICO2) .. . .. ... . . . .. ^.32 . . . . ... .... ...... ... .I^i.5....... ........... 5a.3.. . ..... ..... . .3Q.5

Gulphate • (s04) . . . . . . . . . . . . . , 564 ... .50^ .. . W9 .5^ 5 .
.Chloride (Cl) ........... ..... 9! 7 :........ .. P.4Q................. r 3.......... ^ t^.•................

Fluoride M ........... .. ...'........ ..........:` ........................... ..............

Phosphate (PO4) ........ ........ ......... .. ............... ... .............

Nittate (NO1) ........... ... Or^ ......... ........... Q.6. ..................Q.8. ............. Q•0

plLtaa (^Oâ) . . . .. . . . . . . .. .5.$ . . : . . .. . . . . . . . . . . . . 2.7. .. . . . . . . . . . .. . . . . . 2r7. . . . . . . . . . . . . 3.6

Bum of conotituent'o . . .: . . . . . .. . . . . ^6 . . . . . . . . . . . . . . .'^`^Q . . .. . . . . . . . . . . .741 . . .. . . .. . . . .. .71Â ..
Saturation index at test temperature 0,6 . . .... .........'#5II9 .... ............tQ.3.. ........... tQ•2

Stability index at tent temperature

.
6.7 . .... .... .. . . ... .. . 70 . . . .. . . .. .. .... . 7.44 . . .... .. .. I ....7.•6

%a sodium ..........:.......... 2T7................... r3.r0................... 208..............1.30E

Ytemarkst .................... .................................................................................

9

...................................................................................
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TABLE 3 (cont , d) 

Chemical Analyses of Water Supply to Camp Muskwa, Fort Nelson, B.C. 
(In parts per million) 

Sampling point Uveraow from softener (reactox)prior 

to storage and pumping to system. 

8 

1 

Laboratory number 	 1490 	 1568 	 1660 	 1797 
Date  of smmeing 	April  11/59 	May 13/59 	Jeune  26/59 	:uiy 24/b9 
Storage period (days) 	 ....»:12 	2028 	 11:17 	253; 
'romp. ilt mmeing (°c)   	Ze  7 	 ' 	33.9 	 28.3 	 18.9 
Temp. at teeing (°C)  	•, e„ 	W.g 	 23.7 	 25.8 
Appearance, odour, etc. 	 .  

Oxygen consumed (KMn04)  	 • 
Chem. oxygen demand (C.O.D.) - 	1 	  
Carbon dioxide (CO2 ), calculated . 	. 	0.6 	 0 	 0 	 0  

PH 	 7.6 	 8.8 	 9.1 	 8.8 
Colour (Hazen units) 	 5 	 10 	 5 	 10  

• 
 Turbidity 	• 	 Clear 	.  

Alkalinity as 	f-Phenolplithalein   0 	 2.0 	 4 •5 	. 	2.9 
CaCO3 	J•Totrd  	• 	.1e.45 	 15 .7 	 17.7 	 14.9 

Susp. meter, 	drimi 1g 105°C.  	.... 	  

' Ignited at 560°C.  

Hes, on evap.,dried at 105°C. 	 . 	  
u 	" 	" , ignited (e 5à0°C. 

Conductance, ndcromhos at 25°C. 	.909 	 828 - 	 723 	 606  

Hardness as f Total  	, 515 	 431 	 364 	 296  
CaCO 3 	L Non -carbonate .. .  	499 	el5 	, 	346 	 281  

Calcium 	(Ca)  	_. 139 	 144 	 132 	 98.0 
Magnesium 	(Mg)  	. 	41, 5 	 17.2 	• 	8,4 	12.5 
Strontium . 	(Sr)  
Sodium 	(Na)  	 , 	 7,4 	 7,4 	 7,5 	6.3 
Potassium 	(K)  	. 	g.7 	?,e, 	 3,1 	?,4 
Lithium 	(LI)  	.. 	  

iron (Fo) 	Total   	0.15 	 0.49 	 0.31 	0.4 

Dissolved 	 Q.06 	 . 	- 	0.09 	. 	.e..-C 
AlumMum 	(Al)  	, .0.47 	 0.01 	0.22 	 0.] 

Manganese 	(Mn)  (Teal).  	 0.0  	. 	 .. 	 0.0 	 ■ 	 ,e)4( 

CoPPer 	(Cu)  	. "Tree' 	 .«. 	 . 	" 	 ... 

Zinc 	.- (Zn)  	, 	0.0  

Lead 	- (Pb)  	. 	 
AmmoMa 	(NH)  	' 	0.0 	 ... 	 - 	 . 	• 	• ■..i 
Carbonate 	(CO3)  	 , , 	0.0 	 2.4 	 5.4 	3.1 

Bicarbonate 	(HCO3) 	. 	 19.9 	. 	14.3 	 10.6 	 11.: 

Sulphate 	( 504) 	 494 	 391 	 344 	 276 

Chlodde 	(Cl)  	 5..5- 	 2.9, 	 7.0 	 3.1 

Fluoride 	(15 	 , 	0..Q 	
_ 	 - 	 - 

Phosphate 	(PO4)  	.. 
.. 	.1 . 	. . 	 . 	

0 4 0   	0 	1 Nitrate 	(NO3) 	 . 	. 	P.q9 	 0 4  
SiliCD. 	. 	(sUM  	2.9 	 -  	 3.0 	 Z.'. 

Sum of constituents  	. 	. 	700 	496 	 516 	 410 
 . . 	 • 

Saturation index at test temperature 	. 	-0.6 	 +0.7   	+0.9 . 	
'

+0.: 

Stability index st test temperature 	- 	8.8 	 7.4 	 7.3 	l e  

%sodium 	 3,0 	 3,5 	4.2 	.. 	..-:'4 4 

Bemarks: 	  
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TABLE 3 (concl'd) 

Ohemical Analyses of Water Supply to Clamp Muskwa, Fort Nelson, B.O. 
(In parte per million) 

Overflow from eoftener (reactor) prior 
to storage and pumping to systems 

Laboratory number 	........ 	 . t 1850 	 1?86  	41M7. 	2?6?  
Date of sampling  	49•go.e./59 .... • ........... 	n9Y.01.4/59 	444 	 9/6(  
Storage period (dtt,ys)  	,,,, 	 9:16 	 25;35 	 19:7,1 	  
Temp. at sampling (°C)   	1E97 	 23.9 	 Z3.3 	Z4.4 
Tamp. at testing (°C) 	

•' 	
. 	. 	A7.7 	 25.0 	 Zh.7 	2.5.5 

APPoarance, odour, etc. 	 . 	  

Oxygen consumed (Klin04)  	 . 	 .. 
Chem, oxygen demand (C.O.D.)  	. 	  
Carbon dioxide (CO 2 ) , calcUlated . 	.... ..Q.9 	• 	 1.a. 	" 	Zo0 	 Q  

pH 	 7,7 	 7.9 	 7.0 	19.0 
Colour (Hazen units)  	... 	.1Q 	 & 	• 	e 	o  
Turbidity 	• 	   

Alkalinity as 	•f -Phenolplith9.1ein  	C? 	 0 	 0 	•. 	mse 

	

CaC0 à 	L-Total  	, ".gM 	 Ne 	 17.9 	 el.e 
SusP. matter, 	dried at 10500 . 	... 

ignited a.t 550°0. 	... 	.... 	  

Res,  on evap.,dried at 105°C. 	... 	. 	  
" 	" 	" , ignited at 1350 °C. 	... 	. 

Conductance, micromhos at 25 °C. 	.. 759 	 750 	 e91 	 899  

Hardness as f Total  	-392 	 391 	 349 	 428..  

	

CaCOà 	L Non -carbonate 	... 	....5A6 	 341 	 331 	 3,7. 4,,  

Calcium 	(Ca)  	. ,,10 	1P6 	 97,7 	172• 
Magnesium 	(Mg)  	. 	29,7 	 30,7 	

. 	25,7 	QrP 
Strontium . 	(130 	. 	 
Sodium 	(Na) 	' 	 •• 	6.6 	 6.3 	 6.6 	 7,0 

Potassium 	(K)  	.. 	2.8 	 2.1 	 2,3 	V/ 
Lithium 	(Li) 	  

Iron  (Fe) 	Total 	 0.01 	 1.5 	 2.7 	 0,6 

Dissolved 	 0.01 	 0,0 	Trace 	 0,0 

Aluminum 	(Al)  	• 	, 	0.21 	 0,38  
manganese 	(mn) (Teet1).   0,02 	 0,14 	 0,0,4 	; 	0,0 

Copper. 	. (Cu) 	 - 	 ••• 	 ** 	 '-•  

Zinc 	• 	. (Zn)  	. 	- 	 .• 	 - 	 - 

Lead 	.. (Pb)  	• 	  
Ammonia 	(NH)  	..., 	3.5 	 - 	 .. 	 . 

Carbonate 	(003) 	 0.0 	 0.0 	 0.0 	 301d  
Bicarbonate 	(lICO,) 	 31.5 	 , 61,0 	Me 	Q44 

3  Sulphate 	• (504) 	 62 	 338 	 321 	 364  
09 	 8. 	 ' 	 3.£ 

Chloride 	(Cl) 	 0. 	 • 	 2.9  
Fluoride 	(P) " 

	.4 Q,0 	 ... 	0.3 
Phosphate 	(PO4)  	. 	  
Nitrate 	(N04) 	• 	. • ...QP0  	Q P1 	 Q.1 	0.,1 
Mee 	• 	(sioi)  	. 	1.4 	?.0 	La 	4. 4  

Sum of constituents  	... .5.44 	 525 	 4A9 	  
Saturation index at test temperature 	.., . -0 • 3 	 +0,3, 	 +le 	  

Stability index at test temperature 	8.3 	7r7  
% noditun  	. . 	3.6  	Z.Z  	3 •9 	 3.40 

Sampling point 

/OH:1.0 

Remarks: 
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Figure l.- Chemical Quality Variations in the Muakwa River,
Fort Nelson, B.C. during 1959.
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fiater at Camp Muskwa, Fort Nelson, B.C., in 1959 
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Figure 3.- Chemical Quality Variations in the Untreated and Treated 
Well aaters at Camp Muskwa, Fort Nelson, B.C. in 1959 
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DISCUSSION 

As expected from previous studies of rivers in 

other parts of this drainage basin, Muskwa River showed (Table 1 

and Figure 1) a wide seasonal variation in chemical quality. 

During the period of low flow (about October to April) the 

chemical quality of the river water was satisfactory for gen-

eral Camp use. Although it is still classed as a very hard 

water, it is nct,particularly high in mineralization. It is 

low in iron and manganese and for most of this period low in 

colour and turbidity. . Chemically, the river water during this 

period is a much superior water to the present Camp supply 

(see Table 3 and Figure 3). 

However, during the spring and summer, especially . 

at times of high dischargethe'Colour and turbidity-of the 

river rise very sharply and treatffierit  of the water  for  their 

removal would-be required. In 1959 Colour, and turbidity rose 

almost concurrently showing two:majOr . peaks, one in May-June 

and the other in August. The first is no - doubt caused by 

high water and run-off from the local spring break-up; the 

August peak may be due.to a later break-up in the upper reaches 

.of the river or to heavy rains and subsequent flooding. These 

peaks may vary from year to year and there may be other pe-

riodà -ce high colour and turbidity. Also, mOnthly sampling 

' may miss peak.periods of short duration caused by local flash 

flooding. 
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When high colour and turbidity occur the quality 

of the river water is otherwise improved as the hardness and 

total mineralization then decreases. This is to be expected 

when colour and turbidity are caused by rapid run-off of melted 

snow, or rain. During periods of high turbidity and colour 

no softening of the water would be required, except for spe-

cial uses such as boiler make-up. 

Unfortunately, information on the discharge of this 

river, and its depth is meagre. The collector of the river 

water samples reported that during the winter period when the 

water quality is most satisfactory there was a heavy ice cover 

and very.little water at the sampling point. A depth .of'Only 

14 in. water was recorded at one time. 

Successful use of the river will depend upon being 

able to obtain a satisfactory location for an intake, such 

that there is sufficient water depth, no major problem with 

frazil or anchor ice or from shifting of the river channel 

during flood periods. If this problem can be economically 

solved it is considered that the river water could be used 

during the winter period with very little treatment. In the 

summer the present plant should be able to treat either the 

river water or a mixture of river and well water to produce 

a superior final product. A basin or reservoir near the well 

that would permit settling and storage prior to pumping to 

the plant would probably reduce much of the turbidity during 

peak periods. 
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Table 2 and Figure 2 confirm what was indicated 

from previous studies (Report IR58-215), j.0 the well water 

varies markedly with the season. During the summer period 

this water decreases markedly in total mineralization, hardness 

and iron content. Figures 1 and 2 show that this change 

roughly corresponds with the change in river water with a 

low in July, 1959. The marked rise in mineralization of the 

river water in October - November, 1959 is, however, not imme-

diately noted in the well water and although the well water 

continues to increase in mineralization this, in January, 1960 

did not reach that of January, 1959. However, these results 

do indicate a possible connection between the well aquifer 

and the river, at least during the summer period. 

The variations in the well water are such that 

careful control of plant treatment and operation are necessary. 

A fiXed feed of chemicals will not permit the most economical 

and best treatment of the well water. 

Table 2 and Figure 2 also show seme variation in 

quality between the well water . at  the pump and the well water 

after a period of pumping and sampling at the plant. Some 

of this variation can be due to sampling errors and loss of 

constituents during tranSitfromthe well to the plant. As 

previously pointed out, some of these changes may be prevented 

if any leak in the pipe from the well to the plant is also 

eliminated. Further sampling of the well at start up of the 

pump and again at the pump after several hours pumping would 

more clearly show if the changes are due to continued pumping 
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or to transit and sampling error. However, these variations 

are not considered significant in so far as treatment is 

concerned. 

Table 3 and Figure 3  show  the chemical quality of 

the water now being supplied from  the plant. However, if 

settling is allowed in the reservoir prior -to pumping to  the 

 system some improvement in quality will result l especially in 

waters having a high iron content .  

It is noted that, except for the iron content of • 

these waters, the final water generally varies with the qual-

ity of the raw well water. This is mainly due to the fact 

that much of the non-carbonate hardness is not removed by 

the present lime treatment and the amount of such hardness 

varies markedly in the well water. The amount of non-carbonate 

hardness removed by the present treatment is also dependent 

on a number of factors, already discussed in Report IR58-215, 

principally the pH of treatment and the amount of lime added. 

However, except for the occassional sample, the 

water is as satisfactory as can be expected in view of other 

problems still outstanding at this plant. The final iron 

content is, at times, much too high and unless this settles 

out in the reservoir can cause trouble in the system. The 

variability of the final pH, especially the very high pH of 

sample No. 2269 (Table 3), indicates inconsistency in the 

plant operation as well as the result of using a fixed 

chemical feed on a variable water. As previously pointed 



out, while it is necessary to operate at a high pH for 

maximum softening, some compromise has had to be made at this 

plant since no treatment to reduce the pH prior to use is 

carried out. 

Attention is directed to the fact that, at all timeà 

even the best water produced from the well-supply is harder.  

and more highly mineralized than  the river water. 

The quality of the river water is best during the 

winter period when the 'well Water suPPÏy is at its'worst and 

vice versa. Therefore, if the problem of obtaining river water 

can be economically solved the Use of these two waters, one 

at different periods of the'year or a mixture of the tWo at 

other times, .could produce a superiàrwater to that now 

supplied, probably with much less treatinent. 

SUMMARY 

1. The Muskwa River is, except for certain periods 

when colour and turbidity are high, a better quality water 

than the currently-treated well water. 

2. Problems regarding the quantity of 'river  water 

available and the construction of a suitable intake into the 

river are major drawbacks to its use. 

3. The well water varies markedly in quality with the 
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time of year and treatment must be varied.and controlled 

accordingly, if the best possible water is to be obtained. 

4. From this limited study the water now produced from 

the plant appears to be of better quality than that produced 

prior to the change in treatment in October, 1958,but failure 

of the treatment occurs periodically. This is no doubt due 

to deficiencies in the present treatment plant and to fixed 

operation on a variable water. 

5. Since the well water is of better quality in the 

summer when the river water is at its worst and vice versa 

the possible alternate use of these waters and/or of a mixture 

of the waters is worthy of further consideration. 

6. Additional study of the river and well waters with 

regard to quality,  and  particularly the RD,rmer as to quantity, 

is recommended if other problems related to use of the river 

water can be solved. 

7. The economics of the use of river water must con-

sider, beside the adverse cost of an intake to the river, 

etc., a decrease in treatment costs and savings resulting 

from the use of a superior water to the Camp. The latter 

are very difficult to determine as they include savings in 

household use, in scaling and corrosion of equipment, and in 

softening of boiler maka-up besides an improvement in per-

sonnel morale and possibly health. 


