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Mines Branch Investigation Report. IR60~li

A SURVEY OF WATER QUALITY AT CAMP MUSKWA,
FORT NELSON, B.C., 1959

by
J.F.J. Thomas#*

SUMMARY OF RESULTS

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 1ty or a mixture of

it and the well water, would provide a better quality water
for the Camp. '

* Head, Lndustrial Waters Section, Mineral 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 uses.
At the request of the Directorate of Worksy, Army Headquarters,
Ottawa, the writer and Mr. R. Bowser, Public Utilities 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 vislit and all studies carried out up to December, 1958
at the Camp and in the Ottawa laboratories regarding treat-
mént 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 recomnendations 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



-and cannot be classed as a Satisfactory mﬁnicipal supply.

Since the change in treatment in October, 1958
monthly samples of the final water supply have heen recelved
in'order to check the efficiency'of these changes and to some . .

extent the operation of the treatment plant.

At the time of the Octoher, 1958 Qisit a search
was underway for a more sultable water supply for the Camp .
and the Industrial Waters Section was asked to investigate
the chemical gquality 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 thé flats alongside the river. An intake near
this point would permit the use of river water .alone of of a i
mixture of 1t 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
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the plant prlor 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, d4e the water coming from the plant reactor or
softener just prior to its entrance into the storage reserveir
or clear well. The water is then pumped from the reservoilr 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.




S

The analyses of the treated well waters (final
Gamp supply) are tabulated in Table 3. |

Changes in the major constituents or other important
properties of the Muskwa. River, untreated well and treated well

waters are graphically shown in Figures 1, 2 and 3 respectively.

Owing to the high mineralization (especially car-
bonate hardness) and very high iron content, storage and ship-
ment of the.well waters can have a significant effect on sev-
,eral éonstituents. The ifon précipitates’asriron oxide and
.thefe may be a 1oés of some hardness with change in pH. Since
theviron_is of ten precipitated prior to sampling, especially
by the time the water reaches the plant, variations caused by
the sampling technique can also be éxpected. 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 of Muskwa River near Fort Nelson, B.C.
" (In parts per million)

Sampling point

Direct fr

om

River

. f =y

Labotatory number .....
Date of sampling ......
Btorage period (days) ........0.0
Temp. at sampling (°C) .........
Temp. at testing (°C) .
Appeatanoe, odour, etc.

Trer e

R R TR

e A198. ... 1803

...... Pvrtiveernrineaes 0

Decs. 16/58...... Jan.  13/59....... Fab,. . 10/59. ... Mar. .24/59.
L B0IRT.L L ALl

Pees syt en

RRROTUIN <2 T SR

16l ... 1462

DO/ 1 TOUUOTORI 13- N

R P
91 T3 BN

Perser e el

Oxygen consumed (KMnO,) .. ... e deD e heb S0 B8
Chen, oxygen demond (C.0.D.) .. TN PRI N vearareas Cienas e e et '
Carhon dioxide (CO,), oalcuiated . RE-TT: S . BT S0 B
Y ST e e v 8000 e 0. e Te i Bed
Colour (Hazen units) .v..ovuviv, e @100 v dQu UUTURTIN ST
TUIAGREY o vvviriiteiaieanns o e @ Qe 00 UUIRTITIRS R
Allalinity as {~Phenolphthaleln v Qo NPT SO e S SO UL ST
CnCo, “Total ..i... ool 83 LA 98 %8
Busp, matter, dried at 105°C. Ca s i aaesaas v B S T T W
" ", ignited at 6BO°C. ... P e N P
Ee}s.onavap.,driedut1Q5"C. 310 ...... 333, 829340
v n n ignited at 550°C. LB B8R B06................R79.........
Conductance, micrombos at 25°C. .487'4 ...... 506°5'* . . 509’2 ‘555'7 ......

Hardness as
-CaCO,

............

{Total
Non -carbonate ...

.8Q.7

D SR R

Feoasen

NURR - {4 U R8T .

Celcium (CR) .\iviniinnes P A A A 8 2 xR LTal, RPN £ S
Magnesinm (40719 Ve 30-3 ....... 220, ........ 22'1 AN 214 ...
Btrontium _ (S1) ..... v Cr e rieranenesnnes f et e e r e e tee e e e it er et it
Bodium (NB) vvvriinnnn | vnnos B8, e e 48, .. B30
potassium  (K)  .uvivriniien e Q0 08 TR Y- JREIRTRRTRRE L2 - S
Lithium (L) ireanaan Vet reaieaes Chaebeiiaasans e AN RRRAREER KRR Cierrebsererenes PPN vivers
jron (Fe) Total ..... e e e N B S T PR
Disgolved ........ e 900 00 080 Trace.....
Aluminum [7:19 .0008 vl 0004 0040 L 060
Menganese  (Mn) ........ U 0.0........... R 7Y eererares L0 20 0.40......
Copper (C) .o, TR U ¢ B Qa0 i 000, vl 0400
Zinc (Zn) ......000n. . e 0.0... N K N ¢ S 0.05......... v 0400
Lead R0 31 ) TN e i sar et eiaiatieratsana T T Crheesaans P T SPTSPNN
Ammonin  (NHs) ceerrveer.. R UL 1Y ST Trace .. ... c Ok 0.3,.....
Carbonate (CO3) vinennnn e 0'0 .......... 0'0 ............... 0'0 ..... 0'0
Bicarbonate (HCOs) ...... . 325 ..... eenes 256355342
Sulphate (804) ...... ¢ - TS - T 982 TBRR L BReR
Chloride (CI) ........... Leaae 2-0-7.. ........... ..lal-...'..... ...... .5.0-2. Vesnnenanrnaan 5.5:.- e
Pluoride T e ver 00000 D O
Phosphate  (POa) ........... Y U, R TP TP B N N.0.....
Nitrate (NO#} \.vvivnuav N« 7% - J [0 Y RN ¢ PN O 0e5..0ute
gilica (&od) ------ R Ty .3..5.:... ...... o 3-0-5 ------------ o..-3.4. . e -5.8-. .

gum of constituenis ,
gaturation index at test temperature
stability Index at test temperature

% sodium ,......

......

-------

Ve anes S I EEREEEK]

----- R Trrerivena

. .
R - 2 S v Babin

BB

Remarka: Level:,

........

XEEEEX Leeebttetovasene e

------ s earane

Very

.................

........

RO £ - ¥ S Very....... .
e e T e low/l4" ........

LAOW Q0.........

........
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TABLE 1 (cont'd)

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

Sampling point Direct from 'River
Liahoretory numbet .uuuiiaiviiin .4.;-487/A..1.&1565/..A.lesr’/.1794/ ......
Date of sampling «vv v ivvriiin, . April 13/59..... ay. 12/89..... .June 27/89.,.....July, .26/59. ..,
veen e ey 11| PP YT TR GIRR T ERERR
Temp. ot sampling (°C) .., ...... Ces O . Veeres 102803 K 183 ...
Tomp. nttestihg("c‘) 23'7 .............. 25"7.25'6. .............. 26'1 ......
Appearance, odour, otC. ..iies... RO S X-T- % T e e e e e e
Oxygen consumed (KMnOA) ...... e = PP N 4. PR Y T a8,
Chem, oxyget domond (C.0.D.) .. I R TR S R P Viareran s irieaas e
Carhon dioxide (CO,), caloulated , e BB 2B, S e 3s8........ NPT 4........
PH 4ireirenniinreernansroninns | s e sl LY T T
Colour (Hozen undts) .........0. | . s s U R +10 S B0 10.........
Turbldity ........ boreraaranan e 300,000 kB0 90.........
Alkalinity as { -Phenolphthelein | ....... Q ........ [P Q...... vt L P e es ([
caco, “otal ..., P TR N P B2, i 9808000 07,0,
Busp. matter, dried ot 105°C. ... ,.294.8152.125 .......
M ignlbed 8E BBO0°C. .r | iriveiiiiiiiinni e 289 e T8RN O - S
Res. on evap.,drled at 106°C. ... L - S 216211 ...... 187 ...
now o dgnited ab 550°C. ... | ....B74 . . B9, 63, ,,......... LLABL L
Conductance, micrombos at 25°C. s 469 25%.8 ... 253'8 ...... Vevaaes '270'8 ......
Hardness ag {Total .......vouee | 0o 249 ......... e, 131 PN 135 ................. 1 44 ........
- CaCO, {Non ~carbonate ... | ..,... o X T 49.0...... Wareaenes 3004 i B7ad......
Celefum [¢o::) I ven B8a8L Ko 1 P S 3740, 00, 20.9......
Magnesium  (ME) ............ e 3960 B XS veein 184800
Btrontlum (8r) LR O P R PR PR NY. Y T
Sodium (30 TP, Y 55 e Bab. v L LeB..tun.
Potasstum  (K)  ..iiiininnns PITIN ¢ . P S 0.9....... Feeeres De7.0ii.
Lithium 149 § R C e e e bbb REETRYPTRTp ceee
Iron (I'e) Tobtal ..oovvvinnene | -7’0 ......... 4'01'5 ......
Masolved .ovvinr | viien 0.02, ... 0.25 ... ... 0.28 ..., e, 0004
Aluminum (7.3} P B 0,006, veiven, 0:0........ 0004 ’QuO.V. Caee
Monganose  (MH) ..iiiiiiiies | aesan 0.0....... PR 0sQ. . iiviiiininn. 2000, RPN P ex &
Coppet (o) JU U T et LU v B0 000
Zine R 1) I N hsntasaeanaan nannanns 0-0 ............... B 0a0.. s . 04000,
Lead (P I RCIRERNEr Chrese s RPN b ee st eas PPN eveees Ve
Anmonia (MH) «ovverrnins l L TTTTTTTPR e by U RO ¢ 14 ¢ T ¢
Carbonale [(e1e 7 NN RPURURN ¢ 1 ¢ I 0p0 . O 0+0......
Pearbonate  (HCOs) .......... 09 L0 B 130.........
fulphate (€510 7) R N B80S BB 55.-.§ .............. 3420......
Chiorido [( ) R a8, 7 ¢ Lerens LS Qe7......
Fiuoride (¢ P v De00 L e e 0a0......... FTPT 0s0......
Phosphate  (POA) ...ooevviis | viviinnn, = U TP BUPUPPPUN 0.0......
Nitrate (NOs) . .ovuue v reweres N (7% - (PPN 0 1 JO pebesanen (01 - RN
fillea ’ (SlO,) ----------- TN 3.;0 ............... 31.7 .......... Psr e 4-‘.&2 .......... i 2.0.5 .......
Sum of conmtitucatd ... vevr..s . e BB WL, PO 2= S beeass 154...... veen
fofurption index ot tost tomperafure | ... .., +0'5 ............. =0uB... =020, '0'5 .......
Eiahility index e tent temperature | ..., .. KAT SO ST O 8ol 8ad...iil _
% godium ... .... TP I 36 Bed. i X PUITRNN "2
Romarke: BEVOL .. . ..., LOW, . Low/30" .. ......Average . ..., .. i

%X . Black mud

eseses s IR RN EREY R RN IO At el e A I I S N ] BB e d b ar e b et st v ad et st At es et el tab ey rras.

.
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TABLE 1 (conel'd)

Chemical Analyses of Muskwa River near Fort Nelson, B,C.
(Ia parts per million)

Sempling point Direct from River
Liaborotory number ...........y. Y J@‘y’ ............ 1985 ............ 212‘.1 ................... 2265 ........
Date of sampling ............... .AU@’. 35/ 89.....! 0 ?'.b.q . 8/ 59 ...... NQV.O. . 16/ 59 .......... 'T an. ll/ 50 N
Storage perfod (daYB) «.vvvvvirie | aiaas 11:18........... R0:3%........... 17370, ... 088
Temp. nt sampling (°C) ..ovvvvvs | wiiis Ided .ol 0aQ. . viiiiiiii! Qe 0o, e Ll ...
Tomp. at testing (°C) ceneeea “ e R 150 T 35!9 Ciecareniaen Ve 2 4"8 o
Appearance, odour, etc. ...vii.un TR TS Ceaea
Oxygen consumed (KMnO) ...... RO STY S 8. ....... S
Chem. oxygen demand (CLO.DNY vi | iyttt tiin ittt ttnstrsaeennnnonssoaneres g gt Venrieiiinnaans PPN '
Carbon dioxide (CO,), caleulated . | ... .. 25 Be? BB v B,
) S T RO T8 v a8 80, . 78 ...
Colour (Hazen units) .......0uvs ....130. (approx,) B8 . ..., .. .| 20 0. ...
Turbldity ..vooiiiteriririnnen, BalQ0. BB P e 8.
Alkelinity as {~Phenolphthnleln ....... Qv Qi 0 O........
Cuco, Total veiiiies | e 8845,.......... 124 ..., 180 190 ..
Busp. matter, dred 8k 106°C. ... | ieiiiiieiiii, L - R
now tgnited ab §50°C. e e BBl
Res. on evap.,dried at 105°C, BB =
»w o jgnited ab 550°C. 800 . B TR
Conductavce, micromhos at 25°C. oo 885.7 ... 556'6 Cerrre e 489'6 ................... 508'1 ......
Heardness a8 { B0 17:1 SN 149, ...l 1726............. ABL 3'7:11 ........
CaCQO, Non -carhonate ... 60.44........ vaee 522,000, 8997 .......... Ceraaenas 85‘5 .....
Celcium (€013 R R, 45.0............ 49 1Y 75' .2 ................... 74°8 .....
Magnesium  (ME) ............ Bal, 2.9 ..., 1970l e 20,6......
Strontium [ T O N
Bodium (No) oooeennnes N BaB ol 7% > Be0. i 860.....
Potassium  (K) ..vvvinnnnnn . LB L0 < B e i Q:9.....
Lithium (€15 ) R T O Y
on (Fe)  Total ...veveveins | en e, 0.94 ... 0eB3 i Q.15 .
Dissolved .....vvv | i O '16 ............ 0'09 ............ 0'95 ................... 0 '0 .....
Aluminum (€Y O W00 0:06............ 0 71Y s . 0:07....
Manganase [0+ S PN 010 .............. 0~°2 ............ 0 1-9.4; .................... 0 ,_Q .....
Copper [(%1) T Traecs . ........... el i Qa0 0,0.....
Zinc (€71 ) R LT L2 0 R ¢ 11 ¢ U 0,0.....
L.ead 18540 T PR
Ammonia  (NHs) cevevvnvnien | ervains e, Ol o Qe 0:0.....
Carbonate ({107 v Q0 O N ¢ 13 ¢ S Q,0.....
Bicarbonate (HCOs) .......... A08. 18 ... 220, . i, 3L ...
Sulphate (80N ......veees | ieeans 61.5 58.5 .. 902 .. Bhed
Chloride € o | EeB Lol o deB e 17,
Fluorlde ™ e | Q0 VX% TR Q0 i, 0s0.....
Phosphate (€500 7) A PN e b Qo080 i iiiiiiiciinans "
Nitrate (NOs) vvvvivew | o T Qeliviiiiinennns L0 Qe ittt 2a0.....
Sillca (BlOg) vvvvvininnn | enn ool U T S B S 4.0.....
gum of constituents ............ R N/ B, WL96 303 e 3Q7.000,
goturatlon Index at test temperature | .., .... Qe ... i il H0W3. FQel i, LH068....
Stahtlty index ok test temperature T A - DR S TR L Y - 6a8.....
% BOGIUM 4uviiiiin i aaaas N 7 I Baliiiiiiiin 8D Ba8...s
Remarka: .. Level.. ... iiiiiiiniinanes Highest........ Low......... Crenaad L Low

..............................................................................................................

.............................................................................................................
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TABLE 2

OhomiCal Analyses pf Well Water at Camp Muskwa, Fort Nelson, B.C.

Sampling 'point

{In partes per million)

At pump At plant At pump At plent
at gtart . after 30 hrs at start after 63 hrg
of pumping pumping of* pumping pumping
Lahoratory number ............. v .1193 1205 JIRRE L A264......
Datd of Samplng .....vevviiins, D80, 10/55 ..... ' Dac.. 11/6R . dana. 10759, .. ... Tana 12/59 y
storagoe pordod (days) .......h0ue | veiie 25 A% ..0.0..2818], .“-1 ...... e vereea ;.5.....
Tomp. nt sampling (°C) ....... AP PP Y 4 - PRI % R PN - 75 ST veren.. .86
Tomp; ot testing (°C) . “erreaen. .21.00 .......... LBLeB L 2 L2 24.3......
Appearance, odour, ofC, .. .1..1..s Ceirereeeeiin P P v, Vs v e e
Qxyéen cdhsumed (KMhO,) ............... 5.9.0 ............................... e Veeaenaie e
Chenm. oxygen demond (C,0.D.) .. e e e et e e e bereen e e .
Cathon dioxide (CO,), caloulnted . 80....... Vi Q... ... P £ Vi Vi W
BH veevieirneeeennn, e e DB Telenn, e ToB, SRRTSPOU 21 I
Colour (Hazen units) ..i........ Gl T 1 OO 1.0 ........
'Iurbidlty .Ant/-:_wnbc‘onlu‘ncnl ..... v gs s G o s s arasssassasanavinnns B ot et et araanss i rnaina baver it
Alkalinity a8 {-phehblpmhalem o DTN T T Y v O DTS JUPT
Cuco, P17 S BN 887.......... BB 890........ e 88
Husp. matter, dricd at 1'05"0‘. ....................................... ABL . ... s P,
" r* lantted ab 660°C. - ... G vteeiaae it e T L1000 T
Res. on evap.,dried at 106°C, o405 e 1,378....... e e e
#mo» ignited of 650°C. | 1,343 LA et
Conductance, micromhos at 25°C. ]”816 e eanias 10770 ........... 1.!751 ................. 1'!'728 ........
Hardnpés é,s {To'tul ............. .1.1731 ........... 1 :172 ........... 15125 ................. 1!'112 ........
CaCOy Non -carbonate ...’ R 584............. 600,............. 575 ................... .554 ........
Celctum S JOT 4. B4S.......oL 340....... TTUTTTI P37,
Magnestum  (ME) ...oooovvvns | wueas 7060..000. .00 (4 7% > DN A N viedees £6.0.,
Strontium (B seviiniinaes S R T I T PP ieee
Sodium (N2) Joesinennnn, b el 2 DUUTTRURI 7Y SO e 7.2...
Potassium  (K) ...... P Y 71 < AP B8, 2 TY ANNAR i 7% A
Lithium - (LD ... N TP TP T PP e :
. Ion (Fey " Total .i...... coee b BB 800 v TA . v4: TN
. L Dissolved ..... e ..;...4;'.0612, ............ L TR 1.0...... s eaareaa e eaaan .
Aluminum (A i W QeB800 Ll e Qa8 P .
Menganesge (M) " (Total)... | .. ... Qe76...... eahes 0488 ...00.v0nt 1.0....... e e e ee 0.9.....
Copper el B Qe Qa0 il L I
ZiNe (@) fed | e Q0 Q0 E .
Lead (054 1) T S S et e
Amimonia (NH) covvenenrens | v s usinerinsaaanssarotaensisassaserastssataassrnesanns et ittt anererarss
Carbonuté [(e10 % RN Chveveas 00, ..iiinns 0.0..... TR Qs0......... Perresnsans 0.0.....
_Blearbonate  (HCO3) ...u.vess JL6. ... v 897, B P11 R
Bulphate - (B0 ........... | .uo.. bat B8l 890 i, 548 ...
CChlonide . (G ......... I BeD i T8 SR L0k 08B
Fluoride -~ () ..., 1 TR SR vl 00 P
Phosphete . (POx) ........... | ..., P e Vereeans P ST Levress i Moo .
Nitrate (NOs) ....., v R ek, oY (*PY- SO RN Osl.....
Bilica (B0 oiiiinynn I - 73 - N ......8.@6_. ............. Dol e =70
gum of conntituents ....... e | 1,382........... 1,367........... BeB08. 1.892..,...
Eoturotion Indox at tost temperature | ..., ... 989 ... ..., HleB, L. LB +1e2,..
Stability indox at teat temperature ........ BB BaB Bod i, Bek.....
% BOAIUM v it e, T 7 - B . T L T Tok....
ROMATKE: o iviiiiiiiariariuoesnnenssrsivnsronsnsens P T
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TABLE 2 (c

ont?d)

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

Sampling point At pump At plant A% pump At plant
at gtart of after 51 hrs ab start of after gteady
pumping pumping pumping pumping

Liabotatory number .........v... L R368. L e 15.65.............,..145.3...;..........1454

Date of sampling ... ............. Eeb,. 8{59 ... Feh., J.Oé59. U % 18./59 ..Mar., dl/59

Btorage period (days) ........ e hrbraeiN Cerbaaas R L I L

‘Temp. at sampling (°C) ...... . 6‘1 RN 5‘0 ...... Ve .405 Srheees ™ .691

Temp. at testing (°C) «vvvvviiian | vun 24ed .. ... e 244, U - 73 S 2441

Appearance, odour, 8fc. ...0v0 0. i e e e i e deeeras PR PN e

Oxygen consumed (KMnGOs) ....vv | .. 5'5 ......... N R Ceveaaes b, et -

Chen, oxygen demand (C.0.D.) .. P een e Cever e N e e ey

Carhon dioxide (CO,), calculated . 4D el 8 Cereeeenas e B RO 1 ¢

1)1 S e O I T R e S A Ceveaes RS - N 8.0

Colour (Hazen units) ........... O e 0. ..o U - S 10

Turbidity ........ [ AP N e et e e Pty Craraeaaes Cevsasaeas

Alkalinity as {-Phenolphthaleln AU ¢ S e O 0. R + BN

Cuco, ~Total ........ o1+ N Ceaeas 544 . PRI + 1 ¥ I cer e D07,

Busp. matter, dtied ot 106°C, ... | ...... Cieens b vieeaeny Cereeri e b Vesees Lerens e .

" »  ignited at 550°C. ... e PN e Careieeea e

Res. on evap.,dried at 105°C. 1?598 ...... e et e e, Ceevee 1,287 ... e ra e

" 1 ipgnited at 650°C. PSS 1,098, . ...

Conductance, micromhos at 25°C. 704 L 1,679........ TR Y- AU RPN 1,628

Hordness s {-Totnl U I L1 1,106 . ... Ceeieie. 1,060, . ..... ceee. 22066

CaCo, Non-carhonate ... .. 557 ....... D iener e 562 ...... e enaree ey 5&‘* ............... 559

Coalcium - T(o]:) I OAQL BB . i 983 RPN 320

Magnesium  (ME) .......ivins B3al i 6540...... e (3 I A B5e1

Strontium [ TN S Cheeas Veveasienenies Vevenas

Sodium MNR) oo, e B2 GeS....... el Ty AR 6eb

Potassium  (K)  ..iiiennnen . RO < S AU =Y A, PO Rebivviin.. R~ 1Y

Lithium (€71 ) T I e reaer ey P v reeracantenss TSN haesae '

Ion (Fe)  Total ...vvveenn.. BB 2. i, .08 R A

Dissolved .vivever | aaeennd Qa09.....o Qes085....... e QeBB Q.02

Aluminum A o, B T . L U ¢ 1 ¢ N 0.02

Monganese  (Mn) (Total)... | ....... Q.84.......0000vuns LQ.684........ v P SN ool

Copper ) e B0 1 o U e P P -

“ine RPN ¢ 1) T T L0 Y ¢ R L i iaieriaes A 2,

Lead LPh) o eetraeseraanes vt ereeea e e iaesaans

Ammonia (NH3) cevvvenannae | oveevanen PRI N Vevaes Cebeaian Vetveresaniberenans Fharerenes e

Carbonate  (CO3) +evrvrirnns v 000 Qe e Q:0........ e 0,0

Bicarbonate (HCOs) .......... | ....0R8......... R L.6B3....... UUURURN - 11 B Ceeees 618.

Fulphate . (60N ........... | .. JOB2 54 ... BB, 520..

Chioride ey ..., AR 1.0 1.2............ ceeees TS R -1 -

Fluoride i | R A e e e TR, 0e0 i, =

Phosphate (¢.5107) N T, o TN e Qe Lervaaaae L™

Nitrate (NOs) ,\ivvviens R P & T B T Trage........ ....Trace

Bilien (8loyy ....... PP ‘.....9».1 [P eeaeas ....809..... ....... ........905 Ve Pireesan 9.8

gum of constituents ...... Cerenn LHR8Y 1,298......... cen 4, 288000 1,340..

@oturation Index ut test temperature | ......m0e8 . ... il Fle2ooiiiinn, e Rl B v hle8

gtability index. b test temperature T + 1 AU 700 Y L - R 4.8

/T 11 . - N B . 1e3

ROMATKB: 4t eivvanerorvnrvonasronnssestrteorsasiaranans Cerearaeee Nesssererteracertsetirasaenas Ceraaaes e e
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TABLE 2 (cont'd)

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

Sampling voint At pump At plant At pump At plant
' at start of after steady at start of after steady
pumping pumping - pumping pumping
Lahototory number ............. L4880 L e 1489, . ... 18660 1567.
Date of sampug ... vvnrn.... April 9/59 ....... L Apri) 11/69. May.12/59....... May. 13/59 .
Storage perlod (days) ........... l&ré‘l. ......... WAz, Ve BLERQ L 20:28
Temp. at sampling (°C) ......... PP '6'7 ..... e 2 ol ... Bt
"Temp. at testing (°C) TTEPRRY . vene 23’6 .............. 22'7 ................ 23"7 ............... 2347
Appearance, odout, etc. ......... et seeenasaa e e ee e et easnrtanantansretonos
Oxygen consumed (KN']uOA) T BN b SRR e n e eeseer s atabienay BT N BN e
Chen, oxygen demond (C.0.D.) .. e T T T Y P RN R N Cleenei i,
Carhon dioxide (C0,), calculated . Cee 15 ..... v, 10........ Ceeea U & PN A
DH toeeiiiiiiienn, e, B B0 a9, Bol ’
Colour (Hazen undts) ....vvvun, ,O, ....... evae B, eend0 100,
Turbldity ........ P . S PR PN it
Alkalinity g {'~Phenolphthnlein e Qo B T PUPIEN | URURUPORRRI « B
CaCO, Total ........ HN 506 ................... 502 ................... 4 89....... PN 4p8 .,
Busp. matter, dried at 105°C. ... | ...... e ae e bbbt e b te e it e e s e ee et eannatns PR
" * todbed ab 660°C. ... e N e e b e ettt e Crrer ey v
Res. on evap.,dried at 105°C. ... d,R98 .. e 1,254....... v -,
n 0 jenited ot 550°C. ... AWR44 . e 1,067......... e,
Conductarice, micromhos at 95°C. 19616 ............. ‘e 11616 P 3-.1550 Cebess e P 1\545.6 ‘e
Hardness as {[Total ............ | . 1,042, .............. 1s087. ..o 993, ...0nens ...914
CaCo; {_ Non -carbonate ... LLBBGL o131+ S 804......... e 44.9..
Coletum  (CB) ............ BB B18.......... e 309........... .\...285,.
Magnesium  (ME) ............ . OBeB 6369 ......... e 71 I 49,1
T 3 O e e niaeies e
Sodium (Nw) ovvviinnes | o, R T A PR 6+7....... e (AT 6e9 .
Potassinm [4:9 NPT B RO 7Y - DU R -1 - T e eeriesans 2 A - 19 ;
Lithium (6 § e e et Ceerarreens bereaes P .
Iron (Fe) - Total ....... B8 e 2. ... e £ ....0Q..
Dissolved ........ | ......J Qe08...oiiall L0608, PR ¢ P ¢ B ... 0.03
Aluminum [7:Y) RO B QW20 Q.20.......... e P - e
Monganese () . {Total).. | .. ... Q.8....... e D08 e 0050 v 0650
Copper . (Cuw) e e ity AN e s s esreesnenonnaran <.
Zinc PR 2 1 O bl L N erreeead S o,
Lead P ¢4+ R T P e
Ammonia (ML) cevvveennnss TS e e e
Carbonate (CO) vivvvvvnnn | veninees O '00'0000070
Bicarhonale  (HCOs) .......... U2 SO 8LA.......... e 396...... e BB
Bulphate - (§00) ........... 2 N2 % S e 449 416,
Chlorlde (o) R R el QeB Leb..... Ceeieraeen .18 .
Fluoride ™ IR ¢ 11 DU TRTRT. O SN e @, <
Phogphate (POA) ivvvvvveen | .. Ve R L ® L. S
Nitrate (NOs) ........... : veeenn Qo0 L L0 062
Sillea [¢21 (o7 N R Y ¢ L ..'Z.9...., ............ V52, *
v
Bum of constituents ............ dR8. 1220, .00l 1,227...... s 1,034,
Rofurntion index st test temperature | ..., .. +1ed . ... ....... B 2 Y S 2 Y s R #1.5
Stability Index ot tent temparature | ... . 0.0 e Bl e S 5ol
%Bodlum L R Ledoooooo..l, R 1 R A6
Romoatks! ., .oiuriiianaa, S srencinrasraacans T

...................
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TABLE 2 (cont'd)

Chemical Analyses of Well Water at C-amb Muskwa, Fort Nelson, B.C,

{In parte per million)

Sampling point At pump At plant At pump At plant
at start of after steady ~ at start of after steady
pumping pumping pumping pumping

Liaboratory number ...o.ovvvunen | oo I 41658 ................ 1659 ............. 9B 1796,

Dato of sampling ............... June 25/59........June. 26/59..........July. 22/89.. ...  July. 84/59

Storage petlod (days) +....... vie LW AREABL NN e 738, Veerernes 25233

Pomp, ot samPUNE (°C) .ovvviine | aevens Db, ... Ve N » X1 < K DU 7% SR N PV 4

Tomp. b besting (°C) vveeveviine | vov BBa8 L e 23e8....... I - [ % ¢ B 260

Appoesaranoe, odour, 8tc. «vuienuas et neerneaaes TN R R R Y TR T T WU e e s e

Oxygen consumed (KM0O) «..... PR -1 ¢ R Mo e o Be

Chem. oxygeun demand (C.0.D.) .. Ciaeeiea everereas Ferieraite e TR Petiesrasiaas e Vi bbbt a ey

Carhon dloxide (C/0,), calculated . 60 21 R LW 80 20,

PH veeivrereinnersnnanreernee | vrern el a8 7ol 0000, e 749

Colour (Hazen units) .o..covvunee | oivnd 20 ..................... 5 ..................... 10 .................. 10 .

Turbldity ..., N BT P

Alkalinity ag {-Phenolphthnleln ...... O, Ceereans L PRI | ST e iaaas 0..

oo, “rotal L....... 419 ...l 428 el S18 e 348

Busp, matier, dried at 106°C. ... | ...... et o nmeiettoestoesssensitonoasesattnererseoattosontossdstotnsetashenns

" * lgnited at 550°C. e e e e erai et Cevenans

Res. on evap.,dried at 106°C. B e B70

» 1w ignited at 550°C. LB 88

Conductance, micromhos at 25°C. 1,883, ... ... 1878 i, 1,135, ..., 1,074 ..

Hardness as {Totnl ............... 795 ................... 815 ................... 7 05 P R 637 e

. CaCO,4 Non -carbonate ... . 376 ................... 593 ................... 5 53 ......... Cenaaas 389

Calcium (CB) (vvvinininnn 36, 248 210, ... 198..

Magnesium  (ME) .....vveinns 003 A9 . i 434900l L0404

Strontium (8n) RAREERIRRREE Cea retesaeraaasensas i eraaerserssaeans P P

Sodium Na) Joviinnenns - [ T ¢ U - 11 ¢ R bervavas L Q4D

Potassium (K) cviiiiieinen P 1S P 1 R 2%, J 2.2

Lithinm (675 R C ot hatases e it at e et b i b et ettt renasaees

Iron (Fe)  Total ...vevvvaens | ans - R 56, .. R A 38,

Dissolved ........ 0 07 ................. 060,00 L Ut ) R 0.03

Aluminum [€:1) TN TS N DRI ¢ T £ - R Oall ..o »08

Manganese  (Mn) (Total) e 0430 V04 Oedd. i .iiiinn. . QoB4

Copper SO0 .. e Qo0 S Ve TSN -,

Zine e 20 i |8 O TP O T -,

Lead B ) T S S e T T

Ammonia (NELS) covenvnvunnn | ervaeientontonsonnnnsssarosisoornsstosneionebaiaiatttontasassitiotnotottasns

Carbonate (CO3) vovvnvnnnen | we .0 9 ................... 090 .................. Oqoofo

Blearbonate  (HCOs) .vivvvann. Sll......... e Bl8. ..., ABA L 424

Sulphote (B04) ..ovvvvvvnes | . 554 ................... 554" ................... 282 ................ .265 .

Chloride (07} R PN Z2e0 204 298 206

Fluoride L€ T I, 00 e 900 Cheriaeans =,

Phosphate (PO4) (iivvvvvnne | verarens B e eniarrareeetrans L o QeOdiviiviiiieninns o,

Nitrate (NO3) ,.ovveenns ¢ Qe (V1% RN ¢ 1t - S 064

Sillca (BlO) ...oeuvn.. A8 Ceeriieees L. e 2% > N 703

Sum of conptibuents ............ GO v 928 ................ 723 . “7-%(5)”9

goturation index at test temperature | -..,..FO%D el 09 0 600 )

Stability indox ot test temperature el B e el i, B0 Qa7

%ﬂomm ------ nu--'»o'.n--nn 0‘\‘t.olt"6¢0A ---------------- J]!’-su .................. l!? ................ .lIB

TROMIAIKBS o v v v e eoanens aononoseaneososeionssssetiatonssotateototatsaastsstintonstassssassionssitostossortrsasis \
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TABLE 2 (cont'd).

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

Sampling point . At pump At plant At punp At plant
at start of after 24 hra ~ at start of after 24 hrs
pumping - pumping pumping pumping

Laboratory number ......uviees. ..,J,B.%S,...,',........,..118949.................J,98.4;....-........_...19.8.5.
pate of semphng .. ivi.en .. A‘IE;.RQIQQ........Augp..2§/5.9..........Q.Qtv..?/ﬁg.u....0!3.1':-,.8/59.
Btorage perlod (days) ,.....ivoes N o E 5 S - £ 0 1 DU - . £ 1.1: SOOI s 11 3]
Pemp. at sampling (°C) .ovv.vvus Qa0 B0 Babl L B
Tomp. ut testing (°C) .. veiniier | auan 27'3707A2501 .......... 28.2

Appenrangse, odour, ete. ......... e e D R T F P SN

Oxygenconnumed(l(w'lnon AT LU P i et N ver s i o
Chen. oxygen demond (C.0.D.) .. e, PN e e s g gt ey i e enar s
Cnrhon dioxide (COy), caleulnted . | ..., A%, i B 8B 1L

pH ) . 745 N T3 A

Colour (Hozen units) ...ovoovi. vt BB B
Murbidity ... aetae s e NPT P PN R R L T T o

Alkatinity as {-Phnnolphthalein T ORI O 00,
CuCo, “Lotal ..... ..988, ., ... e AR I R ¢ PO < ' BN

Busp. matter, dred at 105°C. ... PN PR e e e e e
" *t, ignited at 650°C. ... e e e e e et i N PPN

Res, on evap.,dried at 106°C. ... - R e ‘54’()‘."'
v enited ab B60°C. ... | L 888 e 7
Conductance, micromhos at 25°C. AR89, ..., 1,51.0 ........ N 1,20).............1,181.,

Hardness as [Total ......... U B 775 ... FU 8ls. ............. DTN < 1 S veennn 708,
caco;, {Non-curhonate 887 400, ...... e 389......... Ceneees 359..

Calctum (o1 T R - - 244......... PR N 1 - T - . A

Magpesium  (MB) ............ SRR « ¢ 1 B R >(¢ 1< TN & 1P - S S, 37.8
Btronbum . (95 ..iviiiciinn | oeens veenn S D e e
Sodium MNa) Ve, ,5-36.2 ....... 5 - S 5e5
Potasgium  (K) ...... PR N - + U R4 + B P - J - SRR - % §
Lithium (415 T . e e eaees e et eneanae . ........,............,.‘... ......... e

Iron (Fe) ~ Total ..... veveeee | 48000 i, 514857
Dissolved . S ¢ 7 ¢ v Q00 0e0..........0... 060
-Aluminum (A Looiviiin,., 0607 ceinened Q '0700315'()’17
Mongenese  (Mn) (TQth.) el (0 T U ¢ 19 1 J TR ¢ 1Y - . S .0,41
Copper . {(Cw) ..., D R i £ -1 I T B RO S e -
Zine e (ZN) L SORRNPN ¢ 1Y ¢ IR e e T R I R N .
Lead L(PhY L e s e Ve
Ammonta 6311 I R e e e e

Carbonate  (CO3) .vvevennn.. UL 1 ¢ e L O?Q................Q 0
Bleathonate  (HCO) .....vuee. | ... 473, e, 50549() ...... v 4D4
gulphate . (BOy) . : 34%7 349 :?29 . 330,

Chtoride @y ... A I 0e5 .. EX S v e . .2e8
Fluodde (M . D000 T UTUURII. 0s0,...0iiinin. ... 020
Phosphate  (POJ) ,,......,.. R ST e R P T

Nitrate MO ivivvvens | e Qa8 N N « TP v QeBli 048
pilica (Bl03) ..ivvinnnen SRR 7 - Cerreaae e s L2 7% ,......‘.'2.2...,...z.........'I.D

Sam of conatibuents ............ R - (A Q0. b3 ..BA3..

Boturation Index ot tost temperature | ...... %09, .......... TR 2 7% - S PUUUDRIS ¢ 1% DI PR 4 Y]
Btebilty indox b tent temperature TR 7% ST U » 1 - S, R s T AN e Dad:
o% nodum ..., e PP 7 - Isbooio Y - T v 1.6
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TABLE 2 (concl'd)

Chemical Analyses of Well Water at- Camp Muskwa, Fort Nelson, B.C.

~ (In parts per million)

Sampling point At pump At plant At pump At plant
at start of after steady at start of after steady
pumping pumping . pumping pumping

Laboratory number ...evviviian. | 4 R8BS RI26.. ... ... . el BROT ... 2268.

Date of sampling ..o vvivnnnnn, . Nov,. 13/59...... v Nove 14/59........... Jen.., 8/60 ....... Ten.s . 9/60

Blorago perlod (dayB) «.ovvvevvee | vreas 20T 19872 . . i 172500000 iht 16:24

Temp. ab samplng (°C) ........s Y FORR Ve Yo N el L I S ‘67

Tomp. ob testing (°C) ..vvvv.nns . 2640, ... 20ad. i i B0a6. i 26545

Appearance, odour, ete, ..... [ RN b e e e b et aan T

Oxygen consumed (I(Mno.) ............... S N [ FE RSN Seasiieas

Chem, oxygen demand (C.0.D.) .. et e e e e e e e e e e e e ety

Carhon dloxide (CO,), celoulated . BB U, 70..... [N 40..

1) 3 S TN %> T JaB 740, i 7.3

Colour (Hazen units) ........... 0., 10 Ot 0

Turbidity ........ [ BT et e e e e e e e e e e el ek e e e

Alkalinity as {-Phenolphthuloln ...... [ PT O .. e renenas 0., Cerearanaans 0.

CaCO, “otal ...l A% ... 38T A3k .. 48R

Busp. maEEOR, drled Bt 10500, i | it bttt e it i i e i e e e e e e E et

" v igntted ab 5B0°C. o Lbae e st e e h b e nat e ket e b h e st s b st e bbbt an ety

Res. on svap.,dried &t 1065°C. ... | ........ P TN R

. o jgnited at 550°C. ... [ L.l T . R T

Conductaice, micromhos at 25°C. 1,218, 1d8B ... 12337 oo 1,323

Hardness as {'I‘otul Peretesiaans - 769 ................... 740 ................... B B 817

CaCO, Non -carbonate ... 575 ................... 5 55595 ......... P 398

éalcium o) .iviviinies, 225 ............... 221 ......... e 850 ... 247

Magnestum  (MB) ...eoveineie | aans 8049 i, 4643, ..., v 9260 0L 48,0

Srontium (8r) R R TR R R O X A R TR RRTROT RPN aen s saasnroansrasrerntn

Bodium (01 ) R ,5975!66v5502

Potassium  (K)  .eevvirniene | BB, Bl i P71 R BB

Lithium (L) coeveniiiis o Ny %% % Rk s B E R e E X Kk b mhnashaha s A b st st b e nEn e EE s susas s i sEeEs R etny

Ion (Ffe) = Total ...o.vuver.s LLAB 48, .. i 57 ,..B28..

Dissolved ........ Praed. .o v i Qe02.......... N [0 Y o N

Aluminum 171 ) W08 DaDB. v [0 7: S 0620

Monganese  (Mn) (TOtal) R ¢ 1.+ | ¢ B [0 -1 o I 0 T N 0.8

Copper en e | e Qa0 it Vb et -

Zinc e {Zny e , Q. ..................... T S S L et e e sy

Liead P e o TR N

Ammonia (NH) cevevvennnns ] oenennennannononsenretsaveaasonantorosntoss sl atattorttassatettostsnetonss

Carboante (CO3) vivennnnnnns 000010000 ................. Q.0

Blcarbonate (HCOs) .....uvu.. 483, . .. 471....... e 514 b18

Sulphate  + (800 .......cc.. | ..u. 3R 819 870, i, B72..

Chloride (o)) I T Qe8 s iy LeB i 1.0

Fluoride M e | R 2 . L U © 1'% RSN -

Phosphate  (FOa) ...ivviene | vevuned Qa4 i B et e rae e v

Nitrate (NOs) .....,.... P R 1 - SO [0 SN 570 U 3e2

Billea (B102) .ovviininn | o Bl ol o8B i 6.9

Sum of constituents .. .......... 25 TN 830, ... . 9b.....ovvis 996

Soturation Index ot tost temperature | .., .. 08 el Qb 1027

Stabllity index ot test temperature | ... .... Bl Sk i 1% ¢ SN De9

0 BOAIUM v veniiaisganinans 1ab.iiiiiii TaB.iviiiiiiiiiiinn, Y - S 1.6

Romarks! ..ooviiiiiiiiaiinns e esaaeretiraasataaretrtatatanerena Cereraas I Cerranatene
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TABLE 3

Chemical Analyaes of Water Supply to Cemp Muskwa, Fort Nelson, B.C.
* (In parts psr million) '

Sempling point Overflow . from softener (reactor) prior
to storage and pumping to system '

Laboratory number ......000000. 120 . cibeas lPGl eirereaiees 1564 Shveeviseas 1465

Date of pampling ...vvevvnvvnn, . D°°1 11/58..........Jan' 13/59 E.o.l?r 10/59..‘ Mﬂl’-..2.5/59 '
BtOlBBOpBIle(dRyH) YRR EEE) ....35 53‘-.::..-nuunu|-19 ]l‘lr)n.--o-nnun-nu? 1{’..;..“......14 34

Temp. nt sampling (°C) ...\ .uie. BB, B0eE . B804 2748

Tomp. ot testing (°C) v .313.34ﬁ3.24n4 ........... U 1 TN

Appenrance, odour, 860, v evinae ....... ...... AN '

Oxygen consumed (KMnOs) ...... e S
Chem, oxygen domond (C.O.DW) .o | ..4inues T T TR R S S R AN .
Carhon dloxide (CO,), calculated . .‘...2.03...................0.‘.‘.....‘........‘....0.3 ...........A...O.;s >

p}l,............: ----- A"..a‘n. .‘.....7.0.9;..........-A.‘...'..BAB.....k...........uen.o...‘..u...-.-;‘s.ca
Colour’(l’lazanumtﬂ) RN AlllllalaIlltllllll‘b!lbvotllo -oto't&vlnll:AJnOcn‘tiacluf.t‘Au-ob‘lOtls

T .
lurbldlty cataseasdasiai e nas qll-uloltc.-'l-An;‘Atttt»vtu-:-b-»»r~ot¢ctt:vc‘nv-tt:c‘nctntallluloul-quu--'

Alkelinity as {~Phenolphthaleln ,O..-l.... O 9
cuCo,  Total ..... lQB. ..... e eanae 1905.. 4;7'8 Vibenaas veren 2Da0

Busp. matter, dried st 106°C. ... N
voon , ignited at §50°C. ... T TR N N I N R N R O T Veviien et e e
Eei;.onavap.,driedntloti"c. AN e e bt eaees e e e, ..‘....A.........'..:...'....,.......
# oo denited at 6BO°C. ... P N PN e

Conductonce, micromhos at 25°C. 1,168 ...l e 984 2,019................ 945 ..

Hardnoss a8 [Tobal +vevsers.. .. ...868.......... e £39....... e D70, BL6
-CaCo0, {Non-carhonate LLBBO 820...... e BB2 L 490

Caleium (2 ) I AT DRI X - A Deeeeaes 139,000 B8 0
Magnesium  (MB) ............ R 1 1 B v B B4a00 0 4800
Strontium . (B1) L........ B i estrere e Cereees e
Sodium (N&)l.‘..._...... ,8'5 ........ 7'8A7'7. ..... 7.8 :
Potasslum ~ (K)  L...o0iviinns R -2 - B, ..,.?.'.9................‘..'.3.-.3................3«3 v
Lithium (67 ) N v e, e f et e et re e e reeieiiiaes '

Iron (Fe) Total ..oivvennnns 1‘2..0'10.Q°590Q52 :
Disgolved ........ P I N e e e 0049 L0 0000 i

Al(unlnum’ [7:1) T R = SRR S T e M e 0010 '
Monganese  (Mu) ", (Totad), | ... 0604, ... i 0600 00000 02 P

Copper R 49:0) O P P e R TR PPN -,
Zinc R ¢ 1) T R T R T R 5
Lead (P e T R R T T e hberea e b
Ammonia (NHs) ... e T i e T ST R R T T R R R PR N TR D i

Carbonate [(elo7) NN .-...L.Qvo....................4;q9...................0.-0................Q.O i
Blcathonate (HCO») ....vvvevs | oo PR ueess FUUTUROUUIN £ 74 - R - - 1Y SRS < ¢ 1Y )

Bulphate - (804) ........... ..564 ........... T > X 3 ..,503 ........ R+ 0/ ¢ I
Chloride ©h . UTUTR- 1Y AR 95... ..... 510................ﬁ-5 g
Fluoride - FY e cuss aoverssssanens N TITT S R A
Phosphate (POs) .ivvvvvnnnns e h e e Cerasraens et eeteeraaasaaeias
Nitrate NOS L vvvvvinar | v Qo . Qeb i, v a8 060 .
Silleca (B8lo7) ........ P e BeDL cerrerner e BeT .........2.7...., .......... . Be6 .

fum of constltuents . .i..us.... L8886 790...... e reieeeas 4 .. ... T1AL
goturation Index at tost temperature | ..., ..t 06 .. ... 4089 L w3043 vt Q02
Stability index st tent temperature N - T A . 41 U Padiiiiiinn 08
L 29"5:03.8 ........ %]
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TABLE 3 (cont'ad)

= =

Chemicel Analyses of Water Supply to Camp Muskwa, Fort Nelson, B.C.

Sampling point

{(In parts per million)

Uverfdow from sortener (reactor) prior
to storage and pumping to system

Laboratory number .,.... o000,
Date of sampling ........
Storage perlod (days) ... .vviann
Temp. at sampling (°C) .........
Temp. ot testing (°C) . ...
Appearance, odour, etc. ..

i

EEEEEE)

EEEEEX]

1568 1660 1797

L LIRS, 1070 B/ e ey

!llclol~l2ltllll‘llll-'llllzlona'-zaacacqqnalll-llill']:]:ll]:?llt~llﬁnl'al.n
R8T L . 3349 283

vesaabaata R R s RN R R R

e BBaB.. BB e 25.8

N I IO I A Iy
REERE

B R B R N S R R R D O N N I I AT AT I Y
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TABLE 3 (concl'd)

Ohemioal Analyses of Water Supply to Camp Muskwa, Fort Nelson, B.C.
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Figure 1.- Chemical Quality Variations in the Muskwa River
Fort Nelson, B.C. during 1959.









" DISBCUSSION

As expected from previous studies of rivers in
other parts of this drainane basin, Muskwa River showed (Table 1
and Figure 1) a wide seasonal variation in chemical quality.
During the peried of low flow (about Octeber ‘to April) the
chemieai quality of the river water wae'satiefactory'for gen-

eral Camp use. Although 1t is st1ll. classed as a very hard

'*ﬂ‘water, 1@ is. not particularly hivhfif'mineralization.; It 1s.

low in 1ron and manganese and for most of this period 1ow in
'colour and turbidity. : Chemically, the river water during this
period 13 a much superior water to the present Camp supply

(see Table 3 and Figure 3).

However, durang the spring and summer, especially
”at times of high discharge;'the'eoleur and tufbidity-of the
river rise very sharply and treatment of the water for thelr
removal would - be required. In 1959 colour and turbidity rose
aimost 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-of f from the local spring break-up; the
August peak may he 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 bhe other pe=
riods of high colour and turbidity. Also, monthly sampling
‘vmay 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 lmproved as the hardness and
total mineralization then decreases. This 1s to be expected
when colour and turbldity are caused by rapid run-off of melted
snow, or rain. During periods of high furbidity 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 perlod when the
water quallty is most satisfactory there was a heavy lce cover
and very -little water at the sampling polnt. 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
frazll or anchor icé 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 elther fhe
river water or a mixture of rivef 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 confifm what was indicated
from previous studies (Report IR58-215), ie the well water
veries-markediy with the'seasonq During the summer period
this water decreases markedly in total mineraTjéation, hardness
and iron contente Plgureu 1 and 2 show that this change
roughly corresponds with the chdnge in river water with a
low in July, 1959. The marked rise in mineralization of <the

river water in October-4November, 1959 isy however, not imme=

‘ -diately noted in the welJ water and although the well uaten

'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 necessaryo
A fixed feed of chemicals w111 not permit the most- economica1

and best treatment of the well water.

Table 2 and Figure 2 also show some 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 tranéit,fremthe 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

concerneda

Table 3 and Figure 3 show the chemical quality of
the water now belng supplied from the plant. However, if
settling is allowed in the reservoir prior to pumping to the
system some improvement in quality will result, especldlly 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 1s mainly due to the fact
that much of the non~carb6nate hardness is not removed'by
the present lime treatment and the amount of such hardness
varles 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 1s 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
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out, while it is necessary to operaté 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 1s directed to the fact that, at all times
even the best water produced from the well supply 1s harder

and more highly mineralized than the river water.

. The quality of thé river water is best during the
wirnter period when the well water sﬁbpiy 1s at its worst and
vice versa. Therefore, 1f the problem of obtaining river water
can be eéonomically solved the use of these two waters, one
at different periods of tﬁe‘year or a mixture of the two at
other times, could produce a superior water to that now

supplied, probably with much less treatment,
SUMMARY

1e The Muskwa Rlver 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 quentity 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.

L. 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 1is no doubt due
to deficiencies in the present treatment plant and to fixed

operation on a variable water.

5e | 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 brmer as to quantity,

is recommended if other problems related to use of the river

water can be solved,

7 e 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 make-up besides an improvement in per-

sonnel morale and possibly health.



