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WINTER WATER QUALITY PROCESSES AND CONDITIONS
IN THE OGILVIE AND SWIFT RIVER BASING, YUWKON TERRITORY

I. PURPOSE AND SCOPE R - :

The pfesent report contains the results of a ome-year water guality
sﬁudy‘of two Yukon uatersheds and is part of the envirommental impact analysis
progrem for the Alcan pipeline, initiated by the Water Quality Branch of the
Federal Department af the.Envianment. The pipeline construction will affect
some 250 rivers in an area for which very little scientific information is
available. Due to time restrictions and economic constraints an extensive
stedy of a large number Uf_thDse:rivers was-not possible. In.additiun it
was felt that an intensive study of two basins would be more beneficial than
an extensive assessment since emphasis could be placed‘on the identification
and understanding of processes rather than on attehpting the impossible task

of establishing baseline water gquality information.

In a review paper (Schreier 1977) it was pointed out that the pipeline

canstrectien'is most. likely to affect water quality conditions in three ways:
'l."Sedlmentatlon will be 1ncreased during the constructlun of the
river cr0551ngs,
2. GrounduatEr and sur?ace flow will be altered és a result of trenching;

3. water ulll be contamlnated by splllage of 0il and sewage at main-

tenante camps.

The third effect can be monitored and controlled during the construction phase

but more information was needed to understand the flrst two problems so as to

more accurately predlct thelr effects on water guality and blologlcal act1v1t1es.

The present progect was thus 1n1tlated hav1ng as 1t5 aims the Follomlng tDplCS

_i. To study the water quallty Candltlons through the mlnter to determine

varlabllitles and trends of chemlcal parameters, .

2. To 1dentLFy prucesses which 1nFluence and control mater quallty

condltlons 1n these northern env1rnnments,
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3. To relate water guality to the flow regime and geology so as to gain

a better understéndihg of the role and influence of groundwater;
4. To determine natural sédimént conditions and variability;

5. To prbvide a water quality data bése for experiments in which
' bloluglcal pruduct1v1ty at the louer end of the aquatlc food chain
is meaqured
6. Ta develop and modify analytical methods to obtain reliable results
 under the extreme winter conditions experienced along the Alcan

pipeline route.

II. GENERAL DESCRIPTION OF THE TwOD SELECTED DRAINAGE BASINS

A. Réasnns for Bhﬁice_of MBtershedsi,

The Followlng crlterla were - essentlal in the selectlun of the two drainage

“basins to be 1nvestlgated
1. Both rivers had to be affected by the Alcan pipeline construction;

2. Both rlvers had tD be blulaglcally productlve especially in terms

of Flsh productlmn,

3. Lateraliground access was essential in order to conduct a spatial
analysis under winter conditions;

L. A hydrelogical gauging record was needed for bath streams.

ThevSQiftvRiversbasileas chosen because it fulfilled all the above
reduirements'and:mésfthought to be representative of conditions found in the
southeastern parﬁ of the Yukon ferritory; The Ogilvie River basin was chosen
because it represents-a somewhat extreme case of a basin in a permafrost en-
vironment where thevgruunduater regime i1s considered more important due to
its difference in drainage»basin gealugyj and its selection was thought ta
be appropriate as thé pdtenﬁial site for the proposed northern eXtension-td

the Alcan pipeline.
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Interpolation from one river basin to the next is always difficult and

- in many ways questionable, but it was felt that because of the contrasting

hydrologic, geolngie'and climatic conditions between the two basins a
legitimate data base would be prov1ded from which general process information

could be produced.

B. General Desbription of Swift and Ogilvie wafersheds

The Swift River is located in the southeastern part of the Yukon Territory
while the Ogilvie River is part of the Peel-drainage system in the north-central
Yukan. The general'location of the study area is provided in Figure 1. Very
little base 1nFDrmat10n is avallable for the Ogilvie Rlver. A basic 1:250,000
scale topugraphlc map 15 the only data source and no b851C geological survey
has yet been conducted in the study area. To have a better overview an uncon-
trolled photo mosaic was produced from canventional aerial photographs, a copy
of which is included in_Appendix 1.  The Dempster Highway parallels the river
for 70 km and this road served as an eccees to the area in the spring, summer
and fall. A water suryey gauging station has beeh‘mperatihg there since the

summer of 1974.

-More information was availabie for the Swift River area located between
Teslin Lake and Rancheria’aimng the Alaska.Highway. Basic geological surveys
(Gabrielse 15969) andlSurFicial geological maps (Hlassen‘1978) have been pro-
duced for the area and a 22-year hydrnlogiclgauging program has been conducted
by water Servey of Bénada- The watershed is located in the Cassiar Mountains
and covers part of northern British Columbia and part of the Yukon Territory.
At the tlme this study was initiated there was no adeguate single survey.air
photoﬂcoverage ava;lable and as a result Dnly a.partlal_mnsalc could be pru—‘

duced for the study area (see Appendix 1).

A general - descrlptlen and comparison DF env1r0nmental CDndltlons of the
two basins are given in Table 1. It should be noted that the Ogilvie River

is under the 1nfluence of a much moTe severe polar cllmate than the Swift

A River. This is not unly evident From climatit records, but also from the

size and dlstrlbutlan of trees and the presence of permafrust in August at

20—30 cm from the - surface.



-l -

Figure‘lb Location of study areas.
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Comparison of conditions between the Swift and

Ogilvie Watersheds

PARAMETERS & CONDITIONS

SWIFT RIVER

OGILVIE RIVER

Location:

coordinates
geographic location

130°45'-132°W / 59°45'-60°15!

Southeastern Yukon Territory

137°30'-138°30'W/65° -65° L5 'N
fNorthcentral Yukon Territory

" |Hydrologic Parameters: -

size of watershed

maximum relief

discharge record
maximum discharge
minimum discharge

3870 km2 (ta mouth at
Teslin Lake)

11610 m

22 years
15200 cfs (6.11.64)

205 cfs (3.26.69)

722D kme (to Blackstone

confluence)

1190 m

L years
23400 cfs (5.31.75)
20 cfs (2.12.75)

Water Supply:

source

control

springs in -headwaters &

tun-of f «

series of mountain lakes

springs all along drainage
channel and run-off

little water retention
because of sparse vegeta-
tion cover, absence of
substantial soils &

- presence of permafrost,
but significant ground-
water storage

|Geological Parameters:

bedrock geology
dominant bedrock type

|geomorphological setting

dominant surficial material
|evidence of glacial hlstury
‘channel geology

well-rounded mountainous
terrain

€111, alluvium,'peat-

dominant
gravel bed

igneous and metamorphic rocks
|granodiorite -

sedimentary rocks

limestone

structurally controlled
mountainous terrain

{colluvium, alluvium, peat

very little

‘| gravel and bedrock channel -

.|Soils:

|domirnant type

regosol, brunisols, gleysbls
and organic

iregosols, cryosols,

‘renzinas and organic

Vegetatlan _

dumlnant ground cover
dumlnant tree cover

approximate tree cover

sphagnum moss, labrador tea

white and black spruce &
lodgepole pine

|60

lichens & sphagnum moss,
tundra

stunted black spruce in .
protected areas

125% .

{Climatic conditions:

temperatures (max-min)
precipitation (max—mln/year,
snowfall incl.)

approx. time of freeze-up

approx. time of break-up

-42°C to +32°C
450 to 660 mm

mid to end of October

-{beginning of May

=47°C to +31°C

290 tao 350 mm

early October

late May
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ITI. METHODS AND TECHNIQUES.USED

A. Samplinngquram-

In order to establish seasoral and spatial trends it was necessary to
set up a number of stations in each basin and to sample each at different

times throughout the year.

1) The use of past flow records to determine the freguency and time

of sampling :

It was thmught necessary to sample the water in each watershed during

the major hydrblugical periods such as: prior to freeze—up, mid-winter low
flow, end—minter.prior to break—up, at of after ice break~-up, during high |
flow candiﬁiuns;‘aﬁd mid-summer run-off. The past hydrographs were consulted
for each basin. For the Swift River the mean daily run-off record for the
past‘ZZ years was used: for the prediction of the sampling time (see Figure 2).
The same type df}ﬁradictioﬁ was considerably more difficult for the Ogilvie
River for which Uniy.a 3% year gauging record exists and which has a flow

record éhuwing'ehurmdhé year to year fluctuations (Figurek3).

For logistical and economic reasens it was necessary to arrange each

field trip in such'a way that both basins were sampled within a two-week

period. The Exactbsampiing'dates are prDVided in Table 2 below.

Table 2: List of Sampling Dates

v Déilyie River S | Swift River o
October 4-6, - 1977 October 7 - 10, 1977
December 18-19, 1977 | Decemper 11 - 16, 1977
March 27 - 30, 1978, | March 22 - 25, 1978
May 22 - 25, 1978 | May 16 - 21,.1978
Jure 26 - 29, 1978 June 19 - 24, 1978
August 1 - 3; 1978 | August & - 7, 1978
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Variability in Mean Daily Discharge — SWIFT RIVER 1856 -1977

15000

10000

5000+

Figure 2.

~ An ihdicatiun of how well the actual sampling periods coincided with
the predicted major hydrological events during the 1977-78 season. can be seen
from Figures 4 and 5 (please note that the 1978 discharge record is preliminary

and subject to slight modificatipns by Water Survey of Canada).

There is a gdud correlation between sampling time and major hydrological
events in the Dgilvie River. The same is the case for the Swift River with

the exception of the high peak flow which was missed by about ‘ten days.
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2) The use of geological and hydrological information in the selection
of sampling stations

-A number of considerations were instrumental in the selection of sampling

stations. Access to each sampling station had to be relatively easy as winter

- sampling had to be performed at very cold temperatures and, with no boat

available, river crosgsing in the lower parts of the watersheds was impossible.
Geological maps were consulted for the Swift River so as to determine what

type of bedrock and surficial deposit is drained by each tributary. Traditiuﬁal
water guality sampling procedures were also emphasized, such as selecting
stations above majof tributaries and sufficiently downstream Uf.major con-

fluences to allow for a proper mixing.

The location of all sampling stations in each watershed is presented in

Figures 6 and 7'and‘a description of the station is provided in Appendix 2.

8. Sémpling Technigues

1) Sampling through ice

Access to the Swift River basin during the winter was accomplished by
truck and by foot. The December and March sampling in the Ogilvie took place
by helicopter since the Dempster Highway was not open to traffic during the

winter months.

A thick ice cover existed in most sections of the rivers both in December
and in March. This necessitated the modification of converitional sampling
techniques; A hole DF.approximafely 70 cm cross section was cut through the
ice with an ice chisel (Plate 1). A power drill was used in December in the
Ogilvie but was elimihated from further use because of its bulkiness. The
ice was removed so that the water could freely flow from the hole. A small
plastic hand pump was then used to fill the sample bottles (Plate 2). Tuwo
sample bottles (glass was used for phosphorus samples and teflon for phenol
samples) had to be Cpllected by hand so as tD avDid pDSSible bontaminatinn

through contact mith plastic material.
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SWIFT RIVER DRAINAGE BASIN, YUKON TERRITORY
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'OGILVIE RIVER DRAINAGE,BASIN , YUKON TERRITORY
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The sample bottles were placed in the inside pocket of the arctic parka
for transport between sampling stations and truck so as to prevent the samples
from freezing. The samples were then transferred to coolers, transported to

Whitehorse by truck, and shipped to Vancouver by air.

2) In situ analysis of dissolved oxygen

To determine dissolved oxygen conditions an in situ analysis was required.
A tent was erected adjacent to the sampling station (Plate 3) and, using a
Hack DO titration kit, multiple samples collected from the stream usfng a

DO dunker could be analysed despite freezing conditions.

- Plate 3. The use of a tent for in situ analysis

For the spatial analysis at Swift River it also became necessary to use the-
truck as a laboratory and the DD samples were again transported to the truck in
the inside pocket of the parka. The DO-Hack kit proved adeguate for such an
operation especially since the method is the least delicate to be performed

under such conditions. However it should be noted that a trade-off bhad to be
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made between simplicity and accuracy. For the present study which emphasized
the examination of trends, -a level of accuracy of * l'ppm was thought to be
adequate. For a detailed D0 study however it might be necessary to design
a specific method for northern operations. To increase the reliability of
our observations analyséé were performed at least in duplicate at all stations

at all times.

C. Choice of Water Quality Parameters

Thirty-three water guality parameters were chosen for thls project.
Scme of these, such as dissolved oxygen, phosphcrus tctal nitrogen, ammonium-
nitrogen, total organic and total inorganic carbon, were thought to be indica-
tive and important for an analysis of biological conditions. Others such as
specific conductance, hardness Ca, Mg, K, Na, 81, SDQ, Cl, HCOs were used as
indicators for gpnloglcal conditions. _R951duals were measured to determine
sediment contributions, and metals such as Pb, Mn, Co, Ni, Zn, Se, As and Cu
were analysed as indicaturs of potential toxicity and metal sources in the area.
Iron, SDQ, and pH ueré.thcught to be partially indicative DF_acid water pro-
duction from oxidation of pyrite. A list of the water gquality parameters is

provided in Table 3 below.

Table 3. .List)cf Water Quality Parameters used in Study

PARAMETERS » L UNITS | PARAMETERS _ _ CUNITS
pH - ’ standard | total hardness as CaCOs mg/1
specific conductance ' umho/cm | dissolved Ca mg/1
turbidity R dissolved Mg mg/1
color ‘ ' ; ' ‘ Na mg/1
total inorganic carbcn ‘ mg/1 H ' mg/l
total organic carbon ' mg/1 Mn : mg/1
residue non-filterable mg/1l Cu mg/1
residue filterable . . | mg/1 Zn ‘ mg/1
residue non-filterable, fixed | mg/1 As mg/1
residue filterable, fixed = | mg/l | Pb o mg/1
ammonia nitrogen - : mg/1 1 Fe mg/1
total dissolved nltrngen mg/1 Cl _ ' mg/ L
dissolved NO,+NO . mg/1l F ' mg/1
phenolic materla% E mg/1 Si mg/1
total phosphorus - mg/1 S0, mg/1
total alkalinity as CaEDB mg/ 1 Bicarbonate + DO mg/1

* Co, Ni, Se were analyzed on selected samples in the Ogilvie River.
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D. Analytical Procedure

The dissolved oxygen éhalyses were accomplished in situ but all other
water ﬁuality parametéfs were determined in the water quality branch labora-
tory, of the Inland Water Directorate, Environment Canada, North Vancouver.
Standard analytical procedures were used to determine all pérameters menticned
above. The accuracy of  each method 1s dependent on concehtration levels of

the sample and will be referred to in different sections of the report.

IV. RESULTS UF WATER QUALITY INVESTIGATIONS

A. Ice Condiiions during 1977-78 Winter Season

1) Observations and discussion

Great variations in ice conditions were found to exist in both the
Swift and the Ogilvie Rivers. Despite consistently cold temperatures ranging

from -25°C to -50°C in December, open water sections were found in both

 rivers. In the case of the Swift River only one small section just below

the Swift River camp was open in December. An accelerated stream'Flum at
that river section and possible influences resulting from camp discharges

could be responsible for keeping that section of the stréambopen.

. 1In the fOgilvie system at least five sections of open water were found
both in December andiin Mafch; In fhese cases the geological structure is
primarily respohsible for the different groundwater discharges, which cause
permanehtly open water sections' throughout the winter. An example of such
a section is provided in Plate 4 and a detailed diécussion of the Qruundwater

system is given in Section D.
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Plate 4. Open water section resulting from groundwater discharge
in the Ogilvie River.

Various types of ice were encountered in both river systems; the most

common types can be described as:

- block ice (black in color, no banding)
- layer ice (various contrasting colors in different bands)

- cavernous ice (air space in ice, with icicles)

Examples of each are provided in Plates 5 - 9.




Plate 5. Block ice Plate 6. Layer ice

T — g

Cavernous ice Plate 8. Cavernous ice
Ogilvie River Swift River
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Plate 9. Cavernous ice crystal formations

The Swift River ice regime differed drastically from that of the Ogilvie
in that the water channel of the Swift River could be found with ease beneath
the ice layer. Water was found to flow under the ice in all selected stations
at all times, and the ice thickness ranged from 25-50 cm in December to 25-S0
cm in March. A relatively mild February and March probably contributed to
the collapse of the ice layer in a few sections in the upper reaches of the
river (Plate 10). This contributed to water seepage and flow on top of the

ice and beneath the snow surface.

Ice conditions in the Ogilvie system contrasted considerably with those
in the Swift in that the sources and controls of groundwater varied greatly
thus affecting the stream flow all along the main channel. Groundwater flow

was responsible for the creation of aufeis (icings) which were widespread and
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of considerable thickness. An example of surface build-up

overflow is shown in Plate 11.

Pla%; 1. Icings:FrDm overflow

[ﬂﬂﬂ"’

of ice by an
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In a number of stations water could not be collected because the ice
cover was so thick ( > 180 cm) that the use of an extended ice drill would
have been necessary. In at least three Ogilvie River stations ice was
encountered down to the stream gravel and water was observed to flow in a

nunmber of small seepage type channels between the ice and the bed. Often

they were very difficult to find and several holes had to be prepared before

enough water could be found for sampling. In at least two sections upstream
no water was found in the main channel despite the construction of several
jce test holes. In these cases it is assumed that the water flows as ground-
water below the gravel bed especially in view of the fact that running water

was observed a few miles above and below these sections.

The majority of Ogilvie ice was layered with distinct blue, grey and
black banding. One extreme water course was found between ice layers at a
depth of 30 cm from the surface in the upper section of the Ogilvie River.
The layer was under considerable pressure and, once tapped, continued to flow

for at least 30 minutes. An example of this is provided in Plate 12.

Plate 12. Water flow under pressure from ice layer
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A number of springs were discovered as the winter progressed. The
most interesting of these was found at Engineer Creek (Dempster Highway
Mile 107). It consisted of water with high sulphur content and a year-round
temperature of +4° to +7°C (see plate 13). The role of this spring and its
contribution to the water chemistry of the Ogilvie will be discussed in

more detail in Sections D and E of this chapter.

Plate 13. Discharge from sulphur spring in
Engineer Creek

2) Summary of observations on ice conditions

Three findings are of interest:

(a) Despite consistently cold temperatures, sections of open water
were encountered in both river systems;

(b) A great variability in ice type and ice thickness was found; they
included block ice, layer ice, cavernous ice, and aufeis, and
ranged in thickness from 25 cm to > 180 cm.

(c) The groundwater sources and regimes differed greatly between the two

basins resulting in drastically different flow regimes and ice build-up.
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8. GSeasonal Trends in Water Quality

Schallock and Lotspeich (1974), Childers et al (1975), Lotspeich et al
(1976) all noted that differences in groundwater contribution and the build-up
of ice cover result in a profound change in water quality. To demonstrate
this a number of paramefers were examined over the one-year study period and

some of the more important observations are presented below.

1) Seasonal trends in dissolved oxygen concentrations

Schallock et al (1970), Schallock and Lotspeich (1974) and Lotspeich
et al (1976) observed a depletion in dissolved oxygen over the winter in a
number of Alaskan stresms. To see whether this was a widespread phenamenan
dissolved oxygen values were examined in both watersheds. In both cases
only those stations with a complete sampling record were used. The seasonal
variations in_dissolvéd oxygen were plotted in Figures 8 and 9 showing a distinct

trenﬁ in bnth cases.

A progressive DD?depletiDn was found as the winter advanced. Upon ice

_break—up a quick recovery took place, which was then followed by a much smaller

depression during the early summer. It is possible that the biological
demand on oxygen during the latter period is partially responsible for this
secondary DO-decrease. Winter conditions in general seem to reduce DO levels,
but from the present study it is not possible to determine the exact causes

of the decrease. It is felt that a large number of factors probably contribute
to the decrease, partiéularly since low values were obtained in a great

variety of site and flow conditions.

Substantial'spatial variations in dissolved oxygen were found in both
watersheds. The variationvwas noted to be highest during the late part of
the winter and might in partAbe'caused by differences in ice cover. Both
the variations and seasonal trends were found to be similar in both watersheds
despite draétic differences in climatic, hydrologic and geclogic conditions.
A partial explanation for the spatial variability in dissolved oxygen can be

deduced from Figure 10, in which the values of three Swift River stations
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SEASONAL VARIATIONS IN DISSOLVED OXVGEN IN THE
SWIFT RIVER BASIN ,YUKON TERRITORY: 1977 -1978.

1978

| +———1977 4]

River basin -

TIME (Months)

Figure 8. Seasonal trends in dissolved oxygen in the Swift
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SEASONAL VARIATIONS IN DISSOLVED OXYGEN IN THE
OGILVIE RIVER BASIN, YUKON TERRITORY :1977-1978 .
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are compared. A subsﬁantial-difference in the depletion rate was found
between open water ahd under-ice conditions. Also there is a substantial
lag time in thEITECUVETV rates between the stream samples and the lake

situation.

Two stations on the.Dgilvie River produced somewhat anomalous values
for dissdlved oxygen in thét'the depletion over the winter was minimal.
The reason for this could be that both stations are.substantially controlled
by groundwater flow thch seems to moderate dissolved oxygen variability.
The groundwater flow in these cases is responsible for maintaining open

water conditions all winter and the DO-values prabably reflect those found

'in‘thé groundwater. A more detailed discussion on the groundwater conditions

in the Ogilvie River is provided in Section D.

Besides the DD—depletion from October to March a severe decrease was
Dbserved'by Schallock and Lotspeich (1974) in Alaskan streams as one proceeds

from. the headmaters tomards the mouth of the river. This trend did not exist

in either of the two rivers 1nvestlgated in this project. The most likely

explanations for the absence of such a trend are that (1) groundwater influences

 the downstream cmﬁditiuns of the Ogilvie River, and (2) a major lake (Swan Lake)

exists ‘in the lower section of the Swift River which is probably responsible

for a substantla] moderatlmn in flow conditions and mixing.

In summary it can be stated that a depletlon of dissolved oxygen occurred

.thruughuut the wi nter in a great variety of stream candltluns within both

matersheds. This is 1n agreement with observations published by Schallock

and LDtsp91ch (1974) in Alaska who found that rivers of all sizes, dralnage,

»and surface dlscharqe exhibit severe natural DD depletluns. From the present

study it is not posslble to determine precisely those Factors which are most
1nstrumental in Lau51ng the DO-decrease. For this a specific investigation
would be necessary. Nevertheless it can be stated that the ev1dence produced
1n this study suggegts that the DO-depletion phemamenon is not limited to.a
Fem selected Alaaka rlvers but is present. in other northern rlvers. Also a
number.of Fgcto:s are_respnnslble.for its Dccurrence, the most common ones

probably being under;icé respiration, phqtosyhthQSis, and aEration.
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CON[)ITIONS IN THE SWIFT RIVER
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Figure 10. Dissolved oxygen trends
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2) Seasonal trends in other water guality parameters

From the few investigations made in Alaska (Schallock et al 1970, 1974,
Lotspeich et al 1976) it abpears that the concentrations of a number of water
quality parameters inCreased in these northern rivers with the advance of
winter. This trend definitely exists for a number of parémeters in both
watersheds under investigation. The consistency of this trend is most
evident in the Swift River basin, while the Ugilvie data is somewhat mare
complex. In the latter Casé this complexity could be caused by selective
groundwater contributions along the downstream section of the river. Dilution,
by increasing surface run-off during spring is probably the most important
factor causing this trend. For the analysis the parameters were divided into
three groups, (1) those indibative of geological conditions, (2) metals, and

(3) those influenced by biological factors.

(a) Seasonal trends_in_parameters_related to geology. No consistent
change in pH was observed during the winter (Figure 11) but all values
dropped significantly after ice break-up and freshet, recuvéring again in
late summer to.levels equal to or above winter values. Specific conductance,
alkalinity,jsilica, Ca, Mg, Na, and S0, concentrations (Figures 12 - 18) showed
the same summer trends but differed from those of the pH values in that the
concentration generally increased throughout the winter. The highest yearly:
concentrations were recorded immediately prior to break-up, under maximum
ice cover. All stations in the Swift River basin and at least two in the
Ogilvie confirm this trend. Exceptions were noted in the case of stations
2, 3 and 8 in the Dgilvie‘sysfem where concentrations either stay the same or
decrease sllghtly durlng the winter. These stations are influenced by ground-
water dlscharge mhlch is particularly evident durlng the m1nter and this seems
to cause a Change in the Qverall trend. The groundwater conditions in these

stations will be discussed in greater detail in Section D.

(b) Seascnal trends_in metal concentrations.- Extractable iron con-
centrations followed a distinctly different pattern from those recorded for the
parameters discussed above. .The highest concentrations of metals occurred in

May during high uater'conditians (Figure 19). Some evidence exists that
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FIGURE 11. SEASONAL VARIATIONS IN pH
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FIGURE 12. SEASONAL VARIATIONS IN SPECIFIC CONDUCTANCE
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FIGURE 13. SEASONAL VARIATIONS IN ALKALINITY
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Figure14. Seasonal_Variations in Silica
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Figure16. Seasonal Variations  in

Dissoived Magnesium
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Figure17. SeaSon_aI Variations‘ in Sodium
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Figure18, Seasonal Variations in Sulphate
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FIGURE19. SEASONAL VARIATIONS IN Fe
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other metals such as Cu, Mn, Ni and Zn behave in a similar way but, unfortunately,
the concentrations of these metals were generally close to the detection limits

thds‘making it impcssible to Carry out a satisFactdry examination.

(c) Seasonal trends in parameters related to biology.- Total phosphorus,
nitrate+n1tr1te, total dissolved nitrogen and ammonie-nitrogen are dynamic
parameters and are influenced by both hydrologic and biological conditions
in the stream. Total nitrogen and ammunia-nitrcgen concentrations partially
increased early tn'uinter, then dropped slightly for the rest Gt the winter.
Finally highest concentrations cccurred in both watersheds during sprlng run—cff
(Figures ZD—Zl) Phosphorus remained low throughout the winter and also
reached highest values in May (Figure 22). Nltrate/nltrlte in contrast
. followed the pattern of the geology related parameters in that the ccncen—.

trations 1ncreased as winter progressed (Flgure 23).

.3)‘-Summary cFiseaScnal trends in uater quality parameters

Three types cF trends in mater quallty parameters were observed through-

| cut the year:

(a) Those parameters for which the concentration increased throughout
the winter to. reach maximum annual concentration at thickest ice
cover 1mmed1ately prlcr to break—up. Examples include specific

: conductance, alkallnlty, Ca, Mg, ‘Na, 5i, SD&, and N(NO +ND )

(b) Farametersidhich were ccnsistently lcm or decreased as winter
progressed’ to increase drastically during spring high water.
These include a number of metals especlally Fe, total phcsphcrus

vand dlSSDlVEd Gxygen.

3 (e) Parameters which shcued an 1ncrease durlng early winter, fcllcwed
hy a sllght decrease in late mlnter and reachlng maximum concen-
trations durlng spring hlgh mater._ Examples include n1trcgen,

and ammonia-nitrogen.
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FIGURE 20. SEASONAL VARIATIONS IN. DISSOLVED
. NITROGEN - (Total)
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Figure 21. Seasonal variation in ammonia-nitrogen.
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Figure 22. Seasonal variation in total phosphorus.
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FIGURE 23. SEASONAL VARIATIONS IN N(NO3 +NO,)
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C. Sources of Variability in Water Quality

1) Cross-sectional and short term variability

In any environmental investigation it is first essential to determine

the source and magnitude of variability in the experiment since this largely

determines the accuracy and reliability of the interpreted results.

siderable evidence has been produced by Kleiber and Erlebach (1977) that

Con-

single grab samples often do not accurately account for mean values at any

one station in a river.
rivers under investigation a number of small scale
at two stations in the Swift River basin and three

An overview of the type of experiments carried out

To determine whether this

Table 4L, An_Uverviem of Sample Uafiability Assessments

is the case in the two .
experiments were performed
in the Ogilvie River basin.

is given in Table 4 below.

TYPE OF VUARIABILITY

SWIFT RIVER

OGILVIE RIVER

STATION

STATION |

STATION

R ) S 05 E B N an Gy O W am U0 N am A e

Over 70 hours

. 315 minutes) .

| & samples
- March 22, 12.30
‘- to March 25,

1 (0,23,47,70 hrs)

10.30

STATION STATION
ASSESSMENT : #10 #15 # 2 B 1 46
Cross-sectional L samples 2 samples |2 samples | 2 samples | 3 samples
Variability (Dctqber)_ (October) (October) (Bctober) (December)
@?m:;F§$rigz | 2 samples 2 samples 2 samples
gear (pecember) (May) (August)
Vertical | & samples
Variability June 20,
: 1978 |
(0-40 cm.
| - depth)
Short-term
(Variability - _
Over 315 minutes: L samples
(May 20, '78
10.30-15.45)
(0, .105, 210,
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Although the samnle-numbers. in Table L are small they nevertheless provide

a basis from which to determine sample reliability.

Variations in cross-sectional variability were tabulated in Table 5.

The numbers refer to the difference between maximum and minimum values for

pach parameter and set. of samples.

Table 5.

Magnitude of Cross-Sectional Variability (expressed as
difference between maximum and minimum values, usually in
mg/l except pH and spec. cond.) '

WATER SWIFT RIVER STATIONS OGILVIE RIVER STATIDNS Accuracy in
N e B B B N BT R R i vy

(Oct) | (Dec) | (Oct) | (May) | (Oct)| (Oct)| (Aug)| (Dec) | 2 S.D. (55%)

| ' | Concentration

Low High
pH 0.1 0 0.1 |0 0.1 | 0.1 0.1 0.1
specific | 1.0 |1.0 | 1.3 1.0 | 8.0 |10.0 0.8  18.0

cond. . . ,

hardness | 0.2 |0° 0.2 |o0.8¢ | 1.0 |O 5.0% | 3.0 | 0.4 A
Ca 0.6 |0.5 |0.3 |o.6 2.5 |2.2 |1.0 |2.5 0.2 3.0
‘Mg oo |o.3* |ou3* 0.2 | 1.3+ | 1.3* |l | 2.1* | 0.05 0 0.2
Na 0.2. |0.1 |0 lo 0.1 |0.3 | 0.5 |1.0 0.1 0.3
% 0.1 lo.1 |o.l o 0 o | 0.1 0.2 0.6
51 0 0.1 o o 0 0.1 |0 |0 jol 0.3
50, 0.5 |0.3 |O 0.5% | 2.0¢ |0 |2.0¢ |1.5% | 0.08  D.uh
cl 0o |O o o 0.1 |01 |0o 0.3* | 0,05 0.2

Fe 0.06 |0 0 o . lo.og |o.o0 |o.o6 {0001 | 0.01 0.016

Ncwnsfmaz) 0.004+|0.002. 0.014#|0.002 | 0.001 0.003 | 0.006% 0.06% | 0.001  0.003

to N 0.010%|0.005 | 0.005 |0 0 0.005 | 0.002 | 0.06% | 0.004 0.0

l TN aE ) a0 n pn B E N Sy am s

Indicatés variability > analytical accufacy

It is readily aﬁparentﬁthat the cross-sectional variability is small for

most pafameters thus indicating that the streams under investigation are well

mixed, and single grab samples adequately reflect stream condition at each given

site.
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To further substantiate these findings a comparison was made in Table
€ between cross-sectional variability, temporal and spatial variability. A
Short term time variahility over 315 minutes and over 70 hours, and seasonal
variability over 6 sampling periods were all computed for station #10 in
the Swift River. Spatial variability'was measured for each of the six
sampling periods and included all Swift River samplihg stations. Each
parameter is controlled by a different set of factors each producing a

different type of variability. This can be seen in Table 6 where the depth,

.cross~sectional and short term varlabllltles are shown to be consistently

smaller than either the seasonal or spatial variability. As shown in Figures
11 to 23 trends derived from single samples are consistent, a factor which
further justifies the use of single grab samples under the given conditions

in the two rivers investigated.

Table 6 also produces evidence showing that the seasonal and spatial
variabilities are significant but dependent on parameter type. To investigate

this in greater detall a comparison was made between spatlal and seasonal

:varlablllty in each watershed

'~ 2) Spatial vs. seasonal variability

Only those stations with a complete data set were used in this comparison.
The seasonal Tange was cemputed_for each sampling station and the spatial

variability was based on data from all stations for each of the sampling

“periods. Results of this can be found in Figures 24 to 27.

The dissimilar. behaviour of individual parameters is also apparent in
Figures 24 to 27. Generally spatial variability seems to be more important
than seasanal varlablllty in the Swift system, while seasonal variations tend
to be higher in the Ogilvie. To verlfy these observations a 51gnlflcance
test was conducted (Mann whifney U-Test) in which all spatial values were

compared against all seasqhal values. The results of this test are provided

in Table 7 on page 51.
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Figure 24. Comparlson Between Seasonal and Spatial Variability.
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Figure25. Cdmgarison Between Séasq_qai and Spatial Variability
SWIFT RIVER (Expressed as Difference Between Max —Min Values)
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Figure 26.Comparison Between Seasonal and Spatial Variability
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Figure27. Comparison Between Seasonal and Spatial Variability.
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Table 7. Reauits of Significance Test Comparing Spatial with Seasonal
Variability (bdsed on Mann-Whitney U-Test at « = 0.05)

Water Qualit Spatial Uariability Spatial Uafiabiiity No Significant
Parameters ,Y~- Significantly higher |Significantly lower Difference between
- than Seasonal . {than Seasonal _ Spatial and Seasonal
Variability Variability Variability
(L= 0.05) } 1(« = 0.05) (L= 0.05)
pH ' | yEs_(SQiFt) ' | .yes (Ogilvie)
specific o . '
conductance yes (Swift) | ves (Ogilvie)
filterable _ | B o
residue yes. (Swift) A ' Ogilvie
hardness - yes (Swift) - Ogilvie
Ca | ves (Suwift o o Ogilvie. .
Mg : | yes (Dgilvie) ‘ Swift
Na R o Swift
lso, - |oves (swift) - Ogilvie
151 SRR R | yes (Ogilvie) | Swift
IFe N - o Ogilvie & Swift
N(ND5+ND,) , o yes (Dgilvie) Swift
tN | yes (Swift) N o Ogilvie

VILTable 7 shows tnaf‘tne tmn baains'produce somewhat contradictdry data
.Afnr a number of pardmeters. Seaaonal variation is indeed greater in the
_;DgllVle while spatlﬂl varlablllty is mare 1mpnrtant in the Swift River. This
“can partlally be explalned by the fact that the grpundwater influence in the
DgllVlE is substantlally greater durlng the ulnter. Durlng the spring and
esumner a rapid. surface ‘Tun-= DFF is dumlnant in the Ogilvie becauae the basin
-1s sparcely vegeiated and permafrost cmndltlens exist very near the surface.
fThls tends to reduce the contact time of 1ncen1ng water with the ground and
this 1ncreased surface flow gererally Exhlblts subqtantlally lower mlneral

, Cnncentratlene than these fDund in grnundmater.
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Dihér.trenda extracted from Figures 2L to 27 indicate that the seasonal

variability for Na, Mg, SDQ, Si, tN, and NO, + NO, increased with the advance

of winter in the Swift River basin. Significantli reduced variations were
ndted for the DgllVle during spring break -up and high water CDﬂdltlDﬂS. In
each case, these two observations were dominant only 1n one of the two water-
sheds examlned thus suggaatlng that the tud basins are subject to different

pressures and reglme factors.

3) Ice conditions as a source of variability

_ During.winter‘sampling in the Ogilvie water flowing between ice layers
was Fcund in station #lD The uaterdmas under ccheiderable pressure and,
once tapped ccntlnued to fldm td the surface thrdughdut the 30~-minute

sampling period. Dissolved oxygen and water quality values were erratic

to the'extent‘that'endrmdus differences were found between replicate analyses.

The water flowing between ice layers produced aignificantly higher concentra-
tldna than water flcmlng beldw the ice. This can be seen.in Figure 28_mhere
the dlfference 1n spec1F1c conductance is ccntrasted. Similarly significantly
hlgher values mere dbtalned for alkallnlty, hardness, Ca, Mg, K, Na, Silica,

h’ etc.

It is as‘umed that- the prdgress1ve Free21ng process was in part responsible
Fcrbthe high concentrat;cna. -Ccncentratldna_dld decrease between the first
analysia and those perfdrmad thfeeatc four weeks later suggesting that unstable
conditions ex1‘ted. Slight mafming df eampleS»duringdthe transfer from the
field to the_labdratdry could have_bausad various degrees of precipitation
and,ddssible:cedisadlutidnfuhich1mculdnbe_:espdhaible for the erratic analyti-

cal results.

From the(e dbservatldns it is ev1dent that water quallty can be sig-

'nlflcantly altered by dlfferent ice conditions. Bautldn is ‘therefore

necessary when aampllng uater under such CDndltanS since ccncentratldns

can be affected c0n51derably by this prdceaa.
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Water under Pressure
between lce Layers
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“Figure 28. Differences in concentrations between water frDm ice layer
o dﬂd water inm. channel below ice cover.

4) Sumary of sources and magnitude of variability

'Based on several tests, cross~sectional and short-term variabilities
were found to be very small and the use DF 51ngle grab samples as a measure

of rlver conditions in each statlun could be Justlflad

' ;Cross4sectional'and'short—term variabilities were significantly smaller
than eitherispafial”nr seasonal variability.- A camparlsan between the latter
two showed that seasonal varlatlons were greater in the Ogilvie, while spatial
variations were more 51gn1F1cant‘1n the Swift Rlver basin. The differences in

the hydrological regime and the conditions in the drainage basin were thought

to be respaonsible Far'these Contrasting reéults.'.Finally, water batueen ice

layers showed cUn51derably hlgher 10n concentrations than water in the stream

bed under ice cnver. "The former uas under pressure and probably influenced by

the continuous pracess of 1celfarmat10n which could in part be responsible for
the increase in cnncentrations.’ Care should therefore be taken when sampling

water under such conditions. =
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D. General Water Quality Conditions in the Two Watersheds

1) - Comparison between the Swift and Ogilvie River Basins -

The SwiFtIRiver.matershed istndérlain ﬁrimarily by igneous and meta-

mbrphicjrobks‘uhich are réspnnsible for producing soft water with low Ca,
and Mg values, and ﬁigh'silica concentrations. In contrast, the Dgiivie
basin is dominated bg limestone and shale which produce hard water with
high concentrat .ons of HDD3, Ca, and Mg, and low values for Silica. These

1FFerences are afflrmed in Figure 29 which compares the mean hardness and
mean 511105 CDncentratlons over the Dne-year sampling period. Such contrasting
values were also Found far other parameters such as 50, Mg, Na and Cl which

showed dlfferenpesiof up to ane.mrdgr of magnitude.

C. ‘. : o RV .
S‘N\“./Rﬁ_/ \ ‘ OQ"W‘G' WY \
8 N \ /
<% | 3 N
gl I \
41_ QgilvieRiver - §100; Ay
@ ~OS T | switt RV \/
— : ~
2l . \./ T Ay - \\.//_
O'NDJ FMAM-VJWﬂ . ONDJ FMAMUIJIA
~—1977- - 1978 —— - 1977 > = -~ 1978

Figure 29. Comparlson of mean water guality cuncentratlmns in the
‘ ' tmn study basins.

Prucesses which influence and control water quality conditions seem t0

dlffer 51gn1flcdntly betueen the two b851ns and a more detalled examination

of each watershed is requ1red.
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2) Swift River. - Non-point sources

Most statLDns 1n the Swift Rlver showed the same overall seasonal trends
(F1gures 11 to 23). desplte considerable differences in base concentrations.
Stations #lh and’ #B for example shoued con51stently 1ow values for specific
conductance and haxdness, low ccncentratlcns DF Ca Mg, and SDQ, and con-
sistently high concentratlcns of silica. In ccntrast stations #5 and #3

showed high speclfnc ccnductance and hardness values and louw 5111ca concen-

trations.

All four of these stations are located on najor tributaries to the
Swift River and on drainage aréas'uhich differ slightly from one ancther
in size and suriace comp051t10n. To determine the possible causes for these
chemical leferpnces an examlnatlnn Df the bedrock geclogy was made and
mineralogical dlffecences_uere compared with water guality observations.

For this purpose a multibarémeter approach was chosen because the use of a

' single parameter was thought to be insufficient for a geological analysis

since each rcck_tyme.iS'made up of a numcer‘cf different base elements.

fA_hierarchicalbclustering_pfccedure origimally described by Ward (1963)
was-uséd, and the degree of similarity'in overall chemistry was determined

between all stations in the basin. Ten parameters (specific conductance,

- alkalinity, hafdness, Ca,’Mg, K, Na, Si,'SDu,,and pH) were chosen for this

prccessvand the degree qf'simi;arity was méascred as the mean distance between
parametefslcnce plotted in n-dimensional space. The UBC-C-Group computer
programme (Patterson and Whitaker 1973) was used and the results of this

analysis are presented in Figure 30. ?cr_each sampling period all 11 water

' qcal*ty stations were classified in terms of the ten chosen chemical parameters

and’ thcse statlnns which grcup tcgether at an early stage in the hierarchical

c13851f1cat10n uere ccn31dered most 51mllar.

From Figﬁle'BD‘it is guickly EVident that all major'staticné on the
Swift River (6, 7,.9, lD 11, 15) and the Smart Rlver trlbutary (statlcn 2)

tend to Fcrm a tluster Fcr much of the year, mhlle the trlbutary stations
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(3, 5, 8 and 14) Fo:med eonsisteﬁtly separate greuping patterns. A louw
degree of similarity was found between stations 14 and 8 while stations

3. and 5 were only mafginally related. Thie pattern is consistent for five
of the 51x sampling. perlods examlned suggestlng that the chemical conditions
are dlfferent and that the causative factor 15 permanent. Differences in
geology is the llkely cause of thls pattern mhlch can be verlfled from. the

bedrock and surficial. geelegy maps 1in Figures 31 ‘and 32.

The Screw Creek (statlun 5) dralnage ba51n contains limestone and

,dolomlte bedrock in 1ts headwaters. This is responsible for producing

high specific: conductance, hardness, Ca, and Mg values and low silica
cmncentratlens. The. headwaters ef Logjam Creek are ciose to these bedrock
deposits and it is- llkely that material from this source was transpurted
downwards durlnq glac1at10n. ‘Such till deposits as those occurring in the
Logjam 8351n (Fjgure '32) are likely'to influence Mater chemistry. Since

the material 1is remnrked 1ts 1nFluence is of course. less 1nten51ve, resuitlng
1n values uhlch are sumeuhat luuer than those fDund in Screw Creek. where:

dlrect bedruck tirainage is dmmlnant.

Seagull Creek (statioh-lA),whichashuued high silica concentrations

and low hardness, Ca, and Mg values, has its drainage almost entirely in

igneeus rocks‘DF the granediurite variety. This is responsible for the

production of scft water mith'low alkalinity, Ca, Mg and pH values. The
same effect but slightly less pronudh;ed'uas found in the neighboring

drainage (Partridge Breek, statimn 8). Here the reason is that a much

'.smaller portlon DF the dralnage is in granodlorlte while the lower section

’DF the uatershed 1s 1nfluenced by metamerphlc rocks uhlch have a slightly

madlfylng effect.

. The above mentloned trlbutarles are relatlvely small in size and thelr
overall influence on the’ Sulft River mater quallty is locallzed. -This is
shown 1nAFlgure 3L where changes in water quality in the downstream direction

of the Swift River are plotted.
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BEDROCK GEOLOGY

[+"4+] Igneous Rocks

(mainly Monzonite + Granodiorite)

BE=] Volcanic Rocks

(Breccia,Tuff+ altered Greenstone)

Metamorphic Rocks

(Schist Gneiss Slate,Chert +Argillite) .

E=3 Metamorphic Rocks

(Metasedimentary intrusions)

EE3 Sedimentary Rocks

(Limestone + Dolomite)

[_1 Unconsolidated Materials

® Water Quality Stations
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For orientation purposes the sequence of stations and location of

major tributaries are given in Figure 33 in schematized form.

Swift River Headwaters

ﬁ\\Statiah‘#ls at Alaska Hwy Bridge

@ Station #10 at Hwy Camp

Seagull Creek .
- 3 Station #9, 2 km below Hwy Camp

‘.Partridgé’creek _ _ ,
' @ Station #7, above McNaughton Creek

‘9 Station #6, below McNaughton Creek -
~Buwift River

Figufe 33. Schémaiic diagram of Sgift River stations in downstream
‘direction. . .

Ehangés in concentrations from station #15 to #6 are shown in Figure 34
which also éhows‘tfénds for specific conductance, hardness, silica, and S0y,
concentrations. It is‘evident that some small changes occur as a result of
differential tributary contribution. For example, Seagull Creek with its
soft water is responsible for a slight decrease in hérdness and specific
conductance in the Smift River between stations #10 and #9. The changes
are reasonably consistent tﬁrbughuut the year implying that a uniform flow
regime exists for most water supply sources within the basin. One possible
exception is McNaugEtDn Creek which causes a change in SDQ concentrations in
the Swift at station #6. ‘The changes are somewhat erratic and because
McNaughton Creek més.inacbessible during this-study nD déFinite interpretation

could be made.
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The uniformity of the flow regime in the basin can partly be explained
by the fact that a SEries of lakes exists in the headwaters as well as in

the louer sections of. the dralnage basin which tends tD regulate the flow

I'Eglme .

In summary it was demonstrated that water guality in the Swift River
pbasin is contrulled by nmn-polnt sources and that local differences in
water quality concentratlons can readily be attrlbuted to dlfferences in
the drainage basin deology. Tributaries have a lqcallzed-effect on the
water guality of the mainvstream but the influence is consistent throughout
the yeer'implying.that.the bésin isyundef,a relatively uniform flow regime.

3) Dgilvie River - Point and Non-Foint Sources

The water guality conditions in the DgilvievRiver are influenced to a
large degree by dissimiler groundwater cuntributiune along the entire stream
bed. This subject is of partlcular interest to pipeline construction activities
and will be treated separately in the next section of this report. The
present. discussion is limited to a geherel review of processes and provides

background infermatiuh'dh’materaduality'cohditiens’in the basin.

',Limestenetand-ehale deposits are dominant in the watershed and are
respuneible for the hard watervand high salt concentrations found in the area.
The water quaiity is however far from uniform as can readily be seen in Figures
35 and 36. The 1nF0rmat10n presented in these figures was collected during
a special survey cenducted on June 27—28, in which 33 eamples were taken during
-high water cundltlun, in a number of trlbutarles_and the.maln section of the

river. The samples were collected over a 36-hour period so as to partially

- avoid short term changes in concentrations resulting fram fluctuations in

stream flow. Unueuelly high precipitatien persisted over a five-day period

© prior to and durlng the sampllng, ‘This nDtlanly produced considerable run-off

in every creek of the matershed but also accentuated leFerencee in water
quallty. As noted prev1ously llttle vegetatlon cover ex1sts in the watershed

and permafrost candltluns were Fnund mlthln lD—ZD cm Frem the surFace at that
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time of the year. These tuwo factors inhibit infiltration and water retention
of the pre01p1tat10n and as a result direct surface run-off is increased. The

contact time between water and the ground is therefore shortened thus producing

- relatively soft water. This was most evident on small tributaries where spe-

cific conductance values of < 130 mhos were frequently found despite the fact
that the underlylng geology of limestone and shale provided an ample supply of
salts. Water with high specific conductance is therefore an indicator of

groundmater,cuntrlbutlons of mlneral-releese From_polnt sources, both DF which

are partially interdepehdent.

It'should be noted that theee-epatial differences do not remain constant
throughout the VEaT partlBularly since many trlbutarles are without water most
of the summer. In addition proportional contributions of snow melt, ground-

water Flem, and surface;run-uff from rainfall change radically from the time

of ice break-Up to winter Freeze—up. It is therefore not surprising that

slightly different.pH conditions were observed by Goodfellow et al (1976) and
JJQHESSDH‘BHU Goodfellow (1976) in a GSC Reconnaissance Geochemical survey in

Ehgineer'Creek'(Figure-375.

From Flgurev 3% and 36 it is clear that a number of unusual chemical

condltlons exist in Englneer Creek and these will be discussed in detail below.

(a) Sulphur springs (stetlon 13)

— gt i 31 W i 0 e . o S A S D T G B R P W e ST

Extremely high specific conductance values were obtained from a series

- of, springs located ineEhgiheef Creek (Dempster Highway Mile 107). These

springs were observed td Flou’un'a year round basis and showed small variations
in water temperature (+b to +8° B) and mater quality. “As can be seen from
Plate 14 a white and yellow pre01p1tate, thought to be calc1um sulphate . and

sulphur, formed 1mmed1etely upan surface Contact. The abserved snell of H25

" would suggest that sulphur is oxidized to sulphate and in the process HpS gas

is released. Ev1denue that bacterla partlclpate in this ax1dat10n process
was Gbserved but this needs further verlflcatlon. It was also noted that the

precipitate is more yellow during the winter and more white during the summer
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Engineer Creek (Based on GSC Survey)

Figure 37. pH distribution in Engineer Creek
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(Plate 14) suggesting that the oxidation process is more dominant during
the sunmer. This is of course only a hypothesis and a detailed analysis is

required to fully understand these processes.

Plate 14. Sulphur and sulphate exposed at Engineer
Creek Springs (March versus June)

Dther factors can contribute to the formation of a precipitate: If
the geological formation has a large salt supply the groundwater can then
become super-saturated and, once it is exposed to the surface and the pressure
is released, solubility decreases and precipitation occurs. It is likely
that both the difference in solubility resulting from pressure release, and

the oxidation process contribute to the formation of the deposit.
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As can be seen from FPlate 15 the main stream is iron stained, a condition
which results from the formation of iron carbonate in the alkaline-carbonitic
environment. Iron, in the form of pyrite, is oxidized and acid water is
produced in the process. This is responsible for the dissolution of iron
hydroxide, sulphate and oxides. Because of the abundance of limestone, water
is generally alkaline (pH 8.2), the acid is readily neutralized and siderite
(FeCO3) is precipitated in the process. The stability of siderite is most
pronounced under high carbonate conditions and pH levels of 7.8-10.8 (Garrels
and Christ 1965), both factors which are dominant in Engineer Creek. During
the summer when water levels drop and siderite is exposed to oxidation,
limonite can also be produced. When the high carbonate content streamwater
(pH 8.2) interacts with the high sulphate spring water (pH 7.6) a new white
precipitate is formed which is visible in Plate 16. This precipitate, most
probably CaSO,, causes considerable turbidity in the main stream at different
times of the year and effects from this process were observed some 15 km

downstream.

Plate 15. Iron precipitate in Plate 16. Contact between high
Engineer Creek iron stream water and
high sulphur spring water



- 69 -

(b) Acid drainage

Acid drainage was observed on a small tributary below station #15 duringv
both the June (pH‘Q;D) and August (pH 2.8) sampling periods. The tributary
drains a series Df_black-shaie deposits which were identified as part of the
Road River formation and which were found to be highly mineralized by Goodfellow
et al (1976). The tributary drainage profoundly affects water quality in
Engineer Creek as cén‘readily be seen in Plates 17 ahd 18. The red colored

highly acid drainage interacts with the alkaline stream water causing-a white

V precipitate which forms a plume visible Fnr'severél kilometers downstream

(Plate 18). MEte::duality conditions were examined in the main stream above
and below the»contabt'zone as well as in the tributary during the August

sampling period and_the_results of this ahalysis are presented in Figure 38.

The data indicate that concentrations and pH are drastically altered just

_ below the tributary cunfluence'butzgraduallybreturn to those conditions found

above the acid inFle. The white precipitate is thought to be CaSGu, an

”*DbSErvatiDn'whiCh is partly confirmed by the fact that Ca values, in contrast

to all other paramuters, do not substantlally increase below the acid inflow
despite con51derable 1nput from the trlbutary. The most dramatic change was
noted for iron which was subject to an increase by a Facfur of about three
orders of magnitude. Again this.increase was attributed to the substantlally
higher smlubility.rate of iron under acid conditlons. Unfurtuwmtely flow rateé

cduld»not be;measuféd'for'an analysis of mass balance. _Instead a small ex-

-periment uaS~peffDrmed in which the source rock and its possible salt and

‘metal contribution to the stream were examined. ..

Black shale dep051ts in. the area were fDund to be hlghly FDlded and
exten51vely fractured as a result of 1nten51ve physical meauherlng The black
shale consistedc of a series of beds of highly variable thlckness. The salt
content in the shale Farmatlun is CDnSldETablE and is more evident along clacks,
beddlng planes and fracture lines where salt crusts have formed probably. as

a result of evaporatlan and recrystallzatlon (Plate 19).:



Plate 17.

- S

Acid drainage in Plate 18. Acid drainage interaction
tributary (pH 2.8) with high alkaline
stream water

Plate 19. Salt crusts in .black shale bedrock
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Figure 38. Effect of acid drainage on water quality in Engineer Creek.

Specific h
» pH Bonductancepm o/cm
Engineer Creek station #15 . 8.2 _ 783
Engineer Creek (100 m above acid EZEH EZ%E
drainage confluence sample #307)
Acid tributary sample #306 | 2.6 5620
Engineer Creek (300 m below acid | E%J] (1580)
confluence sample #308)
Engineer Creek (10 km downstream at , 8.2 |679|
Ogilvie River confluence Station #8)
. 504 (mg/1) Ca (mg/1) ‘Mg (mg/1) Fe (mg/1) 5i (mg/1)
(230 BE] | 31 1.5 3.9
22 g [ e S -
L400] —T174 577 —{150 1.5
20 N v 0] 6.3]
165 REENR - [0.03). L.3

The salt crﬁsts'FDund in the bedrock, shown in Plate 19, were thought

to be the source of the high nutrients, salt and metal values in the water of

"ghgiheér Creek. Gypsum (GaSDA), Calcite (CaEDB), Copper carbonates, such as

Malachite and Azurite, elemental sulphur, and iron sulfides and oxides were
p051t1vely 1dent1fled in the salt matrix on the b351s of -appearance, color

and crystalline structure.
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Six shale samples with various types of salt deposits were collected
and separate extractions were performed with distilled water and 0.1N HC1
solutions. The rock fragments were extracted without initially crushing the
rock so as to empha.lze extractions aof material present as surface coatings.
The extractions were made over a 2L-hour period and analyzed in the Water
Quality Laboratory. The results cdmpiled in Table 8 indicate that Ca, Mg
and SD were the most common components of the salts. When the water and

acid extractlans were compared it was found that concentrations drastically
increased with acid extractions, particularly for such metals as Fe, Cu,
Mn and Zn for which increases UF between one and three orders of magnitude
were ohserved. The difference in iron concentrations between the water and
acid extraction was between two and three orders of magnitude thus closely

resembling the natural cundltlons observed in the ac1d -drainage 51tuat10n

descrlbed abuve.

Table 8. Results of Black Shale Rock Extractions

. ' Minimum
P aram ters ~ Water Extraction - { 0.1N HC1 Extraction Differences Between
€ mg/1/100 gr of shale | mg/1/100 gr of shale llater and Acid
Co ' - : : - ‘ _Extraction
Cu - . °0.02 -0.05 0.54 - 8.7 1 - 2 magnitudes
‘Fe © 0.05 --0.6 170 - 760 2 - 3 magnitudes
Pb | ~0.05-03 | 0.05-0.98 0 - 3 times
'Mn 0.0l -.0.08 - 0.08 - 11.0 0 - 2 magnitudes
Zn - 0.07--108. 0.t - 60 , 1 magnitude
Ca | . 55 = 1120 . 67 - 5800 0 - 5 times
Mg ‘ 0.2 - 108 ' 1.4 - 290 2 - 7 times
Na 0.6 - Bubs 2.0 -12.8 2 - 3 times
K | 0.2 - 4.8 124 - 25.2 5 - 60 times
si. 0.2 - 7.4 ' 5.5 - 530 1 - 2 magnitudes
cl : O - L.b _extr. interfered
‘ . with test ' _ :
sq; 176 - 3350 | LeB - 9500 | 2 < 3 times
NO5 | 0.0t - 0.51 . extr. interfered |
o ’ with test -




- 73 -

These results strongly suggest that the black shale formations are a
major spurce of salts; metals and nutrients and profoundly influence water
quality cbnditians in.the'area. It should be mentioned that the" geochemical
survey conducted by  the Geological Survéy of Canada in 1975 and 1976 revealed
that water analyzéd from the same deposits produced high values for fluoride,
ufanium, chlorine, mqubdenum, mariganese, iron, zihc, sulphate and phosphnrué.

A number of these parameters were also analyzed in the present study; the

‘seasonal distributions of the more important parameters are given in FigUre 39.

The stream concentrations seem to be subject to the expected seasonal
fluctuations uhile‘thé spring water produced data which were relatively
homogenedus. Unusually high phosphorus values were observed in the creek and
are probably related to the presence of apatite in the_shale‘FDrmatiDn, as

suggested by Jonasson and Goodfellow (1976).

In summary it appears that the black shale formation in'Engineer Creek
1s a substantial source of salts, nutrients and metals, which after a number
of processes end up in the stream system at generally high concentration

levels. Some OF.thévaréjimpurtaht processes include:

(1) Deposition of éulhhur and Cas0, at a series of springs due to

oxidation and ED2 release.

(2) Precipitatinn of iron in the form of siderite as a result of
contact with high carbonitic, high alkaline water. In the process
a red stain is developed which is visible throughqut a major

portion of Engineer Creek.

(3) Acid water is produced through the oxidation process of pyrite
- and’ dissolves high quantities of Fe and>SDu. The sulphate pre-
cipitates in the form of CéSDu on contact with the main stream

water, which is highly alkaline, and guickly reutralizes the acid.
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- 75 =

E. GroundméterfBDnditiDhe

The 1mpDrtance of groundwater and the potential contributions it can

make to the flow regime differ considerably between the Dg11v1e and Sulft

‘Rivers. The water supply in the Swift River is mainly cuntrulled by head—

water springs, snoumelt, and summer precipitation. The flow is regulated
by a series of high mountain lakes, and no evidence of groundwater seepage
was observed in the downstream portion of the River. Possible aguifers are
limited to guaternary deposits along the main channel and no icings were
abserved during the winter to suggest that substantial groundwater fluctua-

tions Dccuf in the middle section of the stream.

The Ogilvie River, in contrast, is greatly influenced by groundwater
in numernus pmrtlun> of the basin, and the pruportlonal contribution of

groundwater to the stream flow is substantial at specific times of the yeer.

* Grounduwater eubstantially influences water qdality'and ice conditions, and

to galn a better understandlng of the processes involved a detalled discussion -

'UF the DgllVle SltUdtan is provided’ below.

- 1) Geological Controls of Grounduater Flow

Unfcrtunetely no basic geDlogieal survey data was available for -the
study area. The inFDrmatien provided below is therefore based on (1) field
and air photo analysis, (2) published geological information on neighboring
areas, and (3) information from general reconnaissance and regional surveys.
This information is therefore incomplete and will be modified as soon as more
detailed geological 1nF0rmat10n becumee avallable. Nevertheless, important

winter observations uere made whlch can be used to highlight grDundmater

processes in that- reglon_of the world.

-The Ogilvie basin is made up of a series of limestone+shale beds which
have undergone intensive uplift and Felding. R schematic representation of

this process is pthided’in ﬁigure k0. During or after the uplift the Ogilvie

'River has cut across the basic anticlinal structure, a process which was aided
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by a fault line which was used by the river to cut through the structure at a
pace equally as rapid as the uplifting process. The former is probably a
more likely explanation. In a number of sections the bedrock channel is
clearly visible and during low flow conditions the cross river aligmments

of the limestone beds is evident (see Plate 20). Weathering and erosion
processes have resulted in the partial destruction of the ridge tops leaving

behind a landscape dominated by perched anticlines which can readily be seen

from the aerial photo mosaic in Appendix 1.

Plate 20. Exposed limestone structure in the Ogilvie River
at station #3

The probable sequence of geological events is provided in Figures &40 and
41 which represent a schematized view of the lower Ogilvie situation. The
bedrock structures exposed in the river are of specific interest to hydrology

and water quality because they control the groundwater flow particularly during
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the winter. Mény DF:thE limestone bands act as aguifers and the groundwater

~in these formations flows in the direction of the bedding plane. It is at

those sections in the river where open water conditions were found during

the December and March sampling periods. The possible sequence of water

- flow undér winter conditions is presented in Figure 42 and indicates that

a substantial amount of stream water fldws as groundwater probably below

the river bed.. When that water reaches one of the bedrock structures it is
either forced upwards or ddunuards from the structural plane. Wherever it
is forced up open water conditions occurred, an example of which was shown
earlier’in'Pléte L. Immédiately beimu»such open sections icings were ob-
served whidh resulted from overflows or water build-up. Ice thickness of

> 2 meters was common and sampling at these places was therefore impossible.
Three, foa total of five, open water sections were found to operate under
the described conditions. The remaining two were the result Df»sprihg'uater

release in tributaries at close proximity to the main charnel.

‘In the Ogilvie basin the overall grounduwater flow concept presénted in

Figure 42 was further strengthened by the fact that little water flow could

be detected in the main-channel above two open water sections. Given the
numercus bedrock eprsures in‘thé channels it is wunlikely that the ground-
water flow regime,operates'as a cuhtinuous system throughout the basin.
EvidenCE»df this will pe provided-from an analysis of the groundwater guality

discuSsed below.

2) The Use of Water Quality in Groundwater Studies

- (a) Identlflcatlon of groundwater sources

e e e e e e S e i e e O o o S e S

Generally grDthwater.is less subject to variations in guality than-

stream water. The latter, be1ng a mixture of groundwater, SNow melt, surface

run—oFf and precrpltatlon, is subject to prmpmrtlonal Changes from any of
these sourcesz a process which is continuous throughout the year. In order
to differentiate. befueen‘groundwater sources.and strEEm_uarerﬂseasonal
sampling is neces.ary. Two sampling stations (#14 and #16). located in close

proximity tpithe main stream were found tD'be.in'graundMafer discharge - areas
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The water guality of these two stations was monitored from March until
August and a comparison was made between those two stations and stations
#3.and #4 on the main stream, immediately below the two groundwater inflow
areas. A comparison between the two sets .of stations is given in Figpres
43 énd L4 and shows that groundwater quality is fairly constant while
stream water qUality'vafies greatly throughout the year. The greatest
contrest‘between:the two sources was Dbsérved'during spring run-qu uhen
the proportional contribution of spring snowmelt and surface run-off far

putweigh the groundwater contribution . It is during those periods that

the largest chemizal cdntrast beﬁmeen groundwater and stream water was

ohserved.

(b) Differentigtion between types of groundwater_sources

Groundwater is the dominant source of running water. during the winter,
and different sources can best be contrasted on the basis of a spatial anmalysis
of water in late winter. To demonstrate this fact water guality conditions

for the whole watershed were compared in Figures 45 and 46. The stations were

.arranged in a dounstream sequence so that the concentrations found at each

stations could readily be compared. As discussed previously Engineer Creek
is khown for its lafge contributidn of salts and is included in this analysis
since it probably affects the main stream at different times of the year.
Ca;'Mg,-Si, SDg, Na and C1l concehtratiuns dc'nat greatly differ'from station
to station in the main stream in May and June. In the fall and particularly
during the late winter the situation is considerably different. The water
quality conditions in stations 2 and 3 are drastically different from those
in the upstream portion suggesting that groundwater release in this area is
responsible for the difference. Station #3 has previously been identified as

a grounduater'dischafge area because of the geological structure (Plate 20).

- At the confluence of Engineer .Creek a different situation exists. Ion
_cancentratidns im'étations #8, 6 ahd 11 ‘are very similar; in some instances
those in Engineer Creek are slightly lower than those in the Ogilvie River
above and below the confluence. This would suggest that the same type of
graundyater controls water conditions in that section of the stream during the

winter.
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Comparison of seasonal pattern
 stream water in Ogllvie River.
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Figure 44, Comparison of seasonal pattern of groundwater versus
' -stream water im Ogilvie River.
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Figure 45. A spatial analysis of water guality to identify groundwater sources
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Figure 46. A spatial ahalysis‘DF water guality to identify groundwater sources
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The third section Df.DDEH water was found in Engineer Creek at station
#15. The station eXhibits very high salt concentrations throughout the year.
Water from that source influences eoncentratlons duwnetream partleularly at

the Ogilvie River confluence, ‘where much hlgher salt cuhcentrations are found

throughout the spring, summer and Fall. During the winter little water from

.thls mineralized area seems to reach. the Ogilvie as can be seen in Flguree

u5 and 46. This is further confirmed by the fact that sections on Englneer

Creek were found tD’be frezen to the streambed with no evidence of water flow.

On the basis of this winter water chemistry it appears that at least
three types of groundwater conditions dominate the open water sections in the

river basin. The tmo other water sources (e trlbutary spring, station #l4,

and the sulfur spring. in Engineer Dreek, statlen ﬂlB) also shemed characteristic

water quality conditions, as shown in Table 9 where all five groundmeter
sources are compared. It therefore eppears that the flow within the basin
is at least in part discontinuous during the winter. To further accentuate

this Fact;Figure L7 compares-the. changes in water guality between stations #

.3 and 6 in the main ‘stream. For most of the year conditions are elmllar but

durlng ulnter a drastlc change Decurs in which ion concentretlons generally
increase in statlon #6 uhlle they decrease in station #3. This would suggest

that the mater quality DF the two aqu1fers is- different, and there is little

“evidence to indicate that the two are 1nter connected.

Table 9. LDmparlsDn of. Mater Quality between Five Different
DrDundwater Seurces

STATIONS S : | ' PARAMETERS

.. .| Specific A :

'pH |Conduct-| Ca | Mg | Na 51 sg, | Cil

o ance mg/l mg/l mg/l | mg/l | mg/l| mg/l
Station #3 | 8.0| 355 | 55 12 | 2.4 | 2.8 35 | 1.6
Station #6 B.1| ‘560 | 75 22 | 11.8 | 3.7 90 | 11.8
Station #1b 8.0 | 456 | B4 16 | 7.4 | 3.6 62 | 4.5
Station #15 7570 789 | 97 38 | 15.4 | 5.1 147 | 19.0

Station #13 7.6| 1800 | 152 | @5 | 12t.0 | 11.0 | 350 7| 150.0




Na mg/l

Ca mg/l

S04 mg/I

Figure 47:Differences in Water Chemistry Between Station 3 and 6 in_

Ogilvie River.
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3) Summary of Groundwater Conditions

~ Groundwater stored in the limestone aguifers in the Ogilvie Basin is
Furced tc flow alung-the tilted bedding plane andvemergés to the surface at
places where.the bedrock Formation crosses the river. In these sections
Dpeh water was found in the winter and overflow water from that source was
responsible Fur.the build—up‘DF icings downstream. Seasonal water guality
data were used to identify groundwatef sources and a spatial analysis of
water guality during fhé.minter revealed that at least five different
groundwater sources exist and that the stream flow under ice is at least in

part discontinuous.
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F. Gediment Regime

An attempt was made to monitor continucusly the sediment conditions of
the Swift and Ogilvie Rivers between the time of ice break-up and late summer,

1978. Access to'pamer supply més a -major problem in these remote areas and

despite seyéral futile efforts monitoring was not possible on the Swift River.

The sediment record on this river is therefore limited to the six times that
water quality was sampled during the study year. The Ugilvie River operations

were more éuccessfulbahd the results obtained are preSentéd'belom.

1) Description _of Monitoring Prmgrém

A Heéné Corporation Ltd. turbidity meter (Maodel 861 B) was set up next
to the Dempster H1ghmay (Mile 123) camp and river water was introduced 1nto

the turbldltv meter from a statlmnary puUmR anchored in the gravelly ILVET

‘bottom about lD meters from the north bank of the DgllVle River.. A special

timer unit d881gne,:by Peter Strllaeff-alloged for a recordlng.of turbidity,
'éalibratimh and zers instfumenf-light transmission. “The latter was thought

to be-a measure of how clean- the transm1851mn ulndous were- at any time during
the mperatlmn. wzth this set -up an hourly recurd CDn51st1ng of 15-minute
sectlans each of Lurbldlty,VCallbratlon,‘and zero instrument transmission.

The instrument was serviced bybaraham Humphries of DPW who kindly agreed to
collect daily samplea at the outflaw of the instrument for subsequent sediment
analysis in the ldboratgry. In thls ‘way a continuous turbidity recerd and

daily sediment'rQCqu“were obtained for the period of May 24 to August lst, 1978.

2) Results of Experimehtsl

Using the preliminary discharge data from the méter'Survey of Canada, a
coﬁparisan was madé between the turbidity record and the flow rates. Data
fDr each two-hour interval FDrmed thé‘baéls of Figure 48 from uhi:h it is
EVldent that in at lPast two Lnstances (June 1-3 and June 10—19) a dlstlnct
lag time was observed beumeen 1ncreases in turbldlty as cpposed tu increases
in flow rates. Further it was nated that althuugh a relatlnnshlp Between flow
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and'turbidity exists it is not consistent. This is confirmed by the low

correlation coefficient of T = 0.501.

Turbidity'is not a direct measure of total non-filterable residues
(Lobring and Bnoth'f975) and a relationship bethen the two haslonly been
found in special circumstances. It certainly did not apply ta the Ogilvie
conditions. This is evident from a currelation/regression analysis conducted
between turbidity -and total non-filterable residue; No linear correlation
was found for field turbidity versus total residue (r = 0.107) or laboratary
turbidity versus total non-filterable residues (r = 0.205). Field turbidity
(JTU's) and laboretory turbidity (NTU's) were significantly correlated at

-t = 0.983, thus partially confirming the field turbidity record.

'The daily‘variatiqn in total non-filterable residue is provided in

Figure 49 and covers the data obtained from the laboratory analysis of the

samples. The flow rates measured at or within the hour of sampling were also

added to thisﬂdiagréh s0 that the two parameterSVCSn readily be compared.

. Again the sediment load, expressed in terms of total non-filterable

‘Tesidue, appears td lag behind the flow rate during three out of four peak

fiom periods. Because of the differential lag time between flow rates and
sediment 1Dad at different times of the year,’correlation between the two
parameters is poor. (r = 0.147) and thus it is not possible to predict the
sediment regime on a reliable basis. The turbidity_and sediment record

are provided as a basic reference DF chditiUns and variability but the
data should be treated cautiously particularly since the four-year water
survey gauging pragram produced flom hydrdgraphs.@hich shpm'cohsiderable
year by.year.variatiohs. Further complexity is ihtradUced<by the fact

that the turbidity and sediment manitoring pragram had to fake place about
300 meters ébuve ﬁhe‘gauging station because of the need of a power supply.
Unfortunately the_Engineer Creek enters the Ogilvie River between these tuwo
stations, thus influehcing the'flow.repord but not the tgrbidity and sediment

monitoring program. This causes some serigus deficiencies im the compatibility
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of the flow versus sediment data. Nevertheless the sediment and turbidity

recards do provide base information on sediment conditions and variability
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over the spring period.
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Finally an_examination of the sediment composition was made by determining

the inorganic and organic portion in each sample. On the average, 24% of the

non-filterable portion of the residue was found to be organic. An almost

identical value (25%) was found for the average organic proportion of the

filterable residue, the variability of which is provided in Figure 50.

It

should be noted that although these two average values are very close, the

day-to-day variabllity in composition was considerably greater for the non-

~filterable residue (0—69% versus 11-38%). No trend was found to indicate

that the organic/inorganic portion changes significantly from break-up to

the late summer.Flbu period.

In summary it can be stated that no

for turbidity vérsué total non-filterable

to lag behind'discharge rates in a number

~ total non-filterable residues. Turbidity

significant correlations were found
residués, or for discharge versus
and suspended sediment rates seem

of cases but the data is not suf-

ficient toc make a more guantitative analysis. Based on the daily sampling

program, suspended sediment load varies from < 1.mg/l to 277 mg/l and on the

average 76% of the non-filterable residue was found to be inorganic material.

Finally,vthé~sedimeht analysis for the Swift River was limited to six sampling

periods since a continuous recording could not be achieved due to problems

in Table 10 below.

Table 10. Sediment Data for Swift River Basin

"~ with power supplies. The data on Tesidues in the Swift River are summarized

Non-filterable Residue in mg/1

Oct. 8-10

Station Dec.11-15 .| Mar.22-25 | May 16-20 | Junme 15-22 | Aug. 5-7
# 1977 - 1977 1978 - 1978 1978 1978
2 2.4 1.0 2.4 5.2 3.0 4.0
3 2. 2.0 1.2 2.4 2.0 6.0
5 1.0 3.0 1.0 2.4 2.0 4.0
7 5.6 - 2.0 . 2.0 4.8 4.0 5.0
9 1.6 3.0 1.0 8.0 4.0 5.0

10 1.0 1.0 1.0 7.2 4.0 - 6.0
14 1.0 1.0 3.2 3.2 1.0 5.0
15 1.0 1.0 1.6 8.4 1.0 1.0

mean/ _ o . -

sample 2.0 1.7 1.7 5.2 2.6 L.5

period
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50. Daily variability in total filterable residue, Ogilvie River.
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V. SUMMARY OF FINDINGS RELEVANT TO PI#ELINE.RELATED ACTIVITIES

A. Uinter Depletich of Dissolved Oxygen Concentrations

Severe dissmlﬁed'okygen depressions were found during the winter in
both study basins. The depressimﬁs occurred in the majority of stations
deépite‘a great‘variety dF stréam conditions, and were most extensive in
late winter during maximum ice coverand highest water guality concentra-

tions. The présent findings are in agreement with results of a study in

Rlaska published ty Schallock and Lotspeich (1974), and suggest that dissolved

oxygen depressions are a widespread phenomenon in these northern areas.

No definite conclusion could be reached as to what factors determine
the depletion process, and it is recommended that a more detailed analysis
on this subject be initiated. From the present study it appears that ice

condifiuns are not the Dhly cause of the depressions and that other factors

such as channel conditions, discharge rates, groundwater contributions, re-

aeration, phutosyntﬁesis, and respiration all contribute tD the process by
means of compléx}intéracfions. Groundwater release which often produces
strétches of open water during the winter does nat'necessarily produce higher
dissolved oxygen concentrations.. Groundwater is generally low in dissolved
oxygen and aeration conditions in the aguifers are thought to determine oxygen

concentration under. such circumétahces.n

Same insight into the effects of DO-depressions on.biological activity

will be provided in a feport by Larry Albright»uho conducted a bioclogical

‘productivity study in conjunction with the-preSent research. With the results

of this study it will be possible to partiallg determine how critical such
_late winter conditions are and what implications they have with regard to

types of construction activities‘anticipaﬁed. As of now it i$ clear that

-oxygen siress is greatest during late wiﬁter implying that activities which’

lead to a further depletion of oxygen should be avoided during that period.
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B. Importance of Groundwater Regime to Water Quality

It was found that water flows throughout the winter in both study basins,
but the grouhduéter regimes of the two watersheds differed drastically. 1In '
the Swift River headmater springs and water release from high mountain lakes
ccntrelled the‘stream flow. Because of this regulated flow seasonal water
quallty trends were consistent and seasonal varlatlons were qund to be less

1mpurtant than spatlal varlabllltles.

In the DgllVle River dissimilar groundmater release was observed in
a number of places alung the stream network and this produced more complex
water quallty concitions. GSedsonal trends were less consistent and in the
main- stream seasoral- variability was generaily greater than spatial variability.
The latter:condifimns were produced by variations in the proportional contri-
bution of groundwater during'uihter, spring and summer. Water F:Dmv}ndividual
aquifers exert a_dnminafing,;ontrel over .certain sections Qf_the river during.
the winter. This influence ie negated during'the spring when snowmelt and
-ﬁrecipitaticn dominate the Fluw. Becéuse the Dgilvie River basin is in a
permafrost env1runment during spring and summer surface run-off is greatly
1ncreased thus redu01ng the contact time DF the water with the ground. This
tends to produce very soft run-DfF water, in great contrast to the groundwater

which is dominant durlng the winter.

Water quality.-analyses were found useful in identifying different ground-
water sources, and it is suggested that water gquality parameters be used as a
type of "Fingerprinting"'For groundwater identification during winter. Five
dlfferent SOUTCE aTeas were -identified by thls methmd in the Ogilvie basin
durlng the wlnter UF 1978 and the resultlng data strongly suggest that the
stream flow dem;nated by groundwater is discontinuous, a finding which might

be of considerable relevance in site selection for pipeline crossings.
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C. The Importance of Geology in mater-Quality Studies

Bedrock geology and structural geology were found to influence water

quality conditions. Differences in the bedrock. geclogy were responsible

_Fdr altering water guality cdnditidns in several tributaries in the Swift

River basin and a spatial sampling was useful in identifying the black shale
formatldn in the UgllVlE River as a major source of salt and metal found in

the river system. In this way maJDr point and ndn—pdlnt sources csuld

: readlly he 1dent1f1ed.

The groundwater flow in the Dgilvie River was found to be controlled
by the structural arfangement of the bedrock. The river has cut through a
series of Folded and partially eroded antlcllnal structures and in the process

a number of  sharply dipping llmestdne bands are exposed in several portions

- of the river bed. The limestone Fdrmatldns act as aquifers, and groundwater

which is forced to fldd along the structural bedding_plane is eventually re-
leased intb the river at those. ‘points where the structure crosses theArivef.
Opern water SECtlDﬂS 1n the ulnter uere qund to c01n01de with. these ground-
water release areas in three out of Ffour cases and 1c1ngs were found immediately
beldm these open mater sections. These icings 51gnlflcantly reduced the flow
in. the- downstream direction and Fdrced the water to perlodlcally overflow or

to find its way 1ntevneu aquifers. -

It should be noted that such prodésées, althdugh limited in size and
OccurTence, are df importance to pipeline location. They are easily overlooked,
however, because 1hey'can only be observed during the late summer after spring
snow melt and before Freezlng,.and once such water is in contact with stream

water the acids are readily_neutraliZed.
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D. Acid Water and Metal Corrosion

A somewhat unusual problem was found in the Ogilvie basin where acid
conditions of the water reached pH 2.8 despite the otherwise extensive
alkaline conditions. It is thought that the acid is produced as a result of
pyrite oxidation present in the black shale formations. In the process
sulfuric acid is produced which not only increases metal solubility in water
but also acts as an effective corrosive agent. A good example of this process
is provided in Plate 21 where a series of culverts are displayed after a

one-year exposure to such conditions.

Plate 21. Corrosion of culverts after one year
exposure to acid drainage



- 87 -
REFERENCES

CHILDERS, J.M., G.E. SLOAN, J.P. MECKEL, J.U. NAUMAN 1977 Hydrologic
Reconnaissance of the Eastern North Slope, Alaska, 1955.
USGS, Oper File Report 77-492, Anchorage, Al.

GABRiELSE; H. - 1969 Geology of Jennings River Map Area B.C. GSC Paper
68-55, pp. 1-34. A

GARRELS, R. and 0. CHRIST 1965 Solutions, Minerals and Equilibria.
Harper and Row, N.Y., 450 pp.

GOODFELLOW, W.D. and I.R. JONASSON 1976 Detailed Geochemical Surveys in
the Central Yukon, Part 2 of open file 3599. Resource Geophysics
and Geochemistry Divisian, Geol. Surv. of Canada, Open file 388.

JDNASSDN I.R. and W.D. GODODFELLOW 1976 Uranium Reconnaissance Program:
Orientation Studies in Uranium Exploration in the Yukon, Dept.
of Energy, Mines and Resources, Geoluglcal Survey of Canada,
Dpen FLle 388, 96 pp.

KLASSEN, R.UW.. 1978 Surficial. Geology of the Southern Yukon Terrltory.‘
' GSC, Open flle 539.

KLEIBER, P. and W.E. ERLEBACH 1977 leltatluns of Single Water Samples in
RepresPntJng Mean Water Quality. Inland Water Directorate, Techn.
Bull H‘lDS, po 9.

LOBRING, L. and R. BOOTH 1975 Understanding Measurementé AWWA Proceeding
on the Water Quality Technology Conference, 1975, Atlanta; Am.
Water wurks Assoce, pp. 1-G.

LOTSPEICH, F., R. JAEHSDN A. HELMERS 1976 Climatological and Water Quality
Data, Larlbou—Paker Creeks Research Watershed. AERS Working Paper
#30, U.5. Env. Prot. Agency, Corvallis Env. Research Laboratory,
Arctic Env1ronmental Research Station Colleqe, Alaska, p. 41.

PATTERSDN ‘J. and R. WHITAKER 1973 UBC—C—GrDup Camputer Brogram, Unlv.
of B. C., Dept. of Eomputer Sciences, pp. 1-20.

SCHALLOCK, E.W., E.W. MUELLER R.C. GORDON 1970 Assimilative Capacity of
Arctic Rivers. Fed. Water Quality Laboratary, College, ARlaska,
Working Paper #7.

SCHALLUEH,‘E.M. and F.8. LOTSPEICH 1974 Low Winter Dissolved Oxygen in some
Alaskan Rivers, Environ. Prot. Agency, Project 21 ARX; Nat. Env.
Research. Center, U.S5. Env. Prot. Ag., CDrvallls EPA 660—3-7& pos,.

33 pp.



‘- 98 -

SCHREIER, H. 1977 An Assessment of the Yukon Section of the Alcan.Pipeline
emphasizing Water (uality Problems; for Dept. of the Enviromment,
Inland Water Directorate, Water Quality Branch, 29 pp.

WARD, J., 1963 Hlararchlcal Grauplng to Optimize an Objective Function;
: Am. Stat. Assoc. 58, pp. 236-2&&. .

OTHER CONSULTED LITERATURE

BEAK CONSULTANTS LTD. 1977 A Survey of Fall Spawning Fish Species in
Waterbodies within the Influence of the Proposed Alaska Highuway
Pipelinme in Yukon Territory, Enviranm. Report for Foothill
Pipelines Ltd Yukon.

EASPER,VL.A., R.C, BURDDN, E.m. MUELLER 1973 Design Considerations for
Sampling Program in Remote Areas: Working Paper #23, U.5. Env.
Prot. Agercy, Arctic Envirommental Research Laboratory College,
Alaska, 49 pp.

DAVENPDRT C., E. SPARROW,. R GORDON 1976 Fecal Indicator Bacteria
Persistence under Natural Conditions in an Ice Covered River.
Applied and Environmental Microbiology, Vol. 32/#4, pp. 527-536.

- DEPARTMENT OF INDIAN AND NORTHERN AFFAIRS 1976 Small-Stream Investigations

in Yukon Territory Water Resources Section, Northern Natural
Resources and Environment Branch, DINA 1975 and 1976, 75 pp.

"GORDON, -R.C. 1970 Depletion of nygen by Microorganisms in Alaskan Rivers

at Low Temperatures. Intern. Symp. on Water Pollution Control in
Cold Climates, Univ. Df Alaska College, MDrklng Paper #40, Federal
Water Quallty Admlnlstratlnn 25 pp.

-HUGHES O.L., R.B. CAMPBELL, J.E. MULLER, 3.0. MHEELER 1969 Glacial Limits

and Flow Patterns Yukon Terrltnry, South of 65° North Latitude;
Geol. Survey of Canada Paper 68-34, Dept. of. Energy, Mires and
Resourcas. : v

HYDRULDGICAL EDNSULTANTS LTD. 1974 Review DF Ground Mater Taslln Yukon
Territory; Edm., Alberta, 10 pP. .

INTERA ENVIRONMENTAL CONSULTANTS LTD. ©1975 Gruundwater Managemant Study
of the Yukon Territory.

LAVKULICH, L.M., W.J. GIVEN, M.E. WALMSLEY 1972 Physical Envirormental
S5tudies, Watson Lake Vicinity, Yukon Territory. Final Report on
Land Use Research for Indian Affairs and Northerr Development,
ALUR Program, 1970, Dept. of Soil Science, U.B.C., 161 pp.



- 99 o

LAVKULICH, L.M., M.E. WALMSLEY, R.L. BEALE 1972 Physical Envirommental
Studies, Watson Lake area, Yukon Territory. Arctic Land Use
Research Program Final Repert, 1972, ALUR 1972, Dept. of Soil
Science, U.B.C., 245 pp. .

LAVKULICH, L.M. and M.E. WALMSLEY 1973 Physical Environmental Studies,
Characterisation of Soil-Hydrology Parameters. Watson Lake area,
Yukon Territory. Report on Land Use Research submitted to the
Dept. of Indian and Northern Affairs, ALUR Program, Dept.- of Soil
Science, U.B.C., 148 pp. .

LOTSPEICH, F.B. 1973 Permafrost and the Environment in Alaska, Working
Paper #18. U.S.-Environmental Protection Agenmcy, Arctic Envirommental
Research Laboratory College, Alaska. '

LOTSPEICH, F.B. and E.W. SCHALLOCK 1972 Laboratory Evaluation Dn'an Improved

Sampling Procedure for Dissolved Oxygen. Working Paper #15,
Environmental Protection Agency, Nat. Env. Research Center,
Alaska Water Laburatory, Eollege Alaska, 16 pp.

MULLIGAN,_R. 1965 - Metallogenic Studies of the Beryllium-Tin Province of
the Cassiar Batholith, Yukon and B.C. G(SC Paper 66-1, pp. 45-L7.

‘RICKER, K. 1977 Quaternary Geology of the North Klondike and Upper Blackstone

River 5System, Southern Ogilvie Ranges, Yukon Territory, Dempstar
Hwy 0-139; Geol. Survey of Canada, Open file 478.

VAN EVERDINGEN, R.0. 1974.ZGrDundwater in Permafrust Regions of Canada,
in: Pzrmafrost Hydrology. Canadian Nat. Committee; pp. 83-93.

NILLIAMS, J.R. 1970 Groundwater in. the Parmafroat Region of Alaska.
U.S. Gzol. Survey Prof. Paper 656, 83 pp.



- 100 -

APPENDIX 2

Description and Illustration of Sampling Sites



STATION NG.
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STATION DESCRIPTION

SWIFT RIVER

Bwiff Ri Rlver upstream near headwaters (passed Pine Lake gir strip

access rcad)

" L<5 m wide stream with pools up to 40 cm deep;

Mountain stream with coarse gravel bed ‘mostly of ignecus and
metamorphic rocks;

Sampling statlcn 20 m above road crossing before road washout.
Swift River trlbutary Smart River .

~ 200 m upstream of Alaska Huy Brldge at bend west banks,
Sand, silt and some gravel.

Tributary: Logjam Creek .
~ 250 m upstream from Hwy bridge, channel ~ 7 m u1de,
Samples taken 4 m from west bank, coarse gravel.

Suwan_ Lake N-Central shore

Small cleerlng provides access ~ 150 m from road;

Samples taken ~ 10 m from Spruce tree marker at depth of 75 cm;
Black rucks, volcanic origin, steep drop-off, clear water.

Trlbutary Screw Creek
Abaut 200 m upstream from Huwy brldge,_
Channel ~ 10 m wide, coarse gravel, trees hanging over channel;

: Sampllng east bank h me

Swift Rlver below McNaughton Confluence;

Straight. stretch parallel to road, steep banks, strong current
~s 1 m deep, 10 m from marker, 3 m from banks;
Chamnel ~ 30 m wide, shallow at south bank.

Swift River above McNaughtcn confluence;

S5low ;G;}ent ~ 150 cm deep,. parallel to road, North side of

meander with steep slope between road and rlver,
EhannDlrv 30 m wide, some schist outcrops.

PartrldgL Creek (trlbutary)

- 200 m above Hwy bridge, 5 m above burnt out cabln,
Channel ~ 10 m wide and ~ 30 cm deep, coarse gravel, 1gnecus

and metamorphics.

Swift River, 800 m downstream from Swift River Hwy camp;
Channel ~ 30 m wide, very rapid flow > 100 cm deep;

Rock and gravel bed, sampling 3 m from bank, parallel to Hmy
(ZD m ch) .
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STATION NO.

10-13

Swift River main station: " Above Seagull Creek confluence;

~ Good moderate current, gravel, sand and silt beds;

14

15-16

17

18

19

30 m above confluence;
Spruce forest (#10-13) sampling

Seagull Creek

Upstream from Hyw Bridge ~ 100 m before river bend;
Channel ~ 12 m wide, ~ 35 cm deep, gravel bed.

Smift River above Alaska Hwy bridge;

Above lone spruce tree on west bank, channel ~ 14 m wide;
#15 west bank 3 m, #16 east bank 10 m from free gravel
with some 51lt and sand (braided river draining bog above).

Swift River at gauglng'statlon.gust belaow
Smart River confluence.

Swift River above McNaughton (immediately above confluence);
‘L0 m; Steep slope ~ 250 m between Hwy and river, with schist
and shalL outcrups.

Unnamed creek betueen Seagull and Swlft River Hwy Drldge,
North of road &~ 3 m wide.




STATION NO.

1-2

10
11019
| 13

1t

15

16

17
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' STATION DESCRIPTION

" OGILVIE RIVER

Near Milepcst-lhe,_abcve tributary confluence on west bank;
Bedrock exposure on east bank, samples taken at 60 and 75 m
from west bank'(channel width ~ 80 m)v

Near Milepost 142, Churchward Hills, at point where expcsed
limestone beds cross the river; samples taken 45 m from west
bank (channel width ~ 81 m).

Near Milepcstv139,‘abcve black shale exposures and above
culvert draining spruce bog; samples taken 27 m from banks
(channel width 62 m).

Near limestone cave and yellau road sigm; samples taken
45 m from: bank (channel width 46 m).

. Maln winter statlcn betueen Nllspcst 124 and 125 im canyon

surrounded by steep limestone hills; samples taken at or near
river centre’ (channel width 114 m). :

Below Water Survey of Canada-Gauging Station; 75 m from west
bank. (not used as a station after first field trip because
unsuited as a water guality sampling station).

At mcuth of Engineer Creek, lDD m above Hiy Brldge, samples
taken in midstream (channel width 21 m). .

Small tributary nearvgame putfitter cabin; draining spruce bog.

Above trapper cabin;‘limestcne'bedrcck expdsure on northwestern
bank. ‘ ’ '

500 m abcve Hwy camp; Samples taken 30 and 50 m from southeastern
bank-'(channel‘uidth 136 m).

Sulphur springs, Engineer Creek, MllE 107 next to vertically
uplifted black shale deposits.

Trlbutary.next tc masslve llmestcne ridge; sample taken 200 m
above confluence with Ogilvie; groundwater flow with very short
dralnage channel.

Mldd]e Engineer Breek in centre of cut through- antlcllnal ridge.

Groundwater discharge next to statlcn #3 in Ogilvie. Groundwater

- .1s released from the llmestone formation and directly enters the

main stream.

'Trlbutary dralnlng spruce bcg below statlcn #h and above black

shals Dutcrcps.
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SWIFT RIVER ABOVE SWIFT RIVER HIGHWAY CAMP - Station #10

December 1977 March 1978

June 1978 August 1978




SWIFT RIVER ABOVE
ALASKA HIGHWAY BRIDGE
Station #15

October 1977

December 1977

June 1978
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SWIFT RIVER BELOW
McNAUGHTON CONFLUENCE
Station #6

December 1977

June 1978

August 1978




OGILVIE RIVER ABOVE
HIGHWAY CAMP
Station #11

October 1977

March 1978
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OGILVIE RIVER BASIN
ENGINEER CREEK
Station #8

October 1977

June 1978
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