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"ABSTRACT

This study ‘ex4mines and explains tﬁe-hydrological regime of Grizzly

- Creek Glicier (61°03": 139906'), Yukon Tefritory over a six week period

- ~

. (June Sth to July 15th, 1979).

1

Through the use of hydrological measurement techniques and hvdro-

chemical analysis subglacial and supraglacial flows were separated, and their

relative contributions to the total discharge over the study period were

Ay

- e
assessed. . -

)

Subglacial flon aécountéd for 41.5 to 84.0 percent of ;hé total .
discharge at the beginning 6f‘the fieid season. TS&ards The end of June
beginning of July, supraglacial streams gained ;n importance a; the major
runoff component contributing fqur;y-eight'percent of the total discharge
compared to ten percent bf the subglacial component. This transition was

linked to climatological conditions.

The hydrochémigal analysis of the three main runoff components
also provided a useful and reliable means ofldetermining hydrological
process Inputs. By measuring pH, electrical'conductivity and ionic
coéﬁcntrations of magnesium, calcium, chloride, phosphate and silica in
ice, snow and glacial meltwaﬁer samples throughout the field seéson, the
analysis revealed that at tht beginning of the summer the diluted character

ii
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.

of the melé;éters provekes rapid ;ation exchange and water enrichment
as they came into concaet with the winter's accumulation of weathered
-materials. As the summer progresséd, tﬁe general Frend in .water quality
chﬁrac;eristics was onelof decreasing electrical conductivity and ion
concentration, with pH levels tending to be basic.

lSpatiql. temporal and diurnal variations in the meltwatew‘; solute
concentratiens was shown to depend on the Qgrious hvdrological eavironments,

routing, climatic and melt.conditions.

i ‘ -
: ~  Suspended sediment analysis has shown that scrption of major cations
. ++ s . . . . ) .
(Na , K, Ca and ‘Mg ) on suspended particles is of greater importance
for glacial meltwaters running through morainic deposits than for subglacial

meltwaters.

This study also contributes to the undersianding of the complex
linkages which exist between climatplogical¥variables,_the discharge regime

and the chemical composition of glacial meltwaters.



RESUML

Cecte é&tude a comme but d'examiner et d'expliquer le régime
hydrologique du glgeier Grizzly Creek (61°03"; 139%06') Territoire du
Yukon, 3 Dartir_d'observations qui ont été effectuées pendant six‘semaines

(du 8 juin au 15 juillet, 1979).

En se servant des techniques de mesures hydrologiques et d'analyses

hydrochimicgues,nous avons réussl 3 séparer les écoulements Intraglaciaires

.

et supraglaciaires et 3 calculer leurs contributtons relatives au débit

»

total.

Des valeurs quotidiennes de 41.5 3 84.0 pour-cent du débit total
par le réseau interne d'écoulement ont é:é enrdgistrés au commencement de
la saison de terrain. Vers la fin de juin début de juillet, les ruissesuvx
superficiels ont contribué quarante-huit nour-cent au débit roral, comparé
3 dix pour-cent par le féseéu interne. Cette transition est attribuable

aux condicions climatologiques.
L'analyse hydrochimique des &chantillons d'eau provenant des
trois principaux constituants d'écoulement (neipe, glace et eau de fonte)
»
aous ont permis de determiner Jhels environments sont relatives aux

caractéristiques des eaux de ruilsellement. En se servant des

données de pH, de conductivité électrique ainsi aue les comcentrations

iv



ionique de magn&sium, chlorure, caleium, de phosphate et silice, cette
investigation a révélé aqu'au début de 1'até les eaux glaciaires
gtalent trés aggressives ce qul résulte d'un contact insuffisament long

entre l'eau et l'accumulation de matdriel altéré au cours de l'hiver.

“Au cours de 1'€té une dimunition de la concentration des éléments chimiques
caractérisent 1l'eau glaciére. Une réduction dans la conductivitd &lectrique
et dans les concentratiqns ioniques accompagnées d'un pH basigue sont observé
pour les échantillons d'eau glaciaire.

.

Les variatio&q spatiales, saisonniérds et diurnes dans la concentratiﬁn
des solides dissous dans l'eau montrent que ces concentrations dépendent
du milieu, du parcour des eaux, des condition de fonte et des conditions

.

météorologiques.

L'analyse des sédiments en’suspension indique que 1l'adsorbtion des

+ + +4+ ++
cations principaux (Na , K , Ca et Mg ) par ces sédiments est plus importante pour

les eaux supraglaciaires qui traversent des dépdts moralniques que pour les

N

existent entre les varlables climatiques, le régime du deéhit et les propriétés

eaux intraglaciéres.

Cette &tude a aussi essayé d'identifier les liens complexes qui

chimiques des eaux de fonte glaciaires.
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CHAPTER 1

) INTRODUCTION .

A large volumé of literature e&ists on the mass balance gnd
‘hydrologic regimes of temperate glaciers in southern areas as a‘wesult
of the involvement of Canada and other councfies;in the International
Hydrological Decade Progr#m. Thanks'to this.program and éhe researchers
involved, imp;oved measurement technigues and new methods of glacial
investigation were developed. By applying these -new investigative
techniques in th% field, significant steps have been made towards under=-
standing the hydraulics and Efdrology of glaciers. This in turn should
lead to a better unders;anding of the comglex geomorphological processes
attive withih‘g}gciers.

This study sought to investigate the processes taking place at the

~ tontal and marginal zones of Grizzly Creek Glacief, Yukon Territory (Figdre 1).
Over a six week period during the summer of 1979, widely accepted and
proven hydrochemical analysis and hydrological measurement teqhniques.were
employed in order to seperate the various rumoff components and determine

their relative contribution to the glacier's hydrological system.

The‘actual measurement of glacial runoff was divided into
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three parts. The first, consisted of a stage recorder network that’ .
. - —n '

continuously measured discharge of the glacier's main stream and twe of

ics'tribubaries. Hydrological iavestigations of thzs type have been

arrled out bUCCESbtully ky Mathews (1964) Tangborn (1967), Faber (1968),

Loijens (1974}, Rasmussen and Tangborn (1976}, Collins (1977d), and Young (1977).

Hvdrograph recdrding§ of diurnal fluctuatiqns in the élacier's
discharge regime are explained, and attributed to phvsical relatéonships
which exist between the important meteorological parameters and dail;
discharge. Much.attention has been focused on the complex linkages
which comstitute this relationship (@stfem. ec.‘al. 1967, Derikx 1968,
Cudmundsson 1969, Lang 1969. Campbell and Rasmussen 1969, Stenbhorg 1969;
‘Derikx and Loijens 1971, Goodison 1972, Jacobs,.ct. al. 1972, Krimmel and
Tangborn 1974, Gray 1972, Sugden and John 1976, Tangborn and Rasmussen

1976, \nung 1977, and Bigras 1978).

In the second-part, the relative contribution of the smaller
glacial streams discharge was measured by a currentmeter on davs with no

precipitation.

Finally. supraglacial and subglacial £lows were measured by either
dve or Srine solutions on days with no precipitation. In this manner,
it was possible to determide just how much warter was contributed by the
various supraglacial and intraglacial components of Ehe runoff system to
the gotal discharge. Previous work (@strem 1964, Golubev 1969, Stenborg

-

1969: 1970, Behrens. ot. al. 1971, Shreve 1972, Krimmel. et. al. 1972,

- 4

Moser and Ambach 1975, Behrens, et. al. 1975) in this area has proven
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véry useful in gathering information on intraglacial water movement, and

clarifying some of the problems .of time delay and storage mechanisms

a

of water within a glacier.

c Glacial meltwaters are characteristically low in solute content énﬁ
acquire most of their ionic concentration as they flow across the glacier;s
surface and through the internal hydrological system. Consequently,
hydrochemical analysis of these meltwaters has proven to be a highly
accurate and consistant method of measuring changes in water quality
parameters. This method allowed Rainwater and Guyr(1958) to subdivide
tocal flow into components of ;ater from ground environment and water from
glacial meltwater and precipitation. Subsequent investigations ( Slatt
1972, Church 1974, Zeman and Slaymaker 1975, Collins 1977a ;

1977b, Collins ;nd Young 1978) on the chemical characteristics of glacial
.meltwaters lead to the successful separation of surface flow from subglacial
flow, and revealed‘that ionic concentrations varv as a function of temporal

and spatial fluctuations of runoff and source areas.

Ek (1966) and Ricq-de Bouard (1973), using pH and hardness and pH
and resistivity measurements respectively found that glacial meltwaters tended to -
be alkaline and would become more so as mineralization increased. On the other hand,
Ricq-de Bouard measured acidic values for snow samples taken from tﬁe Chartreuse
mountains, which‘decreased as soluble material increased.
In addition to thg hydrochemical analysis of snow, ice and meltwaters,
- this study includes an analysis of the suspendéd sediment load. By

analysing the suspended sediment in glacial meltwater samples; a qomplecé
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éecord of water gquality characteristics is obtained. Concerted efforts
by Lorrain and Souchez (1972), and Lermens and Roger (1978) have,

through the use of atomic-absorption spectrophotometry, found that i
sorption of major cati;ns on suspended particles is more important in the
wnters-resuiting from pércolatioa through morainic deposits than in subglacial

waters which in turn offers some indication of the rate and characteristics

of water enrichment in the frontal and marginal zonmes of glaciers.
. h Y

This thesis describes results of the investigation into the hydrological

regime of Grizzly Creek Glacier throughout the 1979 field season (June 8 to
July 15). By comglning t;e aforementioned hydrological, hydrochemical and
sedimentary analysis techniques fhis study seeks to:
. determine the reldtive contribution of supraglacial and
subglacial flows to the total discharge,
. explain long term and diurnal fluctuations in the discharge
regime,
. explore the linkages which exist between climatological varisbles
in Grizzly Creek Valley and the dailvy discharge regime of the glécieq,
. analyse spacial, temporal and diurnal variations in Ehe chemical
composition of glacial meltwaters,
. analyse the effects of routing on the chemical composition of
glacial meltwaters,
. investigéte the effects of the discharge regime on watér quality
parameters,
. analyse the effect of suspended sediment on water quality para-

meters,

. determine the source areas of the chemical elements associated

with glacial meltwaters.
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1.1 Location and Description of Study Area
i.l a) Regional Settiég
One of many geometrically complex ice streams in the St. Elias
Icefields, Grizzly Creek Glacier (51003' ; 139°06" ), Yukon Terri:ory lies
in the southwest portion of th; Donjek MOuntaiﬁ Range, ( Figure 1 ); At
2700m above sea level, it flows a little less than S5km to a terminus at
1890m and has a total area of approximately lé.gkm%. There are two other
glaciers occupying the same valley at the present time: one an ice cap
on the west side at approximately 2550m elevation and covering 6.5km2,
the other a small cirque glacier 2550m above sea level extending over

2.6km?, ( Figure 2 ).

1.1 b) Local Area
This site, providés a unique opportunity to investigate the effects
of avalanche contributions from the ice cap to the discharge and water

auality of the west side stream "Al" (Figure 2), and the effects of a

- >

small ciraue glacier's contribution to the east side stream's ("A2",
Figure 2) discharge and water quality. A third stream "A3" (Figure 2)
fed entirely by meltwater from the main glacier was used as a control
stream to monitor thé changes which occured in the water quality
chiracteristics of "Al" and "A2".

Grizzly Creek Glacier's accumulation zoﬁe is made up of a two tier '
sysﬁem. The upper basin (Figure 2) between 2700m and 2400m contributes

to the mass of Grizzly Creeék Glacier via an icefall which joins the lower

basin at 2250m.

The upwver accumulatio zone*(S.Skmz) has an average gradient of
0.19m/m, and the lower accuymulation zone (5.2km2) has an average gfédiept

of 0.18m/m. The ablation zone extends from 2100m to 1890m , and covers
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. . 2
an area of approximately 3.9km~, with an average gradient of 0.08m/m.
The surficial area comprising the accumulation and ablation zones vdries’
from year to year dedending on climate conditions.
In addition several small cirque glaciers and perennial snow
patches, located on either side of the glacial basin, contribute to the mass

and discharge of Grizzly Creek Glacier.

The walls of the basin have been cut into Dgyonian-Mississippian
slate. During the ablation season, the high cliffs of the basin walls
are continuallf‘the source of avalanches. Schists and greenstones can also
be found in the area on the surface of the medial and lateral moraine

. systems (Figure 2).'On the east side, near the icefall, ' there is a small area

of exposed quartz, and it may underly much cf the 1ice.

1.1 ¢) Climate and Nea;her during the SP@mer-Season

The St. Elias Mountain Ranges' weather-is influenced by two major air
masses, and generally conforms to regional patterns described by Kendrew
and Kerr (1953). During winter, migration of the deen Aleutian Low into the
Gulf of Alaska brings Weavy precipitation and clouds to the marine slope.
While the extremg}zrcold'and dry Mackenzie High influences the concinéﬁtal

slone front range.

Summer natterns are more complicatéd with_the Northern'cell being
very active in the spring (May=-June) and is the major source of storms
which track the interior valleys past Kluane Lake. Northward migrations
of the Pacific High brings warm; dry weather to the region. (Marcus "1974,
Tavlor-Parge 1969).

Severe sﬁmmer storms at Kluane Lake and along the concineg&g},front

are associated with easterly flow, an unusual phenomenon in rthe area.
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The source of these storms is usually in the southerly flow off deep lows
_tha: move into the Gulf of Alaska. Moist air is funﬁéiied into the interior,
particularly through such openings in the mountain barrier as the Alsek
and Chilwat vallevs. Oncé past the divide.*the_flow swings eastward and
eventually makes contaét with the western r;;ges of ‘the St. Elias Mountains.

(Marcus 1974).

Since the St. Elias Mountain Range 1ies almost perpendicular to the
normal atmospheric fiow, it has a' considerable effect on local climate. In
fact, the weather 1is orographically induced, and variations in weather

phenomena and processes Vary over short distances from vallev to vallev. -
. o

In Grizzly Creek Basin mean daily temperatures ‘range between ~0. 8% and 13.8°C.

The lowest temperatures occured during wet, snowy conditions, at which time

the entire basin may be shrouded imn thick Stratus and Stratecumulus clouds with

a base between 1300m and 2500m.
On Grizzly Creek Glacier, daily summer temperafures range between -1.1°
o .
and 15.5°C but decrease rapidly at sunset when nocturnal temperatures range
o
between -2.2 and lO.SOC. Wind speed and direction were faily uniform over the
glacier, with a mean montly velocity ‘of 7.21 km/s blowing from the south-

southwest (i.e. up glacier). Occasionally the wind shifted and blew from the

north- northwest (i.e. katabatic winds).

Warm air in Grizzly Creek Valley was forcéd up-glacier where it mixed
with the cold glacier air and caused orographic precipitation. During such
unstable periods, the wind velocity was greatly reduced and calms dominated,
while snow or drizzle fell. Precipitation was mainly in the form of snow during
June and changed to mixed snow or drizzle in July. Moderate to hea&y rainfall
was very infrequent, usually occuring at night, and accounted for very little
of the total preq}pitation over the course of the field season. The maximum
amount‘of precipitation, which fell.in the form of rain, was 24.3mm omn June 22.
A detailed record of daily meteorological observations for Grizzly Creek Glaciler

‘are presented in Appendix A,



CHAPTER 11

BYDROLOGICAL INVESTICATION

Because of accéssibility problems and mduntainous terrain, use of
conventional densified networks of permanent gauging stations for‘discharge
measurements was not pdssible; In order to obtain reliable flow measurements
ofrthe runof f syste; of Grizzly Creek Glacier, emphasis was directed towards
an optimized hvdrometric network which would 'be flexible-enough to measure
discharge from the various runoff components and maintain a, certain degree
of accuracv thus allowing meaningful conclusions to be drawn from‘the data.
In this respect, a cbmbination of roving, short-term stream gauping

stations and one permanent installation offered the best possible solution.

(%]
—

.1 Equipment and Methodology

Total discharge for Grizzly Creck Glacier was recorded on an
A Ottt Kemnen stage recorder with a seven day.recofdihg capacitv.  The
two tributary streams were monitored bv a Leopold and Stevens F type stage
_recorder, which also has a seven dav recording capacity. The installation
of the stage recorders, and the method for calculating stream discharge are
outlined in Church and Kcilerhals (19705, Gray (1972) and Corbett cr. al.

od

(1943).

Water discharge for smaller streams was measured bv a MeBlugel

+

-Currentmeter and was used in accordance with the recommendations of Pierce
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FlQ&l) and Church and Kellerbals (1970). Digchargc fr&m éight tributary
streams, plus the main glacial stream were measured on days with no
precipitation at 1000,1300 and 1600 hours Yukon Standard Time(YST) in order to
determine the amount of water each éomponent was contributing to the total
discharge at peak and low flows. Oﬁ two separate occasions, the effects of
precipitaticen on discharge was assessed at 1500 YST, a time at‘which
averape discharge occurs.

To determine subglacial and supraglacial flows, and the rate which
meltwater travels from the surface and margin to the terminus, brine or
Rhodamine WT dve solutions were used. Rhodamine WT dye was used on two
occasions during days with no rain An accordance.with the procedures -
recommended by Wilson Jr. (1968).

“

Two, one litre dye tracer slugs, twenty percent concentration were
used to trace the path of the water from the east iributarv glacier.
Another two licre dve tracer slugf ten percent concentration was used to
trace the water's path from the icefall. Unlike the first twé attempts,

the third failed. No trace of Rhodamine WI was found in the water samples.

Any number of reasons such as the sampling period chosen, or perhaps
a2 storage mechanism operating within the glacier could be responsible for
not finding any trace of the dye. However, it seems likely that the-Turner
model 110 fluorometer did not detect any trace of dve because of an in-
s?fficient concentration of Rhodamine WT dye coupled with high scdiment load

in cach sample bottle which did not allow the light to pass through the

samples.
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When a brine solution was used the method nroposéd bv @istrem (1964)

was implemented. Nine salt tracer experiments were carried out on ﬁive
.supraglacidl streams on davs with:'no precipitation at average and low
discharge times (1100, 1200, and 1500 ¥YST } The experiment consists

in a sudden injcction of salt brine into the stream and measuring the changes
that occur in v¢lectrical conductivity as the salt wave passes the glacier's

terminus. Electrical conductivity was measured using a LaMotte model DA-1

conductivity meter and probe.

2

" Hvdrological Measurement of Runoff Components
Emploving these three distinct measurcement techniques to calgulate

. - . L - -
water discharge from the various runeff components of the glacier, a

- thorough study of the glacier’'s drainage network and hvdroleogical regime

=0

s gained.

0

—

Total discharge from the glacier was continuously measured from
June 9th to July 15th, 1979 by a stage recorder aporoximately lkm frﬁm
the glacier's terminus. Two other stage recorders were used to monitor
the cast stream (Figure 3). Subglacial and supraglacial flows were measured
using either dye or brine splutions. And a currentmeter was-used to measure
small supraglacial stream flows. By using three types of measurement
techniques, the relative water contribution of the various flow routing
components of the runoff system to the total discharge can bé calculated
with §he following equation:

= + 0+ + 0+
Q7O . b Qg s % modified after Collins and Young, (1978).
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Where: Qtr? Totai discharge
Qi = émall supraglacial streams
Qb = Meltwaters froﬁ basal condgits
Qg = Meltwaters from tributary glac}er
-Q; ¢ Major glaciél streams ‘ \
Qq = Quickflow resulting from péécipita;ion and snow pelt of

non-glacdierised area of the catchment

And in this particular case, Q, = [Os(of stream A2) - Q).

b

2.2 a) .Relative Flow Contributions by the Various Runoff Components

-«

-

A partial breakdown of total discharge into the varicus runoff

component contributions to total stream flow is given in Tahle 1.

}
/
—

On June 13th, at 1000 fST, discharge measurements were made
of all streams contributing to the total éischargef Their total recorded
diséharge was 54.37% of the total flow. Of this.S&.3Z, the largest amount
(41.5%) comes from a well developed internal glacial svstem located on the
east side of the glacier. The remaining 45.7 percent is accounted for
by melting winter snowpack, melting of ice cored moraines, perenial snow
patches and intermittent rain and snowfafi, all in the immediate area of
the glacier. Later on in the day, 1600 YST, flow from the glacier

. .

streams increased slightly to 56.3 percent while the surrounding area's

contribution decreased to 43.7 percent.

Total discharge froﬁ the glacial meltwater on the 19th, 1400
YST , was only 7.1 percent. This indicates that the winter snowpack is

being saturated by meltwaters and will be "washed off" in the form of slush
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flows when it becomes super saturated. The residual, some 92.9 percent
] N

of the total flow is accounted for by melting snow and ici in the surround-

.
-~

ing area.
A marked increasé in stream discharge on June 24th, 1500 YST,
.and again on June 26th, 1300 YST,.dis attributed-to slush flows and
basal conduits being "flushed out" arcund the glacier’s terminus. Conseaquently,

discharge from the cast stream excceds the total flow registeged at station

A. MWater from A2 was diverted by another channel which lead it under the

o >

- moraine .svstem on the east side, only to emerge further downsrvream bypassing

station A. This channel comes into play carlv in the scason when A2's

. 3
discharge ecxceedes 1.84m™ /sec.

As a regpft of precipitation on June 22nd, small supraglacial streams
appeared on the glacicr'g terminus and contributed 48.73 percent of the total
discharge. B;sal conduits on the east side doubled their carlier seasonal
flow contributions. No precipitation was recorded on the 26th, and as such,
the suprﬁ@l&:}al streams onlv contributed 19.5 percent of the total flow.
However, the.internal network on the east side continued to cont;ibute the

major portion of the total discharge. The surrounding area's contribution

at this time is considerably less as the winter snowpack had all melted.

Super-saturated snow flows (i.e. slush flows) sliding off the east side
tributary glacier and the upper portion of the main glacdier's ablation zone
on June 30th, swept both hvdrographs A2 and MTE /MTE away. Due to reasons covered

in the succeeding sectien, MTE /MTE station was not re-established. Currentmeter

measurements revealed that MTE /MTE was contributing 31.7 percent of the total
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discharge and only twelve percent of this amount was recorded on the
hvdrograph at A2 because the stream was cutting into the glacier's.side,

awav from the recording station.

The upper ablation zone's drainage is not determined by crevasses,
thqy are filled up £y standing water and drained off supraficiallv by
spilling water, consequently, no moulin development on cither the upper
or lowcé ablation zones‘cpuld be found. Howevgr, suﬁraglacial streams
accéunt for 32.9 percent of the total runoff and will continue to be a
major flow factor as long as the sqowline keeps receeding. As a consequence

of surface drainage, channels within the ice are more open and the time of

travel between measuring p

ints is diminished. A substantial risc in dis-
chargé on July 3rd as a result of leavy precipitation is reflected in cach
© stream’s incrcased‘flow.- Due zo the sudden increase, over 10,000 mjfhr. of
wiloer wis di;ortcd via small and large streams past the main stage

recorder A", Later in the season, the majority of the smaller streams

merge with the main stream.

As summer progresses, meltwaters from glacier ice and firn increasc
in importance to the runoff regime. As more and more of the ice surface
becomes exposed, the range in diurnal discharge flows decreases, and the -
addition of precipitation to the daily discharge regime is immediate.

2.2 b) Hydrograph Trend Analysis

The continuity of the hydrological records of streams A, A2 and MTE/MTE
over the 1979 field season provide éufficienc information for a comparison

to be made between the diurnal discharge regimes of these three streams. Figure
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4 represents the hydrographs for Grizzly Creek Glacicer's streams A, A2 and

MTEMTE. Hourly discharge measurements are available in Appendix B.

At first glance, the most striking fact about the hydrogranhs is
their great variability throughout the period in question. During the
carly part of the summer, tfhe range in diurnal flow is small but inercascs

markedly as summer progrosses.

Maximum and %inimum discharge for all three streams gccurs between
1800 and 2200 ¥ST, and 0600 and 1200 YST respectivelv, This suggeéts that
there is no storage mechanism at work between stations MIE/MTE and A. Dye
tracer experiments revealed a twenty-five to seventy minute travel time
from station MTE/MTE to station A, and a three to ten minute travel time
from statien A2 to A, depending on the aﬁount of runoff. Fastest travel

times were recorded during peak discharge periods.

An outstanding feature on Figure 4 is A2's discharge curve for the field
season . J¢ was obvious that A2 was the major stream contributing meltwater -

from the glacier to A during the early portion of the summer, and at one

-

point, June 23rd te 30th, it surpassed the total discharge readings at A.
The reason why this excess flow did not register further dowﬁ\q$ream at A
is that an old channel re-routed the meltwaters, once they reached a-

certain level in the main channel, through the lateral moraine ‘svstem on

the cast side and do not resurface until well down the valley past

-

hvdrograph station A. This situation corrects itself after the pressure

dome collapsed and once again all A2's flow was restricted to the main

-~

channel.
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Because of ﬁhe extremely variable ﬁatgre_of the two tribﬁtary streams
(A2 and MTE /MTE) being'pcnitored, several problehs were encaunﬁered: Continual
shifting of the east tributary glacier's stream from omne channel &MTE) to
another (MTE) approximately 80 meters. apart (Figure 3) and sudden outburst
floods forced frequent stage recorder re-location, and finally resulted in
.abnndonment of discharge measurements at this site by a stage recorder.

Further down the cast stream near the glacier's terminus (station A2,

Figure 3) the stream censtantly cut into the side of the glacier and finally
disappeared under it only to re-cmerge after a pressure dome had collapsed.

As a result, the discharge record for this stream contains inaccuracies

towards the end of June and the beginning of July.

[ R]
[}

Meteorological Variables Effects on the Diurnal Di;charge Regime

Simple linkages between the discharge curve and metecrological
variables are sought to explain hydrological trends. Figure S,Ishows a
simplified version of the relationship which exists bctwéen diurnal discharge
and meteorological variables (temperature, solar radiation and precipitation) .
for Grizzly Creek Glacier;%uring the 1979 field season. Hourlv mecteorclogical
observations are available in Appendix A.

Temperature influences melt rate immediatelv.and depending on the
amount and distribution of snow at the end of winter, a rise and fall in
temperature is usually paralleled by a rise and fall in the discharge curve,
Figure 5. A drop in temperature such as the one experienced on June llch,

- P ,
from 10°C at 1200 ¥ST to 0.0°C at 1800 YST,reduces the amount of heat being
,_“onducted from the air to the ;ce and snow which in turn decreases melt. If

low temperatures persist over an extended period of time, they will affect
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the amount of Aaily runoff. Ave%ége daily temperatures for June 12, l% and l4
waere o.o°c: 1.36C and 0.8°C respectively, and as a result, the average daily
discharge at station A droped from 0.37m3f5ec on the 12tt1tol0.20m3/sec on the
13th and 14 th. However, these low temperatures and their effect on the dailv
discharge were g;eatly reinforced when approximately 0.9mm (water equivalent)
of snow fell on June 12 th, Snowfall increases the glacier's albedo, and
absorbed short wave solar radiation‘is reduced. Later en in the season, the
glacier's albedo is reduced (0.6 to 0.9 for fresh snow : 0.2 to 0.4 for ice)
in the ablatién zone, and melting due to solar radiacién becomes very

0m3fscc

-1

significant. (Sugden and John 1976) Above average discharge -flows.of 1.

3 . -
anéd 1.15m™ /see for the month of June were recorded®at Station A on the 27th

[N .

LY N } ‘)

and 28th. Coiacidently. above normal solar radiation values (0.36 cal/em™/min
: 2

on the 27§k and 0.40 cal/cm™/min on the 28th) and moderate temperatures

" (daily average for the 27th was 5.4°C and 3.3°C for the 28th) were registered

¢
over the same neriod.
t

" Low solar radiation values were recerded on a Weathertronics mechanical
pyvranograph ttransmits 907 of the electromagnetic energy betwecen 0.3 and 3.0 microns)
early in the morning -over the entire study period (Figure 3), and may be the
result of high éurface reflectivity from the surrounding snow covered mountain

peaks.

Temperaturc and solar radiation reach their maximum valuces between
1200 and 1600 YST with their minimums occuring.qarly in the morning between
0100 to 0600 YST whereas maximum discharge flows are recorded between 1800
to 2200 YST with minimums occuring between 0600 to 1200 YST, (i.e. June 2&,

. . ”
maxinum temperature (13.800) and solar radiation (0.81 cal/em™/min) at 1600 YST
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with maximum discharge (2.57m?/sec) at 2200 YST:; minimum temperature (3.3°C)

and solar radiation (0.07 cal/cm2/ min) at 0200 YST with minimunm discharge

\9

(1.34wm>/sec) at 0800 YST).

This 6 hour lag period betwecn maximums of temperature and solar

radiation, and discharge represents the time which is required for the glacial .

ice and snow to reach their melting point. Once this point has been._reached, the

latent heat of fusion is used to transform ice Into liquid. (Baranowski 1977)
T——
Another 6 heour lag period is required before the system can respond to lower

temperatures and less incoming solar radiation.

During the carly part of summer, precipitation's effect on discharge
is not immediate. The winter snowpack, between 38 and 43cm, on the ablaﬁion
zone acts as a porous medium and absorbs most of the precipitation until
it becomes super-saturated and releases it. This causes a delay period between
the fall of. precipitation and its reaching the gauging stations. Feor ex;mple
between June 21st and 22 nd 39.9mm of rain fell, and it was only on June 23fd
that a substantial rise in daily discharée was recorded at station A (daily

discharge for: June 21, 60336m3 ; June 22, 84708m3 ; June 23, 184608m3).

As the season progresses and the snowline retreats, the delay
period is substantially reduced. On July‘z\th, 16.8mm of rain fell between
the hours of G400 and 1400 YST. This event was paralleled by a rise in discharge
at station A, from 3.77m3/5ec at 0400 YST to 4.61m3/sec at 0800 YST and to a

daily maximum of 5.60m3/sec at 1400 YST.

Amomgst the meteorological findings presented here, solar (short wave)
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-

radiation emerges as the dominantifactor in snow melt even though it depends

on the time of year, the time of déy, the amount of cloud and snow cover. As

éhe snowline receeds 1es§ solar radiation is reflected and scattered, and more
of the glacier's syrface is exposed.,aé a result, the glacier is able to absordb
" more short wave radiation later on in the season eveﬁ thOugh the average monthly
incident radiation may be greater earlier on“in the ficld season. This was the
case when a comparison was drawn between the average monthly solar radiation

for the months of June and July.

Once the equilibrium line (goverﬁed by solar radiation and temperature)
between glacial ice and firn is established, fluctuations in the range of daily

discharge is greatly reduced and is reflected by a smoother hvdrograph trace.



CHAPTER TIII

-

HYDROCHEMICAL ANALYSIS

4

The chemical composition of natural waters is affected bv. the soluble

nroducts of weathering and erosion. Because of the unioue characteristices
water acouires along its path, water quality analvsis, has heern used since

the end of the. 19th century as an accurate and reliable instrument in

hvdrologic studies. (Hem 1959)

Chemical analvsis of water samples is a pood indicator of the nature
and importance of some of the environmmental {actors to which water may be
oxposed in the hvdrologic cvele, and has been used extensivelv in determin-

ing the origins of water. (liem 1959)

Onlv recently, over the last twenty vears, has water auality
analvsis been appliéd to glaciallmeltﬁhters. Throégh the usce of hydra-
chemical analvsis, this studwsendeavors to determine the source areas of
meltwaters and the coffects of mixing, routing, discharge and scdiment on

the chemical composition of the three main runoff components, snow, ice

and meltwaters.

3.1 Eauipment and Methodology

The study was designed so that glacial stream water characteristics

could be monitored throughout the 1979 field season, to reveal spatial and
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temporal variations in water quality which occurred over the summér.. The

A ' ) '
sampling procedures used to achieve these objectives, were those recommended
by Hem (1959), The United States Army Corps of .Engineers (1977), énd Collins
(1977b).

Almost anv substance, whether active ér intert can be a crit;cal‘
water quality parameter if introduced in water in-sﬁfficient quanticy.
However, this is not the case for the glacierized basin area of érizzly
Creek where the chemical ﬁarametcrs which will be tested must occur naturally
and in significant concengraeion as to be measurable. -LitQQacurc on the
hvdrochemical analvsis. of glacial meltwaters is in agreement that: pH,
clectrical cénductivity and chemical concentrations of chloride; calcium,
magnesium, phosphate.and silica are the most common and useful chemial
indicators of the processes at work in the hydrological regime of glaciers.
(Rainwnter .'m>d Guw 1938 Slatt 1971, Chureh 1974, Zeman and Slavmaker 19756,

Collins 12772 and 1977b, Collins and Young 1978)

In light of this information, this studv adonted the above mentioned
water qualicy paramcters for its analvsis of CGrizzly Creek Glacier's meltwaters.
All meltwater samples were collected manuallv from the various sampling sites
located in the Crizzlv Creek Glacier studv area (Figure 6) at predetermined
times by a number of field assistants. These were taken in turbulent water

o - . ,
zones oriented at a 90 angle to the stream line at all sites in order to

ensure complete mixing.

Meltwater samples were collected in 500ml nolvethylene bottles, pre-

washed in distilled de-ionised water, and with water from which the sample
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was about to te collected. In order to minimize the potential effects of

" adsorption and desorption phenomena (Lorrain and Solchez 1972) on water

auality characteristics, all samples were analvsed in the field within twentyv—
.

four hours of their collection. To avoid gﬂseous cxchange, sample bottles

were f£illed to the top.

Before proceeding with any chemical analysis; each sample bottle was

thoroughly agitated, and each piece of .equipment used to measure the chemical

properties of glacial meltwaters was calibrated just prior to individual sample analvsis.

Hydrochemical studies using total ionic concentration of dissolved
/ .
subsgances in solution as 3 measurable water quality parameter have shovm

s
that temnerature has an effect on specifié conductance. Therefore. thore was
a neoed ca accurately monitor water temneraturc during analvsis. A series of
wnprrimeﬁts vere carried out by Collins (1977d) to determine the relationshin
~etreen speeific conductance and temperature.. Results ﬁhow th;t the nercentane
ircrease should bé abeut ten percent per degree less than SOC. five pe}cont

- o o .
per degree between 5 and 10 C, and two percent there after for arctic .and

alpine streams.

Specific conductance measurements af meltwater samples from Grizzly
Creelk Glacier were made with a LaMotte rmultirange conductivity meter model

. o O . . .
DA series between temperatures of 2 and 15°C. This unit was slse eauiped with

a manual temverature comnensator which reduces the inherent temperature

differcnces betveen samples.

Variations in temperature can also affect the pl' of meltwater samples
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by increasing or decreasing the rate of ion dissociation. A LaMotte nH meter
model HA series was used to measure the piH of meltwater samples. Temnerature
variations between meltwater samples were mannually compensated for by an

' : . e ) S
adjustment knodb which regulates temperature readings within a N o 10090 range.

L]

Using the LaMotte TRL-05 colorimeter outfit, total hardness was determined

. by empnloving the titrimetric sddium'étﬂylenc—dinﬂine'tetraacctate method. Ionic
concentrations of ch;oridc were measured using the titrimetric petassium
dichromate siivcr nitrate method. calcium by the titrimetric sodium cthvlene
- . ’

diamine tetraacetate method, magnesium concentrations were calculonted by
suhtracting calcium hardness from totnl hardness. phosphnto.fhrpggh.tho
use of colorimetric ascorbic acid reduction and silica by means of dolorimetric
heterorelv blue method. A detailed @ethodologv can be found in the LaMotte
Chemical Operator's Manual (1978).

The equipment used in the field allowed for an accuracy of *2ppm for

Calcium and Magnesium, #0.57 for conductivity, pH was +0.05 of a pE unit,

+0.05ppm for Phosphate, =0.03ppm for Silica and +5ppm for Chloride.

-

Sediment samples were seperated from waters in the field b? filrration
through individual Whatman 42 Ashless filter papers, under pressure from a
handpump. Samples were returned to the laboraéory in sealded bags, oven d}ied
and analysed for cation concentrations of sodium,potassium, calcium and
magneslum by atomic absorbtion spectrophotometer. Samples treatment and
method of analysis were described by Lorrain and Souchez (1972). Here Eoo

care was taken In calibrating the atomic absorbtion spectrophotometer before .

‘testing for each element. The atomic absorbtion spectrophotometer allowecd
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for an accuracy of *0.05ppm for each of the four clements being tested for.
Reproducibilicy of the findings presenfbd in this study are dependent

upon physical factors not related to instrumentation or handling, and may

lower or increase the significance of the differences observed in the water

. I 5
and scdiment samples analysed.

In oxder to obtain a reliable data basé, the hvdrochemical analysis
portion of this study was set up‘so that every dav at fixed sampling sites
(Figure 6i two 500ml water samples werc collected at hourly inﬁervals
between 0800 and 1700 YST during the first week ( June 8 t§ 15 ); One
water sample from cach pair taken is filtered in order to make an accurate’

determination of the chemical composition of water only.

Because of the increased number of streams being monitored after
the first week, from three to nine, water samples were collected during
optimum chemical concentration times ( 1000, 1200, 1500 and 1700 ¥YST ).
During the last three weeks of the field season, water samples from émall
and supraglaéial stréams were gathered twice a week on davs with no
precipitation at 1000"1200 and 1400 YST. A continuous fourtyv-eight
hour run, with w;ter samples taken,at two hour intervals from the three

main streams were analysed for diurpmal variations in pH and electrical

conductivity.



3.2 Spatial, Temporal and Diurnal Variatioms in the Chemical Composition
of Clacial Meltwaters

This section takes into consideration the cffects of weather and the
source area on the chemical characteristics of gplacial meltwaters, but deals
mainly with the temporal sequence and its influence on the chemical composition

of these waters.

It also inadvertentlIv investigates the effects of mixing on water
quality characteristics where two or more glacial streams converge (Figure

).

The chemical composition of ice, snow and‘melt;aters of the main
glacial streams (A, Al, A2 and A3) at the beginning of the field scason (June -
§ to 10) are presented in Table 2. Subscquent pgraphs and tables show
spatial, temporal and diurnal variations which occur in water chemistry
throughout the summer for each of the water quality parameters. It should
also be noted that the main glncial.strcams' data presented on these

graphs and tables are for filtered water samﬁles only. Ice, snow, precipitation

-

and small supraglacial stream samples required no filtration agfthey contained

]
litrtle or no sediment.

3.2 a) n©oH

The hydrogen ion concentration or pH depends on the extent of hydrolysis
of anions and cations in solution. Figure 7, illustrates the changes which

occur in pH levels over the 1979 field season.

" During the ecarly part of the summer, all sampling points along
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FIGURE 7

~

Spatial, temporal and diurnal variations in  pH
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stream systems Al, A2 and A3 aré slightly acidic in nature except for

~

o' TAlE is located in an area fed by snow and ice from the glacier's

uppor lon and lower accummulation zones, and does not come into contact

with the bedrock or moraine systems. Analysis of snow and ice samples from this

area (Figure 6) reveal basic pH values (Table 2), and as expécted, the pH values

for meltwaters from TAlE are similar to those of the source materials. Diffcrences

in stream pH values are elaborated further on

in scctions 3.3 and 3.4,

In constrast, the chemical composition of meltwater samples from

-

stream A cannot be traced to a particular source area, as its water quality
characteristics are the end product of the mixing of meltwaters from streams
Al, A2 and A3, snowmelt from the surrounding area, and the path taken by

the meltwaters over glacial till along its lkm route teo the sampling station

(Figure 6). Consequently, sampling site A's pH value for June 1lth was 7.0.

. On June 16th, the range in pH is between 7.0 and 7.6 with TALE
recording the highest pH value. All three streams recorded higher pH

levels than on the 1lth of June. This indicates the continuing increase

in importance of snow and ice as meltwater sources. Sampling site A's

pH remained at 7.0 during the early. part of the dav, but later on (1500
¥ST) it dropped to 6.8. An increase in suspended sediment load just
before peak discharge may account for the decrease with more cations being

available at this time for dissolution.

All three stream systems showed a decrease in pH levels on June 25th,
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coincidentally, discharge for June 25th showed a marked increase from
previous days. It is beliecved that the increase in flow could not be
contained within the existing drainage network and spilled over dragging

along loose rock debris scattered over ‘the surface of the glacier. The

resulting increase in mineral concentration caused a reduction in the

meltwaters pH level. In stream system A2's case, . the increase in water
flow through the basal conduit system caused melting of basal ice which

rcleased sediment particles into the water accounting for acidic pH levels.

Figure 7 shows the drop in pH levels ag sample siteés Al and A2 just before
peak discharge levels. Becauii stream system A3's main water source
is snow and ice from the upper ablation zone, and it rums through the
. . A
centre of two medial moraines and does not come into contact with either
one of them, no change in pH was recorded from 1500 YST to 1700 YST.

And no significant change in pH values from June 16th to June 25th for

sampling Site A were recorded-.

The graph for July 8th exhibits a very interesting temporal sequence
which developed over the month of July. Qli three stream systems éﬁ values
are alkaline ranging from 7.4 to 8.2. It is belicved that at this time,
ice and snow are the main source of meltwaters, and that the major portion
of loose debris on the giacicr's surface and "erodable scediment contained in
the conduit system's walls are no longer readilv available for transportation
as wae the case earlier on in June. As such, meltwaters reflect the chemical
characteristics of their source materials. Even so, streim system A2 has a
sIightly lower pH level than the other two stream svstems because of the

interaction of its meltwaters with the bedrock.

-
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Table 3 contains the diurnal variations in pH over a fourty-eight hour
period (July 12 to July 14) for sampling sites Al, A2 and A3. The three
main streams reach their maximum basicity level between 1400 to 1800 :hrs.
YST.., just before the peak discharge pefiod, and decreases to a minimum

pl value between 0200 to 0800 YST ahead of the low discharge period.

1.2 b) Flectrical Conductivity '

-'Conductivity is defined as a solutieon's capabilicy to conduct an
vlectrical current nnd‘is directly related to the total -fonic concentration
of dissolved substances in the solution. Figure_S illustrates the variations
in vlectrical conductivicy for the 1§79 ficld scason.

On the llth and 16th of June., high condu;tivity values are recorded
for the A2 stream svstem with peak conductivity occnrving late in the af;cr—
noon (1500 ysT ) Stream systems Al and A3 have fnirly constant but

much lower conductivity values than the A2 svstenm,

This discrepency in electrical conductivity levels is partly due to
the fact that Al and A3 are supraglacial stream systuems fod by snow and ice
from the upper ablation zone and have characteristically low conductivity
values, (Table 2). However, Al has a slightly higher Conauctiviry level
than A3 buecause of its contact with the lateral moraine svstem (Fipure 2).
Buecause both systems are supraglacial, their meltwaters have litele time for
interaction and dissolution of ifons from the sediment, But because A2

J

is a basal conduit syvstem, meltwaters are in constant contact with the bedrock,
and interaction time between water and solids is increased and allows for

)

greater dissociation of ions f{rom the sediment which in turn contributes
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48 Hour pH Run
July 12 to 14, 1979
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Spatial, temporal and diurnal variations in electrical conductivity
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to the higher conductivity levels. ' ﬂ

Sampling site A's conductivity increases from June llth to 1é6th as a
result of the three stream svstems mixing, snowmelt 'from the surrounding
area and the path taken by the meltwaters through glacial till all of which
add to the dissolved material content of the meltwaters.

As the scason progressed {(June 25th to July Sth), lower electrical
conductivity levels were recorded for all three stream svstems. This

decrease in conductivity is associated with increased discharge and flow

velocity allowing less contact time between meltwater and sediments.

Sampling sites in'the A2 svstom registered the highest conductivity
values for the summer followed by the Al system and then A3. Sampling
site A fluctuated throughour the summer as a result of routing and mixing.

Unlike the diurnal patterns observed for pH, all three streams <
parailel each other in the timing pf maximum and minimum electrical
conductivity values, (Table 4). Peak conductivity is registered from 0800
to 1000 YST and shortly there after 1600 to 2000 YST minimum

values are recorded. Thus, diurnal variations in electrical conductivicy

occur inversely and roughly in phase with fluctuations of discharge.

3.2 ¢) Chloride
Chloride is found in all samples, and may have its source from wind-
blown sea salt in rainwater? (see PRE samples, Table 2). The rapid, crratic

fluctuations in chloride concentrations combined with a minimal ranpe



TABLE 4.

48 Hour Electrical Conductivity Run

- 40 -

Julv 12 to 14, 1979
Streams
Time (YST) Al r'\2 .'\3
2200 48 120 120
2400 S4 115 120
0200 60 120 120
0400 64 120 120
0600 68 125 140
0800 73 135 140
1000 57 140 135
1200 47 135 120
1400 44 115 100
1600 40 100 87
1800 36 95 | 86
20Q0 38 88 87
2200 40 100 91~
2400 46 100 98
0200 50 105 110
0400 53 105 120
0600 58 110 120
08040 57 115 130
3 1000 45 120 110
1200 42 100 86
1400 38 | 85 78
1600 33 70 68
1800 32 68 70
2000 36 71 72
2200 42 81 | 81 _




_Al_

difference (5 to 15 ppm ) from stream svstem To stream system throughout the
. , h .

field season have rendered chloridé less reliable than hoped for as a chemical
indicator. Consequently, spa;ial, temporal, and diurnal variations are not
marked or consistant. Figure 9 contains chloride fluctuatiohs over the 1979
field season.

Stream svstems Al and A3 have the highest €1~ concentrations over

2

the entirve field season. This is attributed to their source maccfial. snow

and ice which also have high chloride concentratioms, (Table 2). The A2
stream svstem shows a falling off of C1™ towards the énd of the field scason
(July 8th). In this casc, decreasing €1~ concentrations maybe the result of

*
lower surface melrwater contribution to the bhasal svstem.

Sampling site A is fairly consistant in its Cl concentratioms
(ranging from 35 ppm to 35 ppm y throughout the ficld seasom, as 2 resuls of

mixing and routing.'

A slight increase, from 5 to 10 ppm , in Cl” content was noted in
all samples taken after precipitation occured. This phenomenon lasted for
approximately fourty-eight hours after rain had fallen, and is believed to

be related to sea salt in rain water.

Diurnal variations show peak chloride concentrations between 1200 and

1300 YST with minimums occuring in phase with peak discharge, between

1800 and 2000 YST.
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Spatial, temporal and diurnal variations in chloride concentrations
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3.2 d) Hardness
Total hardness of meltwaters generally represents the total
concentrations of caleium and magnesium ions expressed as calcium carbonate.

Calcium and magnesium may be added to the meltwaters as they pass over rock

and glacial silts possessing these elements. Fipures 10a and 10b illustrate

the variations in calcium and magnesium concentrations throughout the 1979

At the beginning of the season, calcium concentrations were generally

higher than magnesium concentrations at all sampling sites with the exception

-

-

of sites TAl and Al.

*

The overall calcium content and somewhat lower magnesium confent
registered at most sampiing sites may be attributed to the ent;ainment of
glacial debris left over from the previous yecar (1978} in the basal and
surface drainage networks. This could account for the above average

hardness levels expected for glacial streams fed by snow and ice this early

in the season.

3

++ 4
On June 1l6th, a slight drop in Ca and Mg concentrations was

recorded\ESkmcst samnle sites on the west side. Three sampling sites (A3D%, A%A,

/’ ++ +

+
TALE) had/no trace of either Ca® or Mg . These stations are influenced

by snow and ice melr. Later in the day, (1500 ¥YST) all three stream

N ++ ++
systems registered higher Mg concentrations than Ca .

I3

Calcium and magnesium are components of the silicate minerals which

serve as the m2jor constituents in the metamorphic rocks “found in the immediate

area of Crizzlv Creck Clacier. Thus the turn about in increased magnesium

~
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FIGURE 10b

Spatial, temporal and diurnal variations in hardness
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concentrations over calcium concentrations can be accounted for by the BN
: o+

availability of soluble Mg from the numerous greenstone fragments strewed

throughout the glacierized basin, and in particular on the cast side.

However, sampling site A does not refleet the aforementioned trend. lIts

calcium content is usually higher than its magnesium content. These occurences
maybe the result of stream A's incisive action on the alluvial plain where there

maybe a good chance of meltwaters making contact with calcium rich deposits within

the outwashed material before they reach station A.

-

A further decreasce in the hardness levels for all the stream svstems

+

‘ . . ++ +
was noted on June 25th, with the A3 svstem having no measurable Ca or Mg
As snow and ice become increasingly important as a meltwater source, the

probahiticy of '"softer” glacial waters incrcases.

The overall reduction in hardness levels for the stream systems on

June 25th is ascribed to & combination of increased discharge resulting
from snow and ice melt, dilution, and less interaction time hetween rock

'‘materials and melcwatcers.

As the snowline recedes, the head of streams Al and A3 cut farcher
up into the accumulation zone. Consequently, sampling Sstations (A3U, TALE,
X N . " _ +F ++
A3A) located in the immediate area have no measurable Ca or Mg content
during the early part of July. Continued reduction in hardness levels at
21l sampling sites on July 8th.was noted. ¢

P +4+
The temporal scavence in Ca  and Mg concentrations over the 1979

fivld scason is one of constant decline. Calcium concentrations go fram

50 ppm. wearly in the season to 25 ppm  in mid-July. Magnesium concentrations

-



started at 35 ppm and also ended up at 25 ppm in mid-July. As the
: . ++ ++ -

summer progresses, supraglacial streams low in Ca  and Mg content play

i .
an ever increasing role %g.glacial runoff, and as such contribute to the
decrease in hardness levels. Dilution, interaction time and availability of
elements must also be considered as factors contributing to lower hardness,
levels.

Diurnal fluctuations in hardness levels for glacial strceams vary

o 4
inversely with daily discharge. Peak Ca and Mg concentrations occur in

L

between 1000 and 1200 YST  and taper off to minimums around 1800 ro

2000 YsST.

3.2 ¢) Phosphate

In this glacierized basin, phosphate is largely concentrated in groen-
stones and schists with apatite as an accessory mineral. Weathering of thesce
rocks teﬁds to release calcium phosphate, which is soluble to some degree in
rainwater containing carbon dioxide.-Phosphate was tested for during the earlv

. w
part of the season, and the results are contained in Table 5.

"
Phosphate levels are fairly consistant at the beginning of June

(&213), and vary by only 0.05 ppm to 0.10 ppm at stations A2 and AJ.
Sampling site Al however is somewhat more erratic in phognhatc content
between June 8th and 13th. Meltwaters from this system come into contact
with "the westside lateral moraine where it picks up availaglc ca}cium

\

phosphate for solution.

All three sampling sites on June 15th and 16th show a marked decrease
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in phosphate content as a result of last winter's ucachercd material on

the glacier being carried away by spring mcltw1ters. The possibility that

phosphates were rodepositcd should not be disreparded vither.

On June 18th and 21st, phosphate concentrations increased substantially
after heavy rainfall. All three stations had higher than usual phosphate
concentrations especially on the Jlst at sites Al and A2. Consegquently,

the mobilizing effect prccipifation has on phosphate overshadows those

of spatial and temporal variations.

3.3  The Effects of Routing on the Chemical Composition of Meltwaters
This section assess the effects of routing on the various runotif
_components over the summcrEPy examining pH and clectrical conductivity from
- & * - ) ) + - - ++
both filtered and unfiltered samples, and ion concentratlons of C1 , Ca
++ - - » - - .
and Mg of filtered samples only. This information is contained in

; ' . - . cae . .
Figures 11 through 14. Also in this section, the silica concentraticons In

streams A2 and MTE are examined.

-
-4

In order to assess and compare the effects of routing on the various
streams' meltwater characcerisciFs, a control stream was used. The A3
stream system was chosen because it is a supraglacial stream fed entirely
by snow and icé. with limited interference from the two medial moraincs
(Figure 2).

. - ++
On June léth ( 1200 YST- ) low concentrations of Cl ., Ca and

++
Mg , 30, 20, and 10 ppm rgﬁpectivcly, were ‘recorded at sampling site A3.

The pH: levels for unfiltered samples were higher than filtered samples, nnd
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the inverse is true for electrical conductivity, (Figure 11). This is a

recurring phenoﬁénonrand the probable explanation for the increase in
conductivity of tﬁe filtered sample isithat during filcracion, ions
became dcsorbéd from the surface of scdimentary particles and passed
thfcugh the memb?anc dﬁring the filbrationqproccss. (Lorrain and Souchez

1972). . )

Four davs later on June 20th (1500 YST ) chloride coutént

-

. +4+ ++
is up from 30 to 35 ppm , Ca and Mg are down to 6 and 4 ppm , and pH
levels are up to 7.4 and 7.0 with the unfiltered snmplé highest. Conductivity-
has decreased slightiy, with the filtered sample, higher than the unfiltered,

(Figure 12). : : . . 1= -

 Towards the end of Jdée bcginqing of July (Figures 13 and 14),
mcltwntcrs'at station A3 had no traceable calcium or magnesium. Also, pil
lcvcl; have become ianeasingly Basic in both filtered and unfiltered
samples. Conductivity continues its deownward trend, and the gap between
filtered and unfiltered samples lessens till they are idcntica}. (Figurc

14).  Chloride concentrations are fairly stable throughout the season

varying between 30 to 40 ppm.

The information presented on Figures 11 through 14 for sample site AJ
gives all indications that A3's meltwater characteristics are not the result
of routing but rather temporal variations. As the scason progressces And
thé win;er's weathered material washed away, the chemical

properties of A3's meltwaters fall into line with those of its source

macerial, namely snow and ice.
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The Al stream system is monitored at three main sites, TAlé, TAl

and Al (Figure 6).

TAlE is a small supraglacial stream with similar watef quality

characteristics as A3. 1t behaves as A3 does mainly because its meltwater

_source area is the same as A3's, and it has minimal interaction with the

surrounding envirconment.

-~
.

Chleride COncentrations at the beginning of the season were quite
high, 60 ppm én Juﬁe 16 (Figure 11) and continued to in;rease until June
20th (Figure 12).'As't£e wipter's snow cover melts aﬁay. and ice's con- -
tribution t; the discharge regime increases, a substantial reduction in €1~
content was recorded at TALIE (June 25 and Julv 3: Fipures 13 and 143,

No trace of Ca++ and Hg++ was detected at site TALE during the period
in question (June 1l6th to July 8th). The pH levels range between 7.0 and

7.6 for filtered samples and between 7.2 and 7.8 for unfiltered. This is

the same type of temporal seqdence observed at site A3.

Conductivity readings at this site arc the lowest registered at
any of the main stream stations. The difference between filrered and un-

filtered samples is negligable varying at most by 5 micromhos/cm.

Routiﬁgfhas an exiguous effect on the chemical composition of TALE's
P . E ' .
meltwaters. In fact, very little variation in water quality characteristics

occurs between TAlE's headwaters (AlU, Figure 6) and the lower sampling site

as indicated in Table 6.
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.~

' Another tributary stream in ‘the Al system is TAl (Figure 6) fed b}

snow and ice meltwaters from the upper and lower ablation zones, the

adcumulation zone, and has the added influence of a\alanche acc1v1ty from

the westside ice cap, and farther down the stream passes along side the

ice cored lateral moraine (Figure 2), ) ‘ . !

i
TABLE 6
g Chemical Comﬁosition of Meltwaters at AlU
; : - ++ : +t
Time ) : cl Ca Mg
Date (YST) Cond. pH (ppm ) U (ppm ) (ppm )
15/06 1200 20 7.0 45 - - -
16/06 1 ° 1500 20 6.9 " 40 - -
25/06 1500 20 7.1 40 -

-

As a result, TAl's chemical characteristics differ considerably from those

of TALE and.A3.

-
A

On June 16th, calcium and magnesium concentrations were equal, but -
as the summer progressed, magnesium dominated calcium content, (Figures 12

to 14). Meltwaters from this stream came into contact with the ultrabasic -

rocks of the west side moraine system. The basic pH levels. recorded at
station TAl 3re another outcome of this interaction. The pH levels peak in

J@ly at this site (see Figure 14). Also, unfiltered samples have higher pH

.

levels than filtered., ' . : g

3

Chloride concentrations fluctuate'ovq; the entire field season, there

is no set pattern. The eratic var®™tions in Cl~ content are due to the snow
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avalanche contributions frqu the ice cap which are rich in chloride content

(see Table 2, sample AVA for detailed analysis).

. -Electrical.conductivity readings are higher than those at saﬁbling
sites A3 and TALE as a result of the suspended sediment load acquired by

Tal aleng its route. On June 16th, eclectrical conductivity for the un-
\ . - : .

filtered sample was higher than filtered, but as figures 12 to 14 show,

conductivity values for boéth samples, were the same afterward.

T -

\

Table 7 contains the water quality characteristics for TALU at the

head of stream TAl (Figure 6). When comparing the chemical characteristics

-

of the meltwaters from sites TAIU (Table 7) and TAl (Figures 11 and 12)

- there is a definite difference between the two as a result of meltwaters

passing along side the westside lateral moraine system which contributes

to the change in water quality characteristics at sampling site TAL.,

Streams TALl and TAILE empty into stream Al (Figure 6).

-

TABLE 7 !

L

4

Chemical Composition of Meltwaters at TAlU

) Time - o c1 Ca++ Mg++

Date (YST) Cond. pH (ppm ) (ppm ) (ppm )
15/06 | 1500 100 - | 7.8 35 - -
16/06 | 1200 100 7.8 35 - -
20/06 -| 1500 100 | 8.0 30 - -
F;gures 11 thro;gh_ié show Al's. water quality characteristics foilow
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essentiélly the same patterns registered at sites TALE and TAl. And Al's

chemical propcrcics are usually midway between those of TALE and TAL ™M

{Figures 11 to 14). Thercfore, mixing rather than fouting is responsible

for Al's chemical proverties. Occasionally, small streams {rom the lateral

moraine will empty into Al betwecen sites TAlE, TAl and Al, causing brief
upscrges in chemical concentrations at station Al.  However, these

interruptions are short lived. Chleoride concentrations at station Al

are lower than cither TAl's or TAlE's as a result of increased ice melt

to watver flow at Al.

-

The other major stream sydtem is the A2 svstem, with two main sampling

sites, A2 and MTE (Figure 6). The A2 system is unique in that its source
. -9

areas are the icefall and the ecast side tributarv glacier, as well as snow

~

and ice melt from the glacier. To complicate matters even further, meltwaters

from-the ifcefall flow through—a basal conduit system, and meltwaters {rom

the tributarv glacier join this conduit svstem via a moulin in the glacier's
side (Figure 6). Figures 11 chrough 14 illustrate A2's and MTE's stream

signatures for June and July.
At sampling site MTE, chloride concentrations from June 16th te July
8th var& very lirttle. In fact on June 16th (Figure 11) €1~ content was-

-

35 ppm , and then staved at 30 ppm on June 20th, 25th and July 8th

(Figurcs 12, 13 and 14). As for hardness 1t fluctuated at the beginning

of the season with magnesium content (40 ppm ) superior to calcium (25 ppm )
+4 ~ : ¥

on June 16rh. However, on June 20th Ca was slightly higher than Mg

concentrations. TFigures 13 and 14 show calcium and magnesium concentrations

are eaual at 25 ppm. These variations in calcium and magnesium concentrat-
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-

y\
lons are attributed to the availability of these elements

. .
-

throughout the season from the east side basin. Hardness

this stream do not follow any set pattern as demonstrated

Y

11 to 14.

The meltwater's pH levels are fairly steady during

part of Jume (l6th and 20th) at 7.3 and 7.2 respectively for both filtered
and unfiltered samples. Correspondingly, clectrical coﬁductivity remains
the same for-filtered and unfiltered samples over the period in question.

\ k) --. -
A temporal secquence was recorded in which conductivity levels decrease

as the summer progresses (Figures 11 to 14).

.

.

On June 25th, pH is at a low for this time of the svason, 0.2.
an increase in both discharge and sediment load on this dav made more
svdrogen ions available for dissolution than usual and accounts for the

low pH level at MTE. Both filtered and unfiltered samples had the same

pH value. Unfiltered pH levels were above filtered on July 8th and tend

to be basic as high discharge flows continue.

Farther down stream at sampiing site A2 (Figure 6} the fnfluence of
meltwaters from the icefall, basal conduit syétem, MTE and supraglacial

streams (se¢ SA2 Figure 6, and Appendix C for detailed chemical analysis)

. for solution

values for

in Figures

the ecarly

N

from the main glacier all mixed together to produce A2's water quality

characteristics.

As at MTE, chloride concentrations at A2 are subjeect to rapid and

erratic fluctuations, and as such, no discernable scasonal trend can be

.

-

-
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identified (Figures 11 to 14). -

Calcium and magnesium concentrations at sampling site A2 follow

the same temporal sequence as the other stream systems. But unlike the
others, A2's hardness levels are consistantlyv above those of the supra-

. N - ++ : » . - °
glacial streams, and its Mg content is either equal or superior to its h?

e+ ,
Ca content. - . {

The high hardness levels recorded at station A2 are the direct

result of routing. Water which filters through the ice to the basal

.

conduit system has a prolonged contact time with sediments, and meltwaters
from the icefall and MTE are in constant contact with the hcdrock.ﬁntil
they emerge at A2, Further evidence of the meltwater bedrock interaction
is reflectea in the high conductivity levels Tbcorded at this site.
Fleetrical qbnductivity follows the same temporal pattern as the other

~

streams, but alwayvs manages to fymain the highest.

Another prime example of the effects of routing on the chemical
composition of meltwaters are the abnormally high silica concentrations

recorded at sampling sites A2 and MTE (see Appendix C for detailed chemical

3

analysis an4 comnarison ).

\
Silica is present in quartz’ as crystalline §i0,. But because

._Auartz is onc¢ of the most resistant of all rock minerals to erosion, for

all practical purposces, quartz is usually ignored as a probable source of
silica. Because of the freeze-thaw activity in the area, the dissolved

silica in the meltwaters 1is belived to‘originate from the breakdown of
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silicates. There are in fact numerous greeustone fragments in the area.
Howéver,.the likelyhood that the h;gh.silica concentrations found in the
meltwater samples gre entierly attributable to the greenstones in the

area iz not good a;d suggests that an additional source of silica exists

- somewhere in the viecinity.

At the beginning of summer, silica concentrations at A2 were quite
hipgh and peaked on June llth (sec Table 8). Silica content varied a great
deal over the summer, but had a general downward trend due to element

availability and dilution.

Spot checks at MTE, Table 9, also revealed high silica concentrations.

TABLE §
a Silica Concentrations at A2
Time Silica
Date (Y5T) {ppm )
10/06 1100 1.23
10/06 1200 1.80
10/06 1300 1.80
11/06 1000 2.10
11/06 1200 2.25
+11/06 1400 2.00
11/06 1600 1.95
12/06 2000 1.40
13/06 4. 1100 1.23
13/06 1500 1.83
16/06 1100 1,30
16/06 1500 1.15
*18/06 |~ 1100 1.55
*19/06 1100 1.30
. 20/06 1500 1,70
*21/06 1600 1.03
22706 1000 0.88
04707 1400 0.70
08/07 1100 1.10 continued...

*
Marks Davs with Precipitation
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* TABLE 8
: - {concinued)

S$ilica Concentrations at A2

. Time Silica
Date (YST) (ppm_)__|
08/07 1300 1.03 |
08/07 1600 0,70 .
\\
TABLE 9
. Silica Concentrations at MTE ~
Time | Silica T
Date (YST) {ppm )
10/06 1200 1.23
13/06 - 1400 0.80
15/06 1400 1.10
16/06 1400 0.70
) *19/06 1300 0.80
20/06 1400 0.77
08/07 1100 0.83
|__08/07 1500 | 0.57 |

*
Marks Days with Precipitation

/
§
H

At any given time MTE contributed from 457 to 807 of the total silica

content recorded at AZ2.

-

The combined ecffects of routing through placial tillg\and three

glacial streams flowing into stream A, all contrihute to the chemical
composition of meltwaters from sampling site A. Fligures 11 to 14 contain
A's stream signature for the 1979 field season,

S

&

Chloride concentrations at sampling station A were second only to

those measured at TAlE. The high Cl~ concentrations during the ecarly part
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of June (Figures 11 and 12) are attributed to .snowmelt from the surround-

ing area. Chloride which accummulated in the snowpack over the winter was

-

released in early spring as" melting began.

Chloride concentrations imitate the temporal trends ébserved for
most elements, which is one of reduced concentrafion as the Season
progresses (Figures 11 to 13). A sudden Increasc in c1 content on July 8th
(Figure 14) is believed to be related to the previous day's rainfall;

S

Ca%;ium contcﬁ: is superior tq magnesium conggﬁﬁ during June
(Figures 11 to 13) and equal in July (Figure 14) and is-the outcome of
routing rather than mixing as most glacial streams at one point or another

+4+
have superior Mg concentrations.

The pH 1u§pls aé statioen A behave in the same manner as those of
the other glacial streams. Its unfiltered gamplc's pH values aré above
the filtered, and are equal towards the end of the “season, July 8th (Figure
14). Mixing and routing both play an iﬁportanc part in A's acquired pH

levels,

Eléctrical conductivity measured at A; follows the established .
patt;rn exhibited by the other streams except on the 20th of June (Figure
12). After two davs of rain (June 18th and 19th) its conductivity increased
to 170 micromhos/cm for the unfiltered sample, and 190 micromhos/cm for the
filtered gample. This particulhf-climatiéﬁévent underlines the importance

of the surrounding area's contribution to A's water quality characteristics.

e



- 64 -

3.4 | The Effects of the Diurnal Discharée Regime on Water Quality éarameters

In order to coﬁduct a thorough invcsglgation of water quality
characteristics and what influences them, this section was incorporated, and
deals with the effects of the diurnal discharge regime on the chemical

composition of meltwaters.

Because of extensive water quality testing at sampling site A2, and
a complete hvdrological record, this analvsis is restricted to the A2
stroam system. Figure 15 represents the diurnal.variations in flow,

¢lectrical conductivity, pH, calcium.and magnesium concentrations over the

1979 ficld scason.

Low discharges are associated with high chemical concentrations,

whereas high discharges are characterizoed by low chemical concentrations

(Fizure 15). This inverse relattonship is attributed to dilution and contact

. P

time. {

The contact time between the bedrock and meltwaters is relatively

short for high discharges, (i.e. June 22nd to 26th). Low discharges have

slightly lower velocities and allow for greater contact time between bottom
3

fine sediments and meltwaters, (i.e. June 1lth to 21st).

L4

Figure 15 also reveals that fluctuations in electrical conductivity
are closely paralleled by magnesivm concentrations, and that calcium
concentrations are inversely related to magnesium concentrations.

)

Discharge flows also affect the pH of meletwaters. At the beginning
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of the field scason (June ll;h and 12th) hvdrogen ions which accumulated in
the snowpack, conduits and crevasses over the winter were Carficd off

with the scason's first melt and contributed to the stream’s acidic pH.

As the summer progresses, increased discharge through increased -snow and ice
melt allows for léss contact time betwcén meltwatoés and the bedrock.
Conseauently, A2's pH retained most of its source material's alkﬁlinity.
dccasionally. high discharge flows {June 23rd to 26th).erodgd the basal
conduit's walls which in turn released sgdimcnt particles into the water

thereby inereasing the hydrogen ion content which contributed to the

stream's acidic pH.

3.5 Suspended Sediment Analvsis -

Another very importahc factor which should not be neglected when
investigating the chemical properties of glacial melzwaters is the effect
suspended sediments have on the chemical composition of meltwaters. The

‘ . . . ) ++ 4 o + . .
sorption of major cations (Ca , Mg , K and Na ) on silt and cJlay particles’
- a ! .
affects water composition by dec&gasing or increcasing the number of cations
available for icen exchange in meltwaters.

Silt and clay from filtered water samples are subdivided into two

groups, those obtained from subglacial streams taken at point of emcrgence

A2, and those {rom supraglacial streams A3, Al and TAl.

¥yl

Results from the atomic absorbtion spectrophotometry anatlysis of

these samples are contained in Table 10 for days with no rain.



TABLE 10

Supraglacial and Subglacial Cation Concentrations

L
CATIONS (ppm ).
+ + s ++
5 Date/Time Na K Ca Mg
Sample Yst L *0.05 | . 20.05 | -£0.05 :0.05 |
Al 11-06-1000 | - 4.71 2.39 10.28 0.34
Al 11-06-1200 5.53 2.79 15.03 0.86
Al 11-06-1400 | _ 2.80 | 1.1 8.87 0.37
A2 11-06-1000 3.58 1.43 9.43 0.55
A2 1.11-06-1200 | _ 3.81 | 1.3% 7.66 0.64
| A2 ] 11-06-1400 | . 4.02 1.74 10.07 0.43
A2 1 11-06-1600 2.69 1.09 9.24 0.44
[ A3 1 11-06-1000 3.05 | 1.30 4.84 0.15
A3S 1 11-06-1200 | 4.04 1.36 8.51 0.39
| A3 | 11-06-1400 4,18 | 1.35 8.80 0.62
A3 11-06-1600 3.02 1.03. | 7.71 0.36 |
__AL [ 16-06-1200 | S.68 | 3.59. 1 20.13 " 2.65
*'\1 i 16=-06- 1000 19,11 12,14 558.03 9.29
TAT | 16-06-1200 5.78 | 3.04 25.57 3.52 |
TAl | 16=06-1600 4.99 4. 0] 121,44 15.61
A2 | T1A-D6-1100 | 7.07 3.16 33.73 4.01
| A2 T 16=06-1500 5.53 1 2.55 27.66 3.08
A3 ] 16-06-1200 5.78 2.35 17.68 2.08
A3 | 16-06-1500 -] _6.52 | 522 | _60.04 |  11.82 _
_____ AL | 20-06-1500 4.51 2,03 11.39 0.36__|
TAL 1 20-06-1500 |8 5.10 234 1 14.79 0.43
L 20-06-1500 ° 2.91 1.04 6.25 0.32
| A2 20-06=-1600 1.51 0.82 6.93 0.06
A3 20-06-1500 3.76 1.44 6.59 0.25
Al 75-0h-1500 2.74 1.35 23.97 0.57
Al 25-06~1700 4.18 1.77 14.79 0.20
TAL 25-06~1500 3.29 1.63 26.19 0.79
| Tal 25-06-1700 1.99 1.45 13.91 0.53
| A2 1 25-06-1600 6.58 3.67 80.00 3.12
A2 1 35-06-1700 2.43 1.61 26.68 0.82
A3 T 25-06-1500 2.58 0.98 7.83 0.15
A3 _;_3;_06 1700 | - 2.04 0.88 5.97 0.22
Al | 30<06-1300 T 2.65 3.15 63.22 2.10
-TAT 30-0(6-1300 5.20 1.26 9.67 0.11
| A2 30-06-1000 4.33 1.58 0.
A2 30-06-1200 5.69 1.84
A2 30-06-1300 5.58 1.61
A3 30-06-1200 3.45 | 1.4
AJ 30-06-1400 4,23 1T 73]
Al 02-07-1100 2.75 1.21
TAL 02-07-1100 3.05 1.80
A2 02-07-1200 2.90 1.05
A3 02-07-1200 4.10 | 0.99
Al 04-07-1400 _ 7.01 1.58
A2 04-07-1400 2.75 .21
A2 ] 05-07-1100 1.53 1.2
A3 05-07-1100 L.42 1.7
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+ .
»

Subglaciai cation condeﬁtrations range from 6.25 to 86.00 ppm for Ca’
0.02 to 4.01 ppﬁ for Mg++. 1.51 to 7.07 ppm for Na+, and 0.82 to

31.67 pom  for K+.’ Supraglacial cation concenttations range from 4.10
to 121.44 pom  for Ca++, C.OS to 18.61 opm for ﬁg++, 1.99 to 19.11 nppm

+ +
for Na , and €.83 to 12.14 ppm for X .

The information presented in Table 10 shows that in general the

amount of sorbed cations on suspended sediment particles in supraglacial

- - -

streams is greater than those-held in the subglacial stream. Kennedy (1965)

put forth the notion that there is an increase in cation exchange capacity
-
with decrease in_grain size. The Gouy laver, composed of hydrogen ions,
. . ,
decreases in thickness as particle size decreasces allowing for easier

disoluation of sorbed cations. This is indeed applicable te subglacial | .
flows where the material in suspensiop is a fine powder as a result of the
glacier's grinding action against thg‘hcdrock. Rlso, this explanation

concurs with the information presented in section 3.3, and offers a further

o .

insight as to why subglacial streams have a greater number of chemical

clements in soélution than supraglacial streams.

Suspended sediment analysis also reveals that calcium is the most:
abundent of the major cations absorbed to-sediment parcticles. Coincidentaly
) S -
- - - i - _A+-+_' . -
meltwater analvsis displavs high Ca concentrations in all water samples
except for those samoles taken at TAl and Al early in the scason. These
. ++ + 4+ . . .
samples had higher Mg concentrations than Ca . Atomic absorption analysis
: . . ++ .
of sediment from these sampling sites show that Ca concentrations are

++ ++ :
higher than Mg concentrations, and in fact, Ca content at these sites are

generally higher than those of the other sites throughout the studv meriod.
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=+ . - .
As a result, the amount of Ca in solution is reduced and explains the

+

n

- ’ . .
low Ca concentrations recorded at TAl and Al.
Exahination of suspended sediment results (See Avpendix C for compre-
henSive'ﬁpspended sediment analysis) indicates verv little correlation with

flow. There were no recurrent temporal trends in.the chemical composition of

_suspended sediment samples. and cation concentrations. did not increase or

decrease pronortionately with discharge flows. However. as a general rule,

+ ++

: . + Pt I . .
catlon concentratios of Ca . Mg | Na and K° increased with increased

sediment load. . )

i



‘monitoring and locdti

s . © CHAPTER IV

CENCLUSION - .

-

v This stu@y sought to examine and explﬁin Grizzly Croék Glacier's

hydrological processes dufing the 1979 field season. By combining

hydrochemical and sedimentary ahalysis with hydrelogical measurement

3 * -

'_rechniques,‘further_insigbt’into the behavior of supraglacial and subglacial

~ re

. ‘s N . . . . . . :
flows, condltlonSapsrcalnlng'at the ice-rock interface and the.orifins of the

-

”

melt in.eitfhéer snow,- ice or precipitation were obtained.

The relative discharge contribution of each of the runoff components
to the total .flow was monitored from June 8th to July"lStPLQ 1979. During
this period, stream\flows would rise rdpidly and irreguiarly to.a dailv

maximum. .AS & resu

o
, the dynamic nature of  xhe runcif system posed wmany
nal problems which were resolved by the diversity and

édaptability of the hkﬁrological measurement cethniquesfemployed.

-+

’ . . .
Subglacial flows accounted for the major portion of the total
' . \ -
discharge at the beginning of the summer, 41.5 to 84.0 percent of the

discharge tapering off to ten percent later-on in the season. Towards the

- end of June'beginning of July, supraglacial streams gained in imgortaﬁce as

major runoff componentS'contpibuciﬂg'fdurty-eight percent of the total

discharge, 2 substantial increase.over earlier contributions of 7.8 percent.-
This transicion from subglacial to supraglacial streams as the main discharge

1 N

componerit is linked to climatolbgical conditions in the glacierized basin.

v oo . : : . ]
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Climatic impact on the hydrological regime is not felt immediately
at the start of thefsummer due-:é the high reflectiﬁity of the winter's
snowpack and cold temperatures. Meier (1972), Jacobs et. al. (1972) and

"Lang (i9§91 all cite surface albedo as the principal factor affecting

-

glacial melt.

Meltwaters originating from the west side of Grizzly Creek Glacier at

the beginning of the field season had to percolate through the winter snowpack

LN -

before reaching the glacier's terminus, whereas east side meltwaters drained

- more freely through the basal conduit system. As the snowline receeded

” .

: exposxng a greater area of ice in the upper and lower ablatlon zones and snow

-~

dépth in the lower accumulation zone decreased, supraglaC1al_streams discharge

and velocltles increased. By late June the sunowline had reached its -

cquilibrium point, and subglacial flows were contriburing less to the totakr

discharge. No evidence 3f a storage mechanism within the Flacier was detected.

-

Hence, meltwaters were being diverted away from the complex internal drainage

network .via the developing surface drainage network. Also, as a result of

decreasing snow cover_the'effgbts of rainfall on the discharge regimé was more

proncunced and immediate. ‘ "

- - »
Y.

~

These(fleld observatlons é?*—SP agreement with simllar hydrometeoro-

logical Studléé conducted on valley glaciers in the Canadian Rockies,

(Krimmel et. al. 1973, Young 1977' Bigras 1978) Northweqt Territory -(@strem -

r

ci. al. 1967) che Swiss Alps (Lang 1969) and northern Swedqﬁ-(Stenborg 1969,

-

1970), even though the timing of thg events is different for Grizzly Creek

- L

-glacier, the sequence is similar.

-~

-
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The separation of the three main runoff components through

hydrochemical analysis provided a useful and reliable méans of determining

hydrological process inputs. Zeman and Slaymaker (1973), Church (1974},

and Slatt (1972) found major contributing factors in total ion ceoncentrations

to be bedrock type, climatic conditions, time of sampling, groundwater

contribution to the streams, contaminants in ice and contributions from

atmospheric salt for glaciers near coastal areas. In_ addition, this study

-~
» & T

found that spatial variations, routing and discharge also affect the chemical

-

composition of glacial meltwaters., oo -

™

glacier ice and snow meltwaters provokes rapid cation exchange and water:

enrichment as they come into contact with the winter's accumulation of -

At the beginning of the -field-scason the very dil@téd charac;er of the

weathered sediments. This accounts for the rapid-and often erratic fluctuations

in water chemistry during the first two wecks of the season.

-

- -
-

Diurnal and seasonal variations in solute concentrations for all three

stream systems were shown to depend on the various hydrological environments,

.

routing, climatic and melt conditions. The general trend in water quality

a

characteristics was one of decreasing electricil conductivity and ion

N .

&oncentra;ion, with stream pH's tending to be basic as the field season

progressed. -

-
”

Other hvdrochemical studies of glacial me&twaters (Rainwater and

Guy 1958, Slatt 1972. Church "1974, Zeman and Slaymaker 1975, Collins 1977a:

.

1977b,

./



)
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Collins and Young 1978)':eveél much the same temporal seaquence, witﬁ-sub-

o

glgcial £lows having higher ion concentrations and lower alkaline levels
than'supraglgcial flows. Any further comp;rison between this study and other
hydyechemical studies (i.e. Rainwater and Gﬁy 1958, Ek 1966, Slatrc 1972, °
Ricq-de Bouard 1973, Church 1974, Zeman and Siavmaker 1975, Collins

1977a; 1977b, Collins and Young 1978 ) is precluded by the distinct‘
nature_of each glacierized basin's geological, climatological and physiclogical
char;;teristics which serve to make up the water quality characteristics of
each basin's streams. This point can best be demonstrated by‘a studx performed
by Ricq-deﬁogard {1973) who measured acidic pH levels in snow samples. These

results are in sharp contrast.with those of this study and of the literature

reviewed, and were due to the glacier's proximity to industrial pollution.

Suspended, sediment analysis have shown that sorption of major cations
(Na*, K*, ca*t, Mg**) on suspended particles is of greategx importance for
- » Mg P 1% B! ¥ imp

meltwaters running through morainic.deposits then for subglacial melrwaters. -

The presence of high cation concentrations in filtrates from supraglacial-

> : . : e
streams is attributed to the size of sedimentary particles in suspension.

The Gouy layer, composed of hyafogen ions, decreases in thickness as particlé
size decreases allowing for easier diSolution ;f sorbed cations (Kennedy 1965).
This is why subglacial filtrates composed mainly of silt particles had lower
cation cencentrétionﬁ than "supraglacial filFrates composed of silt and clay
size sediments. There was no temporal sequehce in the chemical composition of
susﬁended sediment sampléé, and cation concentrations did not increase or -

-

decrease proportionately with discharge. Routing and stream conditions at the

time of sampling were the main factors affecting the cation concentrations in

suspended sediment samples.

/4""-\



This study. brought to light the importance and comblex linkages

which exist between climatological variable, the discharge regime and

-

the chemical composition of meltwaters, and demonstrates that each link
is ihextricably interconnected with the other in their effect ‘on the

glacier’s hydrological regime. It also successfully separates the various

- ~

runoff components and assesses their relative contriburion to the total

discharge over the 1979 field season. The evidence bstantiates'the

supposition of a .two component system of flow for Gr :zly Creck Glacier.

The system consist essentially of a rather stable discharge from the basal

network with water quality characteristics being diluted to varying degrees
4

with relatively pure precipication and glacial melt waters. A highly variable

supraglacial discharge network makes up the second component in the svstem

with water qualicy fluctuations the result of7routing and climétic variations.

Future investigations in this arca should extend over the entier

ficld -season (Junme to August) in order to determine whether or not the

— e a - Pp—

dynamic nature of the hydrological regime persist on the system chrOughouﬁ

chg summer. By way of contributing to this, the use of suspended sediment
analysis offers further possibilities in breaking down the chemical composition
of the main runoff components and assessing their contributions to the

total discharge. In addition, through cxtensive testing and analysis of

snow and ice's chemical properties, there lies the opportunity of dcccrmip—

kCY

“ing the temporal sequence of snow and ice as the major runoff source, and

helps in predicting peak discharge flows assbeiared with snow and ice melt.

. In cthis manner, a better understanding of the influence of the three main

runoff components upon discharge flows, and their consequent hydrological

. response, might be gained.

b



APPENDIX "A"
« DAILY METEOROLOGICAL OBSERVATIONS

GRIZZLY CREEK GLACIER, 1979
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GRIZZLY CREEK GLACIER 1979

3

‘

DAILY METEQROLOGICAL OBSERVATIONS

TIME ZONE:

Yukon Standard Time (YST)

LOCATION OF STATION:

Westside Lateral Moraine

ELEVATION: 1950m
HOUR TEMP. WIND SOLAR RAD.
DATE YST °c m/s  dir'n. cal./cm2/min.
=3 T T
_08/06_° 1200 8.8 SW 1.09
' 1300 8.8. S 0.35
1400 8.3 NE ~ 0.81
1500 9.4 S \0.81
| 1600 10.0 SE 0.39
- 1700 10.0 s 1 039
. 1800 10.0 17 sw 0.67
1900 5.0 SW 0.32
! 2000 4.4 SW 0.21
: 2100 4.4 SW 0.14 i
N 2200 4.4 SW 0.04 |
' 2300 4.4 SW 0.04
i 2400 3.8 SW 0.0%
i 09/06 0100 1.6 SW 0.04
3 0200 1.6 SW 0.04
i 0300 2.2 SW 0.04
r 0400 2.2 SwW 0.06_ |
0500 1.6 S 0.04
0600 1.6 sW 0.04
0700 1.6 SE 0.04
0800 1.6 . SE 0.32
0900 1.6 S 0.32
1000 4.4 S 0.53
- 1100 4.4 NE 0.84
1200 1.6 " SW, 0.91
1300 4.4 S 0.63
- 11400 5.0 - S 0.46
I 1500 6.1 S 0.63
1600 5.5 S 0.32
1700 2.2 NE 0.14
1800 0.0 N- 0.09
1900 0.0 SW 0.09
2000 0.0 1.5 SW 0.09
2100 0.0 1.2 Sw 0.09
2200 0.0 0.6 S 0.04
2300 0.0 0.6 W 0. 04
2400 0.0 0.3 S 0.04
10/06 0100 0.0° 0.3 SE 0.04
0200 0.0 0.6 SE 0.04
0300 0.0 0.6 SE 0.04
0400 0.0 0.6 SE 0.04
0500 0.0 0.6 SE 0.04
0600 1.6 SE 0.04
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DAILY METEOROLOGICAL OBSERVATIONS

{continuead)
) HOUR TEMP. Ppt. in. WIND SOLAR RAD.
DATE YST C m.m. m/s dir'n. cal./em*/min.

10/06 0700 2.7 SE 0.04 ]

0800 3.3 NW 0.04

0900 3.8 . 8 Q.28

' 1000 3.8 5 S 0.42

VL 1100 4.4 7.5 S 0.67

R 1200 8.8 0.3 ' S 0.88

L 1300 4.4 . 7.5 S 0.60

L 1400 6.1 5.0 S 0.46

\ 1500 6.1 5.0 S 0.63

| 1600 7.2 5.0 NE 0.35

) 1700 7.6 10.0 S 0.14

' 1800 7.6 2.5 S 0.11

N 1900 7.7 2.5 SW 0.11

i 2000 7.2 2.5 SW 0.11

1 2100 5.5 0.6 2.5 SW 0.11

| 2200 | 4.4 5.0 SW 0.04
2300 1 4.4 0.3 5.0 SW 0.04 |

2500 | 4.4 2.5 NW 0.04

i 11706 0100 | 3.8 2.5 SW 0.04

i ; 0200 2.7 2.5 SW 0.04
S 0300 2.7 2.5 sW —  0.04 T
L 0400 2.7 2.5 N 0.04

0500 227 2.5 SW 0.04

0600 3.3 2.5 SW 0.04

0700 4.4 5.0 S 0.04

! 0800 5.0 5.0 . S 0.04

0900 7.2 5.0 3 0.28

1000 7.7 5.0 S 0.42

1100 9.4 A 5.0 S 0.67

1200 10 L 5.0 S 0.88

1300 9.4 5.0 S 0.53

1400 9.4 5.0 S 0.53

1560 9.4 : 10.0 S 0.53

1680 | 7 4.4 0.6 15.0 NE 0.53

1700 N, 1.6 2.1 10.0 NE 0.74

1800°~7°\0.0 10.0 NE 0.39

1900 80 10.0 NE 0.25

2000 0.0 10.0 NE 0.25

2100 0.0 7.5 NE 0.07

2200 0.0 7.5 NW 0.07

2300 0.0 _ 10.0 NW 0.04

[ 2400 0.0 15.0 NW 0.04

I 12/06 0100 0.0 15.0 NE 0.04

I 0200 0.0 15.0 NE _0.04

| 0300 1 0.0 10.0 NE 0.04
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DAILY METEOROLOGICAL OBSERVATIOQONS .

{continued)
[ ]
HOUR TEMP Ppt. in.. WIND SOLAR RAD.
DATE YST °c m.m. m/s dir'n. cal./cm> [qin.

12/06 0400 0.0 5.0 NW 0.04
0500 0.0 5.0 NW 0.04
0600 0.0 5.0 NW- 0.04

0700 0.0 5.0 NW 0.04 -
0800 0.0 - 5.0 NW 0.0%
0900 0.0 5.0 N 0.32
1000 0.0 0.3 5.0 NE 0.53
1100 0.0 : 5.0 NE 0.84

1200 0.0 - 5.0 NE 0.91
1300 0.0 0.6 5.0 NE . 0.63
1400 0.0 5.0 NE - 0.46
1500 0.0 5.0 NE 0.63
’ 1600 0.0 5.0 W —0.32
11700 0.0 5.0 NW 0.14
1800 0.0 5.0 NW 0.09

1900 0.0 5.0° NW 0.09 -
. 2000 0.0 . 5.0 NE 0.09
2100 0.0 2.5 W "0.09
2200 0.0 2.5 W 0.0&
2300 0.0 2.5 NW 0.04
, 2400 0.0 2.5 SW 0.04
i "13/06 0100 -1.1 2.5 SW 0.04
; 0200 -1.1 2.5 SW 0.04
! 0300 -1.1 2.5 SW 0.04
j 0400 -1.1 2.5 SW 0.04
0500 -0.5 2.5 SW 0.04
0600 -0.5 2.5 NE 0.04
0700 -0.5 2.5 SE 0.04
0800 0.5 2.5 S 0.32
0900 3.3 2.5 S 0.32
1000 5.0 2.5 S 0.53
1100 7.2 3.5 SE 0.84
1200° 5.0 2.5 ST 0.91
1300 5.0 5.0 5 0.63
1400 5.0 5.0 S 0.46
1500 2.2 2.5 NE 0.63
1600 5.5 2.5 SW 0.32
1700 3.3 10.0 NE 0.14
1800 0.0 10.0 NE 0.09
1900 0.0 5.0 NE 0.09
2000 0.0 5.0 SW 0.09
2100 0.0 2.5 " SW 0.09

2200 -1.1 2.5 SW 0.09 -
2300 —1.1 2.5 SW 0.04
2400 -1.1 2.5 SW 0.04
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DAILY METEOROLOGICAL OBSERVATIONS

(continued) —
HOUR TEMP . Ppt. in. WIND SOLAR RAD.
DATE YST ¢ m.m. m/s dir'n catl./cmzfmin.
14/06 0100 -1.1 2.5 N 0.04,
- 0200 -1.1 2.5 N 0.04 !
0300 -1.1 7.5 N 0.04 l
0400 -1.1 7.5 1N | 0.04 .
0500 -1.1 7.5 N 0.04
[ 0600 [ . -1.1 7.5 N 0.04 -
L 0700 -1.1 10.0 W 0.04 ;
L 0S00 -1.1 7.5 NW 0.04
{ 0900 -0.5 7.5 NW 0.32
I 1000 0.0 10.0 NW 0.53
1100 0.0 7.5 NW 0.84
; 1200 0.0 1.2 5.0 NW 0.91
i 1300 1.6 2.7 5.0 NW 0.63 )
1 | 1400 10.0 3.0 2.5 NE 0.46 N
T 1500 3.8 1.2 5.0 NE 0.63 }
1 1600 14.4 0.3 5.0 NW 0.32 i
; © 1700 3.8 5.0 NW 0.1% B
i {1800 0.0 .5.0 NW 0.09 |
' 1900 0.5 5.0 NW 0.09 \
1 2000 0.0 5.0 NW 0.09 Y
[ 2100 | -1.1 2.5 NW 0.09
| 2200 | -1.1 2.5 NW ) 0.?2/zf7::f
o 2300 ¢+ -1.1 2.5 KE 0.0 i
! 2400 -1.1 2.5 NE 004
15/06 0100 -1.6 2.5 SW A.04
. 0200 -2.2 2.5 SE /0.04
{ 0300 -2.2 2.5 SE {0.04
! 10400 -2.2 2.5 SW ~0.04
L i 0500 -1.1 2.5 SW 0.04
4 0600 -0.5 2.5 S 0.04
: 0700 2.7 0.3 2.5 Sw 0.04
! 0800 3.8 - 2.5 Su 0.04
0900 7.2 2.5 SW 0.35
_ 1000 7.2 0.3 2.5 SW 0.56
{ 1100 9.4 2.5 NE 0.60 B
! [ 1200 1 6.1 : 2.5 S 0.88
' | 1300 7.2 2.5 s 1 0.88 |
] 1400 6.1 2.5 S ] 0.88
* 1 1500 | 8.8 2.5 S - 0.84 ;
; ' 1600 | 8.8 2.5 S 0.70 ]
! 1700 8.3 2.5 S 0.63 .. ’
] 1800 6.1 5.0 SE 0.63
1 1900 5.4 5.0 SW 4 0.35
| L2000 4.4 5.0 SW M 0.07
v 2100 3.8 5.0 SV 0.07
| . 2200 2.7 5.0 SW 0.07
( 2300 1.6 7.5 SW 0.07
| [ 2400 1.6 5.0 S 0.07
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-DAILY METEOROLOGICAL OBSERVATIONS

{continued) -
{
: HOUR “TEMP. Ppt. ia. WIND SOLAR RAD.
’ DATE YST °c m.m. m/s dir'n. cal./cm?/min.
1
| 16/06 0100 0.0 7.5 s 0.04
I 0200 0.0 5.0 SW 0.04
j 0300 -1.1 5.0 SE 0.04
0400 -1.1 5.0 SE 0.04
0500 0.5 5.0 SE 0.04
0600 1.6 5.0 NW 0.04
0700 4.4 5.0 SE 0.42
0800 3.8 2.5 SE 0.35
0900 4.4 2.5 NE 0.35
1000 5.5 2.5 NE 0.53
1100 5.5 5.0 SW 0.70
1200 7.7 5.0 SW 0.88
1300 7.7 5.0 SE. 0.88
1400 8.3 5.0 SW '0.88
1500 9.4 7.5 SW . 0.84
i 1600 8.8 7.5 SW 0.84
\ 11700 8.8 5.0 SW 0.63
P 1500 6.1 5.0 SW 0.32
| 1900 5.0 5.0 SW - 0.21
2000 4.4 5.0 SW 0.14
2100 | 4.4 2.5 SW 0.04
T 2200 3.3 2.5 . NW 0.04
L 2300 3.3 2.5 NW | 0.04
- I 2400 3.3 2.5 NW 0.04
17/06 0100 2.7 2.5 SwW 0,04
[ : 0200 0.5 2.5 SW 0.04
] 0300 0.0 2.5 SE 0.04
I 0400 - 0.0, 2.5 SE 0.04
| 0500 0.0 2.5 S . 0.04
O 0600 0.0 2.5 SW 0.04
(0 0700 1.1 2.5 NE 0.14
L 0800 0.0 2.5 S 0.14 3
: 0900 2.7 2.5 S 0.28
1000 3.3 2.5 S 0.28
1100 0.5 7.5 S 0.28
1200 1.1 10.0 s = 0.32
1300 . 2.7 5.0 S = 0.67
1400 3.8 5.0 S 0.39
1500 5.5 ‘5.0 s _ 0.60 .
1600 4.4 5.0 S . 0.39
1700 4.4 0.3 1.25 NP 0.21
1800 0.5 0.9 1.25 ~ NW 0.07
1900 0.5 1.2 1.25 SwW 0.07
2000 1.6 1.8 1.25 SW "0.07




DAILY METEOROLOGICAL OBSERVATIONS

1

-

. {continued)
HOUR TEMP. Ppt. in. WIND SOLAR RAD.
DATE YST °c m.m. m/s dir'n. cal./cm2/min.
17/06 2100 2.7 0.9 2.5 SE 0.07
2200 3.3 : 2.5 NW 0.07
2300 3.3 2.5 . NE 0.07
2400 2.2 0.3 2.5 NW
15/06 | . 0100 1.6 0.3 2.5 NE
I 0200 0.0 0.6 2.5 NE
| 0300 0.0 2.5 NW
. 0400 0.0 2.5 NE
| 0500 0.0 0.9 2.5 NE
| 0600 0.0 0.6 2.5 NE
i 0700 0.0 0.3 5.0 NE 0.07
i 0800 0.0 0.3 5.0 NF. 0.18
0900 0.0 0.9 5.0 NE 0.18
1000 2.7 - 2.5 NE 0.35
| 1100 5.5. 2.5 NE | 0.91
[ 1200 2.7 0.3 5.0 NE 1 .02 u_
= 1300 5.4 5.0 S 0.91
1400 4.4 5.0 S 1.12
1500 4.4 0.3 5.0 3 0.54
x 1600 4.4 0.6 5.0 NW 0.84%
1700 4.5 5.0 NE 0.63
1800 3.8 0.6 2.5 N " 0.32
1500 3.8 0.3 2.5 SE 0.21
B 2000 3.3 0.3 1.25 NE 0.14
; 2100 3.3 1.25 NE 0.04
L 2200 0.5 1.2 1.25 SE 0.04
i 2300 0.5 1.25 SW 0.04%
B 2400 1.1 ¥.25 S 0.04
| 19/06 0100 1.1 2.5 SW 0.04
[ 0200 1.1 0.6 2.5 SW 0.04
i 0300 1.1 0.6 2.5 SW 0.04
0400. 0.0 5.0 SW 0.04
0500 0.0 0.3 5.0 SW 0.04
0600 0.0 0.3 5.0 s 0.04  *
\ 0700 3.3 1.5 5.0 S 0.04
| 0800 3.8 1.8 5.0 S 0.14
l 0900 4.4 5.0 S 0.18
1000 5.5 5.0 S 0.35
1100 6.6 5.0 s 0.91
r 1200 6.6 5.0 s - 1.02
: 1300 7.7 5.0 SC 0.91
- 1400 8.3 7.5 NE 1.12
, 1500 10.0 7.5 S 0.84
3 1600 10.0 7.5 NE 0.84
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DAILY METEOROLOGICAL OBSERVATIONS

{(continued)
L e
HOUR TEMP. Ppt. in. WIND © SOLAR RAD.

DATE YST °c m.m. m/s - dir'n. - cal./em? /min.
19/06 1700 9.4 755 NE 0.63
1500 10.0 5.0 SW 0.32
1900 5.8 5.0 NW 0.21
2000 7.2 . 5.0 SW 0.14
2100 7.2 5.0 NE -0.04
2200 5.0 2.5 NE 0.04
2300 4.4 | 2.5 NE 0.04
2400 3.3 2.5 NE 0.04
20/06 0100 3.3 2.5 SW 0.04
0200 2.7 2.5 SW 0.04
0300 1.6 2.5 SW 0.04
0400 1.1 2.5 SW 0.04
0500 0.5 2.5 SW 0.04
. 0600 0.5 2.5 SW 0.04
B 0700 3.3 2.5 SW 0.18
0800 5.0 5.0 - SE - Q.18
0900 5.5 5.0 S ® 0.18
1000 5.0 5.0 S 0.35
1100 5.0 5.0 S 0.91
1200 10.0 5.0 S 0-91
- 1300 9.4 5.0 NE 1.12
1400 8.8 5.0 NE 0.84
1500 §.8 5.0 NE 0.89
1600 9.4 5.0 NE 0.63
1700 9.4 7.5 NE 0.32
1800 6.6 5.0 NE 0.21
1900 5.0 5.0 NE 0.21
. 2000 4.4 1.2 2.5 SW 0.21
2100 2.8 0.9 2.5 SE 0.09
2200 3.8 2.5. SW 0.09
2300 3.8 2.5 SW 0.09
2400 3.3 1.25 NE 0.04
21/06 0100 3.3 - 1.25 SW 0.04
0200 3.3 1.25 SW 0.04
0300 2.7 1.25 Sk 0.04
0400 2.7 0.3 1.25 SW 0.04
0500 2.7 0.3 1.25 NE ~ 0.04
0600 2.7 0.6 1.25 NE: 0.04
0700. 2.7 1.2 1. 25 SW 0.14
0800 0.5 . 1.25 SW 0.14
0900 e 1.25 S 0.18
& 1000 4.4 1.25 S 0.32
1100 . 4.4 . 0.3 1.25 S 0.91
1200 5.5 5.0 8 1.02
1300 4.4 5.0 .S ©1.02
1400 7.2 7.5 S 0.84
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JEEN SRR SURUR SR SRS §

{continued) ¢ -
| HOUR® TEMP. Ppt. in. - WIND SOLAR RAD.
" DATE YST [ m.m. m/s dir" ™D cal./cm/min.
21/06 1500 5.5 ‘7.5 S - 0.84
, 1600 5.5 0.6 7.5 SE 0.63
. 1700 - 6.1 7.5 NW 0.35
e 1800 5.5 S 7.5 W 0.35
| 1900 5.0 0.3 5.0 W 0.21
i 2000 5.4 0.9 5.0 NE 0.21
. 2100 4.4 1.2 2.5 NW 0.07
N ' 2200 4.4 3.3 2.5 NE 0.07
2300 0.5 4.8 2.5 SWo . 0.04-—
! = 2400 0.5 1.8 2.5 SW 0.04
i 22706 0100 1.1 - 1.8 2.5 - SW 0.04
0200 1.1 . 1.5 2.5 SW 0.04
| 0300 1.1 2.1 2.5 SE 0.04
| 0400 1.6 1.2 2.5 SE . “0.04
E . 0500 2.7 0.3 2.5 SW | 0.04
- 0600 2.7 1.2 2.5 NW | 0.04
0700 2.7 1.5 2.5 " ~SE | - 0.18
) 0800 3.3 0.9 2.5 SE | C0.14
\ 0900 3.8 2.5 . SE | 0.18 -
; © 1000 3.8 0.9. 2.5 NW | 035 K
i i 1100 5.0 0.3 2.5 NE 0.54
i© 1200 - 5.5 | 0.3 2.5 SE 0.91
v 1300 | 4.4 2.5 2.5 | NE . 1.02
- i 1400 1 - 4.4 0.9 - 2.5 SW 0.89
\ |~ 1500 5.5 1.8 . 5.0 SW 0.84
L 1" 1600 5.5 0.3 5.0 S 0.63
! | 1700 5.0 - 0.9 7.5 SW 0.35 ‘
I 1800 3.8 | 3.3 7.5 NW 0.35 !
| 19500 3.8 2.7 2.5 NW 0.18 i
i 2000 3.8 ' 2.5 S 0.14 i
y 2100 4.4 2.5 SwW 0.04 l
il 2200 5.4 2.5 - SW. 0:04
i 2300 3.8 2.5 SW' 0.04
e 3400 3.8 2.5 SW oo | 0.04
23/06 0100 |. 3.8 0.6 2.5 NW 0.06.-~
- 0200 |° 3.3 0.3~ ~ 2.5 NE 0.04&
| 0300 3.3 0.3 2.5 NW 0.04
i 0400 3.8 2.5 NW 0.04 !
| 0500 | 3.8 - 2.5 . NE 0.04
' 0600 3.8 2.5 NW 0.04
i 0700 3.8 1.2 2.5 NW 0.04
! 0800 3.3 1.2 2.5. NE 0.04 |
1 0900 3.8 0.6 2.5 . . NE "0.35 |
@ ¢ LY
)
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A

(continued) -
HOUR - TEMP. Ppt. in. WIND "~ .SOLAR RAD.
- DATE YST °c m.m. m/s dir."'n. . cal./cmzfmin.

23/06 1000 3.8 0.9 5.0 SE 0.70
1100 4.4 5.0 S 0.70
1200 8.3- 7.5 NE 0.84
1300 7.7 7.5 ¢ NE 1.02
1400 10.0 1.0 | NE 1.05
1500 5.0 0.3 5.0 | SW 0.53
1600 5.5 ' 5.0 5 0.35
1700 7.7 0.6 5.0 NE 0.25

1800 7.2 5.0 SW Q.70 &
1200 Q.4 5.0 sw 0.18%
2000 6.6 2.5 SW 0.07
2100 5.0 0.6 2.5 SW 0.07
2200 4.4 | 2.5 SW 0.07
2300 5.0 1.25 SWe 0.07
. 2400 4.4 1.25 'SV 0.07
24/06 0100 3.8 1.25 SE 0.07
0200 3.3 1.25 SE 0.07
0300 3.8 1.25 SW 0.07
0400 3.8 1.25 SW 0.07
0500 3.8 5.0 NW .07
0600 4.4 5.0 S 0.07
0700 4.4 5.0 S 0.07
0800 5.5 5.0 SW 0.07
0900 . 7.2 5.0 S 0.18
1000 10.0 7.5 S 0.81
1100 3.8 7.5 S 0.81
1200 9.4 7.5 S - 0.81
1300 10.5 7.5 5 0.81
"~ 1400 10.5 7.5 S 0.81
1500 11.1 7.5 SW 0.81
1600 13.8 7.5 sSwW 0.81
1700 13.8 7.5 Su 0.70
J 1800 13.8 7.5 SW 0.28
1900 10.5 2.5 sy 0.28
2000 10.0 2.5 SW 0.11
2100 10.0 2.5 NE 0.11
2200 7.2 2.5 SW 0.07
2300 6.1 2.5 SwW 0.07
2400 6.1 2.5 SW 0.07
25/06 - G100 5.0 2.5 SW 0.07
0200 5.0 2.5 SW 0.07
0300 4.4 2.5 SW .0.07
0400 b4 2.5 SW 0.07

N TN



DAILY METEOROLOGICAL OBSERVATIONS -

_ 85 _

(continued)
HOUR TEMP. PpC. in. WIND - SOLAR RAD.
DATE YST m.m. m/s’ dir'n. “cal./cm*/min.
1 25/06 0500 5.0 5.0 Sw 0.07
(- 0600 4.4 7.5 SW 0.07
i 0700 §.3 5.0 S 0.07 ,
0300 9.4 5.0 SE 0.46 ]
0900 10.0 5.0 S 0.63.
) 1000 13.8 7.5 S 0.70
1 1100 11.6 7.5 S 0.70
| 1200 10.0 . 7.5 S 0.70
I 1300 11.6 7.5 SE 0.81
‘ 1400 15.0 - 10.0 SW 0.81
1500 12.7 v 10.0 SE 0.77
1600 15.0 10.0 SW 0.63
1700 11.6 10.0 SW 0.56
. 1800 11.1 - 15.0 SE 0.28
| 1900 10.0 15.0 S 0.28
i 2000 9.4 15.0 S 0.11
I 2100 9.4 15.0 S 0.11
2200 S.8 10.0 SE 0.07
2300 16.0 15.0 NG 0.07
2400 10.0 7.5 N 0.07
26/06 0100 8.8 7.5 NE ~0.07
o 0200 8.8 7.5 NE n.07
0300 5.5 7.5 Sk n.07 ]
g 0400 6.6 7.5 SW 0.07
i 0500 7.2 7.5 NW 0.07 |
L 0600 5.5 7.5 SW 0.07
L 0700 5.5 7.5 SE 0.07
N 0800 5.0 7.5 NE 0.07
& 0900 4.4 5.0 SE 0.07 +
1 | 1000 5.0 5.0 NE .35
3 17 1100 7.2 5.0 NE 0.60
i 1200 S.3 5.0 SW 0.70
| 1300 10.6 7.5 SW 0.77
— 1400 10.5 7.5 I 0.77
E 1500 10.C 7.5 “SW 0.77
t 1600 10.0 7.5 SE 0.77
j 1700 10.0 7.5 St 0.77
e 1800 10.5 _ 7.5 SW 0.67 1
i 1900 8.8 7.5 SW ) 0.56 |
; 2000 7.2 7.5 SW 0.11
P 2100 5.5 5.0 SW . 0.11
! 2200 | 5.5 5.0 NE |
? 2300 5.0 5.0 N _
[ I 2400 A 5.0 SW
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DAILY METEOROLOGICAL OBSERVATIONS
, {continued) -
"
HOUR |+ TEMP. Ppt. in. WIND SOLAR RAD.
DATE YST ¢ m.m. m/s dir'n. cal./cmzfmin.
/157/06 0100 4.4 5.0 NW
0200 3.8 2.5 SW
0300 3.3 2.5 NW
0400 3.8 5.0 NW
i 0500 4.4 5.0 SE
0600 3.8 5.0 SE
0700 4.4 5.0 SW
0800 4.4 10.0 SE 0.25
L 0500 - 4.4 10.0 SW 0.25
L 1000 5.5 7.5 SE 0.60
i 1100 6.6 7.5 SE C0.77
! 1200 7.2 10.0 SE 0.88
i 1300 7.2 10.0 SW 0.88
1400 7.7 10.0 SE 0.88
1500 8.3 10.0 SE 0.88
i 1600 S.8 10.0 SE 0.98
1700 8.3 10.0 SE 0.67
B 1800 7.7 10.0 .|- SE 0.67
i 1900 5.5 i 10.0 SE 0.3
| 2000 5.0 10.0 SE 0.14
i 2100 4.4 7.5 SE 0.11
i 2200 4.4 5.0 SE 0.11
f 2300 3.8 7.5 SE n.07
2400 3.3 7.5 SE 0.07
258/06 . 0100 1.6 10.0 SE 0.07
0200 1.6 10.0 SE 0.07
0300 1.1 10.0 SE 0.07
L 0400 1.6 7.5 SE 0.07
1 0500 1.6 7.5 SE 0.07
0600 0.0 7.5 SE 0.07 N
0700 3.8 10.0 SE 0.46
0800 A 7.5 SE 0.35
0900 4.4 7.5 SE 0.56 )
1000 5.5 7.5 SE 0.70 }
1100 6.1 7.5 . SE 0.77
1200 6.1 7.5 SE 0.84
1300 6.1 10.0 SE 0.88
i 1400 6.1 7.5 SE 0.88
| 1500 6.1 10.0 SF. 0.81
i 1600 5.0 10.0 SE 0.81
1700 5.0 7.5 SE 0.81
1800 5.5 7.5 SE 0.70
1900 3.3 5.0 NE 0.53
2000 2.7 5.0 SW 0.11
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DAILY METEOROLOGICAL OBSERVATIONS

;(continued)
- HOUR TEMP Ppt. in. WIND . SOLAR §.~‘\D .
DATE YST °c — m.m. m/s - dir'n. cal./em*/min.
28/06 2100 2.2 7.5 SW 0.04
2200 1.6 5.0 SW
: 2300 0.0 5.0 NW
; 2400 -0.5"° 5.0 NE
[ 29/06 0100 -1.1 7.5 NF
! 0200 -1.6 7.5 NE
; 0300 -1.6 2.5 NE
0400 2.2 2.5 NE
0500 -2.2 7.5 NE
L 0600 =2.2 2.5 NE
0700 -0.5 2.5 NW
0800 -0.5 2.5 NE 0.25
| 0900 -0.5 7.5 NE. 0.25
1000 -1.1 5.0 NE 0.25
1100 -1.1 5.0 NE 0.21
1200 -1.1 2.5 NE 0.28
1300 -1.1 0.9 2.5 SE 0.53
1400 -1.1 10.0 SE 0.88
r 1500 0.5 “10.0 NE 0.95
. 1600 0.5 5.0 NE 1.05
l 1700 0.5 5.0 NE 0.42 1
P 1500 -0.5 7.5 NE [ - 0.46
; 19060 0.5 7.5 ND | 0.28
! 2000 0.5 7.5 NE 0.25
| 2100 -0.5 7.5 NE 0.14
2200 -0.5 ) 5.0 NE 0.14 -
2300 -1.1 - 5.0 NE 0.04 |
I 2400 1.1 5.0 NF 0.04 |
30/06 0100 -1.1 2.5 NE 0.04
. 0200 -1.1 2.5 NF, 0.04
0300 -1.1 2.5 SE 0.11
0400 -1.1 1.25 NE 0.11
i 0500 1.1 1.25 NW 0.11
| 0600 -1.1 1.25 NE 0.11
0700 -0.5 1:25 N 0.11
0800 ~0.5 5.0 NE V0.1t
L 0900 1.1 5.0 NE 0.18
{ 1000 A 5.0 NE 0.18
! 1100 4.4 7.5 NE 0.18
g 1200 4.4 7.5 NE 0.28 :
i 1300 5.0 7.5 NE 0.95 |
i 1400 7.2 10.0 NE 0.84
r 1500 7.2 5.0 NF. 0.49
L 1600 7.2 5.0 [ NE 0.35
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DATLY METEOROLOGICAL OBSERVATIONS

{continued)
HOUR" TEMP. Ppt. in. © WIND SOLAR RAD'.
DATE YST c *n.m. m/ s dir'n. cal./em*/min.
30/06 1700 . 7.7 5.0 . NE 0.70
1300 §.3 5.0 NE "~ 0.53
1900 8.8 2.5 NW 0.18
2000 8.3 2.5 NW 0.07
2100 6.6 2.5 NW 0.07
2200 5.4 2.5 SW 0.07
23Q0 3.3 2.5 SW 0.07
- 2400 3.3 2.5 SW 0.04
I01/07 0100 2.7 5.0 SW R 0.04
B 0200 2.2 5.0 SW * 0.04
! 0300 1.6 5.0 SW 0.04
| 0400 1.6 "~ 7.5 SW
1 0500 1.1 7.5 SW-
] 0600 3.3 10.0 SW
t 0700 4.4 5.0 T 0.32
I 0800 5.0 5.0 Su 0.32
[ 0900 8.3 2.5 NE 0.32
i 1000 10.0 2.6 NE. 0.74
1100 10.0 - 2.5 NE 0.88
1200 10.0 | 5.0 NU 0.35
1300 .4 | 7.5 NE ¢ 0.70
1400 7.2 7.5 NE 0.35
1500 10.0 5.0 NW 0.98
1600 5.5 10.0 NE 0.53
\ i 1700 6.1 0.6 5.0 NW 0.11
| 1800 5.5 5.0 N 0.11
i 1900 6.1 10.0 NW .11
2000 6.1 . 10.0 NE 0.11
2100 5.5 10.0 NE 0.11
2200 6.1 5.0 NW 0.11
2300 . 4.4 2.5 NW
i 2400 4.4 2.5 NW
02/07 0100 4.4 2.5 NW
0200 | 3.8 0.3 2.5 NW
0300 3.8 2.5 NW
0400 3.8 2.5 SW
0500 3.8 2.5 NV
t 0600 3.8 7.5 SE
; 0700 4.4 7.5 NU
i 0800 3.3 0.9 7.5 NW
i 0900 3.3 1.8 5.0 NW
1000 | 3.3 0.9 5.0 N
3 1100 | 3.8 1.2 10.0 NV 0.21




DAILY METEQROLOGICAL OBSERVATIONS
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(continued)
ROUR TEMP. Ppt. in. ~ WIND SOLAR RAD.
DATE YST C m.m.. m/s dir'n. cal./cm*/min.
02707 ‘1200 3.8 0.6 10.0 NW . 0.21
1300 3.8 0.9 10.0 NW g.25
1400 3.8 1.2 10.0 W "0.25
Il 1500 3.8 1.8 - 1 10.0 NW ©0.21
1600 3.8 2.4 1710.0 | NW 0.21
' 1700 3.8 10.0 NW 0.18
| 1800 4.4 . 10.0 NW. 0.14
: 1900 4.4 0.6 ‘5.0 NW 0.14
| 2000 4.4 5.0 | NW 0.04
| 2100 4.4 1.2 5.0 | NW 0.04
| 2200 3.8 0.3 2.5 NW 0.0%
2300 3.8 1.2 2.5 NW 0.04 I
2400 3.3 1.5 2.5 SW 0.04
03/07 0100 3.3 1.5 2.5 . SW 0.04
0200 3.8 2.1 1.25 S 0.04
0300 3.8 2.1 1.25 | SW 0.04
0400 3.8 1.8 1.25 NW 0.04
0500 L& 1.5 1.25° NV 0.04
0600 4.4 1.8 ~1.25 NW 0.04%
0700 44 1.2 2.5 NW 0.04
0800 4.4 0.9 2.5 NW 0.04
0800 4.4 0.3 5.0 NW 0.04
1000 4.4 . 5.0 TNV 0.04
: 1100 4.4 5.0 NW 0.11
N 1200 5.5 5.0 NE 0.77
; 1300 6.1 5.0 NE 0.32
1400 6.1 5.0 TNW - 0.18
1500 6.1 5.0 NW 0.18
1600 6.1 5.0 NW 0.18
L 1700 7.2 5.0 NW 0.07
a 1800 7.2 2.5 NW 0.07
- 1900 6.6 2.5 NW 0.07
2000 5.5 0.6 2.5 NV 0.07
2100 5.5 2.5 =gy 0.04
; 2200 5.0 0.3 2.5 Su 0.0%
2300 5.0 ] 2.5 SW 0.04
2400 4.4 1.5 2.5 Sw 0.04
04/07 0100 4.4 2.5 SW 0.04 |
g 0200 4 4 5.0 Sl 0.04 |
‘ 0300 4.4 0.9 5.0 SW 0.04 i
0400 4.4 2.5 Su 0.04 !
- 0500 5.0 2.5 S¥ ~0.04 I
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DAILY METEOROLOGICAL OBSERVATIONS

(continued)
HOUR TEMP. Ppt. in. WIND SOLAR RAD.
DATE YST % m.m. m/s dir'n: cal./cm®™/min.
_04/07 0600 5.5 2.5 | sW 0.04
: 0700 5.5 5.0 SW 0.04
0800 - 5.8 5.0 SW 0.46
0900 11.1 5.0 SW 0.60
A 1000 9.4 7.5 S 0.60
1100 10.5 7.5 S 0.67
1200 11.6 7.5 SW 0.84
| 1300 - 10.0 7.5 S 1.05
g 140G, 10.0 5.0 S 0.70
| 1500 13.8 5.0 SW 0.77
: 1600 '10.5 5.0 SW 0.28
f 1700 10.0 5.0 SE 0.28
: 1800 10.5 5.0 SW 0.53
| 1900 10.0 5.0 SW 0.21
2000 10.0 5.0 SE 0.14
2100 10.0 5.0 SE 0.14
2200 10.0 5.0 SW 0.04%
. 2300 9.4 5.0 SW 0.04
l 2400 9.4 5.0 SV 0.04
 05/07 0100 8.8 2.5 SW 0.04
i 0200 8.8 2.5 SuW 0.04
L 0300 §.4 2.5 SW 0.04
4 0400 7.2 2.5 SW 0.04
| 0500 7.2 2.5 SW 0.04
| 0600 8.8 2.5 SW 0.04
i 0700 10.5 2.5 SW 0.04
i 0500 10.0 5.0 SE 0.42
L 0900 11.1 5.0 S 0.42
1000 11.6 7.5° S 0.60
1100 10.5 5.0 . S 0.67
1200 13.8 5.0 NE 0.70
1300 13.8 7.5 S 0.77
1400 15.5 7.5 S 0.77
1500 15.5 7.5 SW 0.77
1600 12.2 10.0 SW 0.74
1700 12.2 15.0 SW 0.56
1800 11.1 10.0 S 0.49
1900 10.0 10.0 SE 0.18
. 2000 | 10.0 10.0. . SE 0.18
; 2100 10.0 10.0 SE 0.11
. 2200 10.0 7.5 SW
! 2300 8.8 7.5 SW
| 2400 8.8 10.0 SE

-t
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DAILY METEQROLOGICAL . OBSERVATIONS ,

{continued)
HOUR TEMD. Ppt. in. WIND SOLAR RAD.
DATE . YST °c m.m. n/s dir'n. cal./cm*/min.
06/07 0100 5.8 5.0 Su
0200 8.8 2.5 SW
0300 5.5 2.5 SW
0400 5.5 2.5 SW
0500 5.0 2.5 SW
0600 5.5 5.0 SW
0700 5.0 5.0 SW
0800 4.4 0.3 5.0 NE
0500 4.4 0.6 . | 5.0 NE B
1000 5.0 0.6 5.0 NE {
1100 5.0 0.6 5.0 NE ' 0.07
1200 4.4 1.2 2.5 1 SE 0.07 -
1300 5.0 0.6 2.5 SW 0.18
1200 6.1 - 2.5 SE 0.25
1500 5.5 0.3 2.5 NW 0.25
1600 5.0 0.3 2.5 NE 0.25
1700 | 4.4 2.5 | NW 0.25
1500 5.0 0.6 3.5 NW G.25
1900 A 2.5 SW 0.25
2000 3.8 2.5 3 0.25
2100 3.3 0.3 2.5 SE 0.11
— 2200 3.3 0.3 2.5 SE [ 0.11
7300 2.7 2.5 S 0.07-
] 2500 2.2 2.5 SW 0.07
07/07 0100 1.6 0.3 1.25 S 0.04
0200 1.6 1.35 Su Q.04
0300 1.6 0.3 1.25 SE
0400 1.6 0.3 1.25 SE
0500 1.6 1.25 SE
0600 2.7 0.3 1.25 SE 1
0700 2.2 0.3 1.25. NE ~N_ 7
0800 2.7 0.9 1.25 S i
0500 3.8 0.3 1.25 3
1000 3.8 0.9 1.25 T NE
| 1100 3.8 0.9 1.25 SW 0.32
i 1200 L4 0.3 5.0 "S 0.32
| 1300 4.4 0.3 5.0 NE 0.32
! ~ 1400 3.8 0.3 7.5 NE 0.32
! 1500 4.4 7.5 NE .7 0.53
| 1600 4.4 7.5 NE 0.35
l 1700 4.4 5.0 NE 0.35
! 1800; L4 5.0 NE 0.35
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DAILY METEOROLOGICAL OBSERVATIONS
: {continued)
HOUR |- TEMP. Ppt. in. WIND SOLAR, RAD.
DATE YST c m.m.  f m/s dir'n.. cal./em2/min.
07/07 1900 4.4 5.0 NE 0.32
2000 3.8 2.5 NE 0.14
2100 3.8 2.5 NE 0.14
2200 3.3 2.5 NE | 0.14
: 2300 2.2 . 2.5 SW 0.04
1 i 2400 2.2 2.5 SW 0.04
|__08/07_1 0100 2.2 1.25 NE 0.04
| 0200 2.2 1.25 SE 0.04
| 0300 1.6 1.25 SW 0.04
| 0400 1.6 1.25 SW 0.04
| 0500 2.2 - 1.25 SW 0.04
1 0600 2.7 1.25 S 0.04
T 0700 3.8 | 1.25]  SE —_0.04
} 000 5.0 5.0 SE 0.25 <
L 0900 5.4 5.0 NE 0.35 —
& 1000 4.4 7.5 NE 0.35
1 1100 5.4 7.5 NE 0.39
» 1200 5.0 7.5 N 0.95
; 1300 5.5 7.5 NE 0.63
N 1400 6.6 7.5 NE 0.77
g 1500 9.4 i 5.0 NE 0.88
' | 1600 9.4 5.0 st | o070 |
L [ 1700 7.2 7.5 SE ] 0.35 o
. 1800 6.1 5.0 S 0.35 )
i 1900 6.1 5.0 S | 0.25
h 2000 5.0 5.0 SE 0.14
| 2100 4.k [ 5.0 W 0.07
! 2200 4.4 5.0 SW 0.07
¢ 2300 %4 2.5 SW 0.07 ___
5 2400 3.8 2.5 Su 0.07
| _09/07 0100 2.7 2.5 SW 0.07
[ [ 0200 2.7 2.5 SW 0.07
. 0300 2.7 2.5 SW 0.07
l 0400 2.2 2.5 35 0.07 i
; 0500 1.6 2.5 SE 0.07 +
; 0600 1.6 2.5 SW 0.07 g
| 5700 5.0 2.5 SE 0.32 !
! 0800 6.1 2.5 SE 0.32 !
{ 0900 5.5 2.5 NE 0.32 |
L 1000 8.8 .4 5.0 S 0.53 ]
j 1100 9.4 5.0 SE 0.74 |
o [ 1200 3.3 7.5 & SE 0.42 J




293 -
DAILY METEOROLOGICAL OBSERVATIONS

(continued)
KOUR TEMP. Ppt. in. WIND : SOLAR RAD.
DATE = - YST °c m.m. . m/s dir'n. cal./cmz/min.
09/07 1300 9.4 7.5 SE 0.42
1400 5.5 ‘ 7.5 SE 0.60
1500 A 0.3 7.5 SE 0.35
1600 5.5 7.5 S 0.46
1700 6.1 10.0 S 0.35
1800 6.1 15.0 3 0.28
1900 5.0 15.0 S 0.28
2000 5.0 10.0 S N 0.25
2100 5.4 10.0 S /Y 0.1l
- -2200 4.4 10.0 S& L/  0.04
2300 4.4 15.0 S 0.04
2400 A 5.0 5 0. 04
10/07 0100 . 3.8 5.0 SW 0.04
T r 0200 4.4 2.5 SE 0.04
i___ 0300 3.3 2.5 S 0.04
0400 3.3 2.5 SW 0.0%
0500 3.8 2.5 Su 0.04 4
0600 4.4 2.5 SW 0.04
0700 4.4 2.5 SE 0.04
0800 7.2 2.5 SE 0.14
0900 7.7 5.0 SE 0.53
1000 10.0 5.0 S 0.60
1100 8.8 10.0 S 0.77
1200 7.2 10.0 S 0.77
1300 7.7 10.0 S 0.46
1400 10.0 10.0 S 0.74
1500 10.5 7.5 S 0.84
1600 10.5 v 5.0 S 0.39
1700 10.5 5.0 SW 0.39
1800 9.4 5.0 SE 0.21 -
1900 10.0 5.0 SW 0.11
2000 7.7 5.0 SW 0.11
2100 8.3 2.5 SW 0.11
2200 7.2 2.5 . SW 0.07
2300 7.2 2.5 SW 0.07
2400 6.6 2.5 SW 0.07
11/07 0100 6.1 2.5 Su 0.07
0200 5.5 . 2.5 SW 0.07
0300 5.5 2.5 SW 0.07
! 0400 5.5 2.5 SW 0.07
! 0500 5.5 2.5 SW 0.07
! 0600 5.5 2.5 SW 0.07
] 0700 5.5 2.5 S 0.07
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DAILY METEOROLOGICAL OBSERVATIONS
‘ (continuecd)
| HOUR TEMP. Ppt. in. | “WIND SOLAR _RAD.
1 DATE YST °¢ m.m. - mfs dir'n. cal/cm~/min.
o |- '
11/07 0800 5.5 0.3 2.5 S 0.07
10900 5.5 0.3 2.5 S 0.07
{ 1000 5.5 2.5 3 0.07
| 1100 5.5 0.9 2.5 s 0.07
; 1200 6.1 ' 2.5 S 0.11
! -1300 5.8 2.5 SW 0.11
i 1400 8.8 2.5 ] _ S 0.11
5 1500 10.0 25 |.. S 0.32
{ 1600 10.0 2.5 SW . 0.32
o 1700 9.4 | 5.0 NE 0.28
. 1800 9.4 5.0 | _ 8w 0.28
| 1900 6.6 5.0 SW 0.21
L 2000 6.1 5.0 SW 0.11
| 2100 6.1 5.0 | S 0.11 i
| 2200 5.0 P 2.5 | S 0.11 )
L [ 2300 5.0 2.5 | S |
: L2400 5.0 | 2.5 St I
12707 4 Q100 5.0 2.5 St 1
; 0200 5.0 2.5 W
: 0300 5.0 ° 2.5 SW
_ 0400 A 2.5 SW .
o~ 0500 4.4 2.5 SE -
o 0600 5.0 2.5 SW
! 0700 5.0 2.5 SE
‘o {0800 6.1 2.5 SE 0.25
| 0900 7.7 2.5 SE 0.35
\ 1000 7.2 2.5 SE, 0.67
! 1100 g.3 2.5 SE 0.28
; 1200 10.5 7.5 NE 1.02
g 1300 10.0 7.5 NE 0.91
| 1400 10.0 5.0 NE 0.56
- I 1500 10.0 5.0 NF 0.28 |
I 1600 9.4 5.0 SE. 0.28
I 1700 8.8 5.0 NE 0.28
g 1800 10.0 7.5 NE 0.21
| 1900 10.0 7.5 NE 0.14
" 2000 5.4 | 5.0 SW 0.1% J
| 12100 7.7 | 5.0 _NE 0.07 |
' | 2200 7.7 | 5.0 NW 0.07 E
T 2300 6.6 | 5.0 NE 0.06 |
o 25400 5.0 | [ 2.5 NE 0.04 i



/
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DAILY METEOROLOGICAL OBSERVATIONS

(continued)
HOUR TEWP. Ppc. in. TWIND SOLAR RAD-
DATE YST C m.m. m/s dir'n. cal./cm*/min.

13/07 0100 5.0 0.3 2.5 SW 0.04
0200 5.0 : 2.5 W 0.04
0300 5.5 5.0 W 0.04
0400 5.5 0.3 5.0 NE 0.04
0500 5.0 0.3 5.0 NE 0.04
0600 5.0 0.3 5.0 NE G.04
0700 5.0 0.6 7.5 NE 0.04
- 0500 5.0 3.3 7.5 YW 0.04
; 0900 5.0 5.4 7.5 NW 0.0%
: 1000 4.4 2.7 7.5 NW 0.04
. 1100 4.4 1.8 5.0 NE 0.04
i 1200 .4 0.9 5.0 W 0.18
| 1300 5.0 0.9 5.0 SW 0.18
o 14500 4.4 0.3 ER S 0.32
g 1500 L4 5.0 SE 0.32
| 1600 1.4 7.5 SE 0.28
i 1700 4.4 2.5 SW 0.14
| 1800 2.4 1.3 2.5 SE 0.14
i 1900 5.0 0.3 7.5] SW 0.07
| 2000 4.4 2.5 | SE 0.07
: 2100 4.4 7.5 SW 0.07
§ 2200 4.4 2.5 su __0.07
| 2300 L0 1.25 SE 0.07
} 2400 4.4 1.25 SE 0.07
" 34/07 0100 5.4 1.25 S 0.07
| 0200 4.4 1.35 SE 0.07
: 0300 4.4 1.25 SE 0.07
| 0400 LG 1.25 SU 0.07
. 0500 3.8 3.5 S 0.07
! 0600 L4 2.5 SU 0.07
5 0700 4.4 2.5 SE 0.07
; 10800 5.0 2.5 NE . 0.11
! 0300 5.0 7.5 5 0.11
1 1000 5.5 2.5 S 0.28
- 1100 5.0 5.0 SE 0.28
| 1200 5.5 5.0 S 0.49
! 1300 5.0 7.5 S 0.49
] 1400 5.5 7.5 5 . 0.53
| 1500 L4 7.5 5 0.35
1 1600 5.0 7.5 5 0.35
|~ 1700 5.0 7.5 SE 0.49
! 1800 5.5 10.0 SE 0.39
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DAILY METEOROLOGICAL OBSERVATIONS

(continued)

HOUR TEMP Ppt. in. | WIND [~ SOLAR RAD.
YST °c - m.m. m/s dir'n. cal./em“/min.
1900 . 5.0 10.0 SW 0.11
2000 5.0 7.5 SW 0.11
2100 5.0 10.0 SW 0.11
2200 3.8 7.5 SE 0.04
2300 3.8 7.5 SE 0.04
2400 3.3 7.5 SW 0.04
0100 2.7 10.0 SW 0.04
0200 2.2 / 10.0 SW 0.04
0300 0.0 / 2.5 SW 0.04
0400 0.5 [~ 2.5 SW 0.04
0500 0.5 2.5 SH 0.04
0600 0.0 2.5 NW 0.04
0700 3.8 5.0 S 0.04
0800 4.4 5.0 NE 0.32
0900 . 7.7 5.0 NE 0.53
1000 5.0 S 0.63

S
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APPENDIX "B"
STREAM GAUGE RECORDINGS

GRIZZLY CREEK GLACIER, 1979



GAUGE TYPE:

- 100 -

GRIZZLY CREEK GLACIER, 1979

A. OTT. KEMRTEN

YUKON

STANDARD TIME

b

© STREAM GAUGE RECORDINGS LOCATION: SITE A
|  DISCHARGE ‘T DISCHARGE
DAY DATE HOUR m3/sec. DAY DATE HOUR m3/scc.
i | . )
! Qs 06 1700 0.45. 10 06 | 0800 0.31
. 1800 0.51 [ 0900 0.31
l 1900 0.51 1000 0.31
i 2000 0.53 1100 0.31
s | 2100 0.53 1200 0.31
T 2200 0.53 1 1300 .34
| , 2300 0.51 | 1400 0.37
L i 2400 0.45 | 1500 0.39
i 09 06 0100 0.37 1600 0.39
B 0200 0.37 . 1700 0.48
! | 0300 0.34 1800 0.48
T L | 0400 " 0.31 | 1900 0.45
4 | 0500 0.31 . 2000 0.48
: ! 0600 0.31 2100 0.48
L L 0700 0.28 . 2200 0.42
a | 0800 0.28 2300 0.42 -
; i 0900 0.27 2500 0.42
; - 1000 0.27 11 06 | 0100 0.39
] _ 1 1100 0.27 —__|_0200 0.38
T 1300 0.25 0300 0.37
. | 1300 0.25 0400 0.35
. F | 1400 0.25 0500 0.31
| 1500 0.28 0600 0.31
: 1600 0.34 0700 0.31
| 1700 0.34 0800 0.31
: 1800 0.37 0900 0.25
| 1900 0.37 1000 0.29
? 1 2000 0.37 1100 0.31
« i 2100 0.37 1200 0.34
il | 2200 0.37 1300 0.37 !
] 2300 0.37 1400 0.37 |
e 2400 0.37 1500 ~_0.38 1
i 10 06 0100 0.34 1600 0.39 |
i ‘ 0200 0.34 1700 0.47
_ | 0300 0.34 1800 | 0.48 :
i 0400 0.31 1900 0.48 !
‘ % {0500 0.31 2000 0,48
3 | 0600 0.31 12100 T 0.48
i r 0700 0.31 2200 0.48




o,

- 10 - :
. STREAM GAUGE. RECORDINGS

(continued) . - .
LOCATION: SITE A
; DISCHARGE | | DISCHARGE
i DAY DATE | KOUR m3/sec . DAY DATE | HOUR e /sec.
| 1
|11 06 2300 0.48 13 06 1500 0.20
: 2400 0.48 1600 ~ 0.20
712 06 0100 0.48 ! 1700 0.20
B ' 0200 0.48 : 1800 0.20 ]
; 0300 0.48 1 ! 1900 0.20
L e 0400 0.48 2000 0.20
| ) 0500 0.48 2100 0.20
3 ; |_0600 0.48 22001 0.20
| | | 0700 0.48 2300 0.20 |
| , T 0800 0.48 | , 2400 0.20
i : 0900 0.48 P - 14 06 | 0100 0.20
] : 1000 0.48 i _ | 0200 0.20
: : 1 1100 0.48 0 | 0300 0.20 !
i ? 11200 0.37 i 10400 0.20
i I | 1300 0.27 i i 0500 | 0.20
: | 1400 0.27 | , 0600 | 0.20
[ 1500 0.27 ; ! 0700 | 0.20
; 1600 0.27 ' | 0800 | 0.20
i 1700 0.27 ! i i 0900 |  0.20
I 1500 0.27 1 11000 0.20
i 1900 0.27 | 1100 0.20
[ 2000 0.27 1200 0.20
L 2100 0.27 1300 | 0.20
j 2200 0.27 1400 | 0.20
. 2300 0.27 1500 |  0.20
I : 2400 0.27 1600 0.20
- 13 T 06 0100 0.27 1700 0.20
1 + 0200 0.27 1800 0.20
i i 0300 0.27 1500 | 0.20
| 0400 0.27 2000 ;  0.20
| 0500 0.27 2100 | 0.20
0600 0.27 2200 ! 0.20
i 0700 0.27 2300 0.20
! 0800 0.27 2400 0.20
; 0900 0.27 15 06 0100 0.20
i 1000 0.20 0200 0.20
i 1100 0.20 . 1 0300 0.20
1200 0.20 [ 0400 0.20
I 1300 0.20 0500 0.20
i 1400 0.20 0600 0.20
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STREAM GAUGE RECORDINGS
(continued)

LOCATION: SITE A

,

! DISCHARGE DISCHARGE
|__DaY | DATE HOUR 'm3/sec. DAY DATE HOUR * m3/sc&.
| |
l 0700 0.20 16 06 2300 0.50
E 0800 0.20 2400 0.50
% 0900 0.20 17 06 0100 0.48
! 1000 0.20 { ) 0200 0.45
i 1100 0.20 0300 0.45
E , 1200 0.20 0400 0.42
: I 1300 0.22 0500 0.42

i 1400 0.25 0600 0.39

1500 0.27 0700 | 0.39
1600 0.37 0800 | 0.37
1700 0.48 0900 0.37
I 1800 0.57 1000 0.37
] 1900 0.59 1100 0.37
ST 12000 0.62 1200 0.37
2100 0.65 1300 0.37
2200 0.65 1400 0.37
L 2300. 0.65 - . 1500 0.37
| ) 2400 0.62 1600 0.37
16 | 06 0100 0.59 1700 0.37 I
r 0200 0.57 . o 1800 ~0.39
- 1 | 0300 0.57 1900 0.42
L 0400 0.57 2000 0.42
, 0500 0.57 2100 0.45
0600 0.57 2200 0.45
0700 0.50 2300 0.45
0800 0.50 2400 0.45
0900 0.50 18 06 | 0100 0.45
1000- 0.45 0200 0.45
| 1100 0.42 0300 0.45
! 1200 0.42 0400 0.45
1300 0.42 0500 0.45
1400 0.42 10600 0.42
- 1500 0.42 0700 0.42
| 1600 0.45 0800 0.42
i 1700 | 0.48 0900 0.42
1800 0.30 1000 0.42
1900 0.50 1100 0.42
: 2000 0.57 1200 0.48
o ‘ 2100 0.54 [ 1300 0.50 |
] - .2200 0.54° 1400 n.sn |
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STREAM GAUGE RECORDINGS
- {continued)
. LOCATION: SITE A
DISCHARGE DISCHARGE
DAY DATE HOUR m3/ sec. DAY DATE HOUR m> /sec.
18 06 1500 <0.54 7 20 06 0700 0.57
1600 "0.57 . 1. 0800 0.57
B 1700 0.57 . 0900 .0.57
» [ 1500 0.59 1000 0.57
s i 1900 < 0.59 1100 0.57
T i, 2000 0.59 - 1200 0.57
- | 2100 0.59 1300 0.57
L] 2200 ~0.59° 1400 0.57
3 ‘ - 2300 0.59 1500 0.57
] 2400 0.59 N 1600 0,62
T 16 06 0100 0.59 1700 0.62
N 0200 059 ! 1800 0.62
: ! 0300 059 1900 0.62 .
3 i 0400 0.57 2000 0.65 %
t . 0500 .57 2100 0.65
i 0600 0.54 2200 0.65
0700 0.54 2300 0.65
0800 0.54 2400 0.62
0900 0.54 21 06 0100 0.59
1000 0.54 I N R
T 1100 0.54 0300 0.57
1 1200 0.57 0400 0.57
r 1300 0.57 0500 0.59
| 1400 0.59 0600 0.57
1500 0.59 0700 0.57
[ 1600 0.65 0800 " 0.59
[ 1700 0.74 0900 0.59
| 1800 0.77 1000 0.59
1300 0.77 /2100 0.62
_ 2000 0.77 1200 0.62
2100 0.77 1300 0.62
2200 0.77 1400 0.68
2300 0.74 1500 0.71
N 2400 0.74 1600 - 0.74
20 06 0100 0.71 1700 0.77
F 0200 0.68 1800 0.77 -
- 0300 0.62 1900 0.82
i 0400 0.62 2000 0.85
A 0500 0.59 2100 .85
0600 0.59 2200 0.91




STREAM GAUGE RECORDINGS

LOCATION:

(continued) .

| DISCHARGE DISCHARGE
i DATE HOUR m3/sec. DATE m3/sec.
T

06 2300 0.99 06 2.16
2400 0.99 2.23
06 0100 0.99 2.23
0200 0.99 2.30
0300 0.99 2.30
0400 0.99 2.30
0500 0.96 2.30
0600 0.96 2.30
0700 0.96 2.30
0800 0.96 2.30
0900 0.96 24 O 2.30
1000 0.94 / 2.16

1100 _ 0.94 1 0300 209 _ "
1200 | 0.94 2.02
1300 0.91 1.75
1400 0.94 N 1.40
1500 0.94 A 1.40
1600 0.94 j A 1.34
1700 0.96 1.34
1800 0.99 1.34
1900 1.02 1.34
2000 1.05 - 1.40
2100 1.08 1.62
2200 1.08 1.82
2300 1.02 2.02
2400 1.02 2.30
06 0100 2.09 2.46
0200 2.02 2.57
0300 2,02 2.57
0400 2.02 2.57
i 0500 2.02 2.57
1 0600 2.02 2.57
| 0700 3.02 2.57
i 0800 2.02 2.30
; 0900 2.02 06 2.16
| 1000 2.02 - 2.02
K 1100 2.02 1.89
r 71200 2.02 1.75
i | 1300 2.09 1.62
i | 1400 2.16 1.40




STREAM GAUGE RECORDINGS

-~ 105 -

(continued)
LOCATION: SITE A
. DISCHARGE DISCHARGE

DAY DATE HOUR mB/SEC. ~ D7 DATE HOUR m3/sec.
25 06 0700 1.40 26 06 2300 2.16
0800 1.40 - 2400 2.09
0900 1.40 27 06 0100 2.02
1000 1.40 0200 '1.89
1100 1.40 0300 1.75
: 1200 1.62 0400 1.62
o 1300 1.89 0500 - 1.40
o 1400 1.89 0600 1.40
[ 1500 2.16 0700 1.40
5 1600 2.30 0800 1.34
i 1700 2.44 ngon 1.34
‘ 1300 2.44 1000 1.34
1900 2,44 1100 1.34
T 2000 2,44 1200 1,40
2100 2.54 1300 1.62
2200 2.44, 1400 1.75
2300 2.44 1500 1.89
! 2400 2.30 1600 1.59
to26 06 0100 2.30 1700 2.02
-_, 0200 2.30 1500 7.02
! 0300 244 1900 2.02
i 0400 2.02 2000 2.02
0500 1.89 2100 2.02
0600 1.89 2200 1.89
; 0700 1.89 2300 1.75
! 0800 1.75 2400 1.62
0900 1.75 28 06 0100 1.40
1000 1.75 : 0200 1.34

1100 1.75 0300 1.21 ..
1200 1.75 0400 1.21
1300 1.89 0500 1.27
1400 2.02 0600 1.07
1500 2.09 0700 1.07
1600 2.16 0800 0.93
! 1700 2,30 0900 0.93
i 1800 2.30 1000 1.07
1900 2.30 1100 1.07
2000 2.30 1200 1.07
\ 2100 2.30 1300 1.07
\ 7200 2,30 1400 1.21




- 106 -

STREAM GAUGE RECORDINGS
(continued)

LOCATION: SITE A

] DISCHARGE | } DISCHARGE
DAY : -DATE HOUR m3/sec. . -DAY DATE !‘HOUR m3/sec.
:
128 06 1500 1.34 30 06 i 0700 0.02
; i : 1600 1.34 | 0800 0.02
o 1700 1.34 ] 10900 0.02
L I 1500 1.34 11600 0.02
i | | 1600 1.34 1100 .02
r i 2000 1.71 T1200- 1 0.1l
] E 2100 1.07 1300 0.11
N |- 2200 ! 0.93 1400 0.11
: i 2300 | 0.93 - 1500 0.52
g i | 2400 0.93 _ 1600 0.52
ST29 406 0100 0.50 ] 1700 0.52
1 0200 | 0.66 1800 0.52
. R 10300 | 0.52 1 T"ieoo i 0.80
A 770400 0. 52 NN | 2000 | 0.80
: i 10500 0.52 - 2100 0.80
D ! I 0600 0.52 [ 2200 0.80
1 | | 0700 0.52 2300 0.80
] 0800 0.52 I 2400 0.66
: B i 0900 0.39 01 [ 07 . 1 0100 1.52
v 1000 0.39 1T 0200 1.3
” i 1100 0.39 T T 0300 1,26
i 1 | 1200 0.39 0400 T1.10
] 1300 0.39 0500 0.96
L L 1400 0.39 | . 0600 0.75
L | 1500 0.39 0700 0.75
e 1600 0.52 0800 0.75
| 1700 0.52 0900 ! 0.75
] , 1800 | 0.52 1000 | 0.75
: % 1900 0.52 1100 | 0.96
: ! 2000 0.39 1200 i 1.52
i 2100 | 0.39 1300 | 1.52
P 2200 0.39 1400 _1.66
3 | 2300 0.11 1500 . 1.66
o 2400 0.11 1 1600 | 2.09
{30 0 06 0100 0.11 1700 2.09
] ! 0200 0.11 1800 2.09
: i 0300 | 0.02 1900 | 2,23
Cm 0400 0.02 2000 2.23
L S 0500 0.02 2100 2.23 }
: i 0600 | 0.02 2200 2.23 |
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STREAM GAUGE RECORDINGCS
{(continued)

LOCATION: S&ITE A

DYSCHARGE . DISCHARGE
DAY - DATE HOUR m3/scc.- DAY " DATE HOUR m3/sec.

01 07 2300 2.09 03 07 1500 4.19
2400 2.09 1600 4.19
i a2 07 0100 1.94 1700 4.05
| 0200 1.94 1800 4.05
; i 0300 1.80 1900 4.05
; | 0400 1.66 2000 4.05
i 0500 1.52 2100 4,05
o 0600 1.52 2200 4.05
) , 0700 | 1.52 2300 3.91
! l | 0800 1.52 2400 3.91
L | | 0900 1.52 04 07 0100 3.91
' 1000 1.66 - 0200 3.91
i 1100 1.80 L 0300 3.91
: 1 1200 1.94 0400 3.91
N | 1300 2.09 0500 3.91
| i 1400 2.51 0600 3.77
: | 1500 2.79 0700 3.77
f 5 1600 2.79 0800 3.77
I 1700 3.07 ki 0900 3.77
! 1800 3.07 1000 3.63
i I 1900 3.07 '1100 3.91
| i 2000 3.07 1200 3.91
; i 2100 3.07 1300 4.05
1 i 2200 3.07 1400 4,19
g | 2300 3.07 1500 4.33
3 | 2400 * 3.07 1600 4.33
. 03 I o7 0100 3.20 1700 4.33
g j 0200 3.49 1800 4.33
; 0300 3.77 1900 4.33
; 0400 23,91 2000 4.33
0500 . 4.05 2100 4,33
0600 4.19 2200 4.33
i N 10700 4.19 2300 5.33
: 0800 4.19 2400 4.33
L 0900 4.19 05 07 0100 4.19
D | 1000 4,19 0200 4.19
: ! 1100 4,19 0300 4.05
{ 1200 4.19 0400 3.91
: 1300 .19 0500 3.91
i 1400 4.19 0600 3.91




. &\h~___,,///
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STREAM GAUGE RECORDINGS
(continued)

LOCATICON: SITE A

: DISCHARGE DISCHARGE
| DAY | . DATE HOUR m3/scc. DAY DATE HOUR mB/sec .
: .
05 | o7 0700 3.91 06 07 | 2300 3.49
I i 0800 3.91 : 2400 3.20
| I 0900 3.91 07 07 0100 3.07
i 1000 3.91 - 0200 3.07
j 1100 4,05 0300 3.07 |
T 1200 4,19 0400 2.93
3 1300 %.33 : 0500 2.93
: 1400 4L.47 0600 2.79
! 1500 4,61 0700 2.79
] 4 1600 5.03 0800 2.79
i ; 1700 | 5.31 N ! 0900 2.79 |
‘ ! 1800 | 5.31 | i 1000 279 |
P ! 1900 | 5.31 | 1100 2.79
S 2000 5.31 1 1200 2,93 .|
T K s 1 2100 5.17 1] 1300 3.07 |
L ; 2200 | 5.03 1400 3.07 |
: : 2300 % .89 1500 3.20 i
T 2400 4.61 11600 3.20 ‘
-~ 06 : 07 |.0100 4.61 | 1700 3.20
T 0200 45.33 o Tsoo 3.20
: i 0300 %.05 1900 3.20
T | 0400 4.05 72000 3.20
0500 Z.05 - 2100 3.20
: 0600 4.05 2200 3.20
% 0700 3.91 2300 1.20
T g 0800 3.63 2400 3.20
‘ ' 0900 3.63 08 07 0100 3.20
1000 3.63 0200 3.20
T 1100 3.63 0300 .07
5 1200 3.63 0400 2.93
_ 1300 3.63 0500 2.79
) 1400 3.63 0600 2.65
i j 1500 3.63 0700 2.65
1600 3.63 0800 2.65
1700 3.63 0900 2.65
i 1800 3.63 1000 2.65
1900 3.63 1100 2.79
| | 2000 3.63 1200 2.93
x . 2100 3.63 1300 3.07
! i 2200 3.63 1400 = 3.49




s 2
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-~ STREAM GAUGE RECORDINGS
{continued)
LOCATION: SITE A '
i _ DISCHARGE- DISCHARGE
i DAY DATE | HOUR n>/sec. DAY DATE | HOUR o/ sec.
08 07 ..°1 1500 3.49 10 07 0700 2.37
‘ 1600 3.63 0800 . 2.37
1700 3.49 0900 2.51
1800 3.49 1000 2.65——
B 1500 3.49 1100 2.93
T 2000 3.35 1200 2.93
. 2100 3.20 1300 3.07
T 2200 3.07 1400 7.49
o 2300 2.93 1500 405
a 2500 2.79 1600 4.05
09 1 08 .| 0100 2.79 1700 %19
[ 0200 2.65 1800 419
T w 0300 2.51 1900 - 4. 19
L n 0400 2.51 2000 4.19
i ! 0500 3.51 2100 3.91
! 0600 2.51 3200 | 3.91
5 0700 2.51 2300 3.91
0800 2.37 2400 3.77°
0900 | 2.37 11 07 0100 3.63
+ 1000 | 2.37 0200 3.63
: i~ 1100 | 2.51 0300 3.35
1300 | 2.65 __ 0400 3.35
1300 | 2.79 0500 2.93
1400 | 2.93 0600 3.07
1500 3.07 0700 3.07
1600 - 3.07 0800 3.07
1700 3.07 0900 3.07
1500 3.07 1000 3.2Q
1900 3.07 1100 3.35
2000 | 3.07 1200 3.35
2100 3.07 1300 3.35
2200 3.07 1400 3.49
| 2300 3.07 1500 3.63
2400 2.79 1600 3.63
10 07 0100 2.65 1700 3.77
g 0200 2.65 1800 3.77
i 0300 2.51 1500 3.77
| 0400 2.51 2000 3.77
; 0500 2.51 2100 3.77
1 0600 2.37 2200 3.77
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STREAM GAUGE RECORDINGS

(continued)
LOCATION: SITE A
! ! | DISCHARGE _ DISCHARGE
L DAY " DATE HOUR m3 /sec. > pay DATE HOUR m3/s‘ec .
- : >
i1\l 07 2300 3.77 13 07 1500 5.45
i | 2400 3.63 1600 5.45
12 07 0100 3.63 1700 5.45
; I~ 0200 3.49 1800 5.45.
; f N\__ ] 0300 3.49 1900 5.31
L e 0400 3.35 2000 5.31 |
T 0500 3.35 2100 5.03 |
! 0600 3.35 2200 5.03 /
! 0700 3.35 2300 4,89 l
! 0800 "3.35 2400 4,61
- ! 0900 3.35 14 07 0100 4.75
o t 1000 3.49 0200 4.47 |
T 1100 3.63 0300 4.47 !
o i L1200 4.05 0400 4.19 1,
: | 1300 4.05 0500 4.19 5
, | 1400 4.05 0600 3.91
g | 1500 4.05 0700 3.91
: | 1600 4.19 0800 3.91 |
L { 1700 4.19 0900 3.91
o 1800 4.19 1000 ~3.91
] 1900- 4.19 1100 3.91
- R 2000 4.19 1200 3.91
: 1 2100 4.19 1300 3.91
; | 2200 4,19 1400 3.77
: + 2300 6.19 1500 3.91
; 2400 4.19 1600 4.05
13 07 0100 3.91 1700 4.05
g 0200 3.77 1800 4.05
g ! 0300 3.77 1900 4.05
; r 0400 3.77 2000 4.05
- g 0500 3.77 2100 .05
; 0600 3.77 2200 3.91
| 0700 3.77 2300 3.77
3 0800 461 2400 3.63
o 1 900 | 5.03 15 07 0100 3,63 |
! ] 1000 5.17 0200 3.49
! ! 1100 5.17 0300 3.49
o ; 1200 5.60 0400 3,07
1 R [ 1300 5.60 - 0500 2.93
L 1400 5.60 0600 2.7 i
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STREAM GAUGE RECORDINGS
(continued)

LOCATION: SITE A

DISCHARGE _ DISCHARGE

DAY | DATE HOUR m3/sec. DAY DATE HOUR m3/sec.
15 07 0700 2,79

0800 2.65

0900 2.65

1000 2.65

1100 2.65

<
~




~ 112
GRIZZLY CREEK GLACIER, 1979

GAUGE TYPE: LEAPOLD AND STEVENS YUKON STANDARD TIME
STREAM GAUGE RECORDINGS ~  LOCATION: SITE A2
hi

'} DISCHARGE DISCHARGE
DAY DATE | HOUR mo/sec. DAY DATE | HOUR | _ m°/suc.
* -
| 10 i 06 1000 0.17 12 06 0100 0.02
: + 1100 0.19 _ 0200 0.02
| x 1200 0.15 | 0300 0.02
| 1300 0.15 . 0400 0.02
e 1400 0.1% 0500 0.003
] 1500 0.13 0600 0.003
- 1600 0.13 0700 0.003
! 1700 0.12 , 0800 0.003
L 1800 0.11 0900 0.003
; ] 1900 0.10 _ 1000 0.003
; - 2000 0.10 _ 1100 0.003
L 2100 0.09 1200 0.003
Lo 2200 0.09 1300 0.003 ~
- ; 2300 0.09 1400 0.03
T 2400 0.21 » 1 1500 0.03
_____ 11 106 0100 0.02 : 1600 0.04

! 0200 0.02 - 1700 |+ 0.02

| |_0300 | 0.02 1 1500 0.02 |

! 0400 G.02 1900 | 0.02 |

- 0500 0.003 2000 0.02

: 0600 0.003 2100 | 0.02
C 0700 0.003 : 2200 | 0.02
: 0800 0.003 ] 2300 | 0.02
B 0900 0.003 [ . 2400 0.02
| 1000 0.003 13 06 0100 0.15
T 1100 0.003 - 0200 0.15 |
3 5 1200 0.003 0300 0.15
o | 1300 0.003 B 0400 0.15
: ! 1400 0.003 . 0500 0.15
; | 1500 0.003 0600 0.15
: 1 1600 0.004 _ 0700 0.15
T : 1700 0.02 . 0800 0.06
: ! 1800 0.02 0900 0.02
C ! 1900 0.02 1000 0.02
: ] 2000 0.02 1100 0.02 ‘
- r 2100 0.02 1200 0.02 |
T ; 2200 0.02 1300 0.04
P i 2300 0.02 1500 C.04
5 | 2400 0.02 1500 0.04
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STREAM GAUGE RECORDINGS

Lcontinued)

LOCATION: SITE A2

\
_ DISCHARGE ‘ DISCHARGE
DAY | DATE HOUR o /sec. DAY DATE HOUR n/sec.
i
P13 06 1600 0.04 15 06 0800 0.04
' 1700 0.12 0900 0.04
1800 0.30 1000 0.04
| i 1900 0.32 1100 0.04
I i 2000 0.34 - 1200 & 0.04
i ' 2100 0.35 N 1300 0.17
i 2200 | -0.30 N 1400 0.17
3 2300 | 0.30 L Ny 1500 0.17
i r 2400 0.2Q [ ] 1600 0.29
P14 1 06 0100 0.10 I Jil T 1700 0.32
o | 0200 0.09 ] 1 1800 ¢ 0.39
i i 0300 0.11 | | 1900 | 0.39 =
| j 10400 0.11 i 2000 | 0.39
& 1 0500 0.11 I 2100 | 0.39
' i 0600 0.11 2200 | 0.37
t P Q700 0.11 2300 | 0.36 l
; | 0500 0.06 { 2400 0.34
3 i 0900 0.02 |16 06 0100 0.31
3 1 1000 | 0.02 | 0200 0.31
b1 L1100 i 0.02 1 o 0300 0.31
' 1200 | 0.02 1 I 0400 0.31
: I 1300 0.04 ' 0500 0.31
{ 11400 0.04 0600 0.31
{ 1500 0.09 | 0700 0.31 .
' i 1600 1  0.09 | 0800 0.24
g 1700 ¢ 0.15 | | i 0900 i 0.24
] 1800 | 0.15 T | i 1000 i 0.24 ]
! ! 1900 i 0.15 | 1 i 1100 | 0.24 |
! 12000 0.20 ! | i 1200 0.24 i
5 i 2100 0.30 | i | 1300 | 0.24 B
1 i 12200 0.28 i [ 1400 1 0.24 i
E 1 i 2300 i 0.25 i i 1500 | 0.24 K
g i T2400 | 0.16 ‘ 1600 | 0.26 T
(15 1 06 | 0100 | 0.14 1700 | 0.32 e
i i I 0200 0.09 1 1800 | 0.34 |
i i 0300 0.09 | 1900 0.37 i
a n 0400 0.09 | 2000 0.38 B
0500 0.09 | 1 2100 ! 0.38 '
| 0600 | 0.07 Lo i 2200 0.36 |
i 0700 | 0.07 P | 2300 0.34 :
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STREAM GAUGE RECORDINGS

(continued)

LOCATION: SITE A2 ~

DISCHARGE DISCHARGE
DAY DATE HOUR m3/scc. DAY DATE HOUR m3fscc.
16 06 2400 0.32 18 06 1600 0.25

17 06 . | 0100 0.29 1700 0.30

N 0200 0.28 1800 0.30

L | 0300 0.27 1900 0.37

1 0400 0.26° 2000 0.38
l 0500 0.26 2100 .38

) ] | 0600 0.35 . 2200 0.36

b 0700 0.24 2300 0.34

- ! 0800 0.24 2400 0.34

L | 0900 0.22 19 06 0100 0.3%

: | 1000 0.17 0200 0.39

T 1100 0.17 _ B 0300 0.39

- ! 1200 0.17 0400 0.39

: ! 1300 0.17 B 0500 0.37

1 1400 0.22 0600 0.36

l . 1500 0.22 0700 0.30

5 ! | 1600 0.24 0800 0.30

; | 1700 0.24 0900 0.30

e | 1800 0,24 1000 0.30

b | 1900 0.25 1100 0.30

T 2000 0.28 1200 0.30

- | 2100 0.36 1300 0.30

3 2200 0.36 r 1400 0.30

I 2300 0.28 1500 0233

T | 2400 0.28 1600 0.34

18 06 0100 0.25 1700 0.36

» 0200 0.32 1800 0.36

LT 0300 0.32 — 1900 0.41

P 0400 0.32 2000 0.43

: 4500 0.32 2100 C.48

: 0600 0.32 2200 0.43

| 0700 0.32 2300 0.43

o 0800 0.25 i 2400 0.40

! 0900 0.25 201 06 0100 0.33

T [ 1000 0.25 ‘ 0200 0.33

T | 1100 0.25 0300 0.33

5 1200 0.25 . 0400 0.33

o ! | 1300 0.25 B T 0500 _6.33

: 1 1400 0.28 0600 0.33

| w 1500 0.28 0700 0,24
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STREAM GAUGE RECORDINGS

(continued)
LOCATION: SITE A2

5
i L " DISCHARGE DISCHARGE
| DAY DATE HOUR m3/sec. DAY DATE HOUR m3/sec.
' 5
f_zn 06 0800 0.24 21 06 2400 1 0.50
' 0900 0.24 22 06 0100 0.53
L 1000 0.24 0200 0.53
B 1100 0.24 - 0300 0.53
] | 1200 0.24 1. 0400 0.53
o 171300 0.24 ' 0500 0.53
T 1400 0.24 0600 . 0.46
T 1500 0.24 R 10700 | 0.48
o 1600 0.24 | 0800 | 0.48
% i 1700 0.24 |_0900 | 0.48
: { 1 1800 0.24 1 1000 0.49 !
i i 1900 0.48 ! 1100 ‘\\,o.agffq\j
i : 2000 0.68 ) 1200 A
[N 2100 0.78 , 1300 ] 0.46
~ e 2200 0.60 | i 1500 0.52
a E i 2300 0.56 i 1600 0.52
~ & {2400 0.56 i 1700 | 0.54
i 21 i 06 0100 0.38 | ' 11800 0.54
[ 0200 0.38 ] i 1900 0.60

v 0300 0.37 i o + 2000 0.95 |
o 0400 0.36 | i 2100 0.95
o ; 0500 0.34 | i 2200 0.79
[ 0600 0.32 | 2300 0.68
| B 0700 0.33 i | 2400 0.68
i i 0800 0.34 23 06 | 0100 | 1.84
! | 0900 0.36 0200 | 1.84
i i 1000 0.36 0300 ! 1.84
T I i 1100 0.30 0400 1.84 |
! i | 1200 0.30 0500 ~1.84 |
i | | 1300 0.38 0600 1.84
| * | 1400 " 0.38 0700 1.9 |
! i 1500 0.42 0800 1.98 i
L i 11600 0.42 N 0900 _1.98 |
| : i 1700 0.42 < 1000 | 1.98 '*‘ﬁ
- i 1800 0.49 1100 1 1.74 i
i i i 1900 0.49 1200 | 1.97
% | 2000 0.58 i 1300 2.03
& | 2100 - 0.7 1400 2.09
| i 2200 0.55 " 1500 2.09
| i [ 2300 0.50 { ] - 1600 2.09
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. STREAM GAUGF RECORDINGS
{continued)}

-

LOCATION: SITE A2

1 DISCHARGE T T DISCHARGE
| pay | DATE | HOUR- m”/scc. L DAY DATE | HOUR n/sce.
23 ! 06 1700 ¢ 2.11 25 06 0900 2.09
: % 1800 | 2.17 . | 1000 | 2.09 s
! 1900 2.14 ' | 1100. | 2.09
; 2000 2.11 - | 1200 2.09
) ' 2100 2.11 1300 2.09
N | 2200 2.09 1400 3.42
N 2300 2.03 - 1500 3.64
‘ ! 2400 1.97 1 1600 2.20
A 06 0100 | 1.74 T 1700 2.31 L
. 0200 1.74 1800 5.86 |
- 0300 1.70 1900 3.20 |
! | 0400 1.61 i 2000 [ 3.22 :
; i | 0500 1.47 i 2100 3.20 |
g | {0600 1.36 1 2200 2,97 !
i | 0700 | 1.31 ' I _i_2300 2.584 |
: © 0500 | 1.22 1 172400 2.72 1
‘; 0900 | 1.20 26 06| 0100 2:64
L 1000 | 1.47 | 10200 2.59
: - {1100 | 1.74 ] 10300 2.59 .
A [ 1200 | 2000 Ll (0506 | 2.50 ]
) ' 1300 | 2.20 | . {0500 2.50
| 1400 | 2.31 0600 2.47
o 1500 2.59 0700 . 2.39
| 1600 2.86 0s00 2.39
| 1700 2.92 | 0900 2,39
| 1800 2.62 i 1000 2.36
P 1900 2.92 . 1 1100 2.22
2000 2.92 1200 2.22
2100 2.92 1300 2.25 !
e 2200 7.92 1 ~ 1400 .31 |
______ | 2300 2.86 1500 2.45
| 2400 2.86 | 1600 2,50
25 1 06 0100 2.31 1700 2.59
‘- 0200 2.20 1800 2.67
0300 2.20 'l 1900 2.78
0400 2.20 N ~ 2000 2.84
'_ 0500 2.11 2100 2.84
! 0600 ! 2.11 2200 2.78
P 0700 | 2.09 2300 2.75 ‘
| 0800 | 2.09 2400 2.59
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N P DN PINY R S

STREAM GAUGE RECORDINGS
{continued) .
: LOCATION: SITE A2
_ DISCHARGE _ DISCHARGE
DAY DATE HOUR m3 /sec. DAY DATE HOUR m3/scc .
[ * : .
| 27 06 0100 2.40 o3 06 1700 2.11
i 0200 2.00 1800 2.14
L 0300 1.55 1900 2.14
i 0400 1.55 ! {2000 2.1 i
i 0500 1.55 ; 2100 1.97
| | 0600 1.55 i 2200 1.95
i 0700 | 1.55 Ji 1 12300 1.86
r : 0800 | 1.55 + | ~ 1 2400 1.81
i 1 0900 | 1.66 P29 | 06 | 0100 | 1.74 . |
T | 1000 1.66 T |_ 0200 1.70
T | 1100 1.55 L | 0300 1.64 |
L 1200 1.48 1 i ~ 10400 1.58
. 1 1300 2.13 i o {0500 | 1.56 ]
] | 1400 2.13 1 ] | 0600 ! 1.56 . |
i {1500 2.28 i | 0700 | 1.50
i {1600 2.32 | . i 0800 | 1.50 |
i | 1700 2.28 |7 1 i 0900 | 1.47 |
| 11800 - 2.28 i i 1000 1.45 i
' i i 1900 2.38 I 1100 1.42 |
P | | 2000 2.44 I 1200 1.42
i a i 2100 2.44 ; {1300 | 1.42
- | i 2200 A 44 5 i 1400 1.44
r ' 2300 2.31 i i 1500 | 1.44
s : i 2400 2.31 | [ {1600 1.44
"2g i 06 | 0100 1.75 ' i 1700 1.74
L i L[ 0200 1.40 1 f 11800 | 1.74
R 0300 1.15 | | 1900 1.74
: ; 10400 ) 1.15 i i 2000 1.74
Lﬁ ! 10500 | 1.15 i 2100 | 1.68
T i 0600 1 1.15 | [ 2200 | 1.35
i : i 0700 1.50 | | | 2300 | 1.06
] ! [_0800 1.75 | i 1 2400 | 1.04 |
L ! | 0500 1.90 30 06 1 0100 i 0.40 ¢
! g i 1000 | 2.03 70200 0.38 ;
! i [ 1100 | 2.03 I | | 0300 0.37 |
. i 11200 2.03 | i i 0400 | 0.36 |
! i 1 1300 2.03 i i 0500 0.36 i
i | [ 1400 2.03 (] i | 0600 i 0.36 i
i i i 1500 | 2.09 o i 0700 |  0.32 i
| I 1600 2.09 i i 0800 .| 0.30 |
~
\
N
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STREAM GAUGE RECORDINGS

{continued)
LOCATION: SITE A2
T DISCHARGE i DISCHARGE
L_Iyg; i DATE HOUR m3/sec. DAY DATE HOUR m3/sec.
r : . .
30! 06 | 0900 '0.30 1 02 07| 0100 0.45
i t 1000 0.30 0200 0.42
: | 1100 0.32 0300 0.41
3 ! 1200 0.38 B 0400 0.39
: g 1300 0.39 | 0500 0.39
' | 1400 0.39 0600 0.38
~ 1500 0.40 0700 0.38
P r 1600 0.41 - 0800 0.38
i ' 1700 0.41 I 0900 0.38
] 7 | 1800 0.42 | 1000 0.38
. ! 4 | 1900 0.46 ] 1100 0.38
' [ | 2000 0.45 1200 0.38
T | 2100 0.45 1300 0.39
s | 2200 0.71 1400 1.12
T 2300 0.41 1500 0.96.
] 2400 0.40 1600 0.70
' 01 | - 07 | 0100 0.38 1700 0.70
3 ! | 0200 | 0.36 1800 0.70
T | 0300 | 0.35 1900 0.70
; . ®0i00 |  0.34 2000 1.12
: ' 0500 | 0.34 2100 1.12
3 0600 ! 0.33 | 2200 0.70
= | 0700 0.33 ! 2300 0.70
L | 0800 0.33 | 2400 0.70
! 1 0900 0.32 03 | o7 0100 0.59
! 1000 0.32 0200 0.45
: 1100 0.32 0300 0.45
r 1200 0.31 0400 0.45
- ~ 1300 0.39 0500 0.45
L [ 1400 0.39 0600 0.45
: 1500 0.40 0700 0.45
i 1600 0.41 0800 0.45
: 1700 0.46 0960 0.49
1800 0.46 1000 0.49
1900 | 0.46 _ 1106 | 0.45
- | 2000 | 0.49 1200 0.41
T | 2100 0.53 _ 1300 0.9
i | 3200 0.49 1400 0.90
— i | 2300 0.48 1 _ 1500 0.88
{ ; 3500 0.47 [ 1600 0.86
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STREAM GAUGE RECORDING

(continued)

LOCATION:

SITE A2

‘ _ DISCHARGE DISCHARGE
T DAY DATE | HOUR n/sec. DAY DATE | HOUR n>/sec.
| .
03 07 1700 0.91 05 07 0900 0.48
: 1800 0.91 1000 0.48
: 1900 0.91 1100 0.48
; 2000 0.93 1200 0.43
| ' 2100 0.93 1300 0.88
; 2200 - 0.90 1400 1.06
o 2300 0.90 B 1500 1.16
R 2400 0.90 R 1600 1.16
[ 0100 0.70 1700 1.12
o 0200 0.45 1800 1.08
3 0300 0.45 BN | 1900 1.36
! 0400 0.45 2000 0.60 .
o 0500 0.45 2100 0.61
0600 0.45 2200 0.54
; 0700 0.54 2300 0.54
\i 0800 0.58 2400 0.5%
™ 0900 0.47 06 07 0100 0.54
i | 1000 0.47 0200 0.54
5 ! 1100 0.35 0300 - 0.54
T 1200 | 0.40 1 o400 _0.54
: 1300 © 0.85 10500 0.54
N 1400 0.91 0600 0.54
; [ 1500 C.91 , 0700 0.54
§ 1 1600 0.91 0800 - 0.54
' ' 1700 0.90 0900 0.54
1 1800 0.88 1000 0.49
L _ 1900 0.56 1 1100 0.49
5 2000 1.02 1200 0:52
7 2100 1.02 1300 0.88
; - 2200 0.96 1400 0.87
! 2300 0.90 1500 0.85
L 2400 0.90 1 1600 0.83
05 07 0100 0.71 1700 0.90
& 0200 0.55 1800 0.69
; 0300 0.43 . 1900 0.69
; 0400 0.43 2000 0.69
: 0500 0.43 2100 0.69
: 0600 0.43 2200 0.67
0700 0.43 2300 0.67
B s | 0800 0.48 2400 0.65
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STREAM GAUGE RECORDINGS
(continued)

LOCATION: SITE A2

8
DISCHARGE DISCHARGE

DAY DATE HOUR w3/ sec . DAY DATE | HOUR m/see .
07 07 0100 0.62 08 07 1700 0.42
» 0200 0.61 | 1800 0.42
___ I 0300 0.61 & 1500 0.42
i 0400 0.61 2000 0.42
; 0500 0.61 2100 0.42
: 0600 0.61 2200 0.42
} | 0700 0.61 2300 0.42
] i 0800 0.61 2400 0.42
: ! 0900 0.61 09 07 0100 0.42
T 1000 0.61 . 0200 0.42
v ' 1100 0.61 . 0300 0.42
! 1200 0.49 T 0400 0.42
i 1300 0.49 1 10500 0.42
o 1400 0.58 . L 0600 0.54
o l 1500 0.56 0700 0.56
) ' 1600 0.54 0800 0.56
i ! 1700 0.52 i 0900 0.56
o | 1800 0.51 1000 Q.54
o 1900 0.49 ! 1100 0.53
| ! 2000 0.46 1200 ° "~ 0.52
] 2100 . 0.46 1300 |- 0.47
o 2200 0.46 1400 .1 0.47

: 2300 0.46 1500 0.47 .
g 2400 0.45 1600 0.47
i 08 07 0100 0.45 1700 0.47
[ 0200 70.45 1800 0.47
i ‘ 0300 0.45 1900 0.47
i i 0400 0.45 2000 0.47
] ! 0500 0.45 2100 0.47
L ! 0600 0.45 2200 0.47
: | 0700 0.45 2300 0.47
; r 0800 0.45 2400 0.47
1 | 0900 0.45 10 07 0100 0.47
| 1000 0.45 o 0200 0.47
3 ; 1100 0.45 0300 0.47
< | 1200 0,48 0400 0.47
: i | 1300 0.43 0500 0.47
} | 1400 0.42 0600 0.46
: | 1500 0.42 0700 0,51
% | | 1600 0.42 0800 0.52




STREAM GAUGE RECORDINGS

LOCATION: SITE A2

(continued)

o

| DISCHARGE DISCHARGE
1 DAY DATE HOUR., m3 /sec. DAY DATE HOUR n13 /sec. 1
I 10 07 0900 0.54 12 07 0100 0.63
; 1000 0.86 0200 0.63
| 1100 0.63 0300 0.63
! g 1200 0.63 0400 0.63
: 1300 0.59 0500 .. 0.63
{ 1400 0.59 0600 0.85
i 1500 0.59 0700 0.80
o | 1600 0.53 _ _____l_o0soo0 0.80 |
i + 1700 0.49 0900 0.83 |
i ! 1800 0.49 1000 0.87
I 1 1900 0.53 R 1100 0.92
y i 2000 0.59 1200 | - 0.55 |
: | 2100 - 0.59 1300 0.79
D 2200 0.53 1 1400 0.87
; 2300 0.47 _ 1500 0.81
; 2400 0.46 1600 0.76
C1L 07 0100 0.46 1700 0.56
; 0200 0.47 1800 0.56
: 0300 0.49 1900 0.56
O 0400 0.49 2000 0.66
; 0500 0.49 2100 0.7
; 0600 0.49 2200 0.61
. 0700 0.65 2300 0.56
| 0800 0.65 . 2400 0.56
i 0900 0.65 13 07 0100 0.56
| 1000 0.67 0200 0.56
L 1100 0.69 0300 0.63
; 1200 0.69 0400 0.52
P 1300 0.58 0500 0.84
5 1400 0.56 0600 0.86

1500 0.5 0700 0.63
! 1600 - 0.54 0800 0.62
1 1700 0.52 0900 G.59
: 1800 0.49 1000 0.59
? 1900 0.50 1100 0.59

2000 0.54 1200 0.62

2100 0.54 1300 0.76

2200 0.54 1400 0.76
. 2300 0.48 1500 0.78
L 2400 0.47 1600 1.06
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“STREAM GAUGE RECORDINES
{continued)}

LOCATION: SITE A2

i DISCHARGE | | ‘ DISCHARGE
DAY | DATE HOUR . m/sec. | - DAY DATE 1OUR m3/sec.

.06 %) | 07 0900 .60
.12 1000 C.60

13 07 1700
i 1500 |

1900 12 ] 1100 0.60

2000
- 12100
. © 2200
! 2300
! . 2400

12 T 1200 [ o0.60
.08 :
.60 |

N .
‘ L
S T -

1

l
!

14 i 07 0100 | .60

.61

| 0200
|
!

1
S NN Y S S
|
i
l
e
i

N SN U S G WY S

T | 0300 61 T T
S 0400 61 0
\ 0500 61 . o
i 0600 .61 L T
i [ 0700 62 A
i T 0800 62 1
‘ 0900 | .62 T
» 1000 .65 E ~
R 1100 %8 ] il T
R 1200 .63 N B
o 1300 .62 i 1 T _

! 1400 62 o |

67 , ] B |

1500

|
] 1600 .68
AAAAAAA B 171700 .68 ] ] N
T 1800 .68 P
: 1900 .68 . | ! |
o 2000 .67 B

2100
| 2200 |
| 2300

.67
.66
.65

2400 63 |

15 07 ‘0100
0200

.63 i
62 U i

[ [ ———

o 0300 IS O S R
— 0400 51 N B T

T 0500 61 R T

.61 I

\

|

iR |
f i 0600

i

|

. 0700 ) N I R A SO
A 0800 1 0.61 | I R
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GRIZZLY CREEK GLACIER, 1979

GAUGE TYPE: LEAPOLD AND STEVENS YUKON STANDARD TIME -

STREAM GAUGE RECORDINGS LOCATION: SITE yTE . -
1 DISCHARGE’ DISCHARGE’
f DAY DATE HOUR m3/scc. DAY DATE HOUR m3/sec.
{10 06 1200 0.01 12 06 0400 0.03
! 1300 0.01 0500 0.03
! 1400 0.01 0600 0.03
1 1500 0.02 0700 0.03
E 1600 0.03 0800 0.03
; 1700 0.03 0900 0.03
| 1800 0.03 | 1000 0.04
P 1900 0.03 1100 0.02
1 2000 0.03 1200 0.02
; 2100 0.03 1300 0.02
: 2200 . 0.03 1400 0.02
3 2300 0.03 1500 0.02
3 2400 0.03 1600 0.03
T 06 0100 0.03 1700 0.03
§ 0200 0.03 1800 0.03
; 0400 0.03 1900 0.03
; 0500 0.03 3000 0.03
g 0600 0.03 2100 0.04
T 0700 0.03. T 2200 0.02
T 0800 0.03 2300 0..04
: 0900 0.03 2400 0.04
1 1000 0.04 13 06 0100 0.01
; 1100 0.02 0200 0.003
i 1200 0.02 0300 0.003
; 1300 0.02 0400 0.003
j 1400 0.02 0500 0.01
: 1500 0.02 . 0600 0.01
1600 0.03 0700 0.01
T 1700 0.03 0800 0.01
. 1800 0.03 0900 0.01
: 1900 0.03 1000 0.01
' 2000 0.03 1100 0.01
2100 0.04 1200 6.01
, "2200 0.02 1300 0.01
; 2300 0.04 1400 0.01
2400 0.04 1500 0.01
T 12 06 0100 0.03 1600 0.004
0200 0.03. 1700 0.004
0300 0.03 1800 0.004
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. STREAM GAUGE RECORDINGS

{continued)

LOCATION: SITE MTE

N

i ' DISCEARGE . DISCHARGE
} DAY DATE HOUR m3/scc. DAY DATE HOUR m3/sec.
13 06~ | 1900 0.01 15 06 1100 0.01
- 2000 0.02 1200 0.01
; L ;2100 0.02 1300 0.01

| 3200 0.02 1 1400 0.01
D : 2300 0.01 il 1500 0.01
: | . 2400 0.01L | 1600 0.01
s T 06 0100 ~0.003 1700 0.01
. x 0200 0.003 1800 0.02
| ; 0300 0.006 1900 0.02
: ! 0400 0.006 2000 0.02
L : | 0500 0.006 2100 0.02
o 0600 0.006 2200 0.02
o ‘ | 0700 0.007 - 2300 0.02
v | 0800 | 0.007 2400 0.02
1 | 0900 | 0.007 16 06 0100 0.02
i i | 1000 0.007 0200 0.02
" i ;1100 0.01 0300 0.02
‘ = 1200 0.01 0400 0.02

| 1300 0.007 0500 0.02 j

o 1400 0.006 0600 0.02 |

;_ : 1500 0.005 0700 0.02
N 1600 0.005 0800 0.02

| 1700 0.005 0900 0.02
B i 1500 | 0.005 1000 0.02
; 1900 | 0.005 1100 0.02
1 2000 0.01 1200 0.02
L 1 2100 0.02 1300 0.02
! ! 2200 0.01 1400 0.02
a ! 2300 0.01- 1500 0.02

! 2400 0.01 1600 0.02
15 06 0100 0.01 1700 0.02
L 0200 0.02 1800 0.02
" : 0300 0.02 1900 0.02
5 | 0400 0.02 © 2000 0.02
: g 0500 0.01 | 2100 0.02
1 0600 0.01 ! 2200 0.02
: 0700 0.01 2300 0.02
- 0800 0.01 13400 0.02
! 0900 0.01 17 06 0100 0.0L
: 1000 0.03 | ~ [ 0200 0.01L
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STREAM -GAUGE RECORDINGS
(continued)
- "
LOCATION: SITE MTE
DISCHARGE DISCHARGE
E DAY DATE HOUR - m3 /sec. DAY~ DATE HOUR m3 /sec.
17 06 0300 0.01 18 06 1900 0.03
0400 0.01 2000 0.03
0500 0.01 2100 0.03
0600 0.01 2200 0.03
F . 0700 0.01 2300 0.03
P 0500 0.01 2400 0.03
[ 0900 0.08 15 06 0100 0.02
| 1000 0.08 0200 0.02
| 1100 0.08 0300 0.02
l 1200_ 0.07 0400 0.02__ |
l 1300 0.01 0500 0.02
! 1400 0.02 0600 0.02
o 1500 0.02 0700 0.02
} 1600 0.03 0800 0.02
; 1700 0.03 0900 0.02
i 1800 0.03 1000 0.02
a 1900 0.03 1100 0.03
i 2000 0.03 1200 0.03
i 2100 0.03 1300 0.03
b 2200 0.02 1400 0.03
; 2300 0.02 1500 0.03
- 2400 0.02 . 1600 0.03
©18 06 0100 0.02 1700 0.03
; 0200 0.02 1800 0.03
g 0300 0.02 1900 0.03
z 0400 0.02 2000 0.04
| 0500 0.01 2100 0.05 |
i 0600 0.01 2200 0.03
: 0700 0.01 2300 0.03
| 0800 0.01 2400 0.03
) 0900 0.02 20 06 0100 0.03
| 1000 0.02 . 0200 0.03
i 1100 0.01 0300 0.03
B 1200 0.01 0400 0.04
/ 1300 0.02 0500 0.05
[ 1400 0.02 0600 0.06
? 1500 0.02 0700 0.03
1600 0.03 0800 0.03
) 1700 0.03 0900 0.03
[ 1800 0.03 1000 0.03
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STREAM' GAUGE RECORDINGS
(continued)

LLOCATION: SITE MTE

I DISCHARGE DISCHARGE
!1 DAY DATE HOUR m3/ sec. ‘ DAY DATE HOUR m3 {scc.
%_ 20 06 1100 0.03 22 | 06 | 0300 __0.06

, 1200 0.02 - 0400 0.06

: 1300 0.02 0500 0.06

i r 1400 0.02 0600 0.08

; & 1500 0.03 0700 0.08

t : 1600 0.07 0800 0.07

; ! 1700 0.08 0900 0.04
T 1500 0.09 1000 0.04

3 I 1900 0.09 1100 0.04

: ! 2000 0.09 1200 0.04

! B 2100 0.06 __ 1300 . 0.07_
| i 2200 0.05 1400 0.07 |
A i 2300 | 0.03 1500 0.07

. | 2400 0.02 | 1600 0.09
21 106 i 0100 0.04 1700 0.09
P | 0200 0.04 1800 0.09

; e 0300 0.04 1900 0.09
- { 0400 0.04 2000 0.09

, i 0500 0.05 | i 2100 0.10
S 0600 0.05 | | 2200 0.09
- i 0700 0.04 2300 0.09
— 0800 0.03 2400 0.08

i 0900 0.03 23 06 0100 0.14
I 1000 0.03 - 0200 0.18

. 1100 0.03 0300 0.18

1 1200 0.02 0400 0.18

: il 1300 0.02 0500 0.18 |
i ! 1400 0.02 0600 ~0.24

| | 1500 0.03 0700 0.08

! = 1600 |- 0.07 0800 0.08
o 1700 0.08 0900 0.08
N 1800 0.09 1000 0.08

| 1500 0.09 1100 0.08

i 2000 0.09 - 1200 0.31

! L 2100 0.09 1300 0.31

1 v 2200 0.08 1400 0.33

| ! 2300 0.04 1500 0.33

: | 2400 0.02 1600 0.33
22 | 06 0100 0.06 | 1700 0.33

! | 0200 0.06 | 1800 0.33




- 127 -
STREAM GAUGE RECORDINGS

{continued)
LOCATION: SITE MTE
»

| DISCHARGE DISCHARGE
i DAY DATE HOUR m/ sec. DAY DATE HOUR n/sec.
|
23 06 1900 0.33 25 06 1100 0.12
| 2000 0.33 1200 0.12
3 ] 2100 0.33 1300 0. 24
{ ~ | 2200 0.33 1400 0.31
; 2300 0.33 1500 0.35
: . 2400 0.31 1600 0.35
UT4 T 06 0100 0.28 1700 _0.06
1 0200 0.26 ___ 1500 0.12 )
o 0300 0.24 L 1900 0.24 71
: i 0400 0.19 2000 0.24
L] 0500 0.9 T 71 - 1 2100 0.31
L 0600 -~ 0.18 B 2200 0.28
i | = | 0700 0.18 2300 0.28 |
1 ! 0800 0.17 2400 0.28 |
i ) 0900 0.17 36 06 0100 0.4
3 | 1000 0.17 0200 _ 0.24
i | 1100 0.17 0300 0.19
{ | 1200 0.12 0400 0.19
: | 1300 0.19 0500 0.17
] 1400 0.24 1 0600 0.09
; . 1500 0.33 0700 0.04
: 1600 0.38 0800 0.04

1700 0.38 0900 0.04
; 1800 0.42 1000 0.04
i 1900 0.42 1100 0.04
f 2000 0.42 | 1200 0.04
L 2100 0.38 1300 0.04
e 2200 0.33 1400 0.04
i 2300 0.28 1500 0.26
I 2400 0.26 1600 0.71
[ 25 06 0100 0.24 : 1700 0.71
] 0200 0.21 1800 0.71
; @ 0300 0.21 P 1900 0.71
é 0400 0.21 2000 0.71
| 0500 0.19 2100 - 0.59
: 0600 0.19 2200 0.48
| 0700 0.19 2300 0.48
I 0800 0.14 2400 0.48
- 0900 0.12 27 06 0100 0.68

1000 0.12 0200 0.68
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STREAM GAUGE RECORDINGS

LOCATION:

{continued)

SITE MTE

] DISCHARGE DTSCHARGE

roobAY DATE HOUR m3/scc. DAY DATE HOUR mjfsuc.

| |

Y 06 0300 0.56 28 06 | 1900 1,13

: 0400 0.71 " 2000 1.13

N 0500 | 0.76 - T 7100 1.13 ;

a { 0600 ! 0.76 - N 2200 1.08 !

] | 0700 | 0.8 |1 4 2300 1.08 i

b 1 0800 0.48 N | 12400 ¢ 1.03

L | | 0900 0.48 | 26 1" "0s 0100 1.00

L ' 1000 ! 0.48 L L 0200 | 0.93

o 1100 0.48 1 L 10300 0.93

; ! 1200° 0.48 N 0.93

; t 1300 0.88 T 1" 0500 " 0.93

! | 1400 0.89 , 000 0.93

T . 1500 0.96 T 40700 0.93 ¢

. ! | 1600 1.26 0800 0.93

] | 1700 1.32 ~ [ 6900 0.93_

: ! 1800 1.32 _ 1000 0.59

- : 1900 1.32 1 1100 0.21

o 2600 1.32 1200 0.21
o 2100 1.38 o 1300 0.26

L 12z700 1.34 R R L S

. 2300 1.32 LS00 |~ 0.40

- 2400 1.32 1600 0.55

28 T 06 0100 0.96 1700 0.59

; R 0200 0.76 1800 |  0.64

L 0300 0.76 1900 0.74 i

i | 0400 0.68 2000 0.77

‘. ! 0500 0.68 2100 0.77

o 0600 0.68 i 2200 0.74

S 0700 |  0.68_ 2300 0.74

T 0800 0.21 12400 0.69

3 i 0900 0.21 30 06 0100 0.64

‘; 1000 0.21 0200 0.64

: 1100 0.21 0300 0.59

T | 1200 0.88 B 0400 0.55 1

! ___ 1300 0.93 L | 0500 0.53 i

: ; 14500 1.03 G600 0.50 |

L 1500 1.08 1 0700 0,48

T | | 1600 1.08 | 0800 .55 ;
o [ 1700 1.13 B g9on [ n.45 |
o | 1800 1.13 | 1ooo T 0.43
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STREAM GAUGE RECORDINGS

(continued)
> LOCATION: SITE MTE

b DISCHARGE DISCHARGE
l;_uay DATE - | HOUR m3/sec. DAY DATE HOUR m3/scc.
. a0 06 | 1100 0.40 R S
! 1200 0.40
L | 1300 0.50
o 1400 0.30
: i 1500 0.24
v 1600 0.18 o
L 1700 0.18 - T
; 1800 0.18 1 _ N |
3 1900 0.33 ! ]
: 1 2000 0.33 . 1 R - | .
[ ! 27100 0.33 . i L T
| q 2200 0.33 1 [ T
1 R 2300 0:31 | i ~ |
S 2400 0.31 | | 1 e |



SUMMARY OF DAILY STREAM GAUGE RECORDINGS
GRLZZLY CREEK GLACIER
JUNE (JULY) 1979
YUKOX STANDARD TIME (YST)
LOCATION: SITE A
SITE A2

SITE MTE
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GRIZZLY CREEK GLACIER 1979 MONTH: JUNE
STREAM DISCHARGE CALCULATIONS SITE A
.3 3 .
Discharge in m” x 10 Daily
__Day Date 0006-0600" | 0600-1200 11200-1800 | 1800-2400 Total in m
. :

08 06 1.624 10.944 12564 .00
.09 06 7.236 5.904 6.588 7.992 7 27720.00
10 06 7.344 6.696 §.520 9.720 32550.00
1 06 7.596 6.660 §.676. 10.368 - 33300.00
R 08 10.368 9.972 5832 ] 5.532 32004.00
.13 06 5.832 5.076 4.320 4320 19545.00
14 06 4320 4.320 4.320 4,320 17350.00
T 151 06 4.320 4.320 -7.776 13.605 | 30024.00
he T 06 12.384 10.044 9.684 11.340 | 43452.00
T 0 06 9.396 §.064 §.064 9.504 |___35028.00

15 1 06 9.612 9.288 11.772 12.744 | 43416.00
19 T 06 12.420 11.772 11.412 16.416 |~ 52020.00
™20 106 13.716 12.312 12.852 13.824 | 52704.00

/),/21 06 | 12,528 12.888 15,444 19.476 | 60336.00
Ty 1T 06 ] 21.168 20.520 20,448 | 22,572 1 _ 84708.00
DUTA3 T 06 | 43.884 43.632 L7.412 | 49.680 | _184608.00
i3z 7 06 | 35.892 29.376 45.972 54540 165750.00
T T 06 39.024 31.032 47.232 52.200° 169488.00

D 2e 1 06 53.028 38.304 45.936 45.430 1556858.00
27 T 0a 36.288 29.433 40.284_ 1 40.752 146757.60
o877 Ton 1 26.784 22.104 27.504 | 23.076 99368.00
20 .7 06 | 12.744 9.360 9.828 6.876 38805.00
T30 T oe 1 -1.080 0.756 §.280 16.776 | 26892.00

MONTH: JULY

ol 07 | 24.264 18.972 |~ 37.944 v 48.600 129780.00
02 07 | 137.368 35.856 58.752 66.312 193288.00
03 07- | 81.396 90.504 §9.496 86.472 347868.00
;04 ¢ 07 §3.952 81.936 90. 504 93.528 349920.00
05 1 07 86.976 85.968 104.616 109.152 386712.00

061 07 90.504 79.416 78.408 76.356 7323676.00
. 07 | 07 64.296 60.768 68.184 69.720 262368.00
08 167 64.224 58.752 74.376 67.778 265140.00

09 i 07 55.728 53.208 64.800 65.304 239040.00
101 07 54.720 57.744 82.944 84.456 279864.00
11107 71.856 68.796 77.904 80.928 299484, 00
P12 07 74.376 76.392 .88.992 90.504 | 330264.00
13 07 81.936 105.660 118.800 109.656 416052.00

16 1 07 93.528 B4 . 456 85,464 84,456 347902.00
s [ 07 1 69.840 48.204 - 118044.00
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GRIZZLY CREEK GLACIER 1979 MONTH: JUNE
STREAM DISCHARGE CALCULATIONS SITE A2
1 | D1 L33 .
! | scharge in m” x 10 Daily
! Doy | .Date 0006~-0600 0600-1200 " 1200-1800 1800-2400 Total in'm3
L 10 i 06 1.296 3.348 2,448 7092.00
S 11 10 | 0.309 0.0u4 | 0.190 1 0.432 996,40
c120 06 0.309 0.0h4 0.190 0.432 996.40
Py 06 3.166 1.052 2,105 5.395 11728.00
1L 06 2.799 1,932 1.866 4.771 10368.00 i
- 15 06 2.110 | 0.900 6.840 | . 8.064 T T 18014.00
_16 06 6.696 5.436 5.832 | . 7.740 | 25704.00
17 4 06 5.796 4,413 4.833 5.974 | 21016.00 i
TR 706 | 6.712 5.470 5.991 7816 | 26049.00
19 1 06 8.115 6.554 _7.178 9.365 i 31212.00 ]
20 706 §.221 S5.184 | 5.184 1 13.033% ¢ 31622.00
P21 T 06 7.964 7.240, 9.050 .} 11.947 | 36201.60
2T o6 1 11.181 | 10.164 _12.706 | 16.773 I 50824.00 |
25 7 706t 39.722 41.884 ~ 45.288 44,820 171714.00 |
EG 36.288 33.336 56,052 62,640 188316.00
25 06 47.268 45.144 59.472 | 65.340 217224.00 i
26 1 06 55.044 50.076 53.172 1 59.688 217980.00
27 06 38,200 33.966 48.262 | 51.565 172023.00
28 06 27.900 33.766 44.928 42.624 149218.00
29 T Q04 35.208 | 31.248 34396 36.777 131629.00
T 06 7.930 } 6.820 10.080 r 10,368 35198.00
MONTH: JULY
‘o1 107 7.560 6.948 | ~ 9.036 10.044 33588.00
02| 07 8,784 8.208 16.452 18.144 51588.00
03 1 07 10.222 9.868 19.377 19.670 .- 59137.00 1
04 1 07 10.640 10.130 19.400 19.316 59486, 00
Y, 10.860 10,270 23.269' 21.342 65741.00
06 07 11.664 11.232 18.072 14.616 55584.00
L0707 13.212 12,744 | 11.520 10.008 47484.00
08 U 07 9.720 9.828 9.108 9,072 37728.00
v T o7 9.504 11,772 ~10.152_ | 10152 - |~ 41580.00 |
du Uo7 T 10.116 13.284 1 "11.818 | 11.418 | "46636.00 !
11107 1 10.399 14.440 11.600 1~ " 11.137 | 41576.00
a2 T o7 T 13.659 15.343 C13.477 1 TTINARs 1 3614400
13 07| 17,400 23,601 16.839 | 12.888 | 70728.00
CT4 VUo7 b 130140 130536 14,220 1 14,236 1 55152.00
15 .07 1 13.284 | 13.032 | R R
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GRIZZLY CREEK GLACIER 1979 -~ MONTH: . JUNE
STREAM DISCHARGE CALCULATIONS SITE MTE
.3 3
Discharge in m” x 10 Daily
0006-0600 0600-1200 1200-1800 1800-2400 Total in m°
0.468 0.648 1116.00
0.648 0.612 0.540 0.720 2520.00
0.648" 0.612 0.540 0.720 2520.00
0.140 C.210 0.146 0.324 1820.00
0.120 0.180 0.112 0.229 725.00
0.304 0.272 " 0.252 0.432 1260.00
0.432 0.432 0.432 0.432 1728.00
0.216 0.192 T 0.483 0.521 | 1412.00
0.326 0.282 0.566 0,649 1823.00
0.430 0.356 0.640 1~ 0.758 2184.00
0.856 0.592 | 1.112 1.234 3794.00
K J0.933 1 0.849 1 1276 1 1.486 1 4344.00
22 1.343 1,096 | 1713 17T r.gse 1T "6098.00
23 3.946 2.619 ~6.984 ~7.056 20605.00
Sy 4.824 | 3.528 | 6.984 7.524 22860.00
N 4.500 2.916 ~ 5.076 5.868 _ 15364. 00
20 4.032 0.864 8.976 12.285 26157200
S 14.869 10.393 25.102 28.766 79130.00
.28 16.304 5.652 22.968 23.688 68612.00
r29 20.340 13.680 9.864 1 T 16.020 __;  59904.00
Y] 12,420 . 9.396 ______'3.20_2___{___ 7,110 ] 34128.00
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CHCPRANOED CRDTIMEENT ANATNCTS
O Tttt M T O

Aol =22 O

| CATIONS {(npm.) T - Suspended Sediment
l . . Concentration
| + + ++ ++
; Date/Time Na I K Ca Mg, © {gms./0.51.)
| Sample | YST _*0.05 | -20.05 ) :0.05 £0.05 | - £0.005
| a1 11-06-1000 |  4.71 ’ 2.39 10.28 | 0.34 1,902
| Al 11-06-1200 { 5.53 t 2.79 | 15.03 | _0.86 L)Y
S 11-06-1400 | _ 2.80 1 1.11 | 8,87 | _0.37 N
|2 11-06-1000_ - 3,58 | 1.43 9.43 1 0.55 . 2.022
A2 ] 11-06-1200 | 3.81 !  1.35 7.66 | 0.64 |~ "~ 1.916
L A2 1 11-06-1400 4.02 1.74 .| _10.07 | _ 0.43 _1.973
| A2 1 11-06-1600 2.69 1,09 | 9.26 | 0.44 1.055
. A3 1 11-06-1000 3.05 1,30 1 "usa 1 oS 1.904
A3 1 11-06-13200 4.0 1 3.30 8.5t 0 0.39 4 _L.9%0
U A3 11-06-1400 418 | 1.35 1 8.80 | 0.R2 2,034
AN T 11-00-1600 3.02 1.03 1 7.71 1. [0.36 1 1.997
AL 1 16-06-1200 5.68 3.59 | 20,13 | 2.65 1.107
T TTAT T 16=00-1600 1 19.11 12,14+ 58,03 | -~ 9.29 IENYE
"TWA1§ 16-06-1200 | _ 5.78 | _ 3.04 25.57 1 3.52 | " 1.978
TUUTAL U 16-06-1600 | 4.99 1 4,01 | 121.44 | _18.61 ! 81
CA2Z 0 16-06-1100 7.07 | 3.16 33.73 . __4.01 f - 1.076
A2 T 16-00-1500 5.53 | 2.55 27.66 1 3,08 1 1.912
A3 16-06-1200 5.78 |- _2.3% 17,6 1 2008 | 1.009
Tt T 06-06-1500 | 6.52 5.202 1 ®0.04 1 1i.e2 | UUAGs0
L A00eITe00 |73 | L5y | 7.3% 1 0.5 N PR
AU, 20-06-1500 F  A.5) 0 2.03 1 11.39 1 036 2.058 -
YAl 20=06-1500 1 5,10 234 -1 714,79 0,43 1 2103 ,
L A2 TIT6-00-1500 (  2.91 1.04 6.25 | 0.33 1.956
A2 T20-06-1600 |  1.51 { _ 0.82 6.93 0.06 2,053 -
A3 20-06-1500 3.76 1.44 | 6.59 0.25 2,006 l
A1 T1T25-06-1500_ 1 2.74 1.35 | 23.97 0.57 alesy
LAl 25-06-1700 | _ 4.18 1.77 14.79 | 0.20 2.215
L TAl 25-06-1500 3.29 1 1.63 26.19 | 0.79 2.103
Y | 25-06-1700 1.69 1 1.45 1 13.91 [ 0.53 ~1.991 _
A2 1 25-06-1600 6.58 3.67 80.00 |  3.12 2.642
C AT TT95-06-1700 2.43 -~ 1.61 26.68 0.82 |/ _2.286
A3y 25-06-1500 2.58 0.98 | . 7.83 1 0.15 1721
A | 25-06-1700 2,04 0.88 5.97 0.22 1~ 1.917
AT 7T30-06-1200 | 2.55 1.36 13.13 0.56 1,601
. Al 30-0A-1300 I 2.65 3.15 | 63.22 2.10 | 2796 .
VAT UT30-06-1300 | 5.20 | 1.26 ] 9.67 I O.11 | .70y T
. A2__ 1 30-0-1000 1 4.33 1.58 | 13.44 1 0.44 1714
©_ A2 1 30-06-1200 | __.5.69 __1.84 17.89 1 0.67 | 1.819 -
A2 i 30-06-1300 | 5.58 1.61 17.41 1 1.00 1.782
TNy T UT30-08-1200 1 3.45 1.45 13.25 | 0.28 1.765
A3 10-06-1400 | 4.23 2.31 30.65 ‘i“‘"’i_'n 2.0 T
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SUSPENDED SEDIMENT ANALYSIS - --= ———————=—

{continucd) oy
CATIONS (ppm.) Suspended Sediment
_ Ceoncentration
+ + ++ ++
Date/Time Na K Ca Mg {(gms./0.51.)

YST £0.05 0,05 +0.05 |  *0.05 © :0.005
02-07-1200 3.56 1.53 19.62 | . 0.64 1.945
02-07-1100 2.75 1,21 11.40 1.04 2.011 T
02-07-1100 3.05 1.80 32,49 | 1.04 2,095 '
02-07-1200 2.90 1.05 9.17 | 0.02 1.803
02-07-1200 4.10 0.99 410 | 1.07 1.684
04-07-1400 3.17 2.42 37.76 | 2.79 2.757

_ AT T704-07-1400 ! F.01 [ 1.58 i 30,18 | 234 | 2.376 ]
04-07-1400 275 21 U 1Lk oo 777 TR0l
05-07-1100. 2.16 1.38 16.78 _1.53 1.993
05-07-1100 1.53 1.29 20.27 i 1.1 T 2,102 ~

~05-07-1100 .42 | 1.79 | 22,99 1 1,92 | "2.099 .
»>
)
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