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Abstract 

Sentinel Glacier, located in the Coast Mountain Range 
of British Columbia, is one of five glaciers studied in 

Western Canada as part of the Canadian contribution to 
the International Hydrological Decade (IHD). Studies 
began in, 1966. 

The report describes the main parameters of the 
glacier, the geology of the basin and gives summaries of 
glaciological, meteorological and hydrological data col- 
lected until the end of 1974 field season, together with a 
bibliography and r’efer'e'nces to special studies of the 
glacier. 

Résumé 

Le glacier Sentinel, situé dans la chaine Cotiére de la 
Colombie-Britalnnique, est au nombre des cinq glaciers 
qui ont f_ait l’objet d’ét_ud_es m_enées dans l'ouest du 
Canada en 1966, dans le cadre de la participation 
canadienne a la Décennie hydrologique internationale. 

Le présent rapport montre les principaux paramétres 
du glacier, la géologie du bassin et, de facon concise, les 
données glaciologiques, météorologiques et hydro- 
logiques recueillies sur place jusqu’a Ia fin de 1974. II 

comprend une bibliographie ainsi que certaines référ— 
ences a‘ des études particuliéres sur le glacier Sentinel.



Canadian Glaciers in the International Hydrological Decade 
Program, 1965-1974 c 

No. 1. Sentinel Glacier, British Co|umbia—Summary of measurements 

0. Mokievsky-Zubok and A. D. Stanley 

INTRODUCTION 

The need for glaciological research on a global scale 
‘was emphasized by the General Assembly of the Interna- 
t_iona| Associat_ion of Scientific Hydrology (IASH) held in 
Helsinki in 1960 (IUGG/IASH, 1961). At that meeting 
more comprehensive work on glaciers was recommended 
to the Commission of Snow and Ice. The program 
subsequently prepared by the Subcommittee on Varia- 
tion of Existing Glaciers was a major step forward in 

international glaciological research, and was accepted by 
the Comm_ission of Snow and Ice at the Symposium of 
Obergurgl in 1962 (IUGG/IASH, 1962). This program 
led the 1964 General Conference of the United Nations 
Educational, Scientific and Cultural Organization 
(UNESCO) to implement the world-wide lnternationa_l 
Hydrological Decade (IHD) program on glaciers (Resolu- 
tion l-13 UNESCO/NS/198). 

Canada participated actively in glaciologic_a_| research 
and part of its commitment to IHD was the survey of a 
chain of five glacier basins for study of mass and ‘water 
balance. This chain represents a transect across the 
southern part of the Canadian Cordillera and forms part of 
the IHD network of glacier basins which extends to 
Europe and Asia in a (west-east direction and runs from 
Alaska to South America in a north-south direction 
(Mokievsky-Zubok, 1973a). 

The five glacier basins in southwestern Canada 
selected for a long-term detailed study of mass and water 
balance were Sentinel, Place, Woolsey, Peyto and Ram 
River (Fig. 1). Responsi_bil_ity for ca_rryi_ng out these 
studies was given to the Glaciology Section of the 
Geographical Branch, Department of Mines and Techni- 
cal Surveys, which "is now the Glaciology Division, Water 
Resources Branch, Inland Waters Directorate, Depart- 
ment of the Environment. 

This report deals with the data collected at Sentinel 
Glacier from 1 966 to the end of the IHD on December 31, 
1 9 74. 

GENERAL DESCRIPTION 

Sentinel Glacier’ (|at.. 49°54’ N, long. 122°59’ W) is 
located in Garibaldi Provincial Park, 70 km north of 
Vancouver, in the Coast M_ou_ntain Range of Western 
Canada (Fig. 1). The glacier, which is influenced by a 
maritime climate, has high winter precipitation with 
seasonal snow cover ranging from 4 m at its tongue to 
_more than 10 m at higher elevation. 

Sentinel Glacier occupies a basin facing north on the 
northeast side of Garibaldi Névé-, which extends from the 
Glacier Pikes at 2158 m a.s.l. down to Garibaldi Lake at 
1478 m a.s.l. The ice cover is nearly 2 km? and covers 
about 45% of the total area above the stream gauge 
located approxim_ate|y 800 m below the glacier terminus. 

The g|acier's main parameters are: 

Glacier area 1.985 km’ in 1965 
1.844 km? in 1974 

Maximum elevation 2105 m a.s.l. 
Minimum elevation 1575 m a.s.l. 
Mean elevation 1840 m a.s.l. 
Average gradient 1 7° 
Azimuth 310° 
Mean specific winter 
balance, 1966-1974 

Mean specific summer 
balance, 1966-1974 

Mean specific net 
balance, 1966-1974 

Accumulation area ratio 
Mean equilibrium line 
altitude, 1966-1974 

3.56 m (standard 
deviation, 0.65) 

3.24 m (standard 
deviation, 0.60) 
+0.32 m (standard 
deviation, 0.89) v 

0.61 ‘ 

1807 m (standard 
deviation, 129) 

The glacier surface has two distinct units separated by 
the firn line at an approximate altitude of 1800 m a.s.l. 
Below the firn line, the tongue area has a relatively simple 
configuration with only a few crevasses and moulins. 
Above the firn line, in the glacier’s catchment basin, the
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Figure 1 . Location of glacier basinsin t_he Can_ad_ia_n Cordillera selected for combined balance studies. 

surface is irregular. The surface topography and the 
icefalls suggest that a large bedrock knob protrudes into 
the ice at the centre of the glacier. From the centre, the 
undulating snow su_rface r_ises steeply against the valley 
walls. Crevasses vary intsize, but the more prominent are 
more than 2 m wide (Fig.1!-1). 

GEOLOGY 

Starting at Garibaldi Lake, both the eastern and 
western sides of the basin and the area along Sentinel 
Glacier consist of intruded meta'm‘or‘phosed volcanic rocks 
assumed to be late Paleoz_oi'c. The western and southern 

slopes are covered by recent volcanic deposits (lava, 
cinder, ash) considered to be 10,000 to 100,000 years 
old. Several extinct volcanoes are in the immediate 
vicinity. The valley floor between the glacier and the lake 
is covered by outwash and morainic material which is less 
than 400 years old (Mathews, 1975). 

DATA COLLECTION 

Each year since the initiation of the program i_n 1966 
the glacier has been visited and manned from May to 
October. Data collected may be divided into three major 
groups: glaciologiycal, hydrological and meteorological.
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Glaciological Data 

Summaries of net mass balance for 1 966 to 1 974 are 
presented in Appendix I. The values given are those 
obtained by standard mass balancemeasurements 
(¢strem and Stanley, 1966), as recommended by the 
Subcommittee on Variation of Existing Glaciers to the 
Commission on Snow and Ice of IASH and accepted in a 
resolution at the Symposium of Obergurgl (IUGG/IASH. 
1962, pp.306-309). 

Maps showing stake locations, sounding profiles, 
survey points, winter and summer balance and net 
balance are shown in Appendix II. A stake network was 
established at the beginning of the program. Alu_minurn 
stakes were drilled into the ice and drilled again whenever 
they were close to melting out. In the spring of each year, 
when the aluminum stakes ‘were covered by snow, 
ternporary stakes were inserted in the sn_ow as close as 
possible to the original ones. The snowmelt at the 
temporary stakes’ location was then used to estimate 
snowmelt at the nearest permanent stake when it 

appea_red on t_he surface in the course of the summer. 

Concurrently with the snow measurement and at 
regular intervals throughout the melt period, density 
measurements were obtained for calculation of water 
equivalents for measured snow depths. Measurements of 
snowmelt were taken at intervals of 8+10 days. At the 
end of the melt season the_ remaining snow cover was 
probed again and the volume of unmelted snow 
calculated. 

From these measurements of snow cover and snow 
and ice melt, maps have been compiled and the winter 
and summer balances calculated. For each sounding 
point o_n the sounding profiles, snow depth values in 
water equ_ivalents were entered on a 1 -210,000 s_cale map 
with a contour interval of 10 m and lines of equal snow 
depths drawn at increments of 50 cm of water 
equivalent. 

The area between successive isopleths and each 
elevation interval was planirmetered and multiplied by the 
average water equivalent value to provide the water 
eiquivalent volume. Results for all elevation intervals were 
added. The sum represented the total of either winter or 
summer balance (Mokievsky-Zubok, 1973b). The net 
mass balance is either positive or negative according to 
the equation: 

b,, = b,, + bs 

where 
b,, is the net mass balance 
b,, "is the winter balance 

b, is the summer balance 

Maps representing net mass balance in Appendix II 

were obtained by using values from an alternative 
method based on subtracting the volume of remaining 
snow cover from ice and firn ablation. The thickness of the 
remaining snow cover was sounded at the end of the 
ablation season and its volume obtained by following 
procedures similar to those used for determining winter 
balance. Accuracy analysis of mass balance values was 
discussed previously (Mokievsky'—‘Zubok, 1 974). 

The collected glaciological data are summarized in a 
series of graphs and tables (Appendix lll): 

GRAPHS 

1. Variation of net balance with elevation, 
1966-1974, 

2-10. Variation of winter, summer and net balances 
with elevation for each year. 

1 1. Net mass balance fluctuations, 1966-1974. 
12. Analysis of surface measurement methods. 

TABLES 

1 -9. Summaries of net mass balance data by 
contour intervals, 1966-1974. 

10. Equilibrium lines, 1966-1974. 
1 1. Glacier’s gain or loss in volume of water 

(1966-1974) and the retreat of terminus in 
metres. 

12. Comparison of mass balance results obtained 
by two surface methods to show their internal 
cons_isten_cy. 

13. Vertical surface change in the terminus area 
up to maximum elevation of 1650 m ‘for the 
period 1964-1974 determined by

S 

p,hotograrn_metric survey (from Reid and 
Charbonaneau, 1975, and personal 
communication). 

Hydrological Data 

Meltwater from Sentinel Glacier flows in two separate 
channels for approximately 800 in before joining into one 
main stream that runs into "Garibaldi Lake. Hydrologic 
measurements were taken approximately 30 m below the 
confluence: a Stevens A-35 au'tornat_ic stage recorder 
was installed to record water level, and discharge 
measurements were made each year to determine the



rating curve. Detailed discharge measurements are 
available from the Glaciology Division, and a rating c_urve 
is given in Appendix IV. Daily river discharges are 
presented in graphical form in Appendix V. 

The discharge at the gauging site is derived from 
meltwater from the glacier together with contributions 
from four small creeks flowing from the unglaciated part 
of the basin. Separate data were obtained on discharge 
from these side creeks and can be used to determine the 
meltwater component of the main channel. 

Meteorological Data 

At Sentinel Glacier, as at other glaciers in the 
Canadian IHD program, considerable attention was paid 
to the collection of meteorological data. On Sentinel 
Glacier it included measurements ta_ken four t_imes daily 
for temperature, relative humidity, wind direction and 
wind velocity, radiation, precipitation and sunshine 
hours. Visual records of visibility, fog, cloud cover in 

tenths, height and type of clouds and general weather 
were also obtained. 

Meteorological data were reduced, summarized and 
tabulated. They are stored at the Glaciology Division, 
Inland Waters Directorate, and are available on request. 
The data are presented in graphical form in Appendix V. 

Instrumentation on the glacier varied.. From 1966 
until October 1970, short-term recorders only were "used 
to measure climatological parameters relevant to the 
glaciological studies. The base camp station (elev.. 1540 
m‘ a.s.|.) was equipped with a hygrothermograph, 
totalizing anemometer, sunshine recorder, solarirneter, 
barograph and simple precipitation gauge (Pluvius type- 
see ¢strem, 1966). 

For selected periods a meteorological station was 
established in t_he upper basin (elev. 2030 m a.s.l.), 

where the following ignstrugments were i_nstalledv:« thermo- 
hygrograph, pyrheliograph and simple precipitation 
gauge (Pluvius type). Data are available but not given in 
this report. 

Seven precipitation gauges were located on the 
glacier surface, In 1971 all P|uvius—type gauges were 
replaced by the larger M»SC—type (Meteorological Ser- 
vices of Canada) rain gauges. 

In the autumn of 1970, in addition to the short-term 
‘recorders, two MKII SUMNER Long—Period Recorders 
were installed at the base camp to record temperature, 

relative humidity, wind direction and wind velocity. Some 
information is available for limited periods during the 
winter months. 

SPECIAL STUDIES 

Mass Balance by Various Methods 

Independent mass balance values were obtained by 
three methods at Sentinel Glacier: two surface balance 
methods for the entire glacier and a geodetic method 
used to calculate volumetric changes in the tongue area. 
The purpose of employing multiple methods was to 
establish the accuracy of the measurements by determin- 
ing the degree of internal consistency (Mokievsky-Zubok, 
1973a). 

Flooding 

During the period May-June 1968 melting snow 
revealed a layer of sediments comprised of silt, sand, 
‘gravel and rock fragments, generally well sorted, incor- 
porated within the snowpack. The estimated volume of 
debris was 6.6 X 103m3. 

Sedimentation occurred while the ground was cov- 
ered with several metres of snow. Detailed research 
ind_ic_'ates that impounded water, which had accumulated 
in sub-zero temperatures behind a dam formed by snow 
avalanche, was suddenly released, scooping the uncon- 
solidated material -and vegetation from the valley floor 
and transporting the material down the valley 
(Mokievsky-Zubok, 1975b). 

Vertical Component of the Internal Ice Flow 

Comparison of the melt data obtained by the standard 
surface measurement method an_d by surface lowering 
determined by "terrestrial photogrammetry for the same 
points on the tongue area for exactly the same period 
showed a differencein results. 

It has been postulated that the difference in ablation 
measurements by the two methods was equivalent to the 
magnitude of the upward component of the internal ice 
movement (Mokievsky-Zubok, 1975a). 

SUMMARY
' 

Because of heavy snowfall and changeable accu_mula — 

tion patterns, Sentinel Glacier, which is located in a



maritime climate, presented certain difficulties in accu- 
rate measurements of winter balance and, consequently, 
of mass balance. Detai_led determination of solid accumu- 
lation and summer melt was necessary. To achieve the 
best results several methods were used for obtaining 
mass balance, and measurements were simple, various, 
and frequent. Towards the end of the IHD, when 
measurements had attained a known degree of accuracy, 
the number of measurements was reduced. 

Mass balance studies from 1966 to 1974 showed 
that out of nine years, seven years had positive, and two 
years negative balance. Nevertheless, the glacier termi- 
nus was retreating constantly until the end of the me_It 
season in 1973, although in 1974 the position of the 
tongue was unchanged. From 1966 to 1974 the average 
retreat was 29 m/yr. Based on photographic evidence, 
the average retreat for the period 1923 to 1 974 was 31 
m/yr. 
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Appendix I 

Summary of mass balance data



Table 1-1. Sentinel Glacier — Summary of Mass Balance Data, 1965-1974 
1968- 19759 'i§738 

‘ 

"197; ““yeu” 7”‘1955”‘ i966— 15677’ 19699 1950 1é71 

Specific water equivalents, m* 
W-inter balance n.a. 3.28 4.21 3.42 3.52 2.62 3.86 2.94 3.39 4.81 
Summer balance n_._a. 3.13 4.39 3.04 3,40 3.92 3.29 2.68 2.60 2.70 
Net balance n.a. +0.15 -0.18 +0.38 +0.12 "-1.30 +0.57 +0.26 +0.79 +2.11 

* 106m’3 water equivalents 

Winter balance n.a. 6.509 8.346 6.789 6.981 5.043. 7.342 5.465 6.247 8.864 
Summer balance n.a. 6.217 8.714 6.043 6.747 7.549 6.264 4.972 4.803 4.977 
Net balance n.a. +0.292 — 0.368 +0.746 +_0.2'34 — 2.506 +0.493 +1.078 + 1.444 +3.887 
*The specific values are obtained by dividing total mass balance in water equivalents by area.
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Appendix II 
Maps of summer, winter and 

net balance
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Table 111-1. 
Glacier: Sentinel 
Year-: 1965-1966 

Start: 1 October 1965 Winter: to 16 June 1966 Summer: to 6 September 1966 

Net balance, “CAorit<K5'ur Areza, Winter balance, Summer balance,’ 
18

_ 

_ M X in km In, Water equiv. m, water equiv. 
_ 

In, Water equiv. 

V>0210o 0.023 3.40 2.25 +1.15 
2000-2100 0.346 3.62 2.32 +1.30 
1900-2000 0.490 3.68 2.53 +1.15 
1800-1900 0.515 3.32 2-._98 +0.34 
1700-1800 0.300 3.01 3.66 — 0.65 
1600-1700 2.45 4.86 — 2.41 
<1600 0.092 2.44 4.64 - 2.20 

Total area and balances 1.985 3.28 
I 

3:13’ +0.15 

Equilibrium line: 1820 m 

Table 111-2. 
Glacier-'2 Sentinel 
Year’: 1966-1967 

Start: 6 September 1966 Winter: to 6 June 1967 Summer: to 8 October 1967 

Contour interval, Areza, Winter balance, Summer balance, Net balance, 
_ i In > 

‘km m, water equiv. m, water equiv. m, water equiv. 

> 2100 0.023 4.48 2.26 + 2.22 
2000-2100 0.346 4.40 3.00 +1.40 
1900-2000 0.490 4.54 3.94 +0.60 
1800-1900 0.515 4.42 4.65 — 0.23 
1700-1800 0.300 3.80 5.14 -1.34 
1600—1700 0.219 3.53 5.50 -1.97 
<1600 0.092 3.21 6.00 — 2.79 

Total area and balances 1.985 4.21 4.39 — 0.18 

Equilibrium line": 1875 m K — A I H H 1 W 8 7» _ K 

Table 111-3. 
Glacier: Sentinel 
Year: 1967-1968 

Start: 8 October 1967 Winter: to 23 May 1968 Summer: to 1 October 1968 

Contour interval, Areal, 
I 

Winter balance, Summerflbalance, 
7 

1~1et balance, 
‘I 

In km m, water equiv. M ”_ W n1,Mwate1' equiv.___ ml water equiv. 
>21o0 0.023 3.55 2.26 

A ‘ V 

+1.29’
3 

2000-2100 0.346 3.54 2.89 +0.65 
1900-2000 0.490 3.43 2.71 +0.72 
1800-1900 0.515 3.71 2.77 +0.94 
1700-1800 0.300 3.47 3.01 +0.46 
1600-1700 0.219 2.97 4.12 -1.15 

_ __ _ 

0.092 2.14 4.66 -2.52 
T6t.aJ area and balances 

V 

’1_.9b_a5_A 3.42 3.04 +o_33 
Equili_br_i_u_1n line: 1720 m
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Table Ill-4. 
Glacier: Sentinel 
Year:- 1968-1969 

Start: 1 October 1968 Winter: to 30 May 1969 Summer: to 6 October 1969 

Summer balance, Contour line, Areza, Winter balance,‘ Net balance, 
In km 

7 
m, water equiv. rn, waterequiv. 

, 

m, water equ_iv. 

>~2100 0.023 4.22 2.74 +1.48 
2000-2100 0.346 3.70 2.84 +0.86 
1900-2000 0.490 3.85 3.08 +0.77 
1800-1900 0.515 3.74 3.04 +0.70 
1700-1800 0.300 3.24 3.96 — 0.72 
1600-1700 0.219 2.80 4.44 - 1.64 

q 

< 1600 0.092 2.23 5.06 — 2.83 

Total area and balances 1.9.85 3.52 3.40 +0.12
_ 

Equilibrium line‘: 1800 m 

Table 111-5. 
Glacier: Sentinel 
Year: 1969-1970 

Start: 6 October 1969 Winter: to 18 May 1970 Summer: to '30 September 1970 

Contour line, 
9 

Area, 
9 

Winter balance, Summer balance, Net balance, 
m 

‘ 

km 
_ 

m, water equiv. A In, water equiv. m, water equiv. 

>21o0 0.023 
' ' 

43.26 3.26 0.00 
2000-2100 0.346 2.94 3.23 — 0.29 
1900-2000 0.490 2-.78 3.10 —' 0.32 
1800-1900 0.515 2.56 4.02 -1.46 
1700-1800 0.298 2.47 4.81 — 2.34 
1600-1700 0.186 2.14 5.14 —'3.00 
_§1_600 0.069 1.89 5.42 — 3.53 

Total areaand balances N V 
1.94271 2.62 3.92 "-1.30 

Eq‘ui1ibrium7li_ne: 2080 in 
‘ 

‘

‘ 

Table III-6. 
Glacier; Sentinel 
Year: 1970-1971 

Start: 30 September 1970 Winter: to 20 May 1971 Surnmeri‘ to 4 October" 1971 

Contour interval, Area, Winter balance, Summer balance, 
3 MM _ W _ 

Net 6ai§1{c’E," 
m km: m, water equiv. in, water equiv. m, water equiv. 

>2100 0.023 4.74 2.26 
‘M V V 

42.48
3 

2000-2100 0.346 4.16 2.74 + 1.42 
1900-2090 0.490 4.16 3.07 +1.09 
1800-1900 0.515 3.78 2.85 +0.93 
1700-1800 0.298 3.59 4.-31 - 0.72 
1600-1700 0.175 3.25 4.24 — 0.99 
<1600 0.054 3.04 4.91 - 1.87 

Total area and balances 1-.901 
8 

3.86 
K 8 

3.29 
. 

*0-.57-.
. 

Equilibrium line: 1795 m



Table 111-7. 
‘ 

‘

1 

Glacier‘: Sentinel 
Year: 1971-1972 

Start: 4 October‘ 1971 Winter; to 7 June 1972 Summer": to 6 October 1972 

Contour interval, 
I 

Area, 
0 

Winter balance, Summer balance, 
N 

Net balance, 
m 

_ q _ _ 7 

km: r_r_x, water equiv. m, water equiv. 
V _ _ rn_, water equiv. 

>21’002 
W M A 

0.023 4.74 1.74 
' 

+3.00 
2000-2100 0.346 3.45 2.25 +1.20 
1900-2000 0.490 3.05 2.24 +0.81 
1800-1900 0.515 2-.89 2.57 +0.33 
1700-1800 0.298 2.61 3.34 — 0.73 
1600-1700“ 0.186 2.18 3.84 - 1.66 
< 1600 0.027 _ _ > 1.89 4.74 - 2.85‘ 

Total area and balances?" 
_ r _ 7 

1.858 2.94 2.68 +0.26 

Equilibrium line: 1825 m 

Table 111-8. 
Glacier: Sentinel 
Year: 1972-1973 

Start: 6 October 1972- Winter: to 17 May 1973 Summer: to 5 October 1973 

Contour interval, Area, Winter balance; Summer balance, Net balance, 
m kmz ‘ 

. in, water equiv. m, water equiv. m, water equiv. 

> 2100 0.023 4.22 1.74 +2.48 
2000-2100 0.346 3.96 1.75 +2.21 
1900-2000 0.490 3.41 2.18 +1.23 
1800-1900 0.515 3.10 2.61 +0.49 
1700-1800 0.298 3.45 3.43 +0.02 
1600-1700 0.158 2.83 ' 4.18 -1.35 
<160O 0.014 2.14 4.21 — 2.07 

Total area and balances 1.844 
’ 

3.38 2.60 
_ i 

+0.78 

Equilibrium line: 1.750m 
' 

' ’ " " 

Table 111-9. 
Glacier: Sentinel 
Year‘: 1973-1974 

Start: 5 October 1973 Winter: to 31 May 1974 Summer: to 6 October 1974 

COMO“! iht€1'Va1., 
9 

Areza, Winter balance, Summer balance, Net balance, 
mq 

_ V 7 

km m, Water equiv. In, Water equiv. m, water equiv. 

>21oo 0.023 5.74 
9 0 N 

2.22 +4.52 
2000-2100 0.346 6.01 2.12 +3.88 
1900-2000 0.490 4.85 2.16 +2.69 
1800-1-900 0.515 4.40 2.88 +1.52 
1700-1800 0.298 4.27 3.29 +0.98 
1600-1700 0.158 4.18 3.90 +0.28 
<160O 0.014 3.71 3.71 0,00 

Totalarea and balances 1.844 4.81 2.70 + 2.11 
Equilibrium line: 1600 m



Table ‘III-10. Sentinel Glacier — Equilibrium Lines Table III-11. Sentinel Glacier — Glacier’s Gain or Loss ‘in Volume 
of “Water (1966-1974) and the Retreat of Terminus 

60 

Equilibrium lines,
_ 

Year m a.s.l. Amount of watgr lost Terminus retreat 
Year or gained, 10 m- cumulative, m 

1966 1820 - ~ . — r 

1967 1875 1965 — 0.0 
1968 1720 1966 +0.292 _ 
1969 1800 1967 — 0.368 55.3 
1970 2080 1968 +0.740 — 
1971 1795 1969 +0.234 85.3 
1972 1825 1970 — 2.506 ~ 
1973 1750 1971 +1.078 118.6 
1974 1600 1972 +0.493 — 

- ~ - - « » - — ~ 1973 +l.444 263.4 
IS/Itfijrfiiard deviation 

1974 +3'887 263'4 

Total net +5.294 Total cum. 263.4 

Table 111-12. Sentinel Glacier -— Comparison of Mass Balance Results Obtained by 
Two Methods of Surface Measurements to Show Their Internal 
Consistency 

Standard method Alternative method Difference, Difference,* 
Year Specific water equivalents, in m o 

1966’ "+0.15 — — — 
1967 -1.184 -0.368 0.184 4.4 
1968 +0373 +0.2‘28 0.145 4.2 
1969 40.117 -0.196 0.313 8.8 
1970 '.- 1.300 -1.294 0.006 0.2 
1971 +0567 +0.504 0.063 1._6 

1972 +0.265 +0.328 0.063 2.2 
1973 “+0783 +_0.8l4 0.031 0.9 
1974 +2.108 +2.062 0.046 0.9 

*The difference in per cent is the relation of the difference between the results 
obtained by two methods to the thickness of the snowpack expressed in water 
equivalents. 

Table III-13..Ser_1t_ine_l Glacier — Vertical surface change in the terminus area up to 
the maximum elevation of 1650 m for the period 1964 — 1974 
determined by photogramrmetric survey (from Reid and Charbonneau, 
1975-, and personal communication). 

Total volume change Volumerchangie Aver. vertical 
Period (2-year period), ma per‘ye_a_r, rri surface change, m 
1964-66 — 962,000 — 481,000 — 2.45 
1966-68 — 569,000 .— 284,000 — 2.15 
1968-70 - 732.000 — 366,000 -3.63 
1970-72 — 492,000 —'246,000 91.64 
1972-74 notavailable; the entire glac_ier*surface was covered- with snow 

at the time of survey, i_.e. at the end of August 1974.



Appendix IV 
Rating curve
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Appendix V 
Summarized meteorological parameters 
and river discharge
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