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PREFACE

This is the sixth report on the glaciological research program carried out
by what is now the Water Résources Branch of Environment Canada. 1In previous years,

the following reports were issued:

1) T"Research Projects in Glaciology, 1968"
Inland Watexrs Branch, Department of Energy
Mines and Resources, 1968, 34 pp.

2) "Ice Studies in the Department of Energy Mines
and Resources, 1969"
Report Series No. 7, Inland Waters Branch

Department of Energy Mines and Resources, 1969, 95 pp.

3) "Research Projects in Glaciology, 1971"
Report Series No. 15, Ihland Waters Branch
Department of Energy Mines and Resources, 1971, 94 pp.

4) "Research Projects in Glaciology, 1972"
Report Series No. 23, Inland Waters Branch
Department of the Environment, 1972, 115 pp.

5) "Research Projects in Glaciology, 1974"
Report Series No. 36, Water Resources Branch

Inland Waters Directorate, Environment Canada, 1974, 130 pp.

An examination of the list shows that changes have occurred in the name of

the Branch and in the Department within which the program has developed.

This report describes the present structure and organization of the
GLACIOLOGY DIVISION and presents the general cbjectives and responsibilities of each
of its components. The catalogue section provides details of work done on projects
since publication of the 1974 report. Projects which have been terminated, transferred,
suspended or absorbed into other studies are listed separately. A bibliography of

published material not contained in previous reports is included.
Limited numbers of previous reports for 1972 and 1974 are available and may

be obtained from: Glaciology Division, Water Resources Branch, Environment Canada,
Ottawa, Ontario KI1A OE7.

iid




1I

III

TABLE OF CONTENTS

PREFACE

RESEARCH PROGRAM

1.

2.

3.

Division objective and organization
Recent changes in the Glaciology Program

Technical and scientific reports - 1974-1976

PROJECT CATALOGUE

1. Arctic Hydrology

2, Glacier

3. Ice Properties

4. Avalanche Research (Snow Physics)
5. Snow Hydrology and Instrumentation
6. Glacier Mapping

INDEXES

1. Project status changes since 1974
2. Index of projects

3. Index - Principal Investigators

PAGE

iii

29

53

73

91

95

125

131

132

135



Research Program




Research Projects in Glaciology -1976

DIVISION OBJECTIVE AND ORGANIZATION

The principal objective of the GLACIOLOGY DIVISION is to maintain within the
Federal Government a cehtre of expertise in snow and ice, particularly in relation to our
inland water resources. This includes the establishment of an inventory of the perennial
snow and ice masses and their changes from year to year; studies of Arctic hydrology;
studies of lake and river ice; of the role of snow and ice in hydrology; df the fundamental
properties of these materials and of avalanche problems. Increased attention is being ‘
given to applied studies, the results of which can be used operationally in water manage-

ment projects or in the Environmental Review and Assessment process.
The Division is divided into 5 sections to achieve this objective.
Arnctic Hydrology

The Section carried out basic and applied research in Northern Canada. Basic
research involves all components of the hydrologic cycle including lake and river ice and
is emphasized in research basin studies. Applied research is directed toward the needs
or northern resource and transportation developments such as water supply systems for
settlements and the impact of highway and oil/gas pipelines (Mackenzie Valley and Arctic

Islands) on the hydrologic environment.
Glacien

The Glacier Section carries out research relating to glaciers and the current

. . N
programme has three main thrusts: - |

Research into the physical properties of glaciers to permit a better assess-
ment of environmental hazards related to glaciers such as j&kullhlaups and éurges; and
\
the investigation of flow characteristics of glaciers to establish criteria governing

large scale mass losses by calving with its concomitaht threat to coastal zZone activities.

Development of a comprehensive informationh system on snow and ice resources in
Canada to maximize the usage of all existing glacier data and information to provide a
datum for satellite based research; to\pe;mit the selection of representative areas for
future research; to aid in the extrapolation of data from the selected glacier basins,

and to identify all glacierized areas potentially hazardous to human activity.




Climatic change is studied by collecting deep ice cores from the accumulation
area of cold glaciers and by analyzing ice samples from various strata. The results
contribute to broader studies of recent environmental change and allow an assessment of

long-term discharge records, particularly from glacierized basins.
Tce Properties

Basic propérties of ice are studied under controlled laboratory conditions.
Studies of mechanical and electrical properties of ice are typical of investigations
carried out in close cooperation with field-oriented studies, e.g. radio echo sounding
techniques to measure glacier depth and to study the internal structure of glaciers.
Light transmission through floating ice sheets affected by oil pollution is studied as
part of the Beaufort Sea Program and the charaéteristics and behaviour of ice and water

under high pressure are studied in the context of deep iceé coring of glaciers.

Avalanche Reseanch*

This section is located in Calgary and its objective is to study the environ-

mental impact of avalanches. Current emphasis is on determining snow pack release

mechanisms as a means of developing more accurate avalanche hazard forecasts and on

determining impact pressures in different parts of avalanche paths.
Snow Hydrology and Tnstrumentation

The objective of the Section is 1) to construct snowmelt models for operational
use, particularly in reservoir management and 2) to research new sources of data to be
used as input to these models, particularly those based on remote sensing in the wvisible
infrared. and microwave spectra. New approaches to modelling are required since remotely
sensed data are usually continuous in one or two dimensions, whilst conventional data

are point samples.

Glacier mass balance studies are also included to study the glacier meltwater

contribution to streamflow.
The Instrumentation part provides technical advice on data acquisition systefis.

The workshop now includes a facility for designs based on macro-integrated circuits

(micro-processors, programmable read only memories, etc.).

*Now known as Snow Physics Section.



RECENT CHANGES IN THE GLACIOLOGY PROGRAM

Since the 1974 Project Catalogue was published, the GLACIOLOGY DIVISION has
un@ergone some modifications which affect its role in the field of hydrology. The
Floating Ice Section has been transferred to Ocean and Aquatic Sciences, D.0O.E., and
personnel transfers have been effected between C.C.I.W. and the Division. 1In addition,
administrative control of the Avalanche Research Section has been returned to Ottawa.
Further refinemeifits in the structure and thrust of the GLACIOLOGY DIVISION's research

program will occur as li€w problems are perceived and research priorities are modified.

It should be noted that the design and development of the Glaciological
Research Program outlined in this catalogue, and the past accomplishments of the
GLACIOLOGY DIVISION, owe much to the leadership of the former Division Chief,
Dr. Olav H. Igken. After many years devoted to research in snow and ice, Dr. Lgken
left Environment Canada to take up a position within the Department of Indian and

Northern Affairs.

K e

Ottawa A/Chief

December, 1976 Glaciology Division




GLACIOLOGY DIVISION

MacKay, D.
A/Chief

K.
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H. Gross
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*Now known as Snow Physics Section.

J. Power

T. W. Maxin

0. Mokievsky-Zubok
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G. J. Young




TECHNICAL AND SCIENTIFIC REPORTS 1974-1976

The following list contains publications written or co-authored by GLACIOLOGY

DIVISION personnel since the publication of the 1974 Projeéct Catalogue. Scientific reports

which have been written under contract agreement with the Divisionh are also listed herein.

Adams, W.
1974

Adams; W.
1974

Adams, W.

Adams, W.
1975

Adams, W.
1976

Anderson,

1974

Anderson,
1974

A. and

"Geological and biological observations at Balaena Bay, Cape Parry, N.W.T."
Beaufort Sea Project, Technical Report No. 29, Environment Canada,

Victoria, B.C., 50 pp.

Guarnaschelli, C.

"Contact angle measurements at high pressure". MS., 17 pp.

"Light intensity and primary productivity under sea ice containing oil".
Beaufort Sea Project, Technical Report No. 29, Environment Canada,

Victoria, B.C., 156 pp.

A., Scott, B. F. and Snow, N. B.

"Environmental impact of experimental oil spills in the Canadian Arctic".
In: Water Quality Parameters, ASTM STP 573. American Society for Testing
and Materials, pp. 489-513. '

A., Davis, A. R., Seabrook, G. and Ferguson, W. R.

J.

C.

"A diditized laser interferometer for high-pressure refractive index
studies of liquids". In: Canadian Journal of Spectroscopy, Vol. 21,
pb. 40-45.

"Hydrologic studies at Boot Creek and Peter Lake basins during 1974". 1In:
Further Hydrologic Studies in the Mackenzie Valley, Environmental=Social

Commi ttee, Northern Pipelines Report No. 74-35, pp. 25-59.

J. C. and Anderson, R. J.

"Progress report on winter distribution of flow in the Mackenzie Delta,
N.W.T.". In: Hydrologic Aspects of Northern Pipeline Development,
Pp. 225-253. Environmental-Social Committee, Task Forcé on Northern 0il

Developmeéent, Report No. 74-12, Iﬁformation Canada.



Anderson, J. €. and MacKay, D. K.
1974 "Progress of hydrologic studies at Boot Cregk and Peter Lake watersheds,
N.W.T: during 1973". In: Hydrologic Aspects of Northern Pipeline
Devélopment; pp. 204=-224. Environmental-Social Comnittee, Task Force on

Northern Oil Development, Report No. 74~12, Information Canada.

Anderson, J. C. and Durrant, R. L.
1976 "Hydrologic reconnaissance, Thomsen River Basin, Banks Island, District of
Franklin". In: Report of Activities, Part A, Geological Survey of Canada,

Paper 76<1A, pp. 221-227.

Bradley, R. S.
1975 "Equilibrium-line altitudes, mass balance and July freezing-level heights
in the Canadian High Arctic”. In: Journal of Glaciology, Vol. 14, No. 71,
pp. 267-274. (Work partly supported by grant from GLACIOLOGY DIVISION.)

Campbell, W. J., Ramseier, R. O., Weeks, W. F. and Wayenberg, J. A.
1974 "Preliminary results of lake and sea ice -experiment”. 1In: SKYLAB Visual
Observations Project Report, NASA TECHNICAL MEMORANDUM TMX-58. Lyndon B.

Johnson Space Center, Houston, Texas, p. 1lll.

Campbell, W. J., Weeks, W. F., Ramseier, R. O. and Gloersen, P.
1975 "Geophysical applications of remote sensing studies of floating ice". In:

Journal of Glaciology, Vol. 15, No. 73, pp. 305-328.

Campbell, W. J., Gloersen, P. Webster, W. J., Wilheit, T. T. and Ramseier, R. O.
1976 "Beaufort Sea ice zones as delineated by microwave imagery". 1In: Journal

of Geophysical Research, Vol. 81, No. 6, pp. 1103-1110.

Chatterjee, R. M., Adams, W. A. and Davis, A. R.
1974 "A high pressure laser Raman spectroscopic investigation of aqueous
magnesium sulfate solutions". In: Journal of Physical Chemistry, Vol. 78,

pp. 246=250.

Chatterjee, R. H. and Adams, W. A.

1974 "A study of aqueous bisulphate equilibria: cation effects". MS., 25 pp.
Chen, E. C.
1974 "Changes: in surface tension of some hydrocarbon mixtires". In: Canadian

Journal of Chemical Engineering, Vol. 52, p. 543.



Chen, E. C.
1975 "The influence of freezing-thawing on the stability of crude ocil-in-water
emulsions". In: Journal of Canadian Petroleum Technology, Vol. 14, No. 2,
pp. 38-41. -

Chen, E. C. and Charles, D. K.
1976 "Surface tension spreading of crude oil on ice". In: Marine Science

Communications, Vol. 2, No. 1, pp. 1l-11.

Classen, D. F.
1976 "Temperature profiles for the Barnes Ice Cap surge zone”. University of

Victoria, Contract Report D.S.S. - 0SS4-0363, 40 pp.

Chyurlia, J. P.
1976 "Water quality and snowmelt runoff - D'Iberville Fiord - June, 1975".

Internal Report, Glaciology Division, Department of Environment, 48 pp.

Davis, A. R., Adams, W. A. and McGuire, M. J.
1974 "High pressure laser Raman study of the dissociation of agueous bisulfate

ion". 1In: Journal of Chemical Physics, Vol. 60, pp. 1751-1753.

Day, T. J. and Anderson J. C.
1976 "Observations on river ice, Thomsen River, Banks Island, District of
Franklin". 1In: Report oh Activities, Part B, Geological Survey of Canada,
Paper 76-1B, pp. 187-196.

Fogarasi, S. and Strome, M. .
1976 "Cloud climate at the head of Inugsuin Fiord, N.W:T. in the summe® of 1968".
In: The Musk-Ok, No. 18, pp. 76-85.

Gloersen, P., Campbell, W. J., Ramseier, R. O., Webster, W. J. and Wilheit, T. T.
1975 "Beaufort Sea ice zones by means of microwave imagery". Goddard Space

Flight Center, Greenbelt, Maryland, 17 pPp.

Goodwin, C. I. and Outcalt, S. I.
1974 "The simulation of the geographic sensitivity of active layer modification
effects in Northern Canada”. In: Hydrologic Aspeéts of Northern Pipeline
Development, pp. 17=49. Environmental-Social Committee, Task Force on

Northern 0il Development, Report No. 74-12, Information Canada.




Grey, B. J.
1975

Grey, B. J.
1976a

Grey, B.: J.
1976b

"Hydrologic reconnaissance: Somerset Island, District of Franklin".
Glaciology Division, Research Report No. 1 (submitted to the Environmental-

Social Program, Arctic¢ Islands Pipeline), 86 pp.

"Seasonal snowlines from LANDSAT imagery: Somerset Island and Boothia
Peninsula, 1973, 1974 and 1975". Report submitted to J. Slater, A.I.P.P.

Coordinator, Water Survey of Canada, Winnipeg, Manitoba, 27 pp.

"Some hydrologic problem areas in the Upper Mackenzie Valley". Unpublished
Report to the Glaciology Division, Environment Canada, April, 1976, 20 pp.

Grey; B. J. and MacKay, D. Ki

1976

Henoch, W. E. S.

1974

Henoch, W. E. S.
1975

"Aufeis (overflow ice) in rivers: a progress report". Unpublished report
to the Working Group on Hydraulics of Ice Covered Rivers, Associate

Committees onh Hydrology and Geotechnical Research, October, 1976, 26 pp.

"Progress report on geomorphic and climatic studies in the Mackenzie Delta
area aided by dendrochronolegy”. 1In: Hydrologic Aspects of Northern Pipe-
line Development, pp. 225-257. Environmental-Social Committee, Task Force

on Northern 0il Development Report No. 74-12, Information Canada.

"peyto Glacier Map, Banff National Park, Alberta". Scale, 1:10,000;
hatched bedrock portrayal, shaded relief. Size 70 x 80 cm. Glaciology

Division, Environment Canada, Ottawa. Printed by Surveys and Mapping

Branch, Department of Energy, Mines and Resources, Ottawa. French and

English Editions.

Henoch, W. E. S., Outhet, D. N. and Parker, M. L.

1975

"Somé ice-induced landforms in the Mackenzie Delta". (revised version) In:
Proceedings, Conference on Soil-Water Problems in Cold Regions. Special
Task Force of the Division of Hydrology, American Geophysical Union;
Calgary, May 6-7. Published by Y. N. Luthin, University of California,

pp. 177-193.
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Henoch, W. E.

1976

Henoc¢h, W. E. S.

1976

Holdsworth,
1973

Holdsworth,
1974

Holdsworth,
1974

Holdsworth,
1975

Holdsworth,
1975

Holdsworth,

1975

Holdsworth,

1975

Holdsworth,
1975

In: Studia Societatis Scientiarum Torunensis.

- "Resurvey of Mount Logan".

"Application of dendrochronology in the development of the Canadian North".
Nicholas Copernicus

University, Torun, Poland, Vol. VIII, Section C, Nr. 4-6, pp. 102-114.

and Croizet, J. L.
"The Peyto Glacier Map/A three-dimensional depiction of mouritian relief".

In: The Canadian Cartographer, Vol. 13, No. 1, pp. 69-86.

"Ice deformation and moraine formation at the margin of an ice cap adjacent

to a proglacial lake". 1In: Research in Polar and Alpine Geomorphology

(Proceedings of 3rd Guelph Symposium on Geomorphology, 1973) pp. 187-199:

"Mt. Logan survey, 1968". In: Icefield Ranges Research Project Scientific
Results, Vol. 4 (American Geographical Society and the Arctic Institute of

North America), pp. 273-275.

"Mode of flow of Meserve Glacier, Antarctica: Part I - Basal Procésses".

Institute of Polar Studies, Report No. 37 (OChio State University), 104 pp.

"Deformation and flow of Barnes Ice Cap, Baffin Island". Inland Waters

Directorate, Research Series No. 52, 19 pp.

"Ice flow measurements of D'Iberville Glacier, Ellesmere Island, N.W.T."

Unpublished Report, 14 pp. 4 fig.

In:

Canadian Alpine Journal, Vol. 58, pp. 16-20.

"Measurement of small strain-rates over short time periods".

of Glaciology, Vol. 14, No. 71, pp. 317-324.

In: Journal

"Taking the measure of Mount Logan".

Vol. 90, No. 3, pp. 28-33.

In:

Canadian Geographical Journal,
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Holdsworth, G.
1975

Holdsworth, G.
1976

Holdsworth, G.

1976

Holdsworth, G.
1976

and Sherstone, D.

"Iweedsmuir Glacier". A 1:50,000 special 1951 topographic map. Inland

Waters Directorate, Environment Canada.

"Another round on Mt. Logan". . In: Canadian Alpine Journal, Vol. 59,

‘PP 68-69.

"Mt. Logan field report 1975". (unpublished report) 22 pp. with map.

"Tidal interaction with ice shelves". In: Proceedings XVIth General
Assembly of the I.U.G.G. Symposium on Tidal Interaction, Including Earth

Tides. Grenoble, France, August, 1975 (in press).

Inland Waters DirectofXate

1974

"6.0 Glaciology (Glaciology System)". Guide to data holdings, including a
list of variables measured and the data bases in which they are stored. In:

Inland Waters Directorate, Electronic Data Processing Committee, pp. 24-34.

Inland Waters Directorate

1975

"World Snow Cover/Enneigement mondial®. Map at a scale of 1:50 million

with text. 1Inland Waters Directorate, Environment Canada.

Jarvis, G. T. and Clarke, G. K. C.

1975

Jasper, J. N.
1974a

Jasper, J. N.
1974b

"The thermal regime of Trapridge Glacier and its relevance to glacier
surging”. In: Journal of Glaciology, Vol. 14, No. 71, pp. 235-250.

(Financial support provided by I.W.D. among others.)

"Hydrologic studies at Twisty Creek in the Mackenzie Mountains, N.W.T. =
1973 Prodgress Report". In: Hydrologic Aspects of Northern Pipeline
Development, pp. 259-281. Environmental-Social Committee, Task Foxcé on

Northern Oil Development, Report No. 74-12, Information Canada.

"Hydrologic studies at Twisty Creek in the Mackenzie Mountains, N.W.T. -
Summary Report 1972-1974". 1In: Further Hydrologic Studies of Northern
Pipeline Development, pp. 61-80. Environmental-Social Committee, Northern

Pipelines, Report No. 74-35, Information Canada.
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Jasper, J. N.

1974c

Jasper, J.-

1976a

Jasper, J.

1976b

Johari, G.
1974a

Johari, G.
1974b

Johari, G.

1974c

Johari, G.

19744

Johari, G.

1974

Johari, G.

1974

N.

P.

P.

P.

"Hydrologic studies at culvert sites on the Mackenzie Highway - 1974
Progress Report". Internal Report for the Hydraulic Design Assessment

Committee, Mackenzie Highway Enviromnmental Working Group, 27 pp.

"A Mackenzie Valley watershed study for assessment of hydrologic design at
stream crossings". Internal Report for the Hydraulic Design Assessment
Committee, Mackenzie Highway Environmental Workihng Group, 37 pp. and

appendices.

"Hydrology and sediment movement patterns of a subarctic upland watershed".
Unpublished M.A. Thesis, Department of Geography, Carleton University,
187 pp.

"Dielectric relaxation in molecular glasses".

350-356.

In: Dielectric Phenomenon,

PP. Publisher, National Academy of Sciences, Washington, D.C.

"Thermally stimulated discharge of ice electret". 1In: Annual Report of
the Conference of Electrical Insulation and Dielectric Phenomenon.

Publisher, National Academy of Sciences, Washington, D.C., pp. 395-403.

"Intfoduction to the glassy state in the undergraduate curriculum". 1In:

Journal of Chemical Education, Vel. 51, pp. 23-27.

"Dielectrics". A collection of chapters edited by G. P. Johari. Publisher:

National Academy of Sciences, Washington, D.C., Veol. 38.

and Whalley,.E.

"Dielectric properties of ice VII and ice VIII and the phase boundary be-
tween ice VI and ice VII®. In: Journal of Chemical Physics, Vol. 61,

No. 10, pp. 4292~4300.

P. and Chan, R. K.

"Glass=like relaxations in orientationally disordered scolids". In: Annual

Report of the Conference of Electrical Insulation and Dielectrical Phenomenon,

Natiohal Academy of Sciences, pp. 331-338.
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Johari, G.

1975

Johari, G.
1975a

Johari, G.

1975b

Johari, G.

1975¢

Johari, G.
1975

Johari, G.
1975

Johari, G.

1975

Johari, G.

1976a

Johari, G.

1976b

P.

P.

"Detection of very slow phase transformations". In: Physics Letters,

Vol. 53A, pp. 1l44-14e6.

and Chan, R. K.
“Thermally stimulated depolarization of amorphous ¥igid molecular electret”.
In: Annual Report of the Conference on Electrical Insulation and Dielectric

Phenomenon {in press).

and Chan, R. K.

"Plastic crystals I". In: Canadian Journal of Chemical Education, Vol. 10,

pp. 8-9.

and Chan, R. K.
"pPlastic crystalé II". 1In: Canadian Journal of Chemical Education, Vol.

10, pp. 10-12.

and Charette, P: A:
"The permittivity and attenuation in polycrystalline and single=crystal ice
Ih at 35 and 60 MHz. In:i Journal of Glaciology; Vol. 14, No. 71,
pp. 293-303.

P., Crossley, J. and Smyth, C. P.

P,

"Microwave absorption and moleculatr structure. LXXXII. The dielectric
relaxation mechanism of benzyl- and benzoylpyridines”. In: Journal of

Chemical Physics, Vol. 62, pp. 1399-1405.

and Jones, S. J.
"Study of low-temperature transition in ice Th by thermally stimulated

depolarization". In: dJournal of Chemical Physics, Vol. 62, pp. 4213-4223.

"Dielectric properties of H,O and D,0 ice Th at MHz freguencies". 1In:

Journal of Chemical Physics, Vol. 64, No. 10, pp. 3998-4006.

"Glass transition and secondary relaxations in molecular liquids and
crystals”. A chapter in the book: Glass Transition and the Nature of the
Glassy State, edited by M. Goldstein and R. Simha; publisher; New York
Acadenmy of Sciences, Vol: 279, pp. 117-149.

14



Johari, G. P.
1976c "Entxopy of vitreous ice". In: Nature, Vol. 260, pp. 421-422.
Johari, G. P.
1976d "The use of thermally stimulated depolarization in the study of solid state”.
In: 59th Canadian Institute of Chemistry Abstracts, pp. 88=89.

Johari, G. P: and Jones, S. J.
1976a "Effect of isotopic substitution on the electrical properties of ice". In:
Proceedings of Symposium on Isotopes and Impurities of Show and Ice,

I.U.G.G. XVI Geheral Assembly, Grenoble, Augist, 1975 (ih press).

Johari, G. P. and Jones, S. J.

1976b "Dielectric properties of polycrystalline D,0 ice Th (hexagonal)". In:

Proceedings of the Royal Society of London, Vol. A, 349, pp. 467-495,

Johari, G. P. and Jones, S. J.
1976c "Infrared polarizability of hexagonal ice". In: Nature, Vol. 263,

pp. 672-673.

Johari, G. P. and Whalley; E.
1976 "The diélectric properties of ice VI at low temperatures". In: Journal of

Chemical Physics, Vol. 64, No. 11, pp. 4484-~4490.

Jones, S. J. and Johari, G. P.
1976 YEffect of hydrostatic pressure on air bubbles in ice". In: Proceedings
of Sympoesium on Isotopes and Impurities in Snow and Ice, I.U.G.G. XVIth

General Assembly, Grenoble, August, 1975 (in press).

Keevil, B. E. and Ramseier, R. O.
1974 "Progress report on a study of oil pollution in ice covered rivers". In:
Hydrologic Aspects of Northern Pipeline Development, pp. 287-296. Environ-

Né. 74-12, Information Canada, Catalogue No. R57-1/1974

Keevil, B. E. and Ramseier, R. O.
1975 "Behaviour of oil spilled under floating ice". In: Proceedings of the

Conference on Prevention and Control of 0Oil Spills, Sah Francisco, California,
March 25-27, 1975, pp. 497-501.
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Kingham, D.
1974

Kite, G. W'.
1976

Lafigham, E.
1974
Langham, E.

1974

Langham, E.
1974

Langham, E.
1974
Langham, E.

1974

Langham, E.
1974

Lahgham, E.
1974

Langham, E.
1974

J., Adams, W. A. and McGuire, M. J.

"Viscosity measurements of water in the region of its maximum density”.

In: Journal of Chemical Engineering Data 1.9, pp. 1-3.

and Reid; I. A.

J.

"Volumetric change of the Athabasca Glacier over the last 100 years". 1In:

Journal of Hydrology (in press).
"Pour mesufer la neige". In: Québec-Science, Vol. 12, No. 6, p. 1ll.

"An apparatus for the accurate control of refrigerant temperature”. In:

Journal of Scientific Instruments, Vol. 7, pp. 389-392.

"Problems of measuring meltwater in the snowpack". Proceedings Eastern

Snow Conference, Ottawa, February 1974 (in press).
"Ia neige cette inconnue”. In: Québec%Science, Vol. 12, No. 6, pp. 9-11.

"Network Geometry of veins in polycrystalline ice". In: Canadian Journal

of Earth Sciences; Vol. 11, No. 9, pp. 1280-1287.

YPhase equilibria of veihs in polyérystalline icé™. In: Canadian Journal

6f Earth Sciences, Vol. 11, No. 9, pp. 1274-1279.

"The mechanism of rotting ice layers within a structured snow pack". 1In:

Proceedings International Symposium on Snéw Mechanics, Grindelwald,

Switzerland (in press).

"fhe nature of the mushy zone in the Stefan P¥ébleém with Joule heating”.
In: Conference on Moving Boundary Problems in Heat Flow and Diffusion,
Science Research Council and Institute of Mathematics and its Application,
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PROJECT G-67-8
PEYTO GLACIER AREA MAP
Pruinedpal Investigator: W. E. S. Henoch

Cooperating Agencies: Surveys and Mapping Branch; National and Historic Parks

Branch, Department of Ihdian and Northern Affairs

Objectives: To prepare a fihal edition, multicoloured, map of the Peyto Glacier
ar¥ea (scale 1:10,000) using Swiss cartographic techniques to portray
a glacier in an Alpine envirenment. The map will have marginal notes
about the local environment, thus providing map users of diverse

interests with a map of high technical and artistic value.

Location: Peyto Glacier (51°40'N, 116°34'W), 45 km northwest of Lake Louise,
Alberta A

PubLications: Henoch, W. E. S. (1975)
Sedgwick, J. K., and Henoch, W. E. S. (1975)
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PROJECT G-68-2

DENDROCLIMATIC DATA AND
GLACIER FLUCTUATIONS

Principal Investigator: W. E. S. Hetrioch
Cooperating Agencies: Nohe

Objectives: To compare the responses of trees and glaciers to climate by

comparing chronologies derived from tree rings and ice cores.

Previous Work: Increment cores collected in the Mackenzie Basin are being
processed in an effort to develop regiochal master chronologies.

Partial results were reported in our previous catalogue, Research

Future Work: Depéhds on data from the pending Mount Logan ice core operation.

Field Work: Increment cores will be taken in the summer of 1976 near Mount

Logan, Kluane National Park, and near Whitehorse, Yukon Territories.
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PROJECT G-70~-1
MACKENZIE BASIN STUDIES
Principal Investigators: D. K. MacKay and J. R. Mackay

Coopenating Agencies: University of British Columbia (J. R. Mackay); Geological

Survey of Canada; Water Survey of Canada

Objectives: 1In general, to conduct hydrologic and fluvial geomorphic studies in
the Mackenzie Basin t6 add to the information base on water in the
northern environment. Part of this information is of value in assessing
the environmental impact of pipeline and highway construction in the

north.
Location: Mackenzie Basin, N.W.T.

Previous Work: A broad range of data has been collected since 1967. For results

see publications.
Work 4in Proghess: Data collection and analysis.
Futune Work: Depends on progress of present studies.
Publications: MacKay, D. K. and Mackay, J. R. (1974)
Mackay, J. R. and MacKay, D. K. (1974)

MacKay, D. K.; Sherstone, D. and Arnold, K. C. (1974)
Swami, K. (1974).
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PROJECT G-70-5

REGIONAL HYDROLOGIC CHARACERISTICS
OF MACKENZIE RIVER BASIN

Principal Investigator: T. Thakur
Cooperating Agency: None
Objectives:

1) To-collect data and study complete basin morphometry from all

available sources.

2) To evaluate and mathematically analyze the available geomorphic

and hydrometric déta.

»

3) To estimate selected stream flow characteristics of the gauged:

Mackenzie watersheds.

4) To develop mathematical models to estimate streamflow characteristics

of ungauged basins.

5) To carry out statistical analysis to measure influence of

geomorphic parameters on stream flow.
Location: Mackenzie River Basin

Pubfications: Thakur and Lindeijer (1974)
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PROJECT G-71-7 (formerly part of G-70-1)

SEASONAL DISTRIBUTION OF FLOW IN
THE MACKENZIE DELTA

Principal Investigator: J. C. Anderson
Cooperative Agencies: wWater Survey of Cahada; Atmospheric Environment Service
Objectives:

1) Establish annual regimes of inflow to the Mackenzie Delta and the

distribution of that flow within the Delta;

2) 1Investigate the hydraulic geometry of Delta channels with respect

to flow during the open water season;

3) 1Investigate variations in water levels, ice levels and ice thicknesses

on major Delta channels;
4) Investigate causes of flooding within the Delta.

Location: Mackenzie Delta, N.W.T.

Previous Work: Field work commenced in the summer of 1971. Late winter flow
distribution surveys began in 1972, and continued through 1974, when
full responsibility for flow distribution data collection was assumed by
Water Survey of Canada.

Wonk in Proghess: None.

Future Work: Possible study of the occurrence and explanation of deep "holes"

in some Mackenzie Delta channels.

Publications: Anderson, J. C. and R. J. Anderson (1974).
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PROJECT

G-71-8

RIVER ICE CHARACTERISTICS DURING BREAK-UP

Principal Investigatons: D. K. MacKay; D. A. Sherstone; K. C. Arnold

Cooperating Agencies: Polar Continental Shelf Project; Department of Energy

Mines and Resources

Objectives: To examine river ice dynamics on northern rivers during break-up

and jamming in an attempt to isolate stream flow, ice and stream bed
characteristics responsible for initiating and maintaining break-up
and initiating and destroying ice jams. Particular emphasis to date
has been placed on location and formation of ice jams during air photo
coverage and study of the effects of ice jamming on stream beds and
shoreline erosion. As well, densitometric analyses of ice in motion
upstream of jamming and ice block characteristics within the jam

have been undertaken.

Previous Work: Air photo coverage of ice jams has been obtained during 1971

Work 4in

through 1975 break-up seasons and 1971 and 1972 data analyzed manually
for ice block characteristics. 1973 and 1974 data have been analyzed
using a quantimet densitometric systém (Dr. Roger Glass - Ontario
Research Foundation - under contract). ERTS (LANDSAT) imagery had
also been studied as a tool in detecting macro scale break-up features.

For results, see publications.

Progness: study of applicabi;ity of densitometer derived data to ice
jamming characteristics and limits of densitoneter analysis. Study

of ice jams and ice block characteristics from 1975 data.

Future Work: continued monitoring of ice jams along the Mackenzie at least

through the 1976 season. Study of break-up using aerial photography
for several river basins in the central arctic regions near predicted

pipeline crossings.

Publications: MacKay, D. K., Sherstone, D. A., and Arnold, K. C. (1974)

Sherstone, D. A., Arnold, K. C., and MacKay, D. K. (1974)
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PROJECT G-72-18

HYDROLOGICAL STUDIES, VENDOM FIORD AREA,
ELLESMERE ISLAND, N.W.T.

Principal Investigatons: Profs. S. B. McCann and M-K. Woo, McMaster University,
under contract to GLACIOLOGY DIVISION

Coopenating Agency: Polar Continental Shelf Project (EMR)

‘Objectives: To-study the present and past hydrologic regime of the major
streams that reach the head of Vendom Fiord, with particular emphasis
on extreme events such as those caused by sudden draining of ice dammed
lakes. To investigate soil moisture conditions in the active layer

and their dependence on time of year, slope and meteorologic conditions.
Location: Vendom Fiord, Ellesmere Island (78°10'N. 82°W.)

Previous Work: Following reconnaissance in 1972, a major field project was
started in 1973. For results see: McCann, Cogley, Woo and Blachut
(1274) ; McCann and Woo (1975).

Work in Progness: Field work with increased emphasis on studies of the hydrology

<

of the ice dammed lakes and on soil moisture conditions.

Future Work: Final report for 1975 received. A summary report to be prepared

for publication.
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PROJECT G-72-19
BANK EROSION IN THE MACKENZIE DELTA
Principal Investigator: D. Outhet
Cooperating Agency: Department of Geography, University of Alberta
Objectives: To study the causes and rates of erosion of channel banks in the
Mackenzie Delta (south of 68°N.), on bi-weekly and yearly time scales;
to categorize bank profiles and erosion rates for each type.

Location: Mackenzie Delta; N.W.T.

Publications: D. Outhet (1974)
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PROJECT G-72-20
LAKE CHARACTERISCTICS IN THE MACKENZIE DELTA
Princdpal Investigatons: D. K. MacKay and J. R. Mackay
Cooperating Agency: University of British Columbia
Objectives: A number of lakes in the Mackenzie basin which emphasize the
range of physical and limnological conditions along the pipeline
routes have been selected for study. The emphasis is on the observation
and analyses of lake thermal regimes, bathymetric and regional
differences among lakes-:

Location: Mackenzie Basin

Previous Work: Field: Instrumentation of lakes .to.collect water temperature

data and bathymetry.
Wonk in Proghess: Continuation of data collection and analysis of results.

Futute Work: Data collection to continue.
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PROJECT G-72-27

PHYSICAL CHARACTERISTICS OF SNOWBED
COMMUNITIES IN THE RICHARDSON MOUNTAINS, N.W.T.

Principal Investigatorn: N. J. K. Peterson

 Cooperating Agencies® Geography and Biology Departments, Carleton University

Objectives: To investigate distribution and ablation of snow bafiks and their
effects upon ground temperature, soil moisture regime, active layer
development, ice content of underlying soils, the annual temperature
regime and the energy flux at the air-snow and snow-ground surface
interfaces.

Location: Canoe Lake, Richardson Mountains, N.W.T. (68°4'N, 135°30'W.)

Publications: Peterson, N. J. K. (1974)

Project Completed
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PROJECT G-73-4
BOOT CREEK AND PETER LAKE RESEARCH WATERSHEDS, N.W.T.
Principal Investigatonrs: J. C. Anderson and J. N. Jasper

Cooperative Agencies: Atmospheric Environment Service; Water Survey of Canada;

Mackenzie Highway Environmental Working Group
. Objectives:

1) To measure components of the water balance in a tundra (Peter

Lake) ahd a taiga (Boot Creek) watershed;

2) To examine the data collected in order to establish statistical
parameters (variability, etc.) of the individual hydrologic variables

and to ascertain relationships existing between variables;

3) To apply results of this research to hydrologic aspects of
engineering design and construction (e.g. roads; community water

supply) .
Time Period: Open water season.
Location: Mackenzie Delta Region, N.W.T.;

Boot Creek Basin (68°22'N, 133°33'W)
Peter Lake Basin (68°45'N, 134°8'W).

Previous Work: Data collection at Boot Creek in 1967. Project resumed in
1970, with data collection at both basins. Focus has been on
measurement and analysis of precipitation and runoff data, and

establishment of relationships between the two variables.

Work in Proghess: Continued data collection and analysis by J. N. Jasper,
as part of Project G~-73<13.

Future Work: cContinued data collection and analysis.

PubLications: Anderson, J. C. (1974)
Anderson, J. C. and D. K. MacKay (1974).
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PROJECTS  G-73-5
TWISTY CREEK WATERSHED STUDY
Principal Tnvestigaton: J. N. Jasper {
Cooperating Agencies: None
Objectives:

1) To collect base meteorologic and hydrologic data for a subarctic

upland watershed;

2) To evaluate temporal relationships between rainfall, runoff, and

erosion in the catchment;

3) To determine the magnitude and significance of extreme events and

their influence on engineering problems in the north. ‘

Location: Foothills of the Mackenzie Mountains, N.W.T. at Longitude 131°16'W,
Latitude 65°23'N.

Previous Wonk: See publications.
Wonk in Proghess: Field work completed in August, 1974 after third field season.
Future Work: wWriting of summary report on the study.

Publications: Jasper, J. N. (1973, 1974a, 1974b, 1976b)
Sellars; C. D. (1973a).
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PROJECT G-73~13

'HYDROLOGIC STUDIES AT CULVERT SITES
ON THE MACKENZIE HIGHWAY

Principal Investigator: J. N. Jasper

Cooperating Agencies: Atmospheric Environment Service, Department of Public Works;

Ministry of Transport; Water Survey of Canada

Objectives: To investigate hydrologic processes in a number of small watersheds in the
Mackenzie Valley and to assist in establishing construction guidelines in the

area by:

1) collecting basic data on snowmelt, rainfall, and runoff in the selected

drainage basins:

2) determining temporal relationships between meteorologic parameters and stream-

flow and representing them in a simple mathematical model;

3) extending stréamflow data to ungauged basins and through time by extrapolation

4) deriving estimates of theée magnitude and frequency of extreme events in small

Time Perdiods: aApril - September inclusive

Location: 1In a number of drainage basins along the route of the Mackenzie Highway, from
Wrigley to Tuktoyaktuk, N.W.T.

Previous Work: see publications

Work in Progress: Analysis of 1976 snowmelt and summer flow periods is almost completed.

Future Work: Spring runoff will continue to be monitored in the original 5 study basins as
well as in some 15 others. Summer precipitation and streamflow will be recorded in
those drainage basins exhibiting marked response to summer rainfall. In addition,
mountainous basins in the Wrigley, N.W.T. atrea will be studied intensively during

1977 to document their response characteristics to heavy summer rainfall.

Publications: Jasper, 3. N. (1974c, 1976a)
Sellars, C. D. (1973b).
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PROJECT G-74-1

ARCTIC ISLAND PIPELINE STUDIES
Principal Investigaton: D. K. MacKay, B. J. Grey and J. P. Chyurlia
Cooperating Agencies: Water Survey of Canada

Objectives: 1In general, to study aspects of hydrology relevant to environmental
assessment of construction, operation and maintenance of proposed Arctic

Island pipelines.
More specifically, in 1976 to carry out:

1) Aerial and ground examination of spring break-up on river stretches
crossed by the proposed Polar Gas pipeline route between 60°N. Lat.
and Spence Bay. Emphasis is placed on the fluvial geomorphic
response of channels to ice shove and ice jamming and on the physical
characteristics of ice jams. The proposal is to photograph 10 line
miles at major crossings and to analyze the air and ground data to

report preparation and publication stage; and

2) A study of lakes north of Spence Bay suitable as water supply lakes
for pipeline construction and operation. The emphasis is placed
on the physical limnology, particularly the ice cover, temperature
and bathymetry parameters.

Location: BAlong proposed Arctic Island pipeline route.

Pubfications: Grey, B. (1975)
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PROJECT G-75-1 {Geological Survey of Canada, Project 740079)

HYDROLOGIC RECONNAISSANCE, THOMSEN RIVER BASIN,
BANKS ISLAND, DISTRICT OF FRANKLIN, N.W.T.

Principal Investigaton: J. C. Anderson

Coopenating Agencies: Geological Survey of Canada (Terrain Sciences Divisien); Polar
Continental Shelf Project; Hydraulics Research Division (C.C.I.W.); Applied

Hydrology Division (Special Surveys; Sediment Surveys); Water Survey of Canada.

Objectives: To obtain an insight into some elementary hydrologic processes, in an epviron-
ment where very little hydrologic research has been conducted. The basic objectives

were:

1) To measure discharge of the Thomsen River Basin (above 73°14'N) and three

tributaries of the Thomsen;
2) To make observations on snow distribution, snowmelt, and river ice;

3) To.take periodic samples for suspended sediment concentration and for basic

water chemistry, of the Thomsen and its tributaries;
4) To obtain meteorologic data at the Thomsen River camp;

5) To establish relationships, where possible, between the various hydrometeoro-

logic variables which were stiudied.
Location: Central Thomsen River Basin, eastern Banks Island, N.W.T.
Previous Work: None.

Wonk 4in PnogneAA: Preliminary report of findings completed. Data analysis and preparation

of final report are continuing.
Future Wonk: Terminate reconnaissance study with issue of final report in 1976.

Publications: Anderson, J. C. and R. L. Durrant (1976)
Day, T. J. and J. C. Anderson (1976)
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PROJECT G-75-2

WATER QUALITY AND SNOWMELT RUNOEF
IN D'IBERVILLE FIORD

Principal Investigator: J. P. Chyurlia

Cooperating Agencies: Water Sutvey of Canada (Halifax); Frozen Sea Research Group

Objectives:
1)

2)

3)

4)

Location:

(Victoria).

To establish relationships between water quality parameters and

snowmelt runoff rates;

To investigate soil temperature and soil heat flux variations in time

and space during the snowmelt season;

To compare the dissolved solids composition of runoff waters to the

salinity of the fiord water;

To investigate rates of snowpack disappearance in relation to soil

moisture changes and hydrometeorological factors.

D'Iberville Fiord, Ellesmere Island; N.W.T.; Hull, Quebec

Previous Wonk: Internal report entitled: "Water Quality and Snowmelt Runoff -

D'Iberville Fiord - June 1975" has been written. BAll data have been

analyzed.

Wonk in Proghess: Report is being written for publication.
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PROJECT G-75-3a

HYDROLOGIC RECONNAISSANCE:
SOMERSET ISLAND, DISTRICT OF FRANKLIN

Principal Investigator: B. J. Grey
Cooperating Agencies: Water Survey of Cahada; Geological Survey of Canada

Objectives: To examine the drainage systems and the distribution of semi-
permanent snow on Somerset Island. To observe temporal changes in
river flow of the Hunting River and to monitor the melting of a semi-
permanent valley-bottom snowbank. To estimate snowmelt flood potential

for possible pipeline crossings.
location: Somerset Island, District of Franklin (72°N to 74°N and 90°W to 96°W).

Regerence: Grey, B. J. (1975).
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PROJECT G~75-3b
SEASONAL SNOWLINES FROM LANDSAT IMAGERY,
SOMERSET ISLAND AND BOOTHIA PENINSULA
1973, 1974 AND 1975
Principal Investigafor: B. J. Grey
Cooperating Agency: Water Survey of Canada
Objectives: To map the changing snow pattern using the satellite imagery for
the stated years. To attempt to explain the pattern of snow loss in
terms of physiogfaphic controls and snow accumulation and redistribution
factors.

Location: Somerset Island and Boothia Peninsula, Dist¥ict of Franklin, N.W.T.

Regference: Grey, B. J. (1976a).
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PROJECT G-76-1

WATER QUALITY AND BREAK-UP IN A SMALL ARCTIC LAKE
NEAR BAKER LAKE, NORTHWEST TERRITORIES

Prineipal Tnvestigator: J. P. Chyurlia

Cooperating Agency: Water Survey of Canada (Winnipeg)

Objectives:
1)

2)

3)

4)

Location:

To monitor snowmelt and break-up rates in a ‘Small basin in the vicinity

of Baker Lake, N.W.T.;

To monitor variations in water quality parameters during the snowmelt

period with specific reference to dissolved oxygen and carbon dioxide;

To mohitor seil moisture during the snowmelt season;

To monitor soil temperatures and meteorological parameters during

the snowmelt period.

Baker Lake, N.W.T. and Hull, Quebec

Previous Work: None

Work in Progress:

1)

2)

| 3)

Runoff data has been analyzed and basin mapped via aerial photographs;

Dissolved oxygen and CO2(g) concentration in runoff waters have been

computed;

Lake temperature data and time-lapse photography record of break-

up pattern is presently being investigated.

Future Wonrk: . Further data analysis and writing of report to be submitted to

Glaciology Division.
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PROJECT G-76-2
SNOWMELT RUNOFF STUDIES IN A TAIGA ENVIRONMENT
Pruincipal Investigaton: J. C. Anderson
Cooperating Agencies: Atmospheric Environment Sexvice.
Objectives:

1) To select a small, open wocdland basin near Inuvik, suitable for

this study;

2) To measure snowpack water equivalent in the basin prior to spring

snowmelt;

3) To assess snowpack water equivalent variation over the basin, owing

to differences in surface exposure and surface cover;

4) To study the thermal regime of the active layer in a permafrost

environment, during snowmelt;

‘5) To observe snow cover ablation, meltwater infiltration and runoff,
in hummocky terrain, in order to gain a better understanding of
snowmelt runoff processes in the taiga environment.

Time Pericd: Spring-summer field season.

Location: Near Inuvik, N.W.T.

Previous Work: fThermistors and soil moisture cells installed at seven sites in
lower Boot Creek Basin in the autumn of 1973. Some data obtained the

following summer, after snowmelt.

Work in Progness: Preparation to study and instrument a smaller watershed in

the taiga zone, near Inuvik.
Futune Work: Reconnaissance during snowmelt season to obtain suitable water-

shed, and make preliminary measurements and observations of snowmelt

processes. Install thermistors at chosen sites in autumn, 1976.
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PROJECT G-76-3
GLACIERS IN NATIONAL PARKS
Principal Investigator: W. E. S. Henoch

Cooperative Agencies: Surveys and Mapping Branch, Parks Canada (Department

of Indian and Northern Affairs)

Objectives: To produce a series of high quality maps of glacierized regions
in Canada for multiple use. These maps will conform to requirements
for glaciolégical research in addition to being of value to a wide
range of map users in alpine environments.

Previous Wonrk: None

Work in Progress: Consultations with Parks Canada and Surveys and Mapping Branch

on mapping glacier and alpine regions in National Parks.
Future Work: Depends on further cooperation between interested agencies.

Pubfications: Henoch, W. E. S., and Croizet, J. L. (1976).
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PROJECT G-67-11

BARNES ICE CAP STUDIES

Prineipal Investigaton: G. Holdsworth

Cooperating Agencies: Surveys and Mapping Branch, Geodetic Survey, (Department of Energy,
Mines and Resources); University of Minnesota; University of Victoria, B.C.;

University of Cambridge, England; McMaster University.

Objectives: To determine the thermal and flow regimes and the mass balance of the Sotith
Dome area of the Barnes Ice Cap. To identify significant parameters connected with
the surge area on the south part of the South Dome and to construct a surge model

for an ice cap with cold edges.
Location: Barnes Ice Cap, Baffin Island (70°10'N, 73°30'W).

Previous Work: Movement, strain, mass balance in 1970-1971; 1974-1975. Echo-sounding for
ice thickness determination, 1970-1974. Deep temperature measurements, 1975.

Strain rates, 1976.

Work in Proghess:

1) Assessment of the mass balance of the South Dome up to 1976 is being completed.

Deformation data for the 1970-71 period have been prepared for publication.

2) Reduction of velocity, strain rate and temperature measurements are being
undertaken for 1974-75.

3) An outline of a surge model for a sub-polar ice cap is being studied.

Future Work: Major field work is nearly completed. More deep thermistors will be emplaced
in 1979 using hot water drills. Sensitivée wife strain meters will be installed at
key locations over the surge area in 1979 in order to help find the switch-over
from wet to frozen base. Surveys will include remeasirement of the poles estab-
lished in 1974 and 1975. Modelling of the surge in 3 dimensions will be done

using the finite element method (McMaster University).
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PROJECT

G-67-15

GLACIER INVENTORY

Principal Investigator: ¢. S. L. Ommanney

Coopernating Agencies: None

Objectiueéz

1) To prepare an inventory of perennial ice and snow masses on and
beneath the land surfaces in accordance with the UNESCO

recommendations.

2) To develop the necessary computer programs for storage, analysis

and reduction of the glacier inventory data.

3) To investigate, on the basis of the collected data, factors that
influence the geographical distribution and types of ice masses,
the role of perennial ice in the Canadian water balance and changes

over time caused by climatic change and environmental degradation.

Location: Hull, Quebec.

Previous Work: The progress of the Canadian Glacier Inventory has been sum-

Work in

marised by MHller and Ommanney (1971) and by Ommanney (1971b and 1974b).
The procedures manual for the glaciexr inventory was révised in 1973

(Omimanney et al., 1973).

A computer program for obtaining totals, averages, weighted averages
and histograms from the data so far collected (Axel Heiberg Island

and Vancouver Island) has been converted to run on a CDC 6400 computer.

Progness: Recently emphasis has been on the identification and glacier
delineation aspects of the study with resulting progress on the Glacier

Atlas of Canada (G-69-1) but little data acquisiton.

Future Wonk: The inventory will be extended to include all perennial ice

areas ih Canada. Analysis of data and selection of suitable benchmarks
for continuous monitoring will follow. All data will be published in a
series of Glacier Inventory of Canada reports. Consideration will be

given to undertakifng a ground ice and permafrost inventory.
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PROJECT G-67-16

DETERMINATION OF ICE ABLATION BY
TERRESTRIAL PHOTOGRAMMETRY

Principal Investigator: K. C. Arnold

Cooperating Agencies: Polar Continental Shelf Project; Department of Energy Mines
and Resources; McGill University; Geographical Institute, Swiss Federal

University of Technology.

Objectives: To measure ice ablation by photogrammetric methods, which have an

accuracy of approximately 10 cm, in order to:

1) develop a system for measuring the movement and height change of bench-
mark glaciers, with special reference to those changes taking place

within a single ablation period.

2) by developing a sufficiently adequate model of all the factors causing
the height of a specific point on.a glacier to change, develop a techni-
que for estimating ablation at a far larger number of points on a.glacier
than can be economically attained with the.conventional ablation stake

method.
Location: White Glacier, Axel Heiberg Island, N.W.T. (79°28'N, 90°45'W).

PnéuiouA Wonk: Peyto Glacier (1966-68), Per Ardua Glacier, Ellesmere Island, N.W.T.
(1964, 1966, 1968) and White Glacier, Axel Heiberg Island (1969-1970) have
been photographed with the Wild-P-30 photo-theodolite. Eriphasis has been
given to the working up of the White Glacier data. A Ph.D. thesis will be
submitted .shortly to McGill University, and the ideas contained in the thesis

will be examined at that time.

Fature Work: As terrestrial photogrammetry involves setting a field party out on
the ground each time photos are taken, from a logistic peoint of view it
appears impracticable to base an annual survey of several glaciers in the
High Arctic on this method. Project G-71-5 was designed to make use of
aerial photography, to allow a larger sample of glaciers to be photographed
near the end of the budget year and so extend our khowledge of glacier
variations in the High Arctic. As terrestrial photogrammetry is often super-
ior to aerial photogrammetry for the study of small features at close range,
its use should be very seriously considered when embarking on detailed

surveys, on a yearly or more frequent basis, of a single bench-mark glacier.
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PROJECT G-69-1
GLACIER ATLAS OF CANADA
Principal Investigator: C. S. L. Ommanney

Cooperating Agencies: Surveys and Mapping Branch, Department of Energy, Mines

and Resources.-

Objectives: To compile and publish index maps showing the location and identi-
fication of every glacier in Canada, as part of the national and
inte¥national hydrological program for an inventory of perennial ice and

snow masses.
Location: Hull, Quebec

Previous Work: 48 maps covering Axel Heiberg Island, Devon Island, Baffin and
Bylot islands, the Nelson River drainage basin, index maps of these
areas, Vancouver Island and two maps from Ellesmere Island have been

published.

Work in Proghess: A French language edition of the Glacier Atlas of Canada
map sheets compiled to date is in preparation. Maps covering all but
onie major basin in Ellesmere Island have been compiled and are in
stages of preparation for publication. Basic mapping and identification
of Glaciers in the Canadian portion of the St. Elias Range, Yukon
Territory, is near completion. Further compilation is being done in

the Columbia River basin, part of the Pacific drainage.

Future Work: Index maps for all the glaciers in Canada will be compiled and
printed at a scale of 1:500,000. Maps issued individually when
coripleted, will be included with the glacier inventory reports and, at
the termination of the proiect, be presented as a complete Glacier

Atlas of Canada.
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PROJECT G-69-2
GLACIOLOGICAL ARCHIVE
Principal Investigatorn: C. S. L. Ommanney

Cooperating Agencies: Archives of the Canadian Rockies; American Geographical
Society; World Data Centre A, Glaciology, Boulder, Colorado.

Objectives: To develop a glaciological archive, referenced to the glacier
inventery index numbers (Project G-69-1), for filing all available
information on individual ice masses in Canada in the form of data

sheets, maps, photographs, published and unpublished literature.
Location: Hull, Quebec

Wonk in Proghess: Berial photography of the Canadian Cordillera acquired by

Austin Post in 1972 was obtained from the U.S. Geological Survey.

Virtually all the issSues of the Canadian Alpine Journal have now been
reviewed with a view to identifying individuals who may have informa-

tion on glaciers suitable for deposit in the axchive.

In cooperation with the Canadian Alpine Club and the Canadian _
Exploration Group, new glacier photographs were obtained from Baffin
Island and the Selkirks.

A comprehensive list of all glacier names is being prepared.
Future Wonk: all glacier information obtained or kept with Federal, Provincial,
Municipal and private sources will be identified. When possible;
foreign sources of information on Canadian glaciers will also be

identified.

Individuals will be encouraged to observe glaciers and phatograph

them, depositing the récords in the archive.
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PROJECT G-70-2
ICEBERG PRODUCTION SURVEY IN ARCTIC CANADA
Principal Investigator: C. S. L. Ommanney and K. C. Arnold

Coopenating Agencies: Polar Continental Shelf Project and Department of National

Defence.

Objectives: To investigate the distribution of tidal glaciers in Arctic Canada,
the present rate and volume of iceberg production and variations during

the past 25-30 years.
Location: Queen Elizabeth Islands, N.W.T. and Hull, Quebec.

Previous Work: calving glaciers in Baffin, Bylot, Devon, Axel Heiberg, Coburg
and Southern Ellesmere islands have been identified through the Glacier
Inventory project. Since 1971, aerial photography of most of the
calving glaciers in the High Arctic has been obtained; through Project

G~719. (Igken and others, 1972).

Wonk in Proghess: Calving glaciers in the remaining parts of Ellesmere Island

are being identified. The aerial photography programme continues.

Future Work: The identification of all calving glaciers, based on 1960 aerial
photography, will be completed. Our own aerial photography programme
continues: Using the 1960 high level (11,111 - 22,222 M ASL) photo-
graphy as a datum, the later photography will be used to assess changes
in calving activity and flow rates. Selected glaciers will be
photographed more frequently to determine ice discharge and shorter-
term changes in the position of termini. Our aerial photography

program provided data for a similar prolect, G-72-1.
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'PROJECT G-71-5

REGIONAL MASS BALANCE MEASUREMENTS IN THE
QUEEN ELIZABETH ISLANDS, USING AERIAL PHOTOGRAMMETRY

Principal Investigaton: K. C. Arnold
Coopenrating Agency: Polar Continental Shelf Project

Objectives: This project was conceived as a practical continuation to G-67-16. By extend-
ing the limited humber of mass balance measurements made in the conventional manner
to a larger number of locations, regional and altitudipal variations in mass balance
might be determined, and the concept of "representative” glaciers might be tested.
Dynamically simple ice bodies were chosen, as mass balance changes can then be more
easily deduced from height changes. Low altitude aerial photography was planned for
the end of the budget year at all sites, and for both the beginning and end of the

melt season at a limited number of sites.
Location: Queen Elizabeth Islands, N.W.T.

Previous Woirk: Five sites on Axel Heiberg Island and one on Meighen Island have been

chosen. These are:

Axel Heiberg Island: Cape Stallworthy Photo Control
"Mokka Ice Cap” Photo No Contreol
"Sherwood Head Ice Cap" Photo No Control
"Good Friday Ice Cap" Photo No Control
"Li Fiord Ice Cap" Photo No Control

Meighen Island: North end of ice cap Photo Control

Work in Proghress: In general, aerial photography has not been obtained at the onset of the
ablation season. This can occur between June lst and July 15th. The photo-aircraft
is shared with others on a fixed=date basis. Supplementary control was established
on Meighen Island and around the central ice cap at Cape Stallworthy in 1972. This
was accomplished with Twin Otter support. Later in the season, this aircraft, on
wheels, was not able to land on the ice cap at Sherwood Head. A helicopter is nec-
essary to establish the ground control, but this has not been available during the

period when the land is free of snow.

Future Woxk: Dependent on the acceptance of ideas presented in G-67-16, and on logistic
support for regional mass balance studies. The lack of a photogrammetric plotting
technician has beén_.a difficulty. This is expected to become less important

with the increasing use of automated orthophotography.
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PROJECT G-71-9
ARCTIC AERIAL AND SCIENTIFIC PHOTOGRAPHY

Principal Investigators: K. C. Arnold, D. A. Sherstone, A. C. D. Terroux, and
D. M. Christian (logistics)

Cooperating Agencies: Polar Continental Shelf Project, Department of Energy, Mines

and Resources

Objectives: Originally, to take aerial photography for projects G-70-2 (Iceberg
Production) and G-71-5 (Regional Mass Balance), in an area where specific
(but not fixed-date) timing, remote location or the small size of the areas
to be photographed made the usual contract system unsuitable. Other
Glaciology Division projects, other Federal Goverfimefit programs and other
scientists assisted by the Polar Continental Shelf Project (about 50 projects
in all) have been assisted by the A.A.A.S.P. project.

Location: Mackenzie Valley (lst - 31st May); Arctic Islands (lst June, 24th June -
9th July, and 24th July - 14th August)

Previous Wonrk:

1) Aerial photography: All exposures meeting the standards of the
Interdepartmental Committee on Air Surveys are kept in the National
Photé Library.

2) A.A.A.S.P. Publications:

MacKay, D. K., Sherstone, D. A., and Arnold, K. C. (1974)

Sherstone, D. A., Arnold, K. C., and MacKay, D. K. (1974)

See previous catalogues for publications prior to 1974.

3) Esxhibitions: 12th International Photogrammetric Congress, 1972
20th International Geographical Congress, 1972.

Work in Progness: 1In 1976 photography of the Mackenzie River break-up continued,
and sites in the Arctic Islands are to be photographed to give a continuous

record, weather permitting.

Future Wonk: subject to the continuing availability of an aerial photo aircraft,

this project is a continuing one.
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PROJECT G-72-1
ICEBERG PROJECT
Principal Investigaton: G. Holdswoith
Cooperating Agency: Polar Continental Shelf Project
Objectiveb: To determine the discharge rate of a typical Ellesmere Island
tidewater glacier and to understand the factors 1eading to calving

of icebergs, in terms of glacio/oceanographic parameters.

Location: leffert Glacier and D'Iberville Glacier, Ellesmere ISland.
(78°40'N, 75°15'W) (80°34'N, 78° W)

Previous Work: Field work completed on Leffert Glacier, 1972. Aerial
photography of D'Iberville Glacier, 1974-75.

Wonk in Progress: Field data from Leffert Glacier is to be reduced, and maps
to be prepared up till 1975. Some published data to appear in:
"Tidal interaction with ‘ice shelves" (Paper presented at I.U.G.G.
Conference, Grenoble, France, August 1975).

Interpretation of photogrammetric data from D'Iberville Glacier.
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PROJECT

G=72-2

BIBLIOGRAPHY OF CANADIAN GLACIERS (ICEREF)

Principal Investigafor: C. S. L. Ommanney

Cooperating Agencies: Computer Science Centre, Department of Energy, Mines and

Objectives:

Resources

material on Canadian glaciers.

Location: Hull, Québec

Previous Work: The project is designed around the RAID system used for storage and

Wonk in

retrieval of geological information. To date 1750 hdve been key-worded for
inclusion. A procedures manual for coding references has been published
(Ommanney and Clarkson, 1973). Canadian glacier studies during the past 15
years were reviewed in i975 (Ommanney, 1975).

Progness: References in the following journals - Arctic, Canadian Alpine
Journal, Canadian Geographic, Alpine Journal, Arctic and Alpine Research,
and the Geodgraphical Bulletin are being systematically processed for

inclusion in ICEREF.

A comprehensive bibliography of Canadian glacier studies during the period

1960-1975 with abstracts is being prepared.

A bibliography of all rock glacier studies with cross-references is being

coripiled.

Futune Wonk: The estimated 6,000 references related to Canadian glaciers and

neighbouring mountain topography will be key-worded for input to ICEREF.
A cross-referenced thesaurus of acceptable key-words will be produced.

Photographic records will be coded for input so that photographic and

literature references for individual glaciers can be retrieved together.
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PROJECT G-72-3

GLACIATION LEVELS AND EQUILIBRIUM LINE ELEVATIONS
IN THE CANADIAN HIGH ARCTIC

Principal Investigators: C. S. L. Ommanney - work done on contract by
J. T. Andrews, Institute of Arctic and Alpine Research;,; Boulder, Colo.-

Coopenrating Agericy: University of Colorado, INSTAAR

Objectives: To map the glaciation levels and equilibrium lines between
latitudes 74° and 84°N and between longitudes 60° and 120°W and thus
to provide a fundamental measure of the present state of glacierization;
information on the sensitivity of the region to climatic change, a
measure of the relationship of the present glaciation level to the
contemporary climate and an integrated, regional, climatic picture to

supplement that obtained from existing weather stations.

Previous Work: The project was completed in 1974 and the results published
in Arctic and Alpine Research (Miller, Bradley and Andrews, 1975).
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PROJECT G-72=4

IRRP GLACIER INVENTORY PROGRAM,
ST. ELIAS MOUNTAINS

Principal Investigator: C. S. L. Ommanney - work done on contract through the
University of British Columbia by S. G. Collins. '

Cooperating Agencies: Arctic Institute of North America; American Geographical

Society.

Objectives: To complete an inventory of glaciexrs in the St. Elias Mountains in
accordance with ‘International and Canadian specifications for glacier

inventory studies.

Locations: Hull, Quebec; Council Bluffs, Iowa; St. Elias Mountains, Yikon
Territofy and British Columbia.

Previous Work: All glaciers falling within drainage basins situated exclusively
in the Canadian part of the St. Elias Range have been inventoried since
1972 under contract with the Arctic Institute of North America. Data
collected consists of all basic data required except for measuréd areas.

Sourcé materials have been identified.

Wonk in Proghess: Inventory investigation and compilation are in the final

stages of completion.
Future Work: on completion of basic inventory requirements, a report containing

all data, photographic and bibliogtraphic soiurces will be submitted and
published. '

66




PROJECT G-73-6
ICE SHELF STUDIES
Principal Invesiigator: G. Holdsworth

Coopenrating Agencies: Department of Defence (Defence Research Board); Parks Canada;
Polar Continental Shelf Project.

Objectives:
1) To establish a calving model for the northern Ellesmere Island ice
shelves and to predict the size of ice islands;
2) To examine the break-up of ice islands.

Location: Ward Hunt Ice Shelf, Ellesmere Island (83°10'N, 75°W) and Hull, Quebec

Previous Work: Contract with Department of Civil Engineering, University of

Calgary to study vibration of rectangular ice plate.
Work Ain Progress: Preliminary model established.

Future Work: Dpevelopment of more refined model. Monitoring of ice shelf build up

and/or decay, geophysical measurements: 1979, 80.
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PROJECT G=73-7

SURGING GLACIER STUDIES - CORDILLERA
(see also Project G-67-11)

Prinedpal Investigator: G. Holdsworth

Cooperating Agencies: Water Survey of Canada; U.S. Geological Survey

Objectives: To maintain observations covering surge-type glaciers in the
Alsek River area of Yukon Territory: to relate the -surge behaviour
of these glaciers to physical parameters, leading to a possible

basis for prediction of surges on these glaciers.

Location: Tweedsmuir Glacier, British Columbia (59°45'N, 138°W) and

environs.
Previous Wonrk:

1) Terrestrial photography 1973, 1974, 1975 of Tweedsmuir Glacier;
Aerial photgraphy, 1973, 1974.

2) 1Investigation of surge response characteristics.
Wonk 4in Progress:
1) Completion of maps
2) Bnalysis of data extracted from maps and ERTS~1 imagery.

Futurne Wonrk: Possible temperature/movement studies on Lowell Glacier.
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PROJECT G-74-2
STREAM VELOCITY MEASUREMENT USING REMOTE SENSING
Principal Investigator: D. A. Sherstone

Coopenrating Agency: Polar Continental Shelf Project, Department of Energy

Mines and Resources

Objectives: To determine water velocity measurements of ice-choked northern
rivers during break-up using stereophotogrammetry in areas Qhere only

rudimentary survey control is in existence.

Location: Several test areas along lower Liard and main stem of Mackenzie rivers.

Previous Work: Preliminary stereo plotting of test sites comipleted using 1972,
1973 and 1974 photography in testing usefulness of method to arctic

hydrology research. For results see publications.

Work in Proghess: Stereo plotting of 1975 photography and standardization of

all previous work to permit interrelating yearly values.
Future Wonk: study of ground water level values (where available) with
photogrammetrically derived data. Examination of stream cross profiles

to determine flow relationship to bed profile.

Pubfications: MacKay, D. K., Sherstone, D., and Arnold, K. C. (1974).
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PROJECT G-74-11
MOUNT LOGAN STUDIES
Prineipal Investigaton: G. Holdsworth

Coopenrating Agencies: Arctic Institute of North America; Geological Survey of
Canada; Geophysicai Isotope Laboratory (Copenhagen); Radiation Protection

Laboratory, Ottawa; Atmospheric Envirenment Service.

Objectives: To extract an ice core from the plateau glacier on Mount Logan for

palaeo-climatic studies.
Location: Mount logan, St. Elias Mountains, Y.T. (60°35'N; 140°30'W)

Previous Wonk: Establishment of Geodetic contfol on the plateau of Mount Logan in
1974 and 1975. Reconnaissance of proposed drill site on NW Col, 1975, 1976.

Wonk 4in Progness: BAnalysis of snow samples for Tritium and 6(180) variations over
the last decade. Analysis of strain, movement and ice depth on the N.W. Col.
Formulation of a suitable depth-time model for shallow deposits of cold snow

and iced-firn.

Future Work: .
1977 - Installation of geodesic domes on N.W. Col.
Installation of automatic weather statiomns.
1978 - Proposed drilling on the N.W. Col. Analyses egpected‘to continue
through 1980.
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PROJECT G-75-<16
STEREO-ORTHOPHOTOGRAPHY OF GLACIER BASINS

Principal Investigaton: C. S. L. Ommanney with K. G. Arnold, W. E. S. Henoch,
I. A. Reid and G. J. Young

Coopernating Agencies: Forestry Management Institute; Gestalt Intérnational,

Vancouver.

Objectives: To assess the accuracy of a new automated orthophotograph technique

for the mapping of glacier basins.
Location: Ottawa

Previous Work: Gestalt International has perfected a system for automated
production of stereo-orthophotographs with simultaneous production

~ of stereo-mate and digital terrain models.

Present Work: The Forestry Management Institute is currently testing the
capabilities of the system and the mapping of glaciers is part of
this testing. Aerial photographs of the Peyto Glacier Basin will
be used. Detailed maps have already been compiled by converitional
technigues using these same photos and thus a direct evaluation of

the new system will be possible.
Future Wonrk: fThis technigue holds very great promise for fast and efficient

compilation of maps. It is particularly suited to areas of rapidly

changing terrain as in the vicinity of glacier termini.
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lee Properies




‘ Undeérwater solar radiation collector being
: prepared for installation under the ice cover at
Lake St. George, Ontario.

-+ Mecharical tester used for triaxial testing of ice,




PROJECT G-72-12
RADIO DEPTH SOUNDING OF BARNES ICE CAP
Principal Tnvestigatorn: S. J. Jones
Cooperating Agencies: None
Objectives: To determine the depth of part of the Barnes Ice Cap, Baffin
Island; to compare results at 35 MHz and 620 MHz radar frequencies;
to measure attenuation in the ice.
location: Barnes Ice Cap, Baffin Island, N.W.T.

Previous Work: See previous Project Catalogue

Present Work: Compilation of depth measurements on South Dome of the Barnes Ice

Cap and preparation of maps and a report showing the depths.

Future Wonk: None planned.
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PROJECT G-72-22

Principal Tnvestigatons:

PublLications: Keevil,
Keevil,

Keevil,

OIL POLLUTION IN ICE COVERED RIVERS
B. Keevil and R. 0. Ramseier
B. E. (1974)

B. E. and R. O. Ramseier (1974)
B. E. and R. O. Ramseier (1975).
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PROJECT G-73~-2

VELOCITY AND ATTENUATION IN ICE
FOR RADIO-ECHO SOUNDING

Principal Investigator: G. P. Johari

Cooperating Agency: None

Objectives: To determine the Velocity and attenuation of electromagnetic waves
in ice at frequencies relevant to radio-echo sounding. Measurements
are to be made at several temperatures on both polycrystalline and
single crystal ice and the effect of anisotropy in ice on the radio-
echo sounding to be investigated.

Location: 562 Booth Street; Ottawa

Previous Work: None by the Ice Properties Section

Work in Progress: (March, 1976) Results have been obtained.

Futune Wonk: Effect of the anisotropic properties of ice on the radio-echo

sounding is to be continued.

Publications: Johari, G. P. and Charette, P. A. (1975).
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PROJECT G-73-3
MECHANICAL PROPERTIES OF ICE UNDER HYDROSTATIC PRESSURE
Principal Investigator: S. J. Jones
Cooperating Agencies: None
Objectives: To determine the effect of a superiniposed hydrostatic pressure
on the mechanical properties of ice; to determine activation volumes
for the flow of single crystal and polycrystal ice; to see what effect
hydrostatic pressure has on the "flow law" for ice.
Location: 562 Booth Street, Ottawa, Ontario

Previous Wornk: None by Ice Properties Section

Wonk in Proghess: Prelimina¥y results have been obtained. at -12°C in the

strain~rate range 1076 to 10'a3 s 1.

Future Wonk: Continue experiments and write report.
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PROJECT G-74-6
MECHANICAL PROPERTIES OF ICE AT 77K
Principal Investigaton: S. J. Jones

Publication: Parameswaran, V. R. and Jones, S. J. (1975).

PROJECT G-74-7

ELECTRICAL BEHAVIOUR OF HEAVY (D20), ICE
Principal Investigator: G. P. Johari
Publications: Johari, G. P. (1976a)

Johari, G. P. and Jones, S. J. (1976a)
Johari, G. P. and Jones, S. J. (1976b)
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PROJECT G-74-8

GROWTH OF ZONE REFINED ICE CRYSTALS
Principal Investigaton: s. 3. Jones
Coopenating Agencies: None

Objectives: To prepare pure and highly perfect single crystals of ice for future

experiments both for our own and for other scientists' use.
Location: 562 Booth Street, Ottawa
Previcus Work: None by Ice Properties Section. Apparatus has been developed.

Presesit Wonk: Eight large crystals (100 em lorg by 10.cm cylindrical diameter) have
been grewn, including one D,0, and one HF-dopeéd sample. X-ray topography
indicates they have a low dislocation density and dielectric measurements
indicate high purity. Experiments by two other groups have been done on our

samples - see references below:.

Future Wonk: Further pure and impure samples will be grown.
' Any scientist interested ih obtaining samples for his own use should write in

the first instance to Dr. S. J. Jones, outlinhihg his requirements.

References:
Mai, C. 1976. Etude par topographie X du comportement dynamique des
dislocations dans la glace Th. Comptes Rendue Academie Science,

Paris, t.282 B, pp. 515-518.

Fitzgerald, W. J., Glen, J. W. and Paren, J. G. 1976. Are the anomalous
dielectric properties of polar ice dile to impurities. Proceedings;
Symposium on Isotopes and Inipurities in Snow and Ice; I.U.G.G.,

Grencble, 1975 (in press).
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PROJECT G-74-9
MECHANICAL PROPERTIES OF ICE CLOSE TO ITS MELTING POINT

Principal fnveAtigaton: S. J. Jones

Cooperating Agencies: None

Objectives: To determine the flow behaviour of single crystal ice very close
to its melting point and to compare the results with published
polycrystal data.

Location: 562 Booth Street, Ottawa, Ontario

Previous Work: None

Present Wonk: Experiments are nearly finished and a report is in preparation.

Future Work: Publish Report.
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PROJECT G-75-5

STUDY OF THE DISSOLVED GASES IN
LABORATORY AND NATURAL ICE

Principal Investigators: S. J. Jones and G. P. Johari

Cooperating Agencies: Nohe

Objectives: To do laboratory measurements of the effect of hydrostatic pressure
on the gases present in ice. To investigate the extent to which natural
gases can be physically or chemically dissolved.

Location: 562 Booth Street; Ottawa

Previous Work: No laboratory work in literature; none by Ice Properties

Section.
Wonk in Proghess: One report is in press (S. J. Jones and G. P. Johari, 1976).

Future Wonk: Iong=term project on which the experiments are being continued.
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PROJECT G-75-6
STORAGE OF ELECTRICAL CHARGE IN ICE

Principal Investigaton: G. P. Johari

Cooperating Agencies: None

Objectives: To do experiments on the storage of electrical charge in ice
and on its dissemination by thermal stimulation. To use it as a
technique for investigating the alleged structural changes in the
ice.

Previous Woxk: None by Ice Properties Section

Publications: G. P. Johari (1974 [b])

G. P. Johari (1975)

G. P. Johari and S. J. Jones (1975).
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PROJECT  G=75=7

ELECTRICAL PROPERTIES OF ICE IN THE
RADTO-FREQUENCY REGION OF THE ELECTROMAGNETIC SPECTRUM

Principal Investigator: G. P. Johari

Cooperating Agency: None

Objectives: To investigate the effect of molecular vibrations on the electrical
properties of ice and to complete the electromagnetic spectrum of ice.
Measurements are to be made on ice in the radio-frequency region at
different temperatures.

Location: 562 Booth Street, Ottawa

Previous Wonk: None by the I¢e Properties Section

Work 4n Progress: (March, 1976) Results have been obtained

Future Work: To write the report for publication

Publications: 1) Johari, G. P. (1976 [a])

2) Johari, G. P. and Jones, S. J. (1976 [c]).
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PROJECT G-75-8
LOW~FREQUENCY DIELECTRIC PROPERTIES OF ICE

Principal Investigator: G. P. Johari

Cooperating Agency: None

Objectives: To obtain data on the permittivity and adsorption in single-
crystal ice at frequencies below 100 kHz. The measurements are to
be extended to liquid Nitrogen temperature and are to be made along
the various crystallographic axes of ice.

Location: 562 Booth Street, Ottawa

Previous Work: None by the Ice Properties Section

Wonk in Progress: (March 1976) Instrimentation is complete. Few data have

already been obtained.

Future Work: This is a long-term project, the results of which are likely to

appear in several reports. To continue experiments.
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PROJECT G-76-4

BEHAVIOUR OF WASTE UNDER SIMULATED
CONDITIONS OF SUBSURFACE DISPOSAL. PHASE I

Princépal Investigatorsi wW. A. Adams, H. Chew, and C. Preston (P.D.F., 1976-78)
Cooperating Agency: Hydrology Research Division, Inland Waters Directorate

Objectives: To determine the changes ih acidity ahd other .chemical parameters
of importance that occur when waste products are pumped into geological
formations for storage or final disposal. Selected systems will be
subjected to similar conditions of temperature and pressure in the
laboratory with the cbjective being the prediction of the safety and/or

.feasibility of disposing of waste products in this manner.
Location: 562 Booth Street, Ottawa

Previous Work: sSeveral reports by R. van Everdingen, Hydrology Research Division,

Calgary, Alberta have outlined the geological and groundwater problems

Division, Confidential Report, 1970, and Inland Waters Directorate,
Technical Bulletins 49, 78 and 82). High pressure studies of chemical
equilibria and of modifications to aqueous systems have been conducted
as part of the Inland Waters Directorate, Water Quality research program

for several years. (e.g. Kingham et al. (1974), Davis et al. (1974},

Work in Proghess: (March, 1976) Results from studies on several aqueous ionic
equilibria and gaseous systems are being prepared for publication
(manuscripts are available on Th(NOj3), (Adams and Davis, 1972), HSOZ
(Chatterjee and Adams, 1974) CH, and SO, (Sze anhd Adams, 1976)). Results
on the interfacial energy betweeén agqueous and organic phases are available.
(Adams and Guarnaschelli, 1974). Ramah spectroscopic and electrical
conductivity measurements on agueous phosphate solutions and gas hydrates

in brine solutions under high pressure have begun (July 1976).

Future Woik: Phase I will be a survey of chemical systems that are relevant to
deep well disposal problems in Canada and will be used to select some
representative systems for intensive study in the deep well simulation

equipment in the Ottawa high pressure laboratory.
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PROJECT G-76-5

OPTICAL PROPERTIES OF ICE AND SNOW
Principad Investigator: W. A. Adams
Cooperating Agency: None

Objectives: To establish the relatioh between the interaction of radiation
(300 nm to 1000 nm) with ice and snow and the physical and chemical
properties of the material by conducting laboratory measurements of
optical transmission, scattering, and refractive index on well-defined

samples.
Location: 562 Booth Street, Ottawa
Previous Work: None in Ice Properties Section

Work in Progrness: (March, 1976) A single beam spect¥ophotometer has been
assembled in a cold room for transmission studies of ice and snow
samples. A light scattering photometer using laser sources (488.0
and 632.8 nm) has been tested on liquid samples. Feasibility studies
of measurements of the anisotropic effect of pressure on the ref-
ractive index of ice are being made with a Fabry-Perot system used

previously on liquids (Adams et al., 1976)

Futune Work: wWhen the sample handling techniques are perfected, the radiation
transfer processes, reflection, diffusion and scattering will be

studied for different well-characterized snow and ice types.
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PROJECT G-76-6

SOLAR RADIATION ATTENUATION BY
SNOW AND ICE COVERED SURFACE WATERS

Principal Investigatorns: w. A. Adams and P. Flavelle
COope&aténg Agency: Canada Cent¥e for Inland Waters, Process Research Division

Objectives: To determine the attenuation of solar radiation for wavelengths between 300
to 1000 nm by the ice and snow cover over surface waters at variois locations
in Canhada to establish general relations relating the location of the watér
bodies to the radiation regime experienced. Water quality and meteorological
conditions at the site of such measurements will be monitored in order to aid in

the classification of the waters into different radiation regime types.

Location: Southern Ontario - Lake St. George (40 km north of Toronto)

Northwest Territories - lakes in the vicinity of Inuvik.

Previous Wonk: Studies of the light penetration through ice covered lakes in the
Mackenzie Delta (W. A. Adams et al., 1975) and through sea ice (W. A. Adams,
1974 and 1975) have been completed for broad band shortwave radiation. Similar
studies near Ottawa have been conducted by R. J. Maguire (Inlanhd Waters

Directorate, C.C.I.W. Scientific Series No. 54 and Technical Bulletin No. 91).

Wonk in Proghess: (March, 1976) A small lake hear Toronto has been instrumented with
conitinuous monitoring light sensors below the ice. Spectral profiles from 400
to 700 rim and diffuse shortwave radiation profiles are being taken to supplement
the monitoring. - Considerable water quality data is being accumulated on the
lake by C.C.I.W. Similar studies were conducted on several lakes in the

vicinity of Inuvik in May and June, 1976 and Resolute, July, 1976.

Future Work: Field studies making use of newly acquired instrumentation for under
ice spectral measurements and existing monitoring equipment will be continued
both ih Southern Ontario and at locations in the Arctic to broaden the data
base for waters experiencing different sun inclinations, climatic regimes and
geographical conditions. The project will be long-term, but data collection
on specific sites will result in publications as work is completed for various
locations. Aerial photography and satellite imagery will bé correlated with

ground truth obtained from the field work.
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PROJECT G-76-7

LIGHT INTENSITY AND PRIMARY PRODUCTIVITY
UNDER SEA ICE CONTAINING ENTRAPPED CRUDE OIL

Principal Investigator: W. A. Adams

Cooperating Agencies: 1) Fisheries and Marine Service, Pacific Region, Victoria
2) National Museums of Canada; Canadian Oceanographic

Identification Centre.

Objectives: To determine the short-term impact of crude oil released from below an
ice covered bay near Cape Parry, N.W.T. by monitoring the rate of carbon
fixation by phytoplankton and the water quality during the winter and
spring (1974/75) of the oil discharge as part of the Beaufort Sea

Project (#29) environmental study.

Location: Field study site at Balaena Bay near Cape Parry, N.W.T.; laboratory
and data processing located at 562 Booth Street, Ottawa.

Previous Work: small oil discharge experiments have been monitored in the
Mackenzie Delta on shallow lakes (W. A. Adams et al., 1975).

Work Ain Proghess: Field studies associated with winter and -spring (1974/75)
following the oil discharge have been completed and reports published
(W. A, Adams, 1974 and 1975).

Future Woik: The sea ice at Balaena Bay is to be surveyed for biological

activity in the spring of 1976 prior to break-up. Three reports are being

prepared for publication in 1976 which will terminate the project.
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PROJECT G-76-8

THERMODYNAMIC AND ELECTRICAL PROPERTIES OF ICE
IN ITS VARIOUS STRUCTURAL STATES

Principal Investigaton: G. P. Johari

Coopernating Agency: Division of Chemistry, National Research Council, Ottawa.

Objective: To obtain data on the heat and the volume properties of ice in
its various structural forms obtained either by application of pressure
and/or by cooling. .

Location: 562 Booth Street,.ottawa

Previous Work: None by the Ice Prdpertiés Section

Wonk in Proghess: Data have been obtained.

Fature Wonk: To write the reports for publication.

Publications: Johari, G. P. and Whalley, E. (1974)

Johari, G. P. (1976c)
Johari, G. P. and Whalley, E. (1976)
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Avalanche Research
(Snow Physics)




Avalanche Research Station at Sunshine ski area, Banff National Park.




‘ PROJECT

G-74-10

STABILITY EVALUATION AND CONTkOﬁ OF AVALANCHE SLOPES

| Principal Tnvestigatorn: R. I. Perla

Cooperating Agencies: National Research Council of Canada and Parks Canada

! Objectives:

1)

2)

To find improved methods of evaluating avalanche slope stability from snow

stratigraphy and meteorological variables.

To optimize methods for artificial release of unstable slopes.

| Location: University of Calgary; Banff National Park; Whistler Mountain, British Columbia

Previous Work:

| 1) Erected cold-laboratory adjacent to.Parks Canada study plot, Sunshine ski area.
| . . N .
2) Erected meteorological observatory at top of Sunshine ski area.
3) Developed laboratory and in situ techniques for measuring shear strength,
density, temperature, and crystal characteristics of snow stratigraphy.
Work in Proghess:
1) Analysis of historical records of snow stratigraphy, meteorological variables,
avalanche events, and avalanche control operations. Main emphasis on the Cordillera.
2) Statistical analysis of ig situ snow sampling techniques with main emphasis on the
shear failure of snow and the density and grain characteristics of thin shear layers.
3) Theoretical study applying finite element techniques to the solution of snow
slab stability problems.
Futurne Work:
1) sStudy of snow stratigraphy at avalanche fracture zones.
2) . Development of a laboratory apparatus for studying the shear strength of large
snow samples.
3) Contractual work on alternate methods of releasing avalanches.

93




PROJECT G-75-4
IMPACT PRESSURES OF LARGE AVALANCHES
Principal Tnvestigators: P. A. Schaerer and R. I. Perla
Cooperating Agencgf-National Research Council of Canada and Parks Canada
Objective: To determine the impact pressure of large avalanches.
Location: Roders Pass, British Columbia; Banff National Park; University of Calgary.

Previous Work:
1) National Research Council picneering studies published as:

Schaerer, P. A. 1973. Observations of avalanche impact pressures. In:
Advances in North American Avalanche Technology: 1972 Symposium. USDA Forest
Service, General Technical Report RM-3. Fort Collins, Colo. pp. 51-54.

Schaerer, P. A. 1974. Friction coefficients and speed of flowing avalanches.
Paper presented at International Syimpcsium on Snéw Mechanics, 1-5 April, 1974,

Grindelwald, Switzerland (in press).

2) Installation of high frequency pressure transducers and magnetic tape

recording equipment at the Tupper Avalanche Shed, Rogers Pass, B.C.

3) Theoretical study of avalanche dynamic models. Invited lecture on the "Fluid
dynamics of avalanches", presented by R. I. Perla at the Seminar series,

Environmental Engineering, University of Utah, March 1975.

Work in Progress:
1) BAnalysis of pressure waves from avalanche events to date.

2) Development of a model to explain avalanche impact in terms of collision

phenomena of snow clods with various sizes and energies.
Future Wonrk:
1) Contiriued analysis of avalanche events on existing sensors
2) Improvement of instrumentation reliability.

3) Installation of pressure sensor with larger area..

24




Shew Hyerelogy and Instrumentatieon




TR AR S

High level data collection platform for satellite data

Snowvsurveyi,ng by portable gamma ray spectrometer. ‘ ' retransmission; Rhondda Ridge, 9000’
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PROJECT G-67-6

GLACIOLOGICAI, INVESTIGATIONS ON THE
BERENDON GLACIER

Principal Investigators: G. J. Young and O. Mokievsky-Zubok

Cooperating Agencies: W. H. Mathews, University of British Columbia; Granduc
Operating Company

Object&veb: Mass balance and movement studies to assess likely future behav¥viour

of the Berendon Glacier which threatens the Granduc mining operation.
Location: Coast Mountains (56°15'N, 130°10'W) 35 km N of Stewart, B.C.

Present Work: BAnnual survey of stakes on south area of the Glacier for
movement and mass balance. Special approaches to the problems have
Yesulted in 1) the pexfection of a technique to detect wi;e mesh
buried the previous summer and thus calculate quantities of snow
added in the accumulation area of the glacier and 2) testing a
survey system designed to locate stakes by theodolite resection

rather than intersection.

Futune Wonk: Time and money permitting, this project will continue as at

present.
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PROJECT G-69-3

GLACIER MELTWATER CONTRIBUTION TO THE FLOW OF
THE NORTH SASKATCHEWAN RIVER

Principal Tnvestigatorn: H. S. Loijens

Cooperating Agency: Water Survey of Canada

Objectives: To develop a parametric hydrologic model for the quantitative
assessment of the glacier meltwater contribution to the flow of

the North Saskatchewan River at Saskatchewan Crossing.

Location: North Saskatchewan River headwaters (52°45'N, 117°40'W)
Banff National Park, Alberta
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PROJECT G-69-8

MER BLEUE FIELD STATION
Prinedpal Investigator: A. C. D. Terroux
Cooperating Agencies: None.

Objectives: To maintain a site in the National Capital Region where experiments

in snow hydrology can be conducted.
Location: - Mer Bleue (Central Experimental Forest)

Previous Wonk: The site was selected in 1969 for cooperative investigations
of snowmelt and associated groundwater recharge. Various experiments
have been conducted. Instrumentation installed includes precipitation
gauges, snowmelt lysimeters, snow pillows, snow temperature profile
probes, tubes for radioactive snow density gauges and a Stevenson

screen.

Future Wonk: support of projects requiring the facility.
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PROJECT G-70-7
BAFFIN ISLAND CLIMATOLOGY

Principal Tnvestigator: §. Fogarasi

Cooperating Agencies: Institute of Arctic and Alpine Research, Boulder, Colorado

Objectives: To develop a physical model that will relate short-term atmospheric
parameters to-glacier mass and water balance observations and to coastal
ice conditions.

location: Inugsuin Fiord, Baffin Island; Hull, Quebec

Future Wonk: Using available data, the effects of the short-term atmospheric
energy-budget on discharges from glacier fed streams will be determined.
Extreme weather events that may result in severe flooding will be
analyzed and the relationships between coastal winds, cyclonic out-

flows, fog, and coastal ice distributions investigated.

Pubfications: Fogarasi, S. and Strome, M. (1976)
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PROJECT G-70-8
LASER FLUOROMETER

Principal Investigators: H. Gross.and A. R. Davis

Cooperating Agencies: Canada Centre for Remote Sensing

Objectives: To gain further experience with the application of this technique
in the remote sensing of pollutants and to transfer the device to a
commercial entity for market exploitation, and to explore other
targets.

Locationi: Ottawa

Previous Work: 1In the summer of 1975, flights were undertakeén in the Atlantic
off the southern tip of Nova Scotia to test the feasibility of the
technique for remote sensing of chlorophyl in situ.

Work 4in Progness: Preparation of publications pertaining to the above work,
and cooperation with RCA Canada in Montreal for future market

development.

Future Wonk: This project is terminated. Further development is under

consideration.
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PROJECT G-71-6
APPRAISAL OF LONG TERM METEOROLOGICAL RECORDERS
Principal Investigator: A. C. D. Terroux

Cooperating Agencies: Atmospheric Environment Service; Atomic Energy of.

Canada Limited

Objectives: Obtaih, modify and develop long term meteorological recorder
capable of operating unatterided under winter conditions in the

Arctic and Cordillera.

Location: Resolute, N.W.T. (also Churchill, Manitoba and Arctic Red River,
N.W:T.)

Previous Work: After a market survey in 1969, two Ott instruments were
purchased. One operated in Resolute, N.W.T. from 1971 to 1975,
powered and heated by a radioactive thermal generator produced by
Atomic Energy of Canada Ltd. The other, using a wind generator and
nickel-cadmium batteries, operated at Churchill, Manitoba and at
a site on Arctic Red River. Several modifications have been made

to both systems to determine causes of failure.
Wonk in Proghess: The Arctic Red River Station and Resolute Station data

are being analyzed and compared with data from neighbou¥ing

weather stations.
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PROJECT

G-72-10 (modified)

RETRANSMISSION OF DATA VIA LANDSAT
AND GOES SATELLITES

Principal Investigator: A. C. D. Terroux

Cooperating Agencies: NASA and NESS

Objectives:

Location:

To develop the capability of satellite data retransmission.

National Capital Region and Cordillera

Previous Wonrk:

1)

2)

3)

Future Wonk:

LANDSAT - various instruments have been interfaced to a data collection
platform (DCP) since 1972 with excellent results. Two DCP's of
different manufacture have been used with a memory system to obtain

up to 96 water level readings per day. A DCP was irnstalled on

Rhondda Ridge above Yoho and Peyto glaciers in October 1976 using a

memory to obtain hourly temperatures.

GOES - water level and temperature sensors have been interfaced during

1976 with good results.

Numexous problems encountered by Water Survey of Canada DCP's have

been located and repaired.

New applications of both satellites will be examined and instruments

interfaced as required. Other satellites and DCP's will be investigated.

PubLications: Reid, I. A.; Terroux, A. C. D. and Halliday, R. A. (1976).
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PROJECT G-72-11

INSTRUMENTATION DESIGN AND DEVELOPMENT
Principal Investigatons: R. O. Christie and H. Gross
Cooperating Agency: None

Objectives: Provide technical advice and assistance to laboratory and field

investigations.
Location: Point Gatineau Instrumeént Workshop

Previous Work: Design, construction and testing of electronic and other

equipment.

Future Work: As previous, plus field support where required. Development

of microprocessor based instrumentation.
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PROJECT G-72-23

COMPUTER REDUCTION OF
GLACIER MASS BALANCE DATA

Principal Investigator: G. J. Young
Cooperating Agency: None

Objectives: To develop a computerized data reduction system for glacier mass-

balance measurements.
Location: Ottawa, Ontario
Previous Work: Data collection was initiated in 1965, but computerized data

processihg started in 1970. The project uses data collected on

projects G-67-1, G-67-2, G-67-3, G-67-4, and G-67-5.

Wonk Completed: A computer program has been completed and published which accepts

raw mass balance data and outputs completed tables and maps of mass

balance guantities.

Publications: Young, G. J. (1976b)
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PROJECT G-72-24

APPLICATION OF THERMAL INFRARED TECHNIQUES
TO DETECTION OF MELTING SNOW

Principal Investigator: A. C. D. Terroux
Cooperating Agency: Geography Department, University of Michigan

Objectives: To investigate if areas of melting snow can be determined by
uncalibrated infrared line scan and radiometric techniques for

both flat and glaciated areas.
Location: Calgary, Lake Louise and Saskatchewan Glacier, Alberta.

Previous Work: Thermal infrared line scan imagery was acquired outside
Calgary in spring, 1972. Thefmal infrared radiometer data was
collected in Lake Louise for three days during the same period.
Three IRLS.flights were conducted oVer the Saskatchewan Glacier in
June 1972 during a single day. Preliminary'ahalysis of these three

sets of data is complete.

Wonk in Progness: Final analysis is presently underway using a Spatial

Data colour densitometer.
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PROJECT G-72-25

PROVISION OF TECHNICAL ASSISTANCE
IN REMOTE SENSING

Principal Investigatorns: A. C. D. Terroux, D. Sherstone, H. Gross and J. M. Power

Objectives: To provide technical assistance to Inland Waters Directorate

in support of projects involving remote sensing.

Work in Proghess: As requested.
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PROJECT G-73-8
TESTING A PORTABLE PROFILING DENSITY GAUGE

Principal Investigator: G. J. Young

Cooperating Agency: None

Objectives: To field test a "Digiray" portable profiling show density gauge.

Location: Peyto Glacier, A;berta and Sentinél Glacier. B.C.

Previous Work: None

Wonk Completed: Testing has been satisfactorily completed. There have been
some minor mechanical and electrical malfunctions, but when functioning
properly, results have been very satisfactory. The need for digging

pits to make snow density measurements has been greatly reduced.

Publications: Young, G. J. (1976¢)

108




PROJECT

G-73-12A

MASS AND WATER BALANCE STUDIES IN
THE WESTERN CORDILLERA

Prineipal Investigatorn: O. Mokievsky-Zubok

Coopernating Agencies: Water Survey of Canada; B.C. .Hydro

Objectives: To study:

1) Annual mass balance;
2) The role of glaciers in the hydrologic cycle;

3) The long term changes of these factors.

Location: Place Glacier (50°18°'N, 122°48'W) 120 km north of Vancouver, B.C.;

Sentinel Glacier (49°54'N, 122°59'W) 70 km north of Vancouver, B.C.
Helm Glacier (49°58'N, 123°00'W) 80 km north of Vancouver, B.C.

Previous Work: Glaciological, hydrological and climatological observations have been

Work in

carried out on Place and Sentinel glaciers since 1965. Glaciological studies
began on Helm Glacier in 1975. Special studies have from time to time been

donhe on Sentinel Glacier. For recent results see publications.

Proghess: Winter and summer balances are measured on all glaciers and
ablation is measured at intervals throughout the summer. Meteorological data
are recorded during the larger part of the year. Meltwater discharge is
measured during the summer by water level recorders (except on Helm Glacier).
A summary of measurements for the IHD period (1965-1974) for Sentinel and

Place Glaciers has been compiled and is in press.

Futurne Wosrk: fThe existing basic mass balance measurement field program will continue

on a reduced scale to provide material for studies of long-term changes in

glacier behaviour.

Publications: Mokievsky-Zubok, O. (1972, 1972, 1973a, 1973b, 1974, 1975)

Mokievsgky-Zubok, O and Stanley, A. D. (1976a, b, in press)
Stanely, A. D. (1971)
gstrem, G. (1973).
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PROJECT G-73-12B

MASS AND WATER BALANCE STUDIES AT
PEYTO, RAM RIVER AND WOOLSEY GLACIERS

Principal Investigator: G. J. Young
Cooperating Agencies: Water Survey of Canada

Objectives: BAs part of a transect of 5 glaciers in the International Hydrological
Decade Program, these glaciers were studied to investigate their mass and

energy balances.

Location: Peyto Glacier (51°40'N 116°34'W) 45 km NW of Lake Louise; Alberta
Ram River Glacier (51°51'N 116°12'W) 45 km N of Lake Louise, Alberta
Woolsey Glacier (51°07'N 118°03'W) 15 km NE of Revelstoke, B.C.

Previous Work: The I.H.D. programs ended in 1974. 1In 1975 a partial mass balance
program was maintained at Ram River and Woolsey Glaciers while a complete,

but slightly revised program was maintained at Peyto.

Work in Proghress and Future Work: The work at Ram River and Woolsey glaciers has
now been terminated. Work at Peyto continues as an integral supplement
to the nearby Yoho project. The glaciological work on Peyto is now being
viewed in its context as part of overall alpine hydrology: Conditions on
Peyto are being compared to those on neighbouring glaciers in the Wapta

Icefield.

Publications: Young, G. J. (1976a, b)
Young, G. J. and Stanley, A. D. (in press) (a, b)
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PROJECT G=75-9
ROLE OF GLACIERS IN WATER MANAGEMENT IN REMOTE BASINS
Principal Tnvestigatons: O. Mokievsky-Zubok, A. C. D. Terroux, S. Fogarasi and J. M.. Power
Cooperating Agency: B.C. Hydro
Objectives: Develop basis for managing reservoirs in remote glacierized basins.
Location: Upper Bridge River Basin, B.C.

Previous Work: Glacier mass balance studies in nearby area. Snow line surveys

and prediction models by B.C. Hydro.

Future Work: Field program to relate snow line recession to snow water
equivalent, aspect and orientation of slopes and nature of terrain
(glacierized, rock, forest). Relate these parameters with
meteorological data to seascnal runoff and rerote sensing imagery.

Evaluate usefulness of enhanced images.
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PROJECT G-75-10

SNOWDROP EXPERIMENT
Principal Investigators: E. J. Langham and H. Gross
Coopenating Agencies: Natiénal Research Council

Objectives: Study the effect of the retentioh and detention of water in the

snowpack on the spatial and temporal variations of percolation.

Location: Greber Boulevard and NRC Low Temperature Laboratory at Uplands

Airport.

Previous Work: Apparatus for measuring the flow at sixty-four points in a

square array has been constructed and partially tested.
Future Work: Complete tests including those for the microprocessor data

acquisition system. Install at Uplands Airport for winter 1976-77.

Collect and analyze data.
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PROJECT G-75-11
REMOTE SENSING — MICROWAVE
Principal Investigators: H. Gross, A. C. D. Terroux, and E. J. Langham

Cooperating Agencies: Canada Centre for Remote Sensing; Geological Survey;
Communications Research Centre

Objectives: Investigate the value of various methods of active and passive
microwave systems to study the snow cover and its condition

(complementary project remote sensing - thermal infrared).
Location: Highway 17 from Almonte to Ottawa River

Previous Wotk: Literature survey. This project also depends on previous
work developing systems and computer programs by theé cocperating

agencies.

Future Wonk: Flights by aircraft during spring 1977 with L band microwave
radiometer and scatterometer. X~band systems will also be flown
if possible. Simultaneous ground data oh show extent and conditions
dsing natural gamma ray and timé domain reflectrometry among other

méthods.
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PROJECT G-75-12
REMOTE SENSING -~ IMAGE ENHANCEMENT
Principal Investigators: E. J. Langham, A. C. D. Terroux and J. M. Power
Cooperating Agencies: Canada Centre for Remote Sensing
Objectiveé: Produce enhanced images for various snow-covered and glacier areas
for selected times of year. Evaluate usefulness of such images in
relation to other projects, in particular glacier movement, snowline
definition and snowmelt.
Location: C.C.R.S. Sheffield Road
Previous Work: Development of enhancement technique (Langham and Taylor, 1975)
Future Work: Create enhanced images for selected sites, where ground truth
is available. Create combined enhancements for images from

different times of year. Compare results with other satellite

imagery studies.
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PROJECT G-75-13
REMOTE SENSING - THERMAL INFRARED
Principal Investigatons: A. C. D. Terroux and H. Gross

Cooperating Agencies: cCanada Centre for Remote Sensing; Geological Survey

of Canada; Atmospheric Environment Service

Objectives: Investigate the value of thermal infrared images fo6r study of
extent of snow cover and its condition (complementary project: Remote

Sensing~-Microwave - G-75-11).

Location: Highway 17 from Almonte to Ottawa River. Later extension to

include Cold Creek near Downsview.

Previous Work: General studies of thermal infrared'imaging systems.

Literature survey.

Future Work: Flights by aircraft during spring 1977 with thermal infrared
scanner (DAEDELUS) coordinated with ground surveys of snow condition
and temperature of snow and open water and thermal radiometer measure=
ments. Analysis and evaluation of data collected. Assessment of
possible extension of project to include satellite data (TIROS-N

and Heat Capacity Mapping Mission in particular).
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PROJECT G-75-14

YOHO AND AMISKWI STUDY OF
" HYDROLOGIC ROLE OF GLACIERS

Principal Investigators: G. Young, A. C. D. Terroux, S. Fogarasi and J. M. Power

Coopenrating Agencies: Water Survey of Canada; Environment Canada; Parks Canada;

Atmospheric Environment Service

Objectives: Determination of role played by glacier melt in modifying the basin
runoff. (These two valleys are similar in size and topography but one

is glacierized and the other is not.)
Location: Yoho National Park

Previous Work: Preliminary investigation during 1975. Installation of some

stream gauges and sites selected for others.

Future Work: Install remaining stream gauges. Establish meteorological stations; .
record data on snow depth and water equivaleiit ahd snow-line retreat
during season. Relate these data to runoff and to satellite imagery.

Evaluate use of enhancement of LANDSAT images.
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PROJECT G-75-15
SATELLITE SNOW MAPPING
Principal Investigators: E. J. Langham and D. A. Sherstone

Cooperating Agencies: NOAA-NESS, Washington; Canada Centre for Remote Sensing,

Ottawa; B. C. Hydro; Atmospheric Environment Service; WMO.

Objectives: Determination of aerial extent of snow cover for "WMO Show Studies
by Satellite Project" using NOAA-VHRR and LANDSAT imagery; develop

methodology and test accuracy.

Location: Areas to be mapped are located in the Columbia River headwaters,

Saskatchewan River headwaters and possibly the Okanagan basin.

Previous Wonk: Progress Report: "Snow Mapping ‘in the Western Cordillefa usihg
Satellite Imagery", by D. A. Sherstone, dated November 24, 1975. All
available VHRR visible band imagery between May and October 1975 has
been ihterpreted for selected basins varying in size from 200 to
3,700 sg. mi. A few LANDSAT images have also been analyzed and
related to VHRR data.
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PROJECT G-75-17

GAMMA-RAY SPECTROMETRY

Prineipal Investigator: A. C. D. Terroux and E. J. Langham

Coopenating Agencies: Environment Canada: Water Planning and Management, Ontario
Region; Water Survey of Canada; Canadian Forestry Service; Northern
Research Centre, Edmonton. Energy Mines and Resources: Geological Survey
of Canada. Canada Department of Agriculture. Saskatchewan Department of
the Environment. Ontario Ministry of the Environment. Prairie Provinces
Water Board. Division of Hydrology, University of Saskatchewan. U. S.

National Weather Service, Washington.

Objectives: To develop operational techniques and methodology for measuring the
water equivalent of the snow cover using gamma radiation emitted naturally

from the soil using both air-borne and ground-borne systems.

Location: Field tests in various parts of Canada.

Previous Work: Air-borne measurements have.been made over Souris River Basin (1975-
1976); Wilmot Creek Basin (1974) and over a wide area of Southern Ontario
(1972-1973): A portable spectrometer has been tested at the Central
Experimental Farm and measurements started in Marmot Creek Basin (both in
1975). The portable system is particularly suited to surface measurements.

It is thus clieaper to operate but has a more limited range.

Future Work: Purther experimental and theoretical work is planned. Since results
to date have been very good, demonstration projects are being arranged
with the object of disseminating information on the techniques and

evaluating them for cperation purposes.

Pubfications: 1loijens, H. S. (1973a)
loijens, H. S. and Grasty, R. L. (1973)
Grasty, R. L., Loijens, H. S. and Ferguson, H. L. (1973)

loijens, H. S. (1975a and 1975b).
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PROJECT G-75-18

AN ICE-LANDSLIDE IN WESTERN CANADA
Principal Investigaton: 0. Mokievsky-Zubok
Cooperating Agencies: None

Objectives: To obtain information on the cause of the slide and eévaluate advanced

theories.
Location: bDevastation = Capricorn glaciers (50°36'N, 123°32'W)
Previous Work: Analysis of data and study of literature

Work in Proghess: The information collected has been written up for presentation

and publication.
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PROJECT G-75-19
HYDROCHEMICAL BALANCE STUDIES OF GLACIER MELTWATERS
Principal Investigatorns: O. Mekievsky-Zubok, J. Zeman
Coopenating Agency: University of British Columbia
Objectives: A reconnaissance study to
1) Obtain datum from undisturbed systems at high altitudes for
comparison with ecosystems in lower altitudes which would be

subject to some type of land and water use;

2) establish regional classification of hydrechemical character-

istics of various glacier meltwaters.
Location: Sentinel Glacier basin (49°54'N, 122°59'W)
Previous Woxk: Chemical analyses have been carried out.

Wonk in Progresh: Study of the results - publications to follow.
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PROJECT G-75-20

T.D.R. STUDY OF SNOWPACK
Principal Investigatorn: H. Gross and E. J. Langham
Cooperating Agencies: None

Objectives: To investigate the application of Time Domain Reflectrometry to the

study of snow, ice and water in the structure of the snowpack.
Location: Ottawa
Previous Work: None
Work in Phogress: Construction of apparatus

Future Work: Possible contract to be given out for the design of probes.

Also the emplacement of a probe network.
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PROJECT G-76-9
.REMOTE SENSING --EXISTING HYDROLOGIC MODELS
Principal Investigatorns: J. M. Power and E. J. Langham

Cooperdating Agencies: Water Survey of Canada; Environment New Brunswick; New

Brunswick Power; Environment Canada.

Objectives: To evaluate the usefulness of remotely sensed data as input to

operational flood forecasting models.

Location: Ottawa River Basin; St. John River basin

Previous Work: none

Wonk in Progness: NOAA/VHRR imagery for the 1976 showmelt period is currently being
used to map the snowline in the Ottawa River basin and this will be used as

a check against model calculations.

Future Work: A similar exercise on a real-time basis will be conducted on the

Ottawa River for the 1977 spring flood forecast period.
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REMOTE SENSING - NEW HYDROLOGIC MODELS
Principal Investigators: J. M. Power and E. J. Langham
Cooperating Agency: None

Objectives: To develop new forms of hydrologic models uniquely suited to utilize

the type of distributed information available from remote sensing.
Location: Bridge River, British Columbia

PROJECT G-76-10
Previous Work: None.
|
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Gladcier Mapping



GLACIER MAPPING

Principal Investigators: I. A. Reid, J. 0. G. Charbonneau, Applied Hydrology

Division
Cooperating Agency: Water Survey of Canada

Objectives: To determine volumetric, areal and lineal changes from maps

prepared biennially from Terrestrial Photogrammetric¢ Surveys.

The following glaciers are mapped: Sentinel, Sphinx, Bugaboo, Kokanee
and Nadahini in British Columbia and the Athabasca and Saskatchewan in

Alberta.
Location: Hull, Quebec
Previous Work:

1) A Terrestrial Photogrammetric survey of five glaciers in British
Columbia was made in 1964, 66, 68, 70, 72 and 74. A Terrestrial
Photogrammetrical survey of the two glaciers in Alberta was made
in 1963, 65, 67, 69, 71, 73 and 75.

2) References: Reid, I. A. "Glacier Surveys by the Water Survey of
Canada". A paper presented at the Banff Symposia in September,
1972.

Wonk in Progness: Preparing reports on receht surveys.

Future Work: To continue the mapping project of the seven glaciers.
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