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PREFACE 

This report is the fifth in a series outlining the glaciological 
research program in what is now the Water Resources Branch, of the 
Department of the Environment. The earlier reports are: 

1) "Research Projects in Glaciology, 1968" 
Inland Waters Branch, Department of Energy 
Mines and Resources, 1968 

2) "Ice Studies in the Department of Energy Mines 
and Resources, 1968” 
Report Series No. 7, Inland Waters Branch 
Department of Energy Mines and Resources, 1968 

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

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

It is apparent from the list that the glaciological program has been 
affected by several reorganizations and indeed, the program itself has 
changed in response to chaging government priorities. However, the basic 
objective of maintaining a centre of glaciological expertise within the Federal Government has been retained. The reports are written so that 
the starting of new, and termination of existing projects can be easily 
identified. In this way the reports provide a.record of the changes which 
have occurred. 

The present report has two parts, 1) an introduction outlining the 
objectives and organization of the group, and the significant changes that 
have taken place and, 2) a catalogue providing details n the individual 
projects. Each project description has been fitted on one page and to 
facilitate this, only short references have been included. For full details 
of publications ad reports see the consolidated list of publications at the 
end of the introductory section. 

iii



II 

TABLE OF CONTENTS 

PREFACE 

RESEARCH PROGRAM 

1. Division objectives and organization 

2. Recent changes in the glaciology program 

3. Technical and Scientific reports 1972-1974 

PROJECT CATALOGUE 

1. Arctic Hydrology 

2. Remote Sensing and Instruentation 

3. Perennial Snow and Ice 

4. Snow and Ice Hydrology 

5. Ice Science 

6. Floating Ice 

7. iAvalanche Studies 

8. Glacier Mapping (Applied Hydrology Division) 

9. Index of Projects
A 

10. Index — Principal Investigator 

PAGE 
iii 

23 

25 

39 

49 

79 

87 

103 

117 

121 

125 

129



Research Projects in Glaciology—1974 
1. DIVISION OBJECTIVES AND ORGANIZATION 

The objective of the GLACIOLOGY DIVISION is to maintain within the 
Federal Government a centre of expertise in basic and applied studies 
of snow and ice in relation to our inland water resources. The Division 
is divided into six sections (see chart) in order to achieve this objective: 
ARCTIC HYDROLOGY SECTION — carries out basic and applied research in 
Northern Canada.» Basic research involves all components of the hydrologic 
cycle and is emphasized in research basin studies. Applied research is 
directed towards the needs of northern resource and transportation develop- 
ments; water supply systems for settlements and the assessment of the environ- 
mental impact of highway and oil/gas pipeline development Gwackenzie Valley 
and Arctic Islands). 

REMOTE SENSING AND INSTRUMENTATION SECTION - is responsible for the provision 
of technical and advisory services in areas of instrumentation and remote 
sensing by instrument development ad construction, identification and evalu- 
ation of new technology, and by demonstration of feasibility of new techniques 
and instrumentation. 

PERENNIAL SNOW AND ICE SECTION - embraces all Divisional programs related to 
the study of perennial snow and ice on the land surface, in particular, 
glaciers. There are three main thrusts to the current program: 

Investigation of mass, energy and water balances for selected glaciers 
to determine the contribution of glacier meltwater to stream flo and the 
laws governing its variability; the nature of past and present glacier 
fluctuations and their relationship to climatic change. 

Research into the physical properties of glaciers to permit a better 
assessment of environmental hazards related to glaciers such as jdkulhlaups and surges and investigations of the flow characteristics of glaciers to 
assess large scale mass losses by calving with its concomitant threats to 
activities in the coastal zone. 

Development of a comprehensive information system on snow ad ice 
resources in Canada to maximize the usage of all existing glacier data 
and information and to identify all glacierized areas potentially hazardous 
to human activity. 

SNOW AND ICE HYDROLOGY SECTION - is responsible for detail site-specific, 
as well as process oriented studies of snow metamorphosis with particular 
emphasis on the movement of meltwater through the snowpack and the uder- 
lying soil or ice. Remote sensing techniques are used, and further developed, 
to extrapolate site-specific data to river basins. Hydrological forecast 
models may require modification to incorporate the additional snow pack 
information. - 

ICE SCIENCE SECTION - basic properties of ice are studied under controlled 
laboratory conditions. The mechanical and electrical properties of ice are 
typical examples of studies carried out in close cooperation with field
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oriented studies, e.g., radio echo-souding of glaciers. The interaction 
between ice and hydrocarbon oils is of particular interest in connection 
with current petroleum developments in Arctic Canada and the behaviour of 
’the oil-water-ice system is being investigated under field and laboratory 
conditions. 

FLOATING ICE SECTION - engineering glaciology in relation to floating ice 
forms the core programs in this Section, and current emphasis is on problems 
relating to navigation (e.g. on the St. Lawrence Seaway), oil pollution in 
ice infested waters, and on the application of remote sensing techniques for 
ice studies. 

An Avalache Group has recently been established in Calgary to carry out 
glaciological research related to snow and ice mechanisms of avalanche 
problems. 

2. RECENT CHANGES IN THE GLACIOLOGY PROGRAM 

The previous reports in this series show that continuous change has 
taken place in the glaciology program and this has also been the case in 
the two years since the preceding report was published. This reflects the 
continuing need for retaining flexibility in the research program to ensure 
timeliness and applicability of the research in providing solutions to problems 
as they arise. A research program must always try to aticipate problems, ad 
while it is importat to focus on developments in the near future, its success 
can only be protected by also giving attention to the more distant future (five 
or more years from now) i.e., by also pursuing basic research. 

In the activities of the Arctic Hydrology Section, the Mackenzie Valley 
Pipeline studies continue to play a dominating role, but since the start of 
the environmental assessment of the Mackenzie Highway, our involvement has 
broadened to include the Highway as well. With the possible commencement 
of a pipeline from the Arctic Islands to Southern Canada, studies of the 
hydrologic conditions in the Eastern Arctic have been accelerated. Basin 
studies, including studies of the soil moisture conditions in the active 
layer and the behaviour of ice damed lakes, have started on Ellesmere Island. 

In the Perennial Snow and Ice Section, studies of the physical characteris- 
tics of ice masses have been extended to include a study of the deformation of 
ice islands floating at sea, (such ice bodies deform.at very low stresses) and 
a study of the surging Tweedsmuir Glacier, British Columbia, started in 
October 1973 to deternfine the future trend of this surge which was first 
reported in September 1973. Improved computerized methods for aalyzing 
ness balance_data have been developed, ad it has been possible to reduce 
the number of actual field measurements necessary to achieve the desired 
accuracy of the annual glacier mass balance. This stepping down of field 
activities in the mass balance work coincides with the termination of the 
International Hydrologic Decade, at the end of 1974. The future scope ofthe 
mass balance investigations will partly depend on the planing for the 
International Hydrological Program ad the new GEMS (Global Environmental 
Nbnitoring System) program of United Nations. Some IHD projects, e.g. the 
Glacier Inventory of Canada, will not be completed durtng the Decade and 
will continue for at least a couple of years.



The Snow and Ice Hydrology Section has continued data collection and 
aalysis of new and existing data from the Mer Bleu expermnental plot near 
Ottaa. In order to assess the usefulness of gamma-ray radiation for use 
in snow surveys an extensive airborne experiment has been carried out over 
Southern Ontario. The results are now being analyzed and similar surveys 
are planned for other parts of the country, e.g. the Prairies ad the 
Western Cordillera. 

The Ice Science Section has put increasing emphasis on the study of 
the electrical properties of ice, a important part of the overall effort 
_in remote sensing, particularly in the microwave regions. Additional studies 
of ice at low temperature have been initiated. 

The Floating Ice Section has given increased emphasis to the use of remote 
sensing techniques, particularly passive and active microwave systems in the 
study of ice. The availability of imagery from ERTS and from the SKYLAB missions 
has pnompted investigations of their practical use for operational purposes. Ice 
thickness measurements using a new radar instrumentation is being developed and 
will be used in connection with the Beaufort Sea environmental studies. The 
section participates in the monitoring of the Ice Drilling Platfonm constructed 
by Panarctic Oil Ltd., for use in its first ajor off-shore drilling project in 
the Arctic Archipelago. The section also participated in the Hover-craft ice- 
breaking trials, Our involvement in these two last activities resulted from 
the requests of two different federal departments and this shows that our 
expertise is both recognized ad relevant. ' 

The Remote Sensing and Instruentation Section has given mch attention 
to studies of ERTS imagery and an assessment of its possible application to 
hydrologic investigation. The work has to a large extent been carried out by 
outside groups, working under contract. The use of satellites as communication 
links to transmit data from remote observing stations is also under investigation. 
The instrumentation group has continued to provide specialized service to a broad 
‘range of research projects. 

One of the most significant changes in the program is the recent establish- 
ment of an avalanche research group in Calgary.. This development is taking place 
‘in cooperation with National Research Council and it.is hoped that we jointly will 
strengthen the Canadian research effort in this field. 

The Glaciology research program is national in scope and field investigations 
have been carried out in many regions of the country, but since its inception the 
program has been carried out from the headquarters in the National Capital Region. 
With the establishment of the group in Calgary, we will for the first time have 
staff permanently located outside the Ottaa—Hull area. 

Ottawa éjfigagg:/"/g;/:’;{f;:;é;“ 

July 1974 O. H. Lfiken 
. Chief 

Glaciology Division



3. HTEGINICAL AND SCIENTIFIC REPORTS 1972-1974 

‘The following list contains the publications written or co-authored by 
members of the Glaciology Division since the previous Project Catalogue was 
printed in 1972. Reports which have been written under contract agreements 
between the Division and individual scientists or companies are listed under 
the name of the author(s) , and are marked with an asterisk (*). 

Note that the report "Hydrologic Aspects of Northern Pipeline Development" 
is listed under "MacKay et. al. (l973)". This report consists of 16 individual 
contributions which are listed separately under their respective authors, but 
referred to as "I_n" MacKay et. al. (l973)". 

Some items were inadvertently omitted from the previous catalogue and have been included here. ~ 

Adams, W.A., R. Yank, R.O. Christie, a.nd J. Kruus 

1974 "An Automated Apparatus for Precision Density Measurements 
of Liquids," The Canadian Journal of Chemical Engineering, 
Vol. 52, No. 1, Feb. 1974, pp. 12I—l2‘4. L

V 

Anderson, J.C. 

1973 "Mackenzie Basin Water Balance Study," Q: MacKay et. al. 
(1973), pp. 19-32. 

Anderson, J.C. and D.K. MacKay 

1973 "Preliminary Results from Boot Creek and Peter Lake 
Watersheds, Mackenzie Delta Region, N.W.T.," In: MacKay 
et. al. (1973), pp. 33~70. 

Anderson, R.J. and D.K. MacKay 

1973 "Seasonal Distribution ofF1ow in the Mackenzie Delta, 
N.W.T.," MacKay, D.K., et. al. (1973), pp. 71-110. 

Barnett, D.M.- and G. Holdsworthy 

1974 "Origin, Morphology and Chronology and Sublacustrine 
Moraines, Generator Lake, Baffin Island, Northwest 
Territories, Canada," Canadian Journal of Earth Sciences, Vol. 11, No. 3, pp. 380-408. 

*Bell, W. 

1974 "Surging Glacier ~ Lonesome Solitude on the Cap of the 
Beautiful 'I‘weedsmuir Glacier Nbving to Create a New lake," 
North, Vol. 21, No. 1, p. 2-5.



Campbell, W.J., P. Gloersen, R.O. Ramseier 

1974 "Synoptic Ice Dynamics and Atmospheric Circulation 
During the Bering Sea Experiment." Results of the 
U.S. Contribution to the Joint U.S./U.S.S.R. Bering 
Sea riment. NASA‘“Goddard Space Fl_ight Center, 
Green e t, ryland. Preprint X-910-74-141, pp. 1-30. 

Chen, E.C. 

1972 "Arctic Winter Oil Spill Test — U.S. Coast Guard-,'»' 
Inland Waters Directorate, Department of the 
Environment, Ottawa, Technical Bulletin No. 68, 20 pp. 

Chen, E.C. 

1974 "The Stability of Crude Oil—in-Water Emulsions," 
The Journal of Canadian Petroleum Technologx, 
Vol.“l3, No. 1, pp, 38-41. 

Chen, E.C. and C. Guarnaschelli 

1973 "Changes in Surface Tension during the Initial Aging 
of Some Petroleum Crudes," The Canadian Journal of 
Chemical Engi.neeri.r1g, Vol. 51, p. 134-136. 

Chen, E.C., J.C.K. Overall and C-.R. Phillips 

1974 "The Spreading of Crude Oil on an Ice Surface," 
The Canadian Journal of Chemical Engineering, 
Vol. 52, No. 1, pp. 71-74. I 

Chudobiak, W.J., R,..Gray, R.O. Ramseier, V. Makios, M. Vant, 
J.L. Davies and J. Katsube 

1974 "Radar Remote Sensors for Ice Thickness and Soil 
Moisture Measurements," Proceedinfigg of the Second 
Canadian Symposium on Rembte”Se'nsinjg, Guelph. pp. 1-7. 

Chyurlia, J. 

1973 "Stability of River Banks and Slopes Along the Liard 
River and Mackenzie River, N.W.T. -," ,, drologic As ects 
of Northern Pipeline Development £13" ‘ ya et-. al. 
(1973), p. 111-152. - 

~~
~ 

Clarke, G.K.C., and R.H.'Goodman 

19 74 "Radio echo soundings and ice—temperature measurements in 
a surge—type glacier," - Journal of Glaciologx. (In press).



Derikx, A.L. 

1971 

Derikx, A.L. 

1972 

Derikx, A.L. 

1971 

Dickins , D. F. 

1974 a 

Dickins, D.F. 

1974 b 

Dickins, D.F. 

1974 C 

Dickins , D. F. 

1973 

Dickins, D.F. 

197.4 a 

"The Heat Balance and Associated Runoff from an Experimental 
Site on the Glacier Tongue," Presented a-t the Symposium on 
Sncmr and Ice in ‘1VIount_aino_us Reg-ions, IASH, XV General Assembly, 
Moscow, U.S.§R. (in press)? ' 

"Hydrological Characteristics of Peyto Glacier," Guidebook 
to the International Sgnposia 0..I_1 the Role of Snow and Ice in 
Hydrolog, Banff, Alberta,Te‘p1:e'mBe’r 1972, pp. 79-84. 

and J.S. Loijens 

"Model of Runoff from Glaciers," Runoff from Snow and Ice 
S osium No. 8, National Research Council Associate Committee 
on Eeodésy and Geophysics, Sub—committee on Hydrology, Quebec 
City, May 1971, Vol. 1» PP. 153-199. 

C stallographic and Salinity Analysis of _Ice Cores from 
Hecla N—52 Ice Platform. Internal Report, Glaciology 
Division, Water Resources Branch, Department of the 
Environment, Ottawa, 14 pp.- 

Ice Conditions, Air Cushion Vehicle, Ice Breaking Trials, 
Hover—’Ja1€ and Terracross Rafts. TntemalT€eport, Glaciology 
Division, Water Resources Branch, Department of the Environment, 
Ottawa, l6 pp. 

Ice Conditions, Canadian Coast Guard Voyageur, Ice-,B,reaking 
Trials. . Internal Report, Glaciology Division, Water Resources 
Branch, Department of the Environment, Ottawa, 37 pp. 

and R. O. Ramseier 

Physical and Mechanical Properties of Brackish Ice: Hr Cushion FerrLTrials ACT-100 at Tuktoyfiktuk, N.’W.T. 
Internfal Report, Glaciology Division, Water Resources 
Branch, Department of the Environment, Ottawa, 18 pp. 

and R.O. Ramseier 

Evaluation of Experimental Air Bubbler System - Wolfe Island. 
Internal Report, Glaciology DTV1? ion, Water Resources Branch, 
Department of the Environment, Ottawa, 28 pp.



I 

Dickins, D.F. 

1974 B ' 

Fisher, D.A. 

1971 

Fogarasi, S. 

1972 

Fogarasi, 
I 

S‘. 

1973 

Foh, P.M.B. 

1973 

Gilbert, R. 

1972 

Gilliland, J. 

1973 

Gloer-sen, P. , 

19 74 

and R. O. Ramseier 

Wolfe Islander‘ Towing Trials - Winter 1973. 
Internal Report, Glaciology Division, Water Resources 
Branch, Department" of the Bwironment, Ottawa, 16 pp. 

and S.J. Jones 

"The Possible Future Behaviour of Berendon Glacier, Canada - 
A Further Study," Journal of Glaciology, Vol. 10, No. 58, 
pp. 85-92.

. 

"Weather Systems and Precipitation Characteristics over 
the Arctic Archipelago in the Summer of 1968," Water 
Resources Branch, ‘Inland Waters Directorate, Department 
of the Environment, Ottawa, Scientific Series No. 16, 116 pp. 

and M. Boakes 

"Cloudiness "and Global Radiation at the Head of Inugsuin 
Fiord, N.W.T. , in the Summer of 1968," 
Climatological Bulletin No. 14, pp. 1-23. 

"Short—term Snowmelt and Ablation Derived from Heat and 
1Vk1ss—Balance Measurements," Joumal of Glaciology, Vol. 12, 
No. 65, pp. 275-289. 

"Drainings of Ice-danmled Summit Lake, British Columbia," 
Water Resources Branch, Inland Waters Directorate, Department 
of the Environment, Ottawa, Scientific Series No. 20, 17 pp. 

A. and A.D. Stanley 

"Research in the Inland Waters Directorate." A report 
prepared by the Office of the Research Advisor, Inland 
Waters Directorate-. pp. 61 and appendices. 

R.O. Ramseier, W.J. Campbell, T.C. Chang, T.T. Wilheit 

"Variation of Ice Morphomology of Selected Mesoscale Test 
Areas During the Bering Sea Experiment." Results of the 
U.S. Contribution to the Joint U.S./'U.S.,S.R. Bering Sea 
‘flefinlent. NASA Goddard "Space Flight ‘Center, Greenbelt, 
Mary an . Preprint X-910-74-141, pp. 75-101.



Gloersen, P., R.O. Ramseier, W.J. Campbell, P.M. Kuhn, W.J. Webster, Jr. 

1974 "Ice Thickness Distribution as Inferred from Infrared and 
Microwave Remote Sensing During the Bering Sea Exp.erimeI1t." 
Results of the U.S. Contribution to the Joint U.S./U.S.S.R. 
Bering Sea Efperiment. NASK Goddard Space Flight Oenter_, 
Greenbelt,Wryland. Preprint X-910-74-141, pp. 103-123. 

Goodison , B . 

1971 "The Relation Between Ablation and Global Radiation over 
Peyto Glacier Alberta" Glaciers Proceedings of the IHD 
Workshop Seminar 1970, ,Vancou'\7er, ,B’.C.’, Canadian Na-tional 
Committee for the International Hydrological Decade, pp. 39-42. 

Goodison, B. 

1972 a "An analysis of climate and runoff events for Peyto glacier, 
1I1’13I’1<-1 Waters Directorate. 

Department of the Environment, Ottawa, pp. 29. 

Goodison, B. 

1972 b "The distribution of global radiation over Peyto Glacier. 
Alberta.” Inland Waters Directorate, Scientific Series No. 22, 
Department of the Environment, pp. 22 

Goodman, R.H. 

1973 "Time Dependent Intraglac-ier Structure," Journal of 
Glaciology, Vol. 12, No. 66, pp. 512-513. 

Goodman, R.H. 

1974 a "Radio echo sounding on temperate glaciers." Journal of 
Glaciology. (In press) » 

Goodman. R.H. and G.K.C. Clarke 

1974 "Radio soundings on Trapridge Glacier, Yukon Territory, 
Canada," Journal of Glaciology. (In press) 

Grasty, R.L., H.S. Loijens and H.L. Ferguson 

1973 "An Experimental Gamma-ray Spectrometer Snow Survey 
over Southern Ontario." Proceedings of the US/II-ID 
Interdisciplinary Symposium on Advanced Concgats and 
Techniques in the Study of Snow and Ice Resources. (In press)



Henoch, W.E.S. 

1973 "Height, Frequency of Floods, Ice Jamming and Tree-Ring 
Studies," I_n: MacKay, D.K. et. al. (1973) pp. 153-1_9'0. 

Henoch, W.E.S. 
A 

1974 "Applicationof Dendrochronology to some Hydrologic Aspects 
of Permafrost," Proceeding of the Sy1_x_1po_s‘ium on Permafrost- 
Ijzdrology and Geophysics, Calgary, Alberta, 1974. In press. 

Holdsworth, G. 

1971a "CalvingjFrom Ward—Hunt Ice Shelf, 1961-62," Canadian 
Journal of Earth Sciences, Vol. 8, No. 2, pp. 299-305. 

Holdsworth , G. 

1971 b Correspondence-Note on the paper - "Fle'x’u're of pa Floating 
Ice-Tongue," Journal of Glaciologz, Vol. 10, No. 59, pp. 319. 

Ho ldsworth, G. 

1973 a ‘Evidence of a Surge on Barnes Ice Cap, Baffin Island," Canadian 
Journal of Earth Sciences, Vol. 10, No. 10, pp. 1565-1574. 

Holdsworth, G. 

1973 b Correspondence 
-2 "Barnes Icecap and Englacial Debris in 

Glaciers," Journal of Glaciology, Vol. 12, No. 64, pp. 147-148.‘ 

Holdsworth, G, \ 

1973 c "Ice Calving into the Proglacial Generator Lake, Baffin Island, 
N.W.T., Canada," Journal of Glaciology, Vol. 12, No. 65, 
pp. 235-250. ‘

‘ 

Holdsworth, G.
A 

1974 "Erebus Glacier Tongue, McMurdo Sound, Antarctica," 
Journal of Glaciologx, Vol. 13, No. 67, pp. 27-35. 

Holdsworth, G. and A. Traetteberg 

1974 "Deformation of a Floating Ice "Island," Proceedings of the 
Second International Conference on Port and Ocean Engineering, 
ReyI<ajav’i1<", Iceland, August 2B-31, 1973. (In press) 

*H_owarth, P.J. 

1973 A Prelirninary Evaluation of ERTS-_l glmagery for Hydrologic 
13/[app ing. 

A 

The Centre for Applied Research and Engineering 
Design, Inc. , McMaster University, Hamilton, Ontario. 110 pp. 
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*Ho.warth,' P.J. and Woo, M. 

1973 

Jasper, J.N. 

1973 

Jones, S.J. 

1972 

A Preliminary Evaluation of ER'I,‘S—l Imagery for the 
Interpretation of Snow Cover in "Southern, Ontario. 
The “Centre; for Applied Research and Engineering 
Design, Inc. , McMaster Un_iversi_ty, Hamilton, Ontario, 
167 pp.

. 

"Suspended Sediment and Dissolved Material Transport 
in Twisty Creek," I_n_: MacKay, D.K. et. al. (1973) pp. 645-664. 

"Radio Depth-sounding on Meighen and Barnes Ice Caps, 
Arctic Canada," Inland Waters Directorate, Department 
of the Environment, Ottawa, Scientific Series No. 25, 13 pp. 

Jones, S.J. and N.K. Gilra 

1973 a "Dislocations in Ice Observed by X—ray Topography," In: 
Physics and Chemistry of Ice. Edited by E. Whalley, STJ. 
Jones andI.W. Gold. Royal Society of Canada, Ottawa, 
pp. 344-349. 

Jones, S.J. and N.K. Gilra 

1973 b 

Kruus, J. 

1973 a 

Kruus, J. 

1973 b 

Kruus, J., A. 

1973 

"X.—rray Topographical Study -of Dislocation in Pure and HF- 
doped ice,” Philoso hical Magazine, Vol. 27, No. 2, pp. 
457 472 

_P 

A__ Water Resource Monitoring Platform, Type I, Report for 
period February-April 1973. Available through NASA Earth 
Resources Survey Program, National Technical Information 
Service, 2 pp. ‘ 

,A_i,}j[ater Resource Nbnitoring Platform, Type 11, Report for ipéfiod August 1972 - January 1973. Available through NASA 
Earth Resources Survey Program, National Technical Informa- 
tion Servioe, 10 pp. ' 

R. Davis, and H. Gross 

"Airbome Trials of a CW Laser Fluorometer for Night—time 
Surveillance," Canadian Aeronautics and Space Journal, 
Vol. 19, No. 10, Dec. I973, pp. 534-537. ' 
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Loijens, H.S. 
A 

1972 VSnow Distribution in an Alpine Watershed of the 
Rocky Mountains, Caada," Proceedings of the 
Symposium on Distribution of Precipitation in 

»j Nbuntainous Areas, Geilo, Norway, 1972. IWMO no. 
' 326, Vol. 1, pp. 175-183. 

Loijens, H.S. 

1974 a 

loijens, H.S. 

1974 b 

.”Comparison of Water Equivalent of Snow Cover from 
Airborne Measurement of Natural Gamma Radiation and 
from a Snow Course Network," .Proceedin s of the 
Eastern Snow Conference, Feb. 7-8, 1974, Ottawa, 
Ontario. (In presg] 

"Streamflow Formation in the Mistaya River basin, 
Rocky Mountains, Canada. Proc. Western Snow 
Conference, April 16-20, 1974, Ifiafiorage, Alaska. 
(In press? 

Loijens, H.S. 

1973 

lpken, O.H. 

1971 

l¢ken, O.H. 

1972 a 

L¢ken, O.H. 

1972 b 

and R.L. Grasty 

"Airborne Measurement of Snow-water Equivalent Using 
Natural Gamma Radiation over Southern Ontario, 1972- 
1973," Water Resources Branch, Inland Waters Direc- 
torate, partment of the Environment, Ottawa, 
Scientific Series No. 34, 65 pp. 

"Glacier Studies in the Canadian IHD Program” 
Glaciers, Proceedings of 15 Workshop Seminar 1970, 
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1>RoJEcr: G- 70-1 

MACKENZIE VALLEY STUDIES 

PRINCIPAL INVESTIGATOR: D. K. MacKay 

OWPERATIVE, AGENCIES: University of British Columbia (Dr. J. R. Mackay) 
Geological Survey of- Canada, Water Survey of Canada 

OBJECTIVES: To conduct hydrollogic-geomorphic studies in the Nhckenzie 
basin aimed at providing: 

1. In_form_ation against which the environmental impact of 
a possible Mackenzie Valley Pipeline can be assessed; 

2. Improved knowledge about Canada's largest river basin, 
by investigating: (a) Ice shove and ice jamming on - 

the Mackenzie River, (b) The seasonal distribution of 
flow i_n the Mackenzie Delta, (c) Temperature charac- 
teristics of the river water, (d) Distribution of aufeis, 
(e) The significance of cryostatic pressure caused during 
freezeeback of the active layer, (f), Effects of snow cover 
on ground temperatures, (g) Katabatic at Paulatuk, 
N.W.T. . 

LOCATION: Mackenzie basin and the Delta region, N.W.T. 

PREVIOUS WORK: A broad range of data has been collected for varying 
periods from several locations since 1967 to the" present. 

Data on cryostatic pressu;res., katabatic winds, snow cover, snow 
and ground temperatures, ice shove and ice jamming, aufeis, 
seasonal flood distribution in delta channels, etc. , are v 

available. - 

For results see: MacKay, et. a1., (1973), Sherstone, (l973a), 
Swami, ~(1973b), Thakur and MacKay, (1973), Williams and MacKay, 
(1973).. 

WORK JN PROGRESS: Continuation of measurements and evaluation of 
results. 

WORK: Phasing out of some projects and i;ntroduct‘ion of new 
ones as progress warrants. 
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PROJECT: G- 70-4 

EXTREME SUMVIER STORM CONDITION 'I‘_HE TRIBUTARY 
I-IEADNATERS OF THE LOWER MACKENZIE, N'.W.T. 

PRINCIPAL INVESTIGATORS: D. K. IVhcKay, S. Fogarasi and M. Spitzer 

PUBLICATION: MacKay, Fogarasi and Spitzer (1973). 

PROJECI‘ CDMPLE'I'E_D 
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PROJECT: G.-70-5 

REGIONAL HYDROLOGIC CHARACTERISTICS OF MACKENZIE RIVER BASIN 

PRINCIPAL INVEST.'IGA'I'O'R: T. Thakur 

COOPERATLNG AGENCY : None 

OBJECTIVES : 

1) 

2) 

3), 

4) 

5) 

To collect data and study complete basin morphometry 
from all available sources. 
To evaluate and mathematically analyze the available 
geomorphic and hydrometric data. 
To estimate selected stream flow characteristics of 
the gauged Mackenzie watersheds.

' 

To develop mathematical models to estimate stream- 
flow‘ characteristics of ungauged basins. 
To carryout statistical analysis to measure influence 
of geomorphic parameters on stream flow. 

LOCATIW: Mackenzie River Basin 

PREVIOUS WORK: For results see: Thakur and .Lindeijer (1973) 

WORK IN PROGRESS: Data Collection, Processing and mathematical 
analyses are being continued. 

FU'IURE WORK: 

1) 

2) 

3) 

Further improvement of the mathematical model. 
Application of the model to different watersheds 
in Northern regions. '. 

‘
' 

Testing applicability of the modelto different 
types of hydrologic data. 
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PROJECT: G-72-7 

MORPHOME'IRIC ANALYSIS OF MACKENZIE DRAINAGE BASIN NETWORKS 

PRINCIPAL ]NVESTIGA'IOR: T. Thakur 

PROJECT CCXVJBINED WITH G-70-5 
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PHDJECT : G- 72 - 16 

HYDROLOGIC RECCNNAISSANCE - MACKINSON INLET -AREA, 
ELLESMERE ISLAND, N.W.T. 

PRINCIPAL INVESTIGATOR: O. H. Lyfiken - work done under-contract with 
- Mclvhster University - Professor S. B. McCann 

COOPERATING AGENCIES: Polar Continental Shelf Project 

OBJECTIVES: To carry out a hydrological reconn_aissa_nce i_n the area 
near the head of Mackinson Inlet and northward to the head ‘of 
Bay Fiord, Ellesmere Island-, with particular emphasis on ice 
problems and hydrologic problems which may arise in connection 
with possible pipeline and/or marine terminal construction in 
this area. 

LOCATION: Ellesmere Island, N.W.T. 

REPORT: Mccann, James, Cogley and Taylor (1972) 

PROJECT COMPLETED 
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PROJECT: G- 72* 18 

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

PRINCIPAL INVESTIGATORS: D. K. MacKay - work done uder contract with 
Profs. S. B. Mccann ad M—K Woo, McMaster University. 

COOPERATING AGENCY: Polar Continental Shelf Project (EMRJ 

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 damed lakes. To investigate soil moisture conditions in 
the active layer and their dependence on time of year, slope and 
meteorological conditions. 

LOCATION: Vendom Fiord, Ellesmere Island (78°l0'N. 32°w) 

PREVIOUS WORK: Following reconnaissance in 1972, a major field project 
was started in 1973. For results see: McCan, Cogley, Woo and 
Blachut (1974) 

WORK IN PROGRESS: Summer field.work (1974) has started with increased 
emphasis on studies of the hydrology of the ice dammed lakes and on" 
soil moisture conditions. 

FUTURE WORK: Field program is expected to continue in l975;final 
"report will then be written. 
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PROJECT: G-72-1-9 

BANK EROSION IN MACKENZIE DELTA 

PRINCIPAL JNVESTIGATOR: D. Outhet (D. K. MacKay) 

COOPERATING AGENCY: Dept. of Geography, University of Alberta 

OBJECTIVES: To study the causes and rates ofoerosion of channel 
banks in the Ivhckenzie Delta (south of 68 N), on bi-weekly 
and yearly time scales; to categorize bank profiles and erosion 
rates for each type. 

LOCATION: Nhckenzie Delta, N.W.T. 

PREVIOUS WORK: Field ~ Preliminary reconnaissance of bank erosion 
sites (1972) and detailed field studies (1973) 

WORK IN PIDGRESS: Study of past bank. erosion using old air photographs, 
and preparation of report. 

FUTURE WORK: Analysis of data. to assess relative importance of factors 
influencing bank erosion. Further field measurements of bank erosion 
rates for various bank types and preparation of a final report. 
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PROJECT: G-72-20 

LAKE CHARACTERISTICS‘ IN THE MACKENZIE BASIN 

PRINCIPAL INVESTIGATOR: D. K. Mac_Kay 

COOPERATING AGENCY: Dr. J. R. Mackay, 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 to: 

1) describe the permafrost distribution under lakes. 
(In cooperation with J. R. Mackay, University of 
British Columbia), and, 

2) study and document lake thermal regimes in different 
environments within the Mackenzie basin. 

LOCATION: Mackenzie basin 

PREVIOUS WORK: Field: Instrumentation of several lakes to collect 
‘ water temperature data. 

WORK IN PROGRESS: Continuation of data co.l1ect‘io'n and analysis of results. 

FUTURE WORK: Data collection to continue. 
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PROJECT: G-72-27 

PHYSICAL CHARACTERISTIS OF SNOWBED COMNITIES 
IN THE RICHARDSON MOUNTAINS, N.W.T. 

PRINCIPAL INVESTIGAIDR: N.J.K. Peterson (on contract~D.K. MacKay) 

COOPERATING AGENCY: Geography and Biology Depts., Carleton University. 

OBJECTIVES: Tb investigate distribution and ablation of snow banks and 
their effects upon grond temperature, soil moisture regime, active 
layer development, ice content of uderlying soils, the annual 
temperature regime and the energy flux at the air-snow and snow-groud 
surface interfaces. ” 

LOCATION: Canoe Lake, Richardson Mts_., N.W.T. [68°4‘N, 13s°30'w) 

PREVICS WORK: Field: During the summers of 1971 and 1972, the ecology 
of snowbeds, and the distribution of snow cover in the vicinity of 
Canoe Lake were studied. Physical characteristics of snowbeds, 
including their distribution, depth, accumulation and melt rates 
and albedo were observed and measured. Meteorological parameters 
such as air temperature, relative humidity, precipitation, wind 
and solar radiation were monitored in snowbank regions. Groud 
temperatures and soil water contents were obtained, and topography 
and snow cover mapped for three study sites. 

WORK IN PROGRESS: 
1) Continuation of collection of hydrometeorological and 

energy budget data. 
2) Surveying of a 15 by 15 mile area to study distribution 

and characteristics of snowbeds. 
3) Aalysis of data to test hypotheses. 

FUTURE WORK: 
1) .Analysis of data. 
2) Preparation of a report on the findings. 
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PROJECT: G- 73-4 - formerly part of G—70—1 

BOOT CREEK AND PETER LAKE RESEARCH 
WATERSHEDS, N.W.T. 

PRINCIPAL INVESTIGAIDR: J. C. Anderson 

COOPERATIVE AGENCIES: Atmospheric Environment Service; Water Survey of Canada; 
Fisheries Research Board 

OBJECTIVES: To measure the components of the water ba1a.nce in a 
tundra (Peter Lake) and a tundra-ta_iga (Boot Creek) watershed, 
in the Mackenzie Delta region, N.W.T., and to apply the results of this research to other watersheds _in the lower Mackenzie which may be crossed by pipelines and highways. To obtain and provide information on water supply, for towns such as Inuvik. 

LOCATION: Nhcgenzie Delta Region: Boot Crgek basin 868°22'N, 
133 33'W); Peter Lake basin (68 45'N, 134 8'W) 

PREVIOUS WORK: Data collection at Boot Creek began in 1967, under 
D. K. MacKay. Project discontinued in 1968, resumed in 1970. Data collection at Peter Lake since 1970. Emphasis has been on the measurement of precipitation and runoff, and the establish- ment of relationships between these two ‘variables. 
For recent results see: Anderson and M_acKay (1973) 

WORK IN PROGRESS: Continued data collection: precipitation, runoff, latent evaporation, wind, temperature, humidity, global radiation. 
FUTURE‘ WORK: 

1) Continued data collection and analysis. 
2) Collection of soil and snowpack temperature data at Boot Creek snowmelt period. 
3) Extension of 'sno'wme1t flood monitoringto larger 

basins in Inuvik area which are crossed by Mackenzie Highway. 
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PROJECT: G-73-5 - formerly part of G-70-1 

TWISTY CREEK WATERSHED STIUDY 

PRINCIPAL INVESTIGATOR: J. N. Jasper 

COOPERATING AGENCIES: None 

OBJECFIVES: To obtain data on precipitation and runoff events and 
to develop a mathematical model of basin runoffito determine 
bed mobility and basin sediment yield through measurement of 
dissolved material. suspended sediment and bed load. for a small 
watershed in the headwaters of the Arctic Red River, N.W»T. 

LOCATION: Mackenzie lVbuntains-, N.W.T. (65°23'N,l31°16'W) 

PREVIOUS WORK: Recording of temperature and humidity at 3 sites, 
precipitation at 6, water levels at 2, and collection ofwater 
chemistry and suspended sediment samples since 1972. Bed ‘load 
sediment sampling was added in 1973 and continuation of above 
plus bed load sampling and basin surveying to allow construct-ion 
of an accurate map from aerial photographs has been completed. 

For recent results see: Jasper (1973) and Sellars (1973). 

WORK IN PROGRESS: Computation of total sediment yield for 1972, 1973 
field seasons, derivation of basin unit hydrograph and analysis 
of relationships between meteorologic data and stream flow recession. 

WORK: Completion of field program in the summer of 1974, and 
final data analysis and summary for 1972, 1-973 and 1974. 
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Part of installation at Mer Bleue 
(G-69-8) 

Isotope~fue1led automatic weather 
station under test in Resolute Bay 
(cover removed). (G—7l—6) 

Fracture Deformation Gauge for Controller for automated precision 
Hydrology Research Division; density measurements.



PROJECT: G—71*6 

APPRAISAL OF LONG TERM METEOROLOGICAL RECORDERS 

PRINCIPAL INVESTIGATORS: J. Kruus, A.C.D. Terroux 

COOPERATING AGENCY: Atmospheric Environment Service, Atomic 
Energy of Canada Limited. 

OBJECTIVES: Obtain, modifyand develop long term meteorological 
recorder capable of operating uattended uder winter conditions 
in the Arctic and Cordillera. " 

UDCATION: Resolute, N.W.T. (Also Churchill, Nun. and Arctic Red 
River, N.W.T.) 

PREVIOUS WORK: After a market survey in 1969, two Ott instruents‘ 
were purchased. One has been operating in Resolute, N.W.T. since 
1971, powered and heated by a thermo-nuclear generator produced 
by Atomic Energy of Canada Ltd. The other, using a wind generator 
and nickel-cadmium batteries has been operating at Churchill, Man. 
and recently at a site on Arctic Red River. Several modifications 
have been made to both systems to determine causes of failures. 

WORK IN PROGRESS; The Arctic Red River Station and Resolute Station 
data are being analyzed and compared with data from neighbouring 
weather station. 

FUTURE WORK: The Arctic Red Station was recently decomissioned. One 
Channel on the Resolute station will be used to estimate times of any 
failure. Data aalysis will continue util the end of the lease for 
the isotope power supply in 1976. 
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PROJECT: G-71-7 

APPLICATIONS OF REMOTE SENSING T0 GLACIOLOGY 

PRINCIPAL INVESTIGATORS: A.C.D. Terroux and A. D. Staley 
COOPERATING AGENCY: U.S. Geological Survey, B.C. Water Investigation 

Branch B.C. Hydro. ' 

OBJECTIVES: To deternfine the area of application of ERTS and airborne 
imagery in the study of snow and ice, particularly with respect 
to: 

1) Distribution of snow over large areas. 
2) Assessment of snow depletion during the spring ruoff. 
3) Variation of glacier mass balance based on snow line 

levels at the end of the sumer. 

LOCATION: Western Cordillera between 46°N and 640W 

PREVIOUS WORK: Examination of existing Federal ad Provincial photography 
from the Canadian Cordillera." Acquisition of ERTS imagery and infra- 
red photography (Banff~Jasper area). 

WORK IN PROGRESS: Monitoring snow depletion using ERTS microfiche imagery. 
Acquisition of groud truth information from selected.glacier basins 
and hydrologic basins. B.C. Hydro is conducting an operational trial 
in the spring of 1974 in estimation of snow line from computer-compatible 
ERTS images. 

FUTURE WORK: B.C. Hydro will continue development of methods and applications 
for hydro power generation optimization. 
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PROJECT: G- 72-9 

EXTRACI‘ ION OF HY DROLOGIC INFORMATION FROM ERTS IMAGERY 

PRINCIPAL INVESTIGATOR: J. Kruus 

CDOPERATING AGENCY: Operations and Research Coordination Branch (ORCD) 

OBJECTIVES: To conduct research into methods which may be used to extract 
information from images received from the Earth Resources Technology 
Satellite, and to attempt an evaluation of the costs and benefits of 
obtaining this information by means of polar-orbiting satellites as 
compared to other means. 

LOCATION: Ottawa 

PREVIOUS WORK: Three contracts were funded by ORCD to meet the objectives 
of the program. All have been completed. See: Howarth (1973) ; 

Howarth and Woo (1973); Mollard, (1973), Solomon (1974). 

WORK IN PROGRESS: The reports are being evaluated and the future direction 
of the project defined. 

FUTURE WORK: Not yet defined. 
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PROJECT: G‘-72-10 

RETRANSMISSION OF HYDROLOGIC DATA 

PRINCIPAL INVESTIGATORS: J. Kruus, A.C.D. Terroux 

COOPERATING AGENCIES: Water Resources Branch, Water Quality 
Branch, Canadian Centre for Remote Sensing. 

OBJECTIVES: To gain experience with the operation of a data,retrans— 
mission system based on the ERTS polar orbiting satellites and 
to evaluate the advantage of short—time data acquisition from a 
site with both hydrologic and water quality instruments. 

LOCATION: Ottawa, Ontario and Centreville, N.B. 

PREVIOUS WORK: ' A Data Collection Platform was operated on the Rideau 
River in Ottawa for eight months. Since June 1973 it has been 
operating in Oentreville, New Brunswick. From the Rideau River 
location, water level data was transmitted. At the Centreville 
site, water quality parameters are being transmitted. For results 
see: Kruus (1973 a and b). 

WORK IN PROGRESS: Preparation of a final report required as a part of 
the NASA agreement and_tests to isolate causes for differences 
between land- line and ERTS data transmissions. 

FUTURE Cooperation with Canada Centre for Inland Waters in 
operating the transmitter on a tower in Lake Winnipeg. 
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PROJECT: G- 72-11 

OPERATION OF INSTRUMENT SHOP 

PRINCIPAL OFFICER: J. KTUUS 

CJOOPERATING AGENCY: None 

OBJECTIVES: To provide tedmical advice and assistance to 
laboratory and field "investigations. 

LOCATION: Shop at Pte—Gatineau 

PUBLICATION: Adams, Yank, Christie,and Kruus (1974). 
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PROJECT: G- 72-24 

APPLICATION OF TI-IBRMAL INFRARED TECHNIQUES TO 
DETECTION OF MELTING SNOW 

PRINCIPAL INVESTIGATOR: A.C.D. Terroux 

OOOPERATING 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. 'I‘hermal infrared radiometer data was 
‘collected in Lake Louise for three days during the same period. 
Three IRLSV flights were conducted over the Saskatchewan Glacier 
in June 1972 during a single day. Preliminary analysis of these 
three sets of data is complete. I 

WORK IN PROGRESS: Final analysis is presently underway using a Spatial 
Data colour densitometer. The project will be completed by the end 
of 1974. 
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PROJECT: G-72-25 

PROVISION OF TECHNICAL ASSISTANCE IN RENDTE SENSING 

PRINCIPAL INVESTIGATORS: J. Van Duren, D. Sherstone, A.C.D. Terroux, H. Gross 

OBJECTIVES: To provide technical assistance to Inland Waters Directorate 
in support of projects involving remote sensing. 

REPORTS‘: For results see: Gross, Davis, Kruus (1971); Kruus, Davis, _ 

Gross (1973); O'Neil, Davis, Gross, Kruus (1973); Sherstone (1973a and b). 
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PERENNIAL SNOW AND ICE SECTION



PROJECT 2 

PROJECT : 

PROJECT 1 

PROJECT: 

PROJECT -: 

G-67-1 

G-67-2 

G—67-3 

G‘-67-4 

G-67-I5 

MASS AND WATER BALANCE MEASUREMENTS AT PLACE GLACIER 

DISGIARGE COMPONENTS OF A MEVLTIWATER STREAM FROM 
DRAINAGE BASIN OF SENTINEL GLACIER 

MASS AND WATER BALANCE MEASUREMENTS AT WOOLSEY GLACIER
' 

MASS AND WATER BALANCE MEASUREMENTS AT PEYTO GLACIER 

MASS AND WATER BALANCE MEASUREMENTS AT RAM RIVER GLACIER 

SEE PROJECT“: G«73—12 
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PROJECT: G-67-6 

GLACIOLOGICAL INVESTIGATIONS IN THE AREA 
OF BERENDON GLACIER 

PRJNCIPAL INVESTIGATOR: A. D. -Stanley 

COOPERATING AGENCY: Granduc Operating Company Ltd. 

OBJECTIVES: Berendon Glacier was selected for long-term investigations 
as part of IHD programs to determine the mass balance of selected 
glaciers. The investigations include surveys to determine the mini- 
mum of annual observations needed to predict changes in surface 
velocity and terminus position, Any advance of the terminus may 
be hazardous to a large=sca1e mining operation located near the 
terminus. . 

LOCATION: Coast Mountains (560 15'N, l30°l0'W), 35 km north of 
Stewart, B. C. 

PREVIOUS WORK: Some glaciological information was obtai.ned in 1956-57, 
but it was not until Granduc Mining Company became active in the 
area that additional information became available. Dr. W. H. 
Mathews of the University of British Columbia has been instrumental 
in obtaining data for the Berendon, North Leduc and Frank Mackie 
Glaciers. Since 1966 the mass balance has been obtained for 
Berendon Glacier, together with records of meltwater discharge and 
meteorological conditions. 

PRESENT WORK: Standard glaciological measurements are being made to 
determine the winter accumulation to mid-May and observation of 
ablation at several markers on the glacier surface. These markers 
are resurveyed each year. 

FUI'URE WORK: Measurement of the net balance will be obtained in mid- 
August, together with a survey of the markers. 
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PROJECI‘; G-67-7 

GLACIER SURGES‘ 

PRINCIPAL INVESTIGAIDR: A. D. STANLEY 

COOPERATING AGENCIES: Surveys G Maping Branch; Polar Continental 
Shelf Project; Icefield Ranges Research Project (Arctic Insti- 
tute of North America and the American Geographical Society). 

OBJECTIVES: To obtain information on glacier surges and to evaluate 
existing.theories. 

PREVIOUS WORK: As a result of interest in the surges of Steele Glacier 
in 1966, the Glaciology Sub=Division contributed to a nuber of 
studies in the Icefield Ranges; In cooperation with a number of 
agencies aerial photograhs were obtained during the surge of 1966, 
1967 and 1969. Field studies were also undertaken on the"Rusty 
Glacier" which were considered to be in a pre—surge condition. 

WORK IN PROGRESS: Preparation of a large—scale map showing the Steele 
Glacier ad associated features. 
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PROJECT: G-67-8 

PEYTO GLACIER AREA MAP 

PRINCIPAL JNVESTIGATOR: W.E.S. Henoch 

COOPERATING AGENCIES: Surveys and Mapping Branch; National 
and Historic Parks Branch, (Department of Indian and Northern 
Affairs). 

OBJECTIVES: To prepare a final edition, multicoloured, map of the 
Peyto Glacier area (scale 1:10,000) using Swiss cartographic 
techniques to portray a glacier in an Alpine environment. The 
map will have marginal notes about the local environment thus 
providing map users of diverse interest-s with a map of high 
technical and artistic value. 

LOCATION: Peyto Glacier (_5l°40'N, 1l6°34'W), 45 northwest of 
Lake Louise, Alberta. 

WORK IN PROGRESS: Compilation for the final edition of Peyto Glacier 
Map l:l0,000. The engraving of overlay with bedrock portrayal is 
nearing completion, the drawing of the overlay with shading of the 
relief will follow. All overlays will be finished and ready for 
printing before the end of l974.- ' 
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PROJECT: G-67-ll 

BARNES ICE CAP STUDIES 

PRINCIPAL IN\/ESTIGATOR: G. Holdsworth 

CDOPERATING AGENCIES: Surveys and Mapping Branch, Geodetic Survey (EEMD, 
University of Minnesota, University of British Columbia, University 
of Victoria, B.C. 

OBJECTIVES: To determine the thermal and flow regimes and the mass 
balance of the South Dome area of the Barnes Ice Cap. To identify 
significat 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 (7o°1o'N, 73°3o'w) 

PREVIOUS WORK: In 1970 and 1971 measurements of strain rate and velocity 
were made on the South Dome that contributed to the study of a postu- 
lated surge, Holdsworth (l973a, b and c); Barnett and Holdsworth (1974). 
Ice depths have been determined with a 35 Hz echo souder at accurately 
determined points by S. J. Jones (1972). 

WORK IN PROGRESS: 

1) Assessment of the mass balance of the South Dome up to 1974 
is being completed. Deformatin data for the 1970-71 period 
have been prepared for publication. 

2) Further measurements of ice depths on the South Dome are being 
undertaken by S. J. Jones and R, O'Neil with a variety of echo 
sounders. ' 

3) Surface movement and strain rates are being measured on the southern 
part of the ice cap. .Two localities are undergoing detailed study; 
the margin which flows into Generator Lake, and a land-based.margin 
with and without icerperched moraine development. (See Hooke, R. Le 
B. "Structure and Flow in the Margin of the Barnes Ice Cap, Baffin 
Islad, NWT, Canada," Journ. of Glac., Vol. 12, #66 pp. 423-438). 

4) Temperature profiles to a 30m depth in the ice cap (on the divide 
and margines) are being measured. 

FUTURE WORK: A line of poles will be established along the central flow- 
line of the surge area for measurement of flow rates, mass balance and 
for use as control in the echo sounding measurements. Deep drilling and 
expansion of the ice temperature program is planned. 
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PROJECT: G—67—l3 

DECADE GLACIER STUDIIES 

PRINCIPAL INVESTIGATOR: A. D. Stanley 

OOOPERATING AGENCY: None 

OBJECTIVES: To study the mass, water and energy balance of a small 
well defined glacier basin in an Arctic environment, in order to 
determine the role of glaciers in the hydrologic cycle by: 

1) Measuring accumulation ad ablation; 
2) Recording meltwater discharge and.meteorological data; 
3) Relating glacier variations to recent climatic trends; 
4) Comparing glacier runoff to the regime of an adjacent 

unglaciated basin. 
The glacier belongs to the worldwide network of glacier basins 
selected for detailed mass, water and energy balance measurements 
under the International Hydrological Decade program. 

LOCATION: Central Baffin Island (69°38'N, 69°48'W), 70 km southwest 
of Clyde River, N.W.-T. 

PREVIOUS WORK: Glaciol_ogical, hydrological and meteorologicaldata 
collected since 1965. The observations have varied in intensit 
and scope from year to year. Data reports available. ' 

For recent results see: Lbken (l972a). 

WORK IN PROGRESS: Analysis of data. 

FUTURE WORK: 
1) Continuation of spring and fall surveys. 
2) Installation of long—term meteorological recorders 

for all year operation. 
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PROJECT: G-67.-14 

PER ARDUA GLACIER S'I'UDIES 

PRINCIPAL INVESTIGATOR: A. D. Stanley 

COOPERATING AGENCY: Defence Research Board 

OBJECTIVES: To investigate the mass and energy balance of a small, 
wel1—defined glacier in a high-Arctic environment and study the 
role of glaciers in the hyd;ro.1_ogic cycle by: 

1) Measurement of mass balance. 
2) Relating glacier variations to recent climatic trends. 

The mass balance data are related to surface movement determined 
each year by terrestrial photogrammetry. 

LOCATI 
_ 

: .At head of Tanquary Fiord, Ellesmere Island (76°35'W, 
81 32'N), 240 km northeast of Eureka, N.W.T. 

PREVIOUS WORK: Glaciological data collected -s ince 1964» (by Defence 
Research Board) and since 1968 by Glaciology Division. 

WORK IN PROGRESS: Analysis of field data. 

FUTURE WORK: No ‘further field work planned. 
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PROJECT: G-67-15 

GLACIER INVENTORY 

PRINCIPAL INVESTIGA'DOR_: C.S.L. Omnalmey 

COOPERATING AGENCIES: None 

OBJECTIVES: 
1) To prepare an inventory of perennial ice and snow masses on and 

beneath the land surfaces in. accordance with the International 
Hydrol_ogical Decade 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. 

IDCATION: Hull, P.Q. 

PREVIOUS WORK: Thehprogress of the Canadian Glacier Inventory has been 
summarised by Muller and Ommanney (1971) and by Ommanney (l97lb .and 
19 74b.) -. The procedures manual for the glacier inventory was revised 
i.n 1973 (Ommanney 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. 

WORK IN PROGRESS: A procedures manual describing the data acquisitionpsystem 
is in the final stages of preparation. This system consists of ma D-Mac 
Pencil Follower interfaced with a PDP 8-I mini computer and will be used 
for abstracting all the ‘quantitative data from the work maps. 

FUTURE WORK; The inventory will be extended to include all perennial ice 
areas in 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 undertaking a ground ice and permafrost inventory. 
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PROJECT: G-67-16 

DETERMINATION OF-ICE ABLATION BY 
TERRESTRIALIHTUTOGRAMMTRY 

PRINCIPAL INVESTIGATOR: K. C. Arnold 

COOPERATING AGENCY: McGill University; Polar Continental Shelf 
Project, Department of Energy, Nfines and Resources. 

OBJECTIVES: To measure ice ablation by photogrametric methods 
which have an accuracy of approximately f 10 cm in order to: 

1) Examine criteria by which ablation stakes should be 
‘distributed over a surface with respect to parameters 
that influence ablation, with special reference to 
albedo. 

2) Develop an economic data gathering system. 
3) Examine some criteria by which benchmark glaciers may be 

selected, with special reference to those in Arctic Canada. 

"LOCATION: White Glacier, Axel Heiberg Island (79°28',N, 9o‘.’45'w), N.W.T. 

PREVIOUS WORK: Terrestrial photography of Peyto Glacier, Alta., (1966-68) 
Per Ardua Glacier, Ellesmere Islad, (1964, 1966-68) and White Glacier, 
Axel Heiberg Island (1969-70). 
Analysis of data by plotting accurate sequential glacier maps and 
comparing seasonal changes_with_glacier movement ad mass balace. 
data. Emphasis on White Glacier data. 

FUTURE WORK: Dependent on final result of present studies. 
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PROJECT: G-68-2 

FLUCTUATIONS OF GLACIERS IN THE ROCKY NIMNTAINS 

PRINCIPAL INVESTIGATOR: W.E.S. Henoch 

COOPERAIING AGENCY: Western Forest Products Laboratory, 
Vancouver, B. C. 

OBJECTIVES: To study secular glacier fluctuations in selected 
areas of the Rocky Moutains ad examine glacier fluctuations, 
correlation with climatic paraeters, river discharge and 
dedrochronological records. 

WORK IN PROGRESS: Fluctuation of Glaciers temporarily restricted 
to study of literature. 
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PROJECT: G.-69'-I 

GLACIER ATI..AS OF CANADA 

I’RINCIPAL 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 identification of every glacier i.n Canada, as part of the 
national IHD program for an inventory of perennial ice and snow 
masses. - 

LOCATION: Hull, P. Q. 

PREVIOUS WORK: 46 maps covering Axel Heiberg Island, Devon Island, 
Baffin and Bylot islands, the Nelson River drainage basin and 
Vancouver Island have been published. Recently the first two 
maps of Ellesmere Island have been published. 

WORK IN PROGRESS: A French language edition of the Glacier Atlas of 
Canada maps sheets compiled topdate is in preparation. Maps 
covering the southern half of Ellesmere Island are in the final 
stages of compilation and preparation for publication. Basic 
mapping and identification has been completed for most of the 
glaciers in the Canadian portion of the St. Elias Range, Yukon 
Territory. 

FUTURE WORK: Index maps for all the glaciers in Canada will be 
compiled and printed at a scale of l:500,000. Maps will be 
issued individually when completed, will be included with the 
glacier inventory reports and, at the teI'II,Linat_ion of the 
project, will be presented as a complete Glacier Atlas of Canada. 
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PROJECT: G-69-2 

GLACIOLOGICAL ARCHIVE 

PRINCIPAL INVESTIGATOR: C.S.L. Omaney 
COOPERATING, AGENCIES: Archives ofvthe Canadian Rockies, American 

Geographical Society, World Data Centre A, Glaciology, Tacoma. 

OB_JEC1"IVES: To develop a glaciological archives, references to the 
glacier inventory 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, P.Q. 

PREVIOUS WORK: Photographic and related material in a number of 
_ 
archives and institutions has been identified and indexed. 
Material has also been received from individuals and agencies 
for deposit. ‘ 

WORK IN PROGRESS: An exchange program with the American Geog'ra'phic_a1 
Society is presently underway covering material collected during 
the International Boundary surveys and some private material in 
the United States. 
Records in the Archives of the Canadian Rockies in Banff were 
identified in the summer of 1973 and this material is presently 
being processed. 
Glacier survey data obtained by the Water Survey of Canada is 
bei.ng compiled and published. 
The mountaineering literature is being reviewed in order to 
identify individuals who may have su_ita_ble material for deposit 
in the archive. 

FUTURE WORK: 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 photograph 
them, depositing the records in the archive. 
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PROJECT: G-70-2 

ICEBERG PRODUCTION IN ARCTIC CANADA 

PRINCIPAL INVESTIGATORS: C.S.L. Ommanney and K. C. Adnold 

CDOPERATING 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 volue of iceberg production and vari- 
ations during the past 25 — 30 years. 

LOCATION: Queen Elizabeth Islands, N.W.T. and Hull, P.Q. 

PREVIOUS WORK ON THIS PROJECT: Calving glaciers in Baffin, Bylot, 
Devon, Axel Heiberg, Coburg and southern Ellesmere islads 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, (L¢ken et. al., 1972). 

WORK IN PROGRESS: Calving glaciers in the remaining parts of Ellesmere 
Island are being identified. The aerial photography program is being 
continued. 

FUTURE WORK: The identification of all calving glaciers will be completed 
based on the 1960 aerial photography. The present aerial survey 
program will be continued and comarisons made between the 1960 
photography being used as a datum and earlier ad later photography-to 
'assesschanges in calving activity, flow rates etc. Time lapse 
maping of selected glaciers will be carried out for quantitative 
determination of fluctuations and rate of ice-discharge. 
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PROJECT: G- 70-7 

BAFFIN ISLAND CLIMATOLOGY 

PRINCIPAL INVESTIGA'I'OR: S. Fogarasi 

COOPERATING. AGENCIES: Institute of Arctic and Alpine Research, 
Boulder, Colo. 

OBJECTIVES: To develop a physical model that will relate shor-t-term 
aunospheric parameters to glacier mass and water balance observations 
and to in—shore ice conditions. 

LOCATION: Inugsuin Fiord, Baffin Island and Hull, P.Q. 

PREVIOUS WORK: Statistical studies of the distribution and flux of
V 

atm_ospheric'moisture have been completed for the period 1961-1965. 
A computerized Arctic weather type classification for the 1968 
summer season has been developed. Horizontal velocity divergence, 
total vertical velocity and precipitation patterns were calculated 
for selected weather conditions over the Canadian Arctic Archipelago 
for the summer of 1968. Atmospheric water balance components were 
estimated for intermediate points using a_ grid system. (Fogarasi, 1972). 
The synoptic climatology at the head of Inugsuin Fiord has been investi- 
gated and the effects of .cloudiness on incoming global radiation determined 
for the summer of 1968. (Fogarasi and Boakes, 1973). 

WORK IN PROGRESS: The cloud climate at the head of Inugsuin Fiord is being 
analyzed with a view to the prediction of the lowest possible ceiling 
and hence the effect of cloudiness on air transport and air pollution 
potentials in an arctic fiord. 

FUIURE WORK: 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 outflows, 
fog and in-shore ice distributions investigated. 
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PROJECT: G- 71-5 

REGIONAL MASS BALANCE MEASUREMENTS IN THE 
QUEEN ELIZABETH ISLANDS BY USING AERIAL PHOTOGRAIVNETRY 

PRINCIPAL INVESTIGATOR: K. C. Arnold 

COOPERATING AGENCY: Polar Continental Shelf Project, Department 
of Energy, Mines and Resources. 

OBJECTIVES: To extend the limited number of conventional mass balance 
measurements to a larger number of locations by the use of aerial 
photogrammetry. Regional and altitudinal variations in mass balance 
will be determined, and -the concept of representative glaciers will 
be tested. At first dynamically simple ice masses will be chosen for 
study, so that height changes can be easily related to mass balance 
changes. Air photography will be taken from low altitude at the end 
of each budget year at all sites, and at the onset on the melt season 
at a limited number of sites. - 

IDCATION: Queen Elizabeth Islands. 

PREVIOUS Selected glaciers and ice caps have been photographed 
annually since 1971, some more than once a year-. 

WORK IN PROGRESS: Further air photography, and setting up ground survey 
control. 

FUTURE WORK: The number of sites will be extended by five to ten each 
year over a period of five years.

' 
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PROJECT: G- 72-1 

ICEBERG PROJECT - LEFFERT GLACIER 

PRINCIPAL INVESTIGATOR: G. Holdsworth 

COOPERATING AGENCIES: nPolar Continental Shelf Project, Marine Sciences 
Directorate ad Ministry of Transport 

OBJECTIVES: To deternfine discharge rates of selected tide-water glaciers 
on the South East Ellesmere Island; to uderstad the glaciological/ 
oceanographic processes influencing iceberg calving ad hence to 
develop models of this process, by: 

1) estimating glacier velocities, rates of ice discharge 
and significant changes in iceberg production by con- 
tinuous aerial survey through Project G—70-2, 

2) determination of the flow regime, marginal deformation 
and calving rates for a selected glacier, 

3) investigation of calving processes on a selected glacier." 

LOCATION: Leffert Glacier, Ellesmere Island (78°40'N, 75°1s'w) 
and Hull, P. Q. - 

PREVIOUS WORK: Field investigations were carried out on Leffert Glacier 
in 1972. - 

WORK IN PROGRESS: Field data are being reduced and analysis is underway. 
A detailed map of the glacier is in preparation and present changes 
of the ice margin is monitored by air photography; 
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PROJECT: G-72-2 

BIBLIOGRAPHY OF CANADIAN GLACIERS (ICEREF) 

PRINCIPAL INVESTIGATUR: C.-S.L. Omm'aImey 

COOPERATING AGENCIES: Computer Science Centre, Department of mergy, 
Mines and Resources

' 

OBJECTIVES-: To make available a computerized reference system for all 
bibliographic material on Canadian glaciers. 

LOCATION: Hull, P.Q. 

PREVIOUS WORK: The project is designed around the RAID system used for 
storage and retrieval of geological information. An initial input 
of 1200 references has been made. A procedures manual for coding 
references has been published, (Onmanney and Clarkson, 1973) . 

WORK IN PROGRESS: References in the following journals -A Arctic, 
Canadian Alpine Journal, Canadian Geographer, Alpine — 

Journal, Arctic ‘and Alpine Research and Geographical Bulletin -- 

are being systematically processed for inclusion in ICEREF. 

FUTURE WORK: 

1) The estimated 4,000 references related to Canadian glaciers 
and neighbouring mountain topography will be key—worded for 
input to ICEREF. 

2) "A crossereferenced thesaurus of acceptable key—words will 
be produced. 

‘

. 

2) Photographic records will be coded for input so ‘that photo- 
graphic and literature references for individual glaciers 
can be retrieved together. 
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PROJECT: G-72-3A 

GLACIATION LEVELS AND EQUILIBRIUM LINE ELEVATIONS 
IN THE CANADIAN HIGH ARCTIC 

PRINCIPAL INVESTIGATOR: C.S.L. Ommarmey — work done on contract 
by J. T. Andrews, Institute of Arctic and Alpine Research, 
Boulder, Colorado. 

WOPERATING AGENCIES: University of Colorado, INSTAAR 

OBJECTIVES: To map the laciation levels and equili rium lin s between 
latitudes 74° and 84 and between longitudes 60 and IZOSW and thus 
to provide a fundamental measure of the present state of glacieriza.-« 
tion; 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. 

LOCATION: Hull, P.Q. and Boulder, Colorado. 

PREVIOUSMORK: The final contract report on the glaciation levels and 
equilibrium lines in the High Arctic, as well as for Labrador, has 
been submitted, (Miller, Bradley and Andrews, (1974)). A map showing 
the glaciation levels and equilibrium lines has been printed. 

WORK IN PROGRESS: A paper, based on the final contract report, is being 
prepared for publication; it will include the printed map. 

FUTURE WORK: The basic object_ives have been fulfilled so no furtlier work 
is anticipated on this project. 

-59-



PROJECT: G-72-4 

PIRRP GLACIER INVENTORY PROGRAM, ST. ELIAS MOUNTAINS 

PRINCIPAL INVESTIGATOR: C.S.L. Ommanney - work done on contract "through 
the Arctic Institute of North America by R. H. Ragle and S. G. Collins. 

OOOPERATING AGENCIES: Arctic Institute of North American, American 
Geographical Society. 

OBJECTIVES: To complete an inventory of glaciers in the St. Elias 
Mountains in accordance with International and Canadian specifications 
for glacier inventory studies. 

LOCATION: Hull and Montreal, P.Q. ,_ New York and Washington, D.C. , 

St. Elias Mountains, Yukon and British Columbia. 

PREVIOUS WORK: Al1_ glaciers falling within drainage basins situated 
exclusively in the Canadian part of the St. Elias Range have been 
inventoried since 1972. Data collected consists of all basic data 
required except for areas. Source materials have been identi£i_e_d., 

WORK IN PROGRESS: Inventory investigations are being extended to basins 
such as that of the Tweedsmuir Glacier which partly drain glaciers 
originating in. Alaska. 

FUTURE WORK: By March 1976 all the glaciers in the St. Elias Mountain 
Range, excluding the Alaskan basins, will have been inventoried. 
Studies will also encompass the basins draining into Kluane Lake from 
the east. All data and bibliographic and photographic source 
materials will be listed and published. 
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PROJECT: G-72-6 

PRECIPITATION-CLIMATE AT SOME OF THE 
BRITISH COLUMIAN GLACIERS 

PRINCIPAL INVESTIGATOR: S. Foragasi 

COOPERATING AGENCIES: None 

OBJECTIVES: Tb design a model for the estimation of precipitation 
patterns at selected glacier basins in British Colubia by: 
1) deriving precipitation patterns through statistical 

classification of the daily totals of precipitation 
measured at standard weather stations, 

2) relating large—, and meso-scale meteorological ad 
topographical parameters to known precipitation 
values, 

3) developing weighting factors on a grid network for 
interpolation of precipitation values between measuring 
points. 

LOCATION: Hull, P. Q. 

WORK IN PROGRESS: Daily total precipitation values have been obtained 
from 12 weather stations for the summer of 1971. Precipitation 
values for each day are being correlated with the daily total 
precipitation of other days. Eight types of precipitation distrir 
butions have been recognized. 
ESSA 8 satellite photographs are being used to relate cloud 
patterns to known types of precipitation distributions. 

FUTURE WORK: Using an operational precipitation forecasting model a 
program will be developed to calculate large- and meso-scale 
meteorological parameters over a grid network. _Weighting factors 
will be derived for-each point in the grid and the determined 
precipitation patterns mapped. 
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Project G- 72-23 

COMPUTER REDUCTIO OF GLACIER MASS - BALANCE DAIA 

PRINCIPAL INVESTIGAIOR: G. J. Young 

COOPERATING AGENCIES: 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 processing started in 1970. The project uses data collected 
on projects G-67-1, G=67—2, G—67—3, G—67-4, G—67-5. 

WORK IN PROGRESS: A comuter program to describe terrain characteris- 
tics in a drainage basin using a grid square technique has been 
written and published, Young, (1973). This program was used in 
previous studies related to the project, Young, (197la and b, 1972a). 
Data banks of non-changing terrain features have been compiled for 
each of Place, Sentinel, Woolsey, Peyto and Ram Glaciers. 
A second program has been written utilizing these data banks along 
with variable data on snow depth/melt at point locations, to produce 
maps and tabulations of accumulation/melt at ay given time over a 
glacier surface. . 

E

* 

The programs and data banks have been used to evaluate existing 
stake networks and to generate new sampling locations, see Yong, 
(l974a and b). 

FUTURE WORK: The programs.wi1l be used and continually developed for: 

1) .Reducing data for the I.H.D. glaciers. 

2) Generating new sampling networks on existing and on new 
study glaciers. ‘. 

3) Investigating recurrence of snow patterns on glacier surfaces. 

4) Comparing results produced by the stadard mass¥balance data 
reduction procedure. 

5) Linking programs uder development to elucidate energy transfers 
at the glacier surfaces. - I

- 
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PROJECI‘ : G- 721- 26 

FLUVIAL AND CRYOGENIC PROCESSES IN THE 
MACKENZIE RIVER BASIN 

PRINCIPAL INVESTIGATOR: W.E.S. Henoch 

COOPERATING AGENCIES: Western Forest Prodcts Laboratory, 
Vancouver, B. C., and 
Faculty of Forestry University of 
British Columbia 

OBJECTIVES: By the use of dendrochronology, to investigate past floods 
and ice jams on Liard River; ladslides along Liand and Mackenzie 
Rivers; and rates of sedimentation in the Mackenzie Delta. Study 
of cryogenic processes in forested areas. 

PREVIOUS WORK: Three field trips were undertaken in selected areas 
in the Mackenzie River basin in 1971, 1972 ad 1973 for the above 
stated objectives. For results see: Henoch (1973 and 1974), 
Parker and Jozsa (1973) and Parker, Jozsa ad Bruce (1973). 

FUTURE WORK: 

1) Study of ice lensing and related groud forms in the 
Mackezie Delta. 

2) Further samples of tree trunks and stumps collected 
dring 1971, 1972, 1973 field seasons are being processed 
for X-ray densitometry and data computerized in the Western 
Forest Products Laboratory, Vacouver, B. C. Interpretation 
of results in preparation as data become available. 
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PROJECT: G-73-l 

ARCTIC ICE ISLAND AND RELATED STUDIES 

PRINCIPAL INVESTIGATOR: G. Holdsworth 

CCDPERATING AGENCIES: Polarcontinental Shelf Project, AIDJEX, N.A.R.L. 

OBJECTIVES: To establish the level of strain rates existing on ice 
islands and in the pack ice for clietermining the creep law of ice 
plates and the levels of stresses needed to cause pressure ridging. 

LOCATION: Ice Island T-3, Beaufort Sea and Hull, P.Q. 

PREVIOUS VDRK-: Field investigations of Ice Island T—3 in the stmtmer of 
1973,(Ho1dsworth and Traetteberga 1974) 

IAORK IN PROGRESS: Reportubased on analysis of 1973 field data. 

FUTURE-WORK: A_Measu_rement of strain rates in pack icefloes 
conditions of ridging. 
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PROJECT: G‘-73-6 

ICE SHELF STUDIES 

PRINCIPAL INVESTIGATOR: G. Holdsworth 

COOPERATING AGENCIES: Department of Civil Engineering, University 
‘ of Calgary 

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—u of ice islands. 

LOCATION: Ward Hunt Ice Shelf, .E_I_lesmere Island (s3°1o 'N,75°W) 
a.nd Hull, P.Q. 

PREVIOUS WORK ON THIS PROJECT: Holdsworth (l97la) 

WORK IN PROGRESS: Theoretical work on the vibration of elastic plates. 

FUTURE WORK: 1) Re-measurement of the thickness of the Ward Hunt 
Ice Shelf and its position to determine growth rates. 

2) Measurement of the dynamic parameters of the ice 
shelf (period of oscillation and strain rates). 
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PROJECT! G-73-7 

SURGING GLACIER STUDIES - TWEEDSMUIR GLACIER 

PRINCIPAL INVESTIGATOR: G. Holdsworth 

COOPERATING AGENCIES: Water Survey of Canada; U.S. Geological Survey; 
Canada Centre for Remote Sensing. 

OBJECTIVES: To monitor selected surg-ing of potential surging glaciers 
in British Columbia or the Yukon Territory. To determine the effects 
of a surge and to develop theoretical surge models. 

LOCATION: Tweedsmuir Glacier, British Columbia (s9°4s'N,13s°w) and environs. 

PREVIOUS WORK: 
1) Terrestrial photog-rammetry of the 'I‘weedsmuir Glacier — 

on three occasjions in late 1973. 

2) Investigation of the surge response characteristics. 

3) Interpretation of ERTS imagery of the Tweedsmuir Glacier surge. 

WORK IN PROGRESS: A map of the 'I‘weedsI_nuir Glacier and neighbouring Alsek 
River Valley is being compiled at a scale of l:'50,000. Larger scale 
maps are being plotted from the terrestrial photographs. ERTS 
satellite imagery is being studied with _a view to monitoring the surge 
and the infilling of the glacier dammed lake. 

FUTURE WORK: Aerial photography for detailed photogrammetric mapping is 
plarrmed for 1974. Other potential surge glaciers along the Alsek 
Valley, at present in a quiescent stage will be examined. 
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PROJECT: G- 73-8 

TESTING A POKIIABI-E PROFIL-ING SNGN DENSITY GAUGE 

PRINCIPAL INVESTIGATOR: G. J. Young 

CWPERATING AGENCY: None 

OBJECTIVES: To field test a new portable snow profiling densitometer. 
The instrument, a 'Digiray‘ maufactured by General Nuclearics of 
Poma, California, is a single probe type instrument working on a 
gamma back-scatter principle. It has been designed for deep snowé 
packs and utilizes a standard Mt. Rose snow sampler to bore into 
the snow. ' 

LOCATION: Peyto Glacier (Banff National Park, Alberta), ad Sentinel 
Glacier (Garibaldi Provincial Park, B.C.). 

PREVIOS WORK: None 

WORK IN PROGRESS: The instrument is being linked to a portable X-Y 
recorder so that direct graphical output ca be achieved. 

FUTURE WORK: When testing has been satisfactorily completed it is 
hoped to use the instrument within the glacier mass-balance 
program in place of digging density pits. 
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PROJECT: G'- 73-12 

MASS AND WATER BALANCE STUDIES OF GLAC_IERS 
ALONG A TRANSECT ACROSS THE CANADIAN CDRDILLERA 

PRINCIPAL INVESTIGATORS: A. D. Stanley and O. Mokievsky- Zubok 

OOOPERATING AGENCIES: Water Survey of Canada and Applied Hydrology Division 

OBJECTIVES: As part of the International Hydrological Decade program, a 
series of 5 glaciers along a transect of ‘the southern part ofthe 
Canadian Cordillera were selected for detailed studies, under varying 
climatological conditions, of: .

— 

1) the annual mass balance, 
2) the role of the glaciers in the hydrologic cycle, and 
3) the long term changes of these factors. 

LOCATIONS: Place Glacier, (50°l8'N,l22°48'W), 120 km north of Vancouver, B.C. 
Sentinel Glacier, (49°50'N,12g°55'W) , 70 Ian north of Vancouver, B.C. 
Woolsey Glacier, (50°00'N,lg58 l3'W), 15 km northeast of Revelstoke, B.C. 
"Peyto Glacier, (5l°40'N,ll6 34'W), 45 km northwest of Lake Louise, Alta. 
Ram River Glacier, (§l°5l'N,ll6 l2'W), 45 Ian north of Lake Louise‘, Alta‘. 

PREVIOUS WORK: Glaciological, hydrological and climatological observations have 
been carried out since 196-5. Detailed topographic maps were prepared at the 
beginning of the II-ID and for some glaciers sequential mapping has been com- 
pleted. Special studies have from time to time been done on some of the" 
glaciers, notably on Peyto and Sentinel Glaciers, where the most comprehensive 
programs have been carried out. For recent results see: Derikx (1972), 
Mokievsky-Zubok (1971, 1972,, 1973a, b and c)-, Stanley (1971). 
Additional information in (Dstrem, G. :'“Ifhe transient snowline and. glacier mass 
balance in southern British Columbia and Alberta, Canada." Geog. Armaler, Vol. 
55A No. 2 pp. 93-106. 1973. I 

WORK IN PROGRESS: Winter and summer balances are measured on all glaciers and 
ablation is measured at intervals throughout the summer. Meteorological 
data are recorded during the summer period and in some locations throughout 
the year. Melt water discharge is measured during the summer at all glaciers 
(except Ram River) by water level recorders. The Host detailed program is 
carried out at Sentinel and Peyto Glaciers. 

FUTURE WORK: The existing field program will continue through 1974 but a 
reduced level of activity if anticipated at the termination of the International 
Hydrological Decade. The studies at Sentinel and Peyto Glaciers will be extended 
into neighbouring icefield to determine the representativeness of the data from 
those two glaciers and the applicability of the models that have been derived 
from the data collected. 
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GSC (EMR) aircraft used for gamma-ray snow survey over Southern Ontario 
(G-72-21)



PROJECT: G-69-3 

‘GLACIER MELTWATER CONTRIBUTION TO TH FLOW OF TH 
NORTH SASKATCHWAN RIVER

' 

PRINCIPAL INVESTIGATOR: H. S. Loijens 

COOPERATING AGENCY: Water Survey of Canada 

OBJECTIVES: To develop a parametric hydrologic model for.the 
quatitative 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° 4o'w) 
Banff National Park. Alberta. 

PREVIOUS WORK: Field: Streamflow data available from Mistaya River 
(No. OSDA-7) ad North Saskatchewan River (No. OSDA-6) since 1950 
(mainly from May — November), and from other temporary stations 
in the basin, and meteorological observations from Peyto Glacier 
since 1965 (Project G-67-4). 

Snow distribution was obtained from several snow courses and 
"temporary meteorological recording instruents were operated 
at several locations. Streamflow, precipitation and glacier 
ice sampled for tritium analysis.

' 

A detailed hydrometric program was carried out in the Mistaya 
Basin in the summer of 1971, when the most intensive field 
program was udertaken. 

Collection of field data was terminated 51; September 1972. Data 
suaries available. 
For results see: Derikx and Loijens (1971), Loijens (1972 and 1974b). 

WORK IN PROGRESS: 
1) Development and testing of a snow melt and ruoff model for 

Silverhorn Creek basin, a small watershed in the Mistaya 
basin, by Messrs. F. Kuipers ad G. W. Van de Wall Bake, 
graduate students at the Department of Hydraulics, University 
of Wageningen, The Netherlands. 

2) Flow routing inthe‘ Mistaya River (G. w. Van de Wall Bake). 

FUTURE WORK: Submodels describing respectively snowmelt, glacier ruoff 
(Project Gt72-8) ad stream flow routing will be integrated to form 
a comprehensive hydrologic model for the Mistaya basin. 
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PROJECT: G=69-8 

MASS AND ENERGY TRANSFER IN A SHALLOW SNOWPACK 

PRINCIPAL INVESTIGATOR: L. Derikx 

COOPERATING AGENCY: None 

OBJECTIVES: 

1) To determine the mechanisms of mass and energy transfer 
in a shallow snowpack during the period of snow accumulation. 

2) To deternfine the mechanisms of moisture flux in terms of 
mass transfer properties of the snowpack during the period 
of snow ablation. 

3) To synthesize the results of these studies into mathematical 
physically-based models and investigate the applicability 
in hydrologic systems analysis. - 

LOCATION: Mer Bleue, near Ottawa, Ontario. 

PREVIOUS WORK: An experimental site at Mer Bleue (Central Experimental 
Forest) near Ottawa was selected in the spring of 1969 for cooperative 
investigations of snow melt and associated groundwater recharge by the 
Glaciology ad Groundwater subdivisions (R. Harlan, Project GW—69-2). 

WORK IN PROGRESS: 

1) Processing and analysis of data. 
2) Development of physica11y—based digital simulation models 

(temporarily suspended). 

FUTURE WORK: 

1) Continuation, refinement and extension of scientific data 
collection. 

2) Refinement and extension of models. 
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PROJECT: G~72-8 

HYDROLOGY OF GLACIERIZED BASINS 

PRINCIPAL INVESTIGATOR: L. Derikx 

COOPERATING AGENCY-: None 

OBJECTIVES; 

1) To study the energy and mass transfer processes at the 
atmospheric-glacier interface in different scales, both 
in time and in space. 

2) To synthesize the results of the energy and mass.transfer 
studies in a flexible and adequate mathematical model to 
simulate the runoff from glacierized basins in the Canadian 
Cordillera. 

3) To develop a statistical model for aerial extension of 
hydroglaciological information to ungauged glaciers. 

LOCATION: Ottawa, Ontario, on the basis of field data from several 
glaciers. 

PREVIOUS WORK: Glaciological, hydrological and meteorological data 
collected since 1965. 

For results see: Derikx and Loijens (1971); Derikx (1971); Fghn, (1973); 
Goodison (l972a and b). 

WORK IN PROGRESS: Temporarily suspended. 
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PROJECT: G-72-17 

HYDROLOGY OF D'IBERVILLE BASIN, N.W.T. 

PRINCIPAL INVESTIGATOR: L. Derikx 

COOPERATING AGENCY: Marine Sciences Directorate, Frozen Sea 
Research Group. 

OBJECTIVES: To determine the average monthly inflows of fresh 
water into d'Ibervi11e Fiord. 

LOCATION: d'Ibervi1le Fiord (so° 35'N., 79° oo'w), Ellesmere 
Island, N.W.T. 

PREVIOUS WORK: Office studies concentrated mainly on inventory, radiation 
and energy balance. For results see Wilkins (1973). 

WORK IN PROGRESS: Temporarily suspended. 
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PROJECT: G—72-21 

APPLICATION OF GAMMA-RAY SPECTROMETRY 
IN HYDROLOGY 

PRINCIPAL INVESTIGATOR: H. S. Loijens 

COOPERATING AGENCIES“: Geological Survey of Canada, EMR, Ottawa; 
Atmospheric Environment Service, DOE, Toronto; Water Quantity 
Branch, Ontario, Ministry of Environment, Toro'nto.. 

OBJECTIVES: Determination of the water equivalent of snow cover 
based on gamma—ray spectrometer. measurements of terrestrial 
radiation, and adaptation of data for use in operational rm- 
off forecasting models. 

LOCATION: Field tests all over _Canada. Office: Ottawa. 

PREVIOUS WORK: For results see: Grasty, Loijens and Ferguson (1973); 
. Loijens, (1974a); I.oijens and Grasty (1973). 

WORK IN PROGRESS: 

1) Investigation of the effect of soil moisture on gamma-radiation. 
Surveys over Wilmot Creek- basin (Bowmanville, (htario) . 

2) Calibration and testing helicopter system. 

FUTURE WORK: Testing of technique on the Canadian prairies and in 
the Rocky Mountains. 

Optimising detector and system efficiency, and adaptation 
of data for use in hydrologic modelling. 
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Field Test on the Spreading of Crude Oil on Ice at 
Shirleys Bay, Winter, 1973 (G-71-2) 

Ice single crystal being lowered 
into a dewar containing liquid 
nitrogen prior to testing at 77K, 

« (G- 74-6) 

sonnder and 
Barnes Ice Cap. (G-72-12) 

radar positioning system on



PROJECT: G-67-17 

DEFECTS IN ICE CRYSTALS 

PRINCIPAL INVESTIGATOR: S. J. Jones 

PUBLICATIONS: Jones, S. J. and Gilra, N. K. 1973 (a), Jones 
S. J. and Gilra, N.. K. 1973 (b) 

PROJECT (DMPLETED 

PROJECT: G-67-18 

OOMPUIER APPLICATIONS TO GLACIER FLON: 
BERENDON GLACIER, B. c. 

PRINCIPAL INVESTIGATOR: S. J. Jones 

PUBLICATION: Fisher, D. A. and S. J. Jones(1971)’ 

PROJECT COMPLETED 

PR_0JE(j1’-: G-68—1 

MECHANICAL PROPERTIES OF ICE OONTAINING IMPURITIES 

PRINCIPAL INVESTIGATOR: S. J. Jones 

PUBLICATIONS: Nakamura, T. and Jonés, s. J. 1973 (a) 
Nakamura, T. and Jones, S. J. 1973 (b) 

PROJECT



PROJECT: G-7'1-1 

DIFFUSION IN ICE 

PRINCIPAL INVESTIGATOR: S. J. Jones 

WORK IN PROGRESS: ‘Preliminary results indicated agreement 
with results published by others, and due to the higher 
priority of other projects no further work was done. 
No report available. 

PROJECT COMPLETED 
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PROJECT: G—7_l—2 

SPREADING o1= ous ON ICE AND SNOW SURFACES 

PRINCIPAL INVESTlGAIORz E. C. Chen 

COOPERATING AGENCY: None 

OBJECTIVES: To obtain information on the kinetics and mechanism 
of oils spreading on ice and snow surfaces. 

LOCATIN: Laboratory (45 Spencer Street) and Field Site (Shirley's 
Bay) , Ottawa, Ontario . 

PREVIOUS WORK: The spreading of crude oil on artificially prepared 
ice surfaces was investigated as a function of temperature, oil 
type and surface roughness. Correlations for the gravity-viscous 
and surface tension-viscous spreading stages were developed.

’ 

Field work includes participation in the U.S. Coast Guard Arctic 
Winter Oil Spill Test (January, 1972) and spreading of Norman Wells 
crude on ice at Shirley's Bay (winter, 1972 and 1973). 

For results see: Chen, Overall and Phillips, (1974). 

WORK IN PROGRESS: The transition from one spreading stage to 
another for crude oil on ice is being studied. A correlation 
for predicting the spreading rate, which includes all spreading 
stages for crude oil on ice is being developed. 

FUTURE WORK: Studies will be made on the spreading of crude oil on 
snowrsurfaces. 
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PROJECT: G-71-3 

OIL/WATER EMu1sIoN’/-§iUD1.Es 

PRINCIPAL INVESTIGATOR: E. C. Chen 

COOPERATING AGENCY: None 

OBJECTIVES: Tb study the nature and stability of oil/water 
emulsions as a function of temperature in order to understand 
their significance for combating oil pollution in a cold 
environment. 

LOCATION: Laboratory, 45 Specer Street, Ottaa, Ontario 
PREVTOS WORK: Nbthods for the preparation of a reproducible oil- 

in—water emulsion, technique of sampling and aalysis of the emulsion 
stability were established. The stability of several different types 
of crude oil—in—water emulsions and the influence of freezing on the 
stability of these emulsions were investigated. 

For results see: Chen,(l974) 

WORK IN PROGRESS: The effects of temperature on the properties and 
stability of petroleum oil-in-water emulsions are currently under 
investigation. 

FUTURE WORK: Field tests on crude oil/water systems will be made. 
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PROJECT: G’-72-5 

AGING o1= OILS ON ICE AND SNOW 

PRINCIPAL INVESTIGATOR: E. C. Chen 
_

A 

COOPERATIVE AGENCY: Water Science Section, Water Quality Branch 

OBJECTIVES: To study the changes in physical properties of petroleum 
oils caused by aging on ice or snow. The information is needed for 
assessing the effects of an Arctic oil spill. 

LOCATION: Laboratory (45 Spencer Street) and Field Site (Shirley's 
Bay), Ottawa, Ontario 

PREVIOUS WORK: A correlation between the changes in surface tension 
and the amount lost in evaporation during the initial aging of 
petroleum crudes was developed. Tests on this correlation on simu- 
lated evaporation of some hydrocarbon mixtures were also Field 
work was carried out during winter, 1972 and 1973. 

For results see: Chen, and Guarnaschelli, (1973) 

WORK JN PROGRESS: Field and laboratory studies on the aging of crude 
and petroleum oils" are continuing. — 

FUTURE WORK: More field experiments be carried out. Samples from 
actual oil spills will be collected, analyzed and the results com- 
pared with those obtained the laboratory. 
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PROJECT: G-72-12 

. RADIO DEPTH SOIJNDING OF BARNES ICE CAP 

PRINCIPAL INVESTIGATOR: R.A. O'Neil, (N.R_.C. Post Doctorate Fellow; 
Supervisor Dr. 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 Miz and 630 M-Iz radar 
frequencies; to measure attenuation in the ice. 

LOCATION: Barnes Ice Cap, Baffin Island, N.W.T. 

PREVIOUS WORK: -For results see: Clarke and_Goodman (1974), Goodman (1973 
and 1974) Goodman and Clarke (1974) ‘and Jones (1972). 

WORK: Field work will start in April 1974, -and be completed 
by_June 1974. 

FUTURE WORK: Write report; no further field work planned at the moment. 
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PROJECT: G“-73+2 

DIELECTRIC PROPERTIES OF ICE 

PRINCIPAL INVESTIGATOR: G. P. Johari 

COOPERATING AGENCY: None 

OBJECTIVES: To determine the crystallographic anisotropy of the 
dielectric constant of ice and hence the velocity of electro- 
magnetic radiation in ice. Since natural ice, both glacier 
and floating ice, can have preferred c—axis orientations, it 
is important to know what anisotropy i.n velocity to expect 
when, for example, using radio echo sounding techniques. 

LOCATION: 562 Booth Street, Ottawa, Ontario 

PREVIOUS WORK: None by Ice Science Section. Reports in the 
literature are confusing, with at least one paper claiming 
10-15% anisotropy and one claiming no anisotropy. ' 

WORK JN PROGRESS: (March 1974) Preparing samples, preliminary 
results obtained. 

FU’I'URE WORK: Experiment should be completed by December 1974, except 
for publication of report. 
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PROJET: G-73-3 

MECHANICAL PROPERTIES OF ICE NDER.HYDROSTATIC PRESSURE 

PRINCIPAL INVESTIGATOR: V. R. Parameswaran, (N.R.C. Post Doctorate 
Fellow; supervisor - Dr. S. J. Jones) 

ODOPERATING AGENCY: None 

OBJECTIVES: To determine the effect of'a superimposed hydrostatic 
pressure on the mechaical properties of ice; to deternfine ac- 
tivation volumes for the flow of single crystal ad polycrystal 
ice; to see what effect hydrostatic pressure has on the "flow 
law" for ice. 

LOCATION: 562 Booth Street, Ottawa, Ontario 

PREVIOUS WORK: None by Ice Science Section 

WORK IN PROGRESS: Gwarch 1974) Ordering equipment, and modifying 
‘ presently existing equipment. 

FUTURE WORK: Results should begin to be obtained by June 1974. 
It is anticipated that the project will be completed by August 1975. 
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PROJECI‘: G-74-6 

MEG-IANICAL PROPERTIES OF ICE‘ AT 77K 

PRINCIPAL JNVESTIGATIOR: V. R-. Parameswaran, (N.R.C. Post Doctorate 
Fellow; supervisor —. Dr. S. J. Jones) . 

COOPERATING AGENCIES: None 

OBJECTIVES: To measure the ssrength of ice at liquid nitrogen 
temperatures (77K or -196 C). To determine if there is a 
different ‘mechanism of deformation at this temperature and, 
if so, what it is. Tests will be performed on pure single 
crystals, pure polycrystals, deliberately doped specimens, 
and a few tests will be done on natural sea ice. A wide 
range of strain-"rates will be used. 

IDCATION: Ice Science Section, 562 Booth Street, Ottawa 

PREVIOUS WORK: None 

WORK IN PROGRESS: (March 1974) The equipment has been built 
and the first tests have been completed. 

FUTURE WORK: Further tests are needed at various strain-rates and 
using the different types of ice mentioned above. 
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PROJECT: G-74-7 

ELECTRICAL BEHAVIOUR OF HEAVY (D20) ICE 

PRINCIPAL INVESTIGATOR: G. P. Johari 

COOPERATING AGENCY: None 

OBJECTIVES: Tb determine the effect of isotopic substitution 
on the electrical properties of ice. Interest is mainly 
on obtaining a scientific uderstanding of the molecular 
processes responsible for the electrical and mechanical 
transport in ice. 

LOCATION: Ice Science Section, 562 Booth Street, Ottawa, Ontario 

PREVIOUS WORK: None by the Ice Science Section. Results of‘a some- 
what cursory study on this were reported in 1952. 

WORK IN PROGRESS: (March 1974) Experimental studies are nearly 
. complete. 

FUTURE WORK: Finish experiment and write report for publication. 
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PRJJECT: G-74-8 

GRONTH OF ZONE REFINED ICE CRYSTALS 

PRINCIPAL INVESTIGATOR: S. J. Jones 

COOPERATING AGENCIES: None 

OBJECTIVES: To prepare pure and highly perfect single crystals 
of ice for future experiments both for our own and for other 
scientist‘ s use. 

LOCATION: Ice Science Section, 562 Booth Street, Ottawa 

PREVIOUS WORK: None by Ice Science Section. Apparatus has been developed. 

PRESENT WORK: Four large crystals (100 cm long by 10 cm cylindrical 
diameter) have been grown. X-ray topography indicates they have 
a low dislocation density and dielectric measurements indicate 
high purity.

A 

FUTURE WORK: Further pure samples will be grown, one D20 sample, and, 
later, doped ice will be tried. 

Any scientist interested in obtaining samples for his 
own use should write in the first instance to Dr. S. J. Jones, 
outlining his requirements. 
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PROJECT: G-7_4-9 

ME(HANICAL PROPERTIES 01: ICE CLOSE TO ITS MELTING POINT 

PRINCIPAL INVESTIGATOR: 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: Ice Science Section, 562 Booth Street, Ottawa 

PREVIOUS WORK: None by Ice Science Section. 

PRESBJT WORK: Preliminary results have been obtained and equipment 
is being modified to allow higher strain-rates to be used. 

FUTURE WORK: Further results are needed at temperatures close to the 
melting point. A report will then be prepared. 
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Floating Ice
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we *3: 

PANARCTIC - I-IECLA Artificial Sea Ice ACV on St. Lawrence with experimental 
Platform ice thickness radar (G-73-11 G G-74-3) 

NASA - CV990 at AIDJEX 1972 103412 Microwave Bridge used for measuring (G-74-1) the Dielectric Properties of ice (G-74-4)



PROJECT: G-70-3 

OIL POLLUTION IN ICE INFESTED WATERS 

PRINCIPAL INVESTIGATOR: R. O. RAMBEIER 

COOPERATING AGENCY: Marine Sciences Directorate, Victoria 

OBJECTIVES: To study the interaction between oils and ice to 
develop effective containment and clea-up techniques 
which will be applicable to a ice-infested environment. 

LOCATION: Laboratory, Ottawa, and various field locations. 

PREVIOUS WORK: For results see: Ramseier, (1972, 1973 and 1974) 
and; Ramseier, Gantcheff and Colby, (1973). 

. WORK IN PROGRESS: Scenario paers for varions seas in the 
Arctic Ocean. 
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PROJECT: G- 72-13 

GROWTH MECHANISMS OF RIVER AND LAKE ICE 
(INTERNATIONAL FIELD YEAR FOR THE GREAT LAKES) 

PRINCIPAL INVESTIGATOR: R.L O. Ramse-ier 

PROJECT TERMINATED, SEE PROJECT G-74-1 

PROJECT: G- 72914 

ICE INFORMATION AND MECHANICAL PROPERTIES OF 
RIVER AND ICE 

(EXTENSION OF THE NAVIGATION SEASON, 
ST. LAWRENCE SEAWAY) 

PRINCIPAL INVESTIGATOR: R. 0. Ramseier 

PROJECT. TERMINATED, SEE PROJECT G-74-1 

PIDJECT: G- 72-15 

SEA ICE GROUND TRUTH» 
(ARCTIC ICE DYNAMICS JOINT EXPERIMENT) 

PRINCIPAL INVESTIGATOR: R. O. Ramseier 

PROJECT TERMINATED, SEE PROJECT G-74-1 
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PROJECI‘: G-72-22 

OIL POLLUTION IN ICE COVERED RIVERS 

PRINCIPAL INVESTIGATOR: B. Keevil and R. O. Ramseier 

LOCATION: Ottawa, Laboratory 
‘ PROGRAM’: To study the laboratory behaviour of oil under ice by 

obtaining data on oil spreading under ice in a closed circular 
tank and in a flume. 

FUTURE: To be completed by March 1975. 
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PROJECT: G-73-9 

ICE (DNDITIONS ALONG ARCTIC SHORES 

PRINCIPAL INVESTIGATOR: R. O. Ramseier 

COOPERATING AGBJCIES: AES, Ice Centrale; Ottawa; IND, Ottawa 

OBJECTIVES: To determine the extent and movement of ice in channels 
and along shores of selected areas in the Canadian Archipelago in 
order to determine potential effects of ice on pipeline crossings. 

CURRENT WORK: Analysis of data obtained from Quick-look ERTS1 imagery. 

FUTURE WORK: Shore-ice interaction using SLAR. 
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PROJECT: G-73-10 

AIR CUSHION VEHICLE ICE BREAKING 

PRINCIPAL INVESTIGATUR: D. F. Dickins 

COOPERATDIG AGENCIES: Ministry of Transport - Transportation , 

Development Agency, Marine Safety Branch, Air Cushion Vehicle 
Divis-ion, Canadian Coast Guard, National Research Council. 

OBJECTIVES: By conducting full scale field trials, model tests and 
theoretical studies, investigate the entire range of mechanisms 
involved in air cushion vehicle ice breaking and determine the 
economics and technical feasibility of applying the air cushion 
concept to an operational ice breaking role. 

LOCATION: Ottawa, Parry Sound, Toronto and Tuktoyaktuk, N.W.T. 

PREVIOUS WORK: Field tests have been completed in Toronto and Parry 
Sound, Ontario and at 'I‘u1<toyaktu1,<, N.W.T. For results see: 
Dickins (1974b, and c) and Dickins and Ramseier (1973). 

PROJECT TEMPORAR-ILY SUSPENDED 
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PROJECT: G-73-11 

ICE REGIME IN THE UPPER ST. LAWRENCE RIVER 

PRINCIPAL INVESTIGAIORS: Rene O. Ramseier and Robert J, Weaver 

COOPERATING AGENCIES: St. Lawrence Seaway Authority, Ministry of 
Transport, Cornwall; Canadian Center for Inland Waters, 
Burlington; Department of Transportation and Commuications, 
Ontario; Marine Sciences Institute, Helsinki, Finland. 

OBJECTIVES: To study the growth and mechanical properties of river 
and lake ice to predict the physical nd mechanical characteris- 
tics of floating ice by the use of stadard meteorological and 

- hydrodynamic parameters. 

PREVIOUS WORK: Field data has been collected since 1972 and additional 
data have been obtained from airborne and satellite borne remote 
sensors. For recent results see: Ramseier and Dickins (1973); 
Ramseier, Dickins and Weaver (l972);Ramseier, Dickins ad Weaver 
(1973). 

CURRENT WORK: Analysis of SKYLAB, and NPSA remote sensing data. 

vFUTURE WORK: Ice thickness profiling using X-band impulse and FM radars. 
In situ current and temperature measurements under the ice cover. 
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PROJECT: G- 74-1 

PASSIVE AND ACTIVE MICROWAVE SIGNATURE OF FLOATING ICE 

PR-INCIIPAL INVESTIGA'_IORS: Rene O. Ramseier and Malcolm Vant 

COOPERATING AGENCIES: U.S. Geological Survey, Tacoma, Wash.; NASA 
Space Flight Center, Goddard, Greenbelt, Md.; Department of 
National Defence, Ottawa; Canadian Center for Remote Sensing, 
Ottawa; Aerojet - Electro systems, Azusa, Cal.; NASA Johnston 
Space Flight Center, Houston; Carleton University, Ottawa; 
USSR Academy of Sciences, Moscow. 

OBJECTIVES: Based on the physical properties of ice’, to ‘provide 
interpretation of micro-wave signatures obtained. from ground 
based sensors and from sensors on aircrafts and satellites in 
order to determine the extent, type and inferred thickness of 
ice.

' 

LOCATIONS: Ottawa, NASA Goddard "and any large ice covered areas. 

PREVIOUS’ WORK: Field surveys undertaken as part of AIDJEX Pilot 
project; the Bering Sea Experiment and from St. Lawrence 
Seaway ice studies. For recent results see: . 

Campbell, Gloersen, Ramseier, (1974); Gloersen, Ramseier, 
Campbell, Chang, Wilheit (1974); Gloersen, Ramseier, Campbell, 
Kuhn, Webster (1974); Meeks, Poe, and Ramseier (1974); Meeks, 
Ramseier and Campbell (1974); Ramseier, Gloersen, Campbell, 
Chang (1974). 

CURRENT WORK: Analysis of ARGUS, SLAR and Zone paper NPSA passive 
microwave imagery obtained as part of the SKYLAB program. 
Analysis of ARGUS, SLAR imagery obtained of certain channels 
i.n the Canadian Archipelago. 

FUTURE WORK: Shear zone experiment, Beaufort Sea; BESMEX; main 
AIDJEX 1975-76; Apollo Soyuz Test Program, Space Shuttle. 
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PROJECT G- 74-2 

ICE 'I‘HICKNESS DISTRIBUTION IN THE SOUTHERN BEAUFORT SEA 

PRINCIPAL INVESTIGATOR: Rene O. Ramseier 

COOPERATING AGENCIES: Department of National Defence, Communications 
Research Center, Carleton University, Ottawa; Atmospheric Environ- 
ment Service, DOE, Toronto; USGS, Ice Dynamics Project, Tacoma, 
Wash.; NASA, Houston; NASA, Goddard. Defence Research Establish- 
ment, Ottawa. - 

OBJECTIVES: To map the distribution of ice types and open water with 
the use of satellite and aircraft remote sensing data; to overfly 
pre-determined line profiles to obtain ice thickness data using an 
UHF radar and a laser profilometer to obtain ridge distribution and 
height. 

LOCATION: Southern Beaufort Sea — continental shelf between US - 

Canadian border and Cape Bathurst. 

PREVIOUS MDRK: Sensor development and testing in the areas has been 
cofilpleted. For recent results see: Chudobiak, et. al., (1974); 
Meeks, Ramseier, and Campbell (1974); Poe, Stogryn, Edgerton, 
Ramseier (I974). 

WORK IN PROGRESS: A study of ice dynamics in the Canadian Archipelago 
and adjacent Arctic Basin as determined by satellite observations 
and laboratory studies of the dielectric properties of fresh a.nd 
sea ice at 10 GHz and 35 Giz. 

FUTURE WORK: Field experiments in the Beaufort Sea. 
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PROJECT: G—74-3 

RADAR TECHNIQUES TO MEASURE FLOATING ICE THICKNESS 

PRINCIPAL INVESTIGATORS: Rene O, Ramseier, D. F. Page 

COOPERATING AGENCIES: Comunications Research Center, Department of 
Communications, Shirley Bay; Carleton University, Ottawa; Coast 
Guard, Departent of Transport; NASA Space Flight Center, Goddard, 
Greenbelt, Maryland. 

OBJECTIVES: To develop techniques to determine the thickness of ice 
directly by remote sensing techniques. . 

LOCATION: Ottawa, Great Lakes and St. Lawrence River, Arctic Ocean. 
Gulf of St. Lawrence. 

PREVIOUS WORK: Sensor development and initial field tests have started. 
For recent results see: Venier, Cross and Ramseier (1974). 

WORK IN PROGRESS: Design of an UHF and L band impulse radars. 
Modifications to X~band imulse radar ad X-bad FM radar. 
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PROJECI‘: CG-74-4 

DIELECTRIC PROPERTIES OF FLOATING ICE 
IN THE MICROWAVE REGION ‘ 

PRINCIPAL INVESTIGATORS: Rene O. Ramseier and Malcolm Vant 

CDOPERATING AGENCIES: Carleton University, Ottawa; Oomunications 
‘ 

I Research Center, Department of Commnications 

OBJECTIVES: To determine the dielectric properties of naturally and 
artifically grown fresh water and sea ice as a function of frequency ad porosity and in case of sea ice in addition as a fnction of 
salinity and brine pocket shape. 

LOCATION: Ottawa ad Beaufort Sea 
PREVIOUS WORK: Laboratory and field experiments have started. For 

recent results see: Poe, Stogryn, Edgertn, Ramseier (1974) 
. and Vant (1973).

, 

WORK IN PROGRESS: Laboratory measurements of dielectric properties. 

FUTURE—WORK: To deternune the dielectric properties in situ. 
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PROJECT: G—74—5 

EHYSICAL PROPERTIES OF AN ARTIFICIAL ICE PLATFORM 

PRINCIPAL INVESTIGATOR: R. O. Ramseier 

C(I)PERATING AGENCIES: Department of Indian Affairs and Northern 
Development, National Research Council, Panarctic Oils Ltd., 
Foundation of Canada Engineering _Corp. Ltd. 

OBJECTIVES: To study the high salinity ice formed during the build-up 
of the platform with a view to determining its structural integrity, 
crystallographic composition, the seize, number and distribution of 
brine pockets and thebrine volume changes with time. 

LOCATION: Laboratory, Ottawa; Melville Island (8 miles offshore) N.W.T. 

PREVIOUS WORK: Ice samples were collected several times during the 
build-up period and also after the _construction phase. For results 
see Dickins (l974a). 

WORK IN PROGRESS: Platform construction completed. Detailed analysi_s 
of ice cores from site proceeding in Laboratory. 

FUITJRE WORK: Additional on-site visit during post drilling monitoring 
programme will provide further samples for analysis. Long term 
measurements on the platform ice -as long as logistics are feasible. 
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PROJECT: G-74-10 

STABILITY EVALUATION AND CONTROL OF 
AVALANCHE SLOPES ‘IN THE ROCKY MOUNTAINS 

PRINCIPAL INVESTIGATOR: R. I. Perla 

COOPERATING AGENCY: National Research Council of Canada and National Parks. 

OBJECTIVES: 
1) To find improved methods of ./evaluating avalanche slope 

stability from stratigraphic a.nd meteorological variables. 
2) To optimize methods for artificial release of unstable 

slopes. 

LOCATION: Banff National Park and Calgary, Alberta. 

PREVIOUS ‘WORK: Not on this project, but report on avalanche conditions 
along the "Sunshine road" was prepared for Banff National Park by 
Peter Schaerer, National Research Council. 

WORK IN PROGRESS: Selection of sites and instrumentation and planning 
of field program to start fall of 1974. 

FUTURE WORK: 
_l) Field: 

(a) Insitu measurement of temperature, density and shear 
strength of snow stratigraphy in avalanche release areas. 

(b) Development of improved insitu techniques for measuring 
shear strength of stratigraphic discontinuities. 

(c) Development of improved methods of monitoring meteorological 
variables near hazardous release areas. 

2) Laboratory: 
(a) Analysis of texture of sncm samples removed from starting zones. 
afb) Investigation of snow fracture mechanisms in avalanche slope 

models. . 

b 
3) Office: 

Correlation of meteorological and snow stratigraphy variables with 
avalanche events. 

_ 

COMPLETION DATE: Study will continue for at least two winters. 
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-GLACIER MAPPING 

PRINCIPAL INVESTIGATORS: I.A. Reid, J.O.G. Charbonneau 

COOPERATING AGENCY: None 

OBJECTIVES: To determine volumetric and linear changes of seven glaciers by 
carrying out Terrestrial Photogrammetric Surveys biennially. 

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 ON THIS PROJECT: 

1. Field: A terrestrial photogrammetric survey of the five glaciers 
in British Columbia was made in 1972 and 1974. A terrestrial 
photogrammetric survey of the two glaciers in Alberta was made 
in 1971 and 1973. The reports covering this work are in progress. 

2. References: Reid, I.A., GLACIER SURVEYS BY THE WATER SURVEY OF 
CANADA. A paper presented at the Banff Symposia in September, 
1972. ' 

WORK IN PROGRESS: 

1. Preparing reports on the surveys carried out since 1970. 

-FUTURE WORK: The mapping project of the seven glaciers is expected to 
continue. 
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INDEX - ACTIVE PROJECTS - 1974 

SHORT TITLE 

Glaciological investigation on Berendon Glacier 
Surging glacier - Steele Glacier, Y.T. 
Peyto Glacier Area Map 
Barnes Ice Cap Studies 
Decade Glacier Studies 
Per Ardua Glacier Studies 
Glacier Inventory 
Ice Ablation - terrestrial photogrammetry 
Fluctuations of glaciers in the Rocky Mountains 
Glacier Atlas of Canada 
Glaciological Archive 
Glacier Mltwater contribution — North Saskatchewan River 
Mass and energy transfer in a shallow snowpack 
Mackenzie Valley Studies 
Iceberg production survey, Arctic Canada 
Oil pollution in ice infested waters 
Regional-hydrologic characteristics, Mackenzie River 

Basin 
Baffin Island climatology 
Spreading of oils on ice and snow surfaces 
Oil/water emulsion studies 
Mass balance measurements — Queen Elizabeth Islands 
Appraisal of Longterm meteorological Recorders 
Applications of remote sensingtechniquesto Glaciology 
Iceberg Project - Leffert Glacier 
Bibliography of Canadian Glaciers (ICEREF) 
Glaciation levels and equilibrium line elevations, 

Canadian High Arctic 
Glacier Inventory Program, St. Elias Mts. IRRP 
Aging of oil on snow and ice 
Precipitation climate on some British Columbia glaciers 
Hydrology of glacierized basins 
Extraction of Hydrologic Infonmation from.ERTS imagery 
Retransmission of hydrologic data 
Operation of instrument shop 
Radio depth sonding, Barnes Ice Cap 
Hydrology of d'Iberville Basin, N.W.T. 
Hydrological studies, Vendom Fiord area, Ellesmere Island 
Bank erosion, Mackenzie Delta area 
Lake characteristic - Mackenzie basin 
Application of gama-ray spectrometry in hydrology 
Oil pollution in ice covered rivers 
Computer reduction of glacier mass-balance data 
Detection of melting snow by IR techniques 
Provision of technical assistance in Remote Sensing 
Fluvial and cryogenic processes, Mackenzie River Basin 
Snowbed commnities, Richardson Moutains, NWT 
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INDEX - ACTIVE PROJECTS - 1974 

Arctic Ice Island and related studies 
Dielectric properties of ice 
Mechanical properties of ice under high hydrostatic 

pressure 
Boot Creek and Peter Lake research watersheds, NWT 
Twisty Creek watershed study 
Ice Shelf Studies 
Surging glacier studies - Tweedsmuir Glacier 
Testing a portable profiling snow density gauge 
Ice conditions along Arctic shores 
ACV ice breaking 
Ice Regime in the Upper St. Lawrence River 
Mass and water balance — Trans. Cordillera transect 

Passive and active microwave signatures of floating ice 
Ice thickness distribution, Southern Beaufort Sea 
Radar techniques to measure floating ice thickness 
Dielectric properties of floating ice in the microwave 

region
A 

Physical properties of an artificial ice platform 
Mechanical properties of ice at .77°K 
Electrical behaviour of heavy (D20) ice 
Growth of zone refined ice crystals 
Mechanical properties of ice close to its melting point 
Stability evaluation and control of avalanche slopes 
Glacier mapping 

- l28_-



INDEX — PRINCIPAL INVESTIGATOR 

Anderson, J.C. 
Arnold, K.C. 

Che_n, E.C. 
Charbonneau, J.0.G. (Appl. Hydr. Div.) 

Derikx, L. 
Dickins , D. F. 

Fogarasi, S. 

Gross, H. 

Henoch, W.E.S. 
Holdsworth , G . 

Jasper, J.N. 
Johari, G.P. 
Jones, S.J. 

Keevil, B. 
Kruus, J, 

Loijens , H.S. 
Lqfiken, O.H. 

MacKay , D. K . 

Mok-ieVsky— Zubok , O . 

Ommanney, C.S.L. 
O'Neil, R.A. 
Outhet, D. (U. of Alb.) 

Page, D.F. (CRC/IXJC) 
Parameswaran, V.R. 
Perla, R.I. 
Peterson, N.J.K. (Carleton U.) 

Ramseier, R.O. 

Reid, I.A. (Appl. Hydr. Div.) 

Sherstone, D. 
Spitzer, M. (WSC) 
Stanley, A.D. 
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Terroux, A.C.D. 
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