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FOREWORD 

This report is a compilation of brief summaries of activities 
and progress for those NHRI research studies that were active 
during 1980-81. we pian to issue a similar report annuaiiy’ 
for distribution internaiiy within IWD, primariiy for the 
information and use of the water Research Advisory Committee.‘ 
Succeeding issues wi11 be put together towards the end of the 
caiendar year and issued eariy in the new_year.

~
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.Summary of Activities and Progress in ]§8Q%8l 

Study no, s1 67-4 

Peyto/Yoho Glacier Hydrology 
‘ G.J. Young 

The basic monitoring of glaciology and meteorology at Peyto Glacier 
continued. ‘The monitoring of the discharge on four streams in the vicinity 
continued very successfully. ‘This year the basic monitoring program was con- 
tracted out.to P.G. Johnson of Ottawa University. Two student assistants have 
now been trained in techniques and they will be undertaking Master degree 
projects as well as the basic monitoring program in'l98l, This system of 
contracting out is proving very successful and useful in these times of economic 
constraint. 

_ 

‘ 

- . 

No new projects were initiated on Peyto Glacier this year, but a
_ 

concentrated effort was made to have previous studies written up. A summary 
paper_on mass balance 1966-78 has been accepted by Arctic and Alpine Research; 
a paper on shortwave radiation on Peyto was presented at the Eastern Snow 
Conference and two more papers are well on their way to completion; a paper 
on the effect of debris cover on ablation was_presented at Geilo, Norway,.ands 
is accepted for Annals of_Glaciology and another paper on debris cover has been 
submitted to Journal of Glaciology; papers on water chemistry are in preparation; 
a Master's thesis on katabatic winds was completed and a paper from this work 
is soon to be submitted for publication; a Master's thesis on snow density and 
a Ph.D, thesis on glacier/climate relationships are currently under way.



summary of Activities and Progress in 1980-81: 

~ ~ 
Stud _ug.,sI 67-15 

snow andalce In_f_ormation 'éhd_D.ata Systems 

C.S.L. Ommanney
:

L 

l 

_A general information file has Been assembled for all aspects of 

the Stikine/Iskut glacier inventory — aerial photographs, maps, references, 

, 
the hydrology and glacier information.» A base map of the two major basinsr 

has been compiled and drafted. A study of the glacier—dammed lakes in the 

region was completed, under contract, by M. Perchanok. Glacier inventory 

work maps for 5 basins have been compiled.: 
.

' 

, 
A detailed glacier inventory of southeastern Ellesmere 

Island has 

been gompleted in a cooperative program with the Geographisches Institut, 

ETH-Zurich, by Pavel Kraus. The results of this project are to be used to 

determine the freshwater inflow to the North water polynya. 
A total of 731 

glaciers were identified, mapped and digitized.‘ 
In another cooperative 

project on Ellesmere Island, the glaciers of Borup 
Fiord have been inventoried 

by Dr. Lorenz King of the University 
of Heidelberg. .- 

work on the glacier inventory of Glacier National 
Park was suspended 

during 1980/8l due to problems in the metric conversion routine within the 

digitizer data reduction program. This problem is n w being investigated 
A 

by the Computer and Applied Statistics 
Directorate. Work was also suspended 

on the Glacier Atlas of Canada pending completion 
of the Columbia Icefield map. 

Glacier inventory work maps were made.available to 
both federal 

mapping agencies for the purposes of checking 
glaciological information. 

One set was provided to the National Atlas of 
Canada to be used.as the basis 

lfor a new Glacier Map of Canada and for the 
identification of calving glaciers. 

‘A composite tape of western Canadian glacier inventory 
data was 

prepared and shipped to the University of British 
Columbia for use in 

-study on the nature and distribution of surging 
glaciers. 

Information on, and delineation of, more than 150 glaciers was 

provided to various Provincial and Territorial name boards as well as to V 

Parks Canada. The application of a glacier name is now checked in the 

files of this Study prior to official approval. Many other requests for 

glaciological information were received from national and international 

» agencies as well as from the private sector. 

. work continued on the preparation of'a National 
Hydrology Research 

Institute display which will be shown at selected scientific symposia 
and 

* which will inform the public about the activities of 
the-Institute. 

. Annual reports on various glaciological activities were prepared 

for the Canadian Geophysical Bulletin, the International Glaciological 

Society and the working Group on Ice. ‘Some special projects were carried

~ 
out in connection with the work of the Advisory 

Committee on Glaoiological and 

Alpine Nomenclature.
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summary Qf_A§tlyities and Progress in 1981-82 

Studx No. GM 6848 

Potential Evaporafiipq r Significance and Measurement. 

F. Morton 
V

‘ 

Final revisions were made to the latest version of areal evapotransa 
piration and lake evaporation model. » 

‘ The areal evapotranspiration model was evaluated further using water 
budget data for river basins in Africa, Australia and New Zealand. ' 

. .
— 

V 
A technique was developed for smmariiing and illustrating the

b 

seasonal water budget of river basins.i 
V

l 

The computer programs for the areal evapotranspiration and lake 
evaporation models were documented in NHRI Paper No. 12. 

A paper was prepared which documents the theoretical basis and 
supporting evidence for the concept of the complementary relationship between 
areal and potential evapotranspiration and its superiority to currently used 
.alternatives in providing realistic independent estimates of areal evapotrans- 
piration and lake evaporation from routine climatological observations; .The 
paper has been submitted for publication.

_ 

;Studies were initiated to take into account the effects-of subsurface heat storage changes on lake evaporation. 

Assistance was provided to Alberta Environment in the application of the areal evapotranspiration and lake evaporation model. ‘

.
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Summary of,Activitie‘s,,a.n,d ,P»rogress"i.Vn 19_8,0-81’ 

Study No. Gu__7i..1 

1'“flydrogeo1ogy, fraser‘Va11e1 

Ha1stead 1 

During the year, activities re1ating to this project inc1uded some 
fie1q.work and co11ection of water samp1es, together with the preparation in_ 

part of the fina1 report and maps. Approximate1y 800 water qua1ity ana1yses 

are stored in NAQUADAT and programs are present1y being initiated to 
process 

these data for inc1usion in the report. -

. 

H.M. Liebscher was invo1ved during a 1arge part of the-year as a 

‘consu1tant to the Geo1ogica1 Survey of Canada,providing expertise and superb 

vision of a program at.Co1dstream Ranch, near Vernon, B,C. where 
a f1owing 

artesjan we11 was brought under contro1. 
'*. ‘ 

‘

- 

Appraisa1s of ground water deve1opment projects were provided for 
AAgricu1ture Canada at research stations at Agassiz and C1earbrook, B;C., for 

Indian and Northern Affairs at Cheha1is, Nitinat Va11ey, Chi1ko Lake, 
Anahimi 

‘and Cannim Indian Reserves; and for Provincia1 Parks Branch, at Peace Arch 

Park, B1aine border crossing where a test ho1e was dri11ed 
1,112 feet. 

Contaminant studies inc1uded an EPS referra1 in connection with the E1bow 

Lake, near Harrison Mi11s, diese1 oi] spi11; There was Consu1tation as we11 

with Lang1ey Municipa1ity and Provincia1 Hea1th Engineering concerning a 

contaminated we11 on 13th Avenue and the insta11ation of piezometers and 
’ eva1uation of hydrogeo1ogy.in the vicinity of Lang1ey 1andfi11 

on 272 Street, 

Requests from consu1tants, municipa1 engineers, we11 dri11ers and 
1 

1and owners averaged 40 per month.



Summary of Activities and Progress in_l980-8l 

_ 

Study No._§l_Z§:1§ 

water Management of Glacierized Basins 

0. Mokievsky-Zubok 

Several glaciers in British Columbia were studied and their 
winter; summer and mass balances for the period from the fall of l979 to 
the fall of 1980 were measured. The data were processed and balance values 
determined for each glacier. Meteorological stations at glaciological 
camps were maintained and data collected for the purpose of assessing 
glacier response to climatic changes. Albedo studies were conducted by 
S, Fogarasi on a glacier in the Iskut River basin. 

Net glacier runoff contributions to the flow regimes of downsteam 
rivers were estimated. 

V 

' 

_ 

_ 
_< 

Consultations were held with B.C. Hydro officials on the applica- 
tion of glaciological data to operational and forecast models for large 
reservoirs (Hydrology Section — Burnaby) and in the planning of power dam« 
construction (Hydroelectric Design Division e Vancouver). 

Locations susceptible to glacier outburst floods (jokulhlaups) 
were investigated and-iceedammed lakes observed to establish the period—~ 
icity of sudden discharges of the lakes affecting areas under study and 
for some understanding of the processes leading to jokulhlaups. 

. Reports on glaciological activities in connection with joint pro- 
jects have been written and submitted to B.C. Hydro offices in Vancouver 

A and Burnaby, and to the IWD, Pacific and Yukon Regional office. ’A paper on 
runoff estimation from Sentinel Glacier. B.C. is in preparation. A contract 

‘ report on glacier-dammed lakes in the Stikine and Iskut River basins has. 
been received from M. Perchanok. 

_ 

Guidance and assistance was given to_the Geography Department; 
Simon Fraser University, in organizing a Glacial Hydrology field course 
for graduate students and professionals on Place Glacier, taught by G. flstrem.‘
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_Summary of Activities and Progress in l980—81 

Study No; SI 73:13 

’ Hydrologic_Studies, Mackenzie Delta Regipn, NWT 

J.C. Anderson 

Field studies continued in the eastern Mackenzie.Delta region in 
l980, on behalf of the Northern Roads Environmental working Group, DINA, At 
three basins in the taiga zone south of Inuvik, and seven basins in the 
tundra zone between Inuvik and Tuktoyaktuk, data were collected on one 

or’ 

more of the following variables: 

; Culvert ice accumulation thickness; 
._ Late winter snowpack water equivalent; 

Field season precipitation; 
Air temperature; and 
Discharge. 

u1J>oor\>—-

.

.

.

. 

Surveys of culvert icings were conducted in the taiga zone in March, 
May and September. During.the May field trip, the following additional work 
was performed: snow surveys, installation of precipitation gauges and 
thermographs, and installation of water level recorders. The principal 
investigator was not on location during the spring flood event, but arrange- 
ments were made with cooperating agencies (e.g. water Survey of Canada) to 
obtain the necessary'streamflow data. 

; 
.- 

_ 

Data analysis is not yet complete, but it is apparent that the l980 
spring flood was a major one in the region, comparable with that of l977 on 
account of high snowpack water equivalents. As data records lengthen, 
(e.g. nine years at Boot Creek), more meaningful statistical analyses (such 
as flood frequency analysis)_can be undertaken. 

A brief progress report was submitted to DINA in July l980, and a 

complete report on the year's activities will be prepared in the near future. 
This study is funded by DINA, and current intentions are to continue it.
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Summary of Activities and_Progress in 1980-81 

Study No. HR 74-2 

Northern_Ground water and Engineering Prob1ems 

R.O. van Everdingen 

. Manuscript HR 80-2, "Morpho109y. hydro1ogy and hydrochemistry of karst 
in permafrost terrain near Great Bear Lake, NWT, was comp1eted and edited and 
page proofs have been corrected. It wi11 be pub1ished in the NHRI Paper Series. 

I11ustrations and tab1es for the fina1 paper on the Bear Rock frost 
b1isters have been prepared. . 

Fi1ms were retrieved from 12 time-Iapse cameras insta11ed in 
September 1979 at 8 icing sites a1ong the A1aska Highway; they have been pro- 
cessed and printed and 3 of the fi1ms have been "read" for a report on the site 
at km 1817.5. '

- 

In September 1980, 8 cameras were insta11ed at 4 icing sites. 
V‘ In March, 4 continuous ice cores were obtained from 3 goings; oge used for ice—fabric ana1ysis, the other 3 for isotope ana1yses ( H, H,i 0 

one ground-ice samp1e was co11ected for isotope ana1ysis. 
In March and September, 3 precipitation samp1es (1 rain, 2 snow) were 

co11ected for isotope ana1ysis. » 

_ In March, May and September, 38 water samp1es were co11ected for 
chemica1 and isotope ana1yses. 

In March and September, surveys were carried out to determine ice 
thickness distribution at the site at km 1817.5. 

‘ In September, a number of sma11 dye tracer tests were run at Mines 
Creek, to investigate whether at that time the stream was inf1uent or eff1uent. 

In September, 2 water samp1es were co11ected from Takhini Hot Spring for 
isotope ana1ysis, fo11owing a meeting of the Technica1 Committee, Yukon Territoria1 
water Board, where an app1ication for a geotherma1 1ease was discussed, 

Two water samp1es were co11ected from a pond and a spring at a pingo‘ 
site on the 01d Dawson road; a core of ice-rich frozen ground was co11ected from 
the va11ey a11uvium nearby (with H.M. French and N. Po11ard, University of Ottawa, 

was
3) 

~ and F.A. Miche1, University of Hater1oo). 
Three water samp1es were co11ected from springs in North Fork Pass, for 

chemica1 and isotope ana1yses; a core of overburden and frost b1ister ice was 
obtained from one of the 1979-1980 frost b1isters at this site, for isotope ana1ysis 
(with H.M. French, w. Po11ard and F.A. Miche1). '

I 

E1ectrica1 resistance frost gauges, deve1oped under this project, are now being used to monitor permafrost at a uranium tai1ings disposa1 site in
g Northern Saskatchewan; such gauges are a1so being considered for use a1ong the A1aska portion of the A1aska Highway Gas Pipe1ine. ‘ 

The time-Tapse photography system is being considered for use at a thaw—sett1ement test site a1ong the Yukon portion of the same pipe1ine.



Summaries of Activities and Progress in 1980-81 

Study No. HR 74-6 

Hydrogeoiogy of the Nationai Capitai Region 

R.L,'Herr 

The resuits of the chemical anaiyses have been computerized and __ 
plotted on Schoeiier and Piper diagrams to give some indication of the types 
of waters encountered in the Nationa1 Capital Region. j 

The we11 information and fieid data have been plotted on 1:50,000 
scaie maps. These wi11 be piotted on 1:]00,000 scaie maps which wi11 be a 
more reasonable size. The report for this project is being written.



Summary of Activities and Progress in 1980-81 

Study No:_HR 74-8 

‘fieophysicai Survey 3 Strait of Cansol 

H.M. Elliott 

The pressure of commitments to bring the AECL-purghased boreho1e.. 
acoustic televiewer to operationai status and to provide geophysical backup 
for LRTAP studies-in the Haiiburton Highiands (Study No; aw 80-3) and in the ‘Turkey Lakes watershed (Study No. GM 80-5) interfered with progress in thisx 
study. _The sequence of maifunctions encountered with the televiewer was such that it was finaiiy turned\over to the eiectricai and mechanicai shops at AECL, Chalk River for repair and remodeiiing. LRTAP geophysicai studies are reported 
on under Study No. cw 80-4.
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Summary of Activities_and Progress ih 1980-81 

Study No. HR 75-1 

Contaminant Hydrogeochemistry 

R.E. Jackson 

This report marks the conc1usion of project HR 75-1 on the hydros 
geochemica1 processes affecting radionuc1ide migration in a f1uvia1-sand 
.aquifer at the Cha1k River Nuc1ear Laboratories, 200 km northwest of Ottawa. 
A major report on this study was written in 1979 (Jackson and Inch, 1980); 
,however fie1d, 1aboratory and theoreticai ana1ysis conducted since that time. 
have added considerab1y to our understanding of (1) the pH and EH contro11ing 
processes within the aquifer, and (2) the identity of.the.radionuc1ide 
adsorbents. Manuscripts on both of these topics wi11 be submitted for 
externa1 pub1ication during 1981; The fo11owing summary statements may be

' 

made: - V 

' 

- 

A

. 

1. The aquifer system is a fine-grained sand (K m 10'3cm/s) composed 
of quartz and p1agioc1ase (70% of a11 grains) with minor ch1orite, hornb1ende, 
muscovite, K-feidspar, magnetite and biotite (partia11y a1tered to vermicu1ite), 
and trace amounts of ca1cite, organic matter and hydrous oxides of A1, Fe and 
Mn. Acid-neutra1ization capacity measurements and Xéray diffractograms 
suggest that acid precipitation recharging_the aquifer undergoes a two step 
neutra1ization process invo1ving an initia1 adsorption step, main1y onto fe1d- 
spars and micas, and a-subsequent irreversib1e neutra1ization step invo1ving

‘ 

biotite a1teration to vermicu1ite and carbonate-minera1 disso1ution. During _ 

migration through deep confined parts of the aquifer, ground waters attain 
equi1ibrium with ca1cite. - 

2. A thermodynamica11y based redox mode1 of a c1osed-oxidant system 
satisfactori1y accounts for the sequentia1 reduction of disso1ved oxygen, 
ferric oxides and su1fate in the aquifer by the oxidation of disso1ved organic- 
carbon and (for oxygen on1y) ferrous iron. Because of the prob1em of using 
Pt e1ectrodes in natura1 waters, it is recommended that E“ measurements be 
supp1emented with disso1ved oxygen and su1fide measurements- 

3. Distribution coefficients for the radionuc1ides 90Sr and 13705, 
which were disposed of into the aquifer in the period'1958-55, are of the order 
of K3" N 10 m1/g and K85 m 100 m1/g. Most (m80%) of the Qsr is exchangeab1e 
with 0,1 M SrC12, whereas1ess than one ha1f of adsorbed 13 Cs is exchangeab1e 
with 0.5 M CaC12. Most of the nonexchangeab1e 90Sr is extractab1e with acidi- 
fied hydroxy1amine hydroch1oride,_the amount desorbed being strong1y corre1ated 
with extractab1e-A1, Fe and Mn. On a grain-for—grain basisg vermicu1ite is the 

0Sr is adsorbed to strongest adsorbent; however, due to their abundance, most 
fe1dspar (genera11y sericitized) minera1s. V-_
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Summary of Activities and Progress in 1980-81 

stua: no, HR 7542 
~ ~ 

Hydrogeology of Excavations and Impoundments 

K.U. weyer 

Research work for the project was nearly dormant in 1978, 1979 and 
1980, because of involvement in assessment of Environmental Impact Statements. 
This involvement, however, also led to the preparation of two publications 
and several unpublished reports. A paper on ground water flow near mining 
sites in the high Arctic is in preparation. ’ 

» 

»

’ 

’ "List of reports and publications during 1980-81: 

1,. weyer, K.U. and J.A. Vonhof, 1980. water quality? —'A discussion 
of "The effects of surface mining of coal on water quality near Grande Cache, Alberta", by D.A. Hackbarth. Canadian Journal of Earth Sciences, Vol. 17 (7), 952-955. - 

. - 

'

. 

2. weyer, K.U., 1980. Organic and inorganic sources for sulfate ions dissolved in water from spoil dumps of a coal mine in Alberta and associated 
biochemical oxidation processes. 25 pages, 3 figures. 

. 

3.. weyer, K.U., 1980. Review of the 1979 Environmental Baseline V 

Studies in the area of the future McLean Lake.Uranium mine, Northern Saskatchewan. 5 pages. 
(M. 

4. Meyer, K.U., 1980. Regional groundwater flow in the area of the Cluff Lake Uranium mine, deduced from regional maps of topography, geology, aeromagnetics and gravimetrics. 16 pages, 8 figures: 

5} Meyer, K.U. and S.A. Zaidi, 1980, A review of geohydrological data for the area of the Cluff Lake Uranium mine reported by AMOK Ltd. 43 pages, 8 figures._ . 1 

»

' 

5. weyer, K.U., 1980. ,Use of the "Sub-aerial technique" for the "disposal of uranium tailings in Northern Saskatchewan, 12 pages.
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Summary of Activities_and Progress in l980—8l 

~Study No. HR 75-5 

Hydrothermal Effects Near Arctic Streams 

A. Wankiewicz 

The thermal regime and ground water conditions are being investi. 
gated beneath rivers which freeze to their bed in areas of continuous 
permafrost. ‘Ground temperature data collected over a two-year period at 

‘ river sites on Melville Island and near Inuvik, NwT_are being input to a 

digital file,_correeted for calibration error and compared with theoretical 
thermal profiles. 'The surface heat transfer is determined by both thermal 
flows at the solid ice surface in winter and the river temperature regimes 
in summer. - 

' '

. 

_ 

To extend the river temperature record, the longitudinal tempera- 
ture variability along a meandering river channel was calculated using 
Jobson's numerical river temperature model. It was concluded that the mixing 
length for thermal transients along a river channel varies from 500 km during 
spring flood to 1 km (one pool length in.a pool and riffle sequence) at low 
flow for the rivers investigated. 

' 

,

- 

— A selection of finite difference ground water models was reviewed 
(0utcalt surface climate simulator, Harlan 2D transient conduction-correction 
model, Pickens ground water quality model, and the Gemmix parabolic numerical 
procedure) to determine a suitable procedure for mapping the hydrothermal 
pattern beneath an intermittent inner channel. Because of the complex linkage 
between the river stage, channel ice formation (surface ice and_aufeis) and the 
ground water thermal and fluid fluxes, it was concluded that further experience 
was required in modelling selected key interactions to establish simplifying 
approximations permitting a more comprehensive simulation, The Outcalt surface 
climate simulator, which includes an implicit finite difference procedure for 
calculating thermal profiles, was selected for comparison with the field 
measurements because of_its simplicity and the Division's previous experience 
with its use. 

A problem with modelling seasonal-ground temperature profiles is the 
requirement that an initial profile be input to the simulation program. .Calcu- 
lation shows that the approach to equilibrium at depth is very slow so that 

. 
the long-term equilibrium temperature profile should be used as the initial 
profile. Surface temperature residuals were calculated for heat exchange by 
both black-body radiation and forced convection. It was concluded that the 
second year of a two-year simulation_of daily temperature profiles could be 
used to a high degree of accuracy as the initial profile for a detailed seasonal 
ground temperature simulation. V 

'

'

-
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Summary of Activities and Progress in l9&O78l 
Study No. HRO 75-1

A 

. Hydrqgeology, Richmond_Landfill — Richmond, B.C. 

H.M. Liebscher 

‘A high percentage of an estimated annual 750,000 tons of domestic, 
commercial and industrial waste generated in the Vancouver metropolitan area 
are disposed of at peat bog landfills lying near or on the Fraser River delta. 

,Test holes either within or peripheral to these landfills indicate similar 
geological and hydrological environments. 

_ As a result of resident complaints in the vicinity of federally 
owned Richmond Landfill Site, the Federal Activities Pollution Abatement“ 
Group of the Environmental Protection Service initiated an environmental assessment study of this property. In.August l975, engineers of this group 
.requested assistance from the Hydrology Research Division in determining site_ 
hydrogeology. Field studies including geological mapping, test drilling, 
piezometer installation, slug tests, and monitoring surface and subsurface 
waters commenced late in l975. - ~ 

. Geologically the landfill lies on the south-east corner of Greater 
Lulu Island Peat Bog and partly on a former distributary channel of the Fraser 
River. Results from test drilling indicate that the bog portion of the land- 
fill is underlain by three stratigraphic units. These units are (l) 30 to 37 m of silty sand overlain by (2) l to 7 m of silty organic clay which_in turn is overlain by (3) 0 to 5 m of compressed peat- The former distributary channel .consists of 0 to over ll m fine to coarse sands overlain by l m floodplain 
-silty clays. Refuse is generally spread in three separate_lifts which includes 
a basal industrial mattress later overlain with two putrescible lifts.

g Thicknesses of the lifts vary from 2 to 5 m and they are generally separated by 10 to 30 cm dredged silty sand. T .' 

Surface and ground water chemical analyses, slug tests and hydro; graphs of 23 piezometers installed in the lower two units and in the refuse indicate no downward leachate migration through the silty clay unit into the deltaic silty sand. A 

- Most leachate generated on site is collected in an integrated land- fill ditch system where it flows directly either into adjoining properties, the Fraser River, or the municipal ditch system. < .’ 

Ditch excavations in l977 into and through the former distributary channel silty clays resulted in leachate migration and contamination of alluvial sands. ‘This has resulted in formation of an oscillating leachate plume in the former channel which hydrologically responds directly to the tidal stages of the river. This ditch has recently been filled and a diversion ditch excavated through the bog portion of the.landfill, with existing data this appears to have checked leachate loss at the north east corner. Recent data indicate that the oscillating plume now contains less total dissolved material than one year ago. This most likely is due to diffusion, ion exchange, absorption, biodegradation and other attenuation mechanisms.



l4 

V_. A number of diverse factors lead to significant recharge at the 
landfill. These include: high tides, high discharge rates of the Fraser 
River, compaction of the peats, winter precipitation and on-site dredging 
operations. ‘The heterogeneous nature of the refuse and the diurnal tidal 
influence of the Fraser River results in a highly variable concentrated 

.'leachate being discharged into the receiving environment. 

Most information on the landfill study has been gathered and a
' 

final report is in various stages of completion.-
- 

'This:project.was dormant for most of the fiscal year due to the 
principal investigator's involvements at the flowing GSC well in Coldstream 

_ 

and in subsurface contaminant studies in Langley, B.C. Richmond Landfill 

study and final report should be completed by the end of the forthcoming 
fiscal year. ‘ V

’

V
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Summary of Activities and Progress in l980¥8l 

~ ~ 
stud No; HR z6-g 

Ground water Investigations in the Pine Point Region 

K.U. weyer 

Field work in the Pine Point area was continued with hydrogen- chemical sampling at open pits and in the wider area. Detailed hydrochemical observations were made at the K77 pump tests. Together with the Microbiology Labs of EPS, Edmonton, samples for sulphur bacteria were taken during the K77 pump tests and in the general area and subsequently analyzed. ' 

Three gauging stations and one time-lapse camera observation site were operated and the data analyzed.
.
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Summary of Activities and Progress in l980«8l 

Studvjgk SI 77-l. 

Computer Programming and 

J,E. Glynn 

g 

The EDP report on computer usage in the Snow and Ice Division 
(FY 79480) was completed and submitted to the Computing and Applied 
sstatistics Directorate. _

p 

A programme to compute river ice flow velocity from_digitized 
aerial photographs was completed for E.J. Langham.‘ The programme has 
now been documented as well. . 

work was performed for V. Klemes on some mathematical properties
j 

of stochastic rainfall-runoff relationships. The particular class of 
relationships considered involved a power law storage-runoff function. A 

report on some of the properties of the model in continuous and discrete 
time is currently in preparation.

-
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Summary of Activities and Progress in 1980-81 

‘Study No. SI<77-2 

.Airborne.Sensing and Measurement of“ 
A 

i

‘ 

River Discharge during Spring Ice Break—up 

D.A. Sherstone 

-Stereophotogrammetric techniques were empioyed with high accuracy 
, aerial photography in order to map surface water ve1ocities at test sites on 

the Mackenzie River, by piotting the dispTacement of river ice debris in‘ 

successive photos. Having obtained the distribution of surface-ve1ocities 
across a river section, discharge cou1d be estimated if the cross sectiona1 
river profi1e were known. A discussion of this technique and its resu1ts 
formed the basis of a Master's thesis, which was comp1eted in 1980.
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Summary of Activities and Progress in 1980-8] 

Study No. HR 77-2 

Arsenic Contamination of Ground water in the Maritimes-’ 

D. Bottomiey 

_ 

.Fie1d and Taboratory activities for this project were compieted in 

the 1980 fiscai year and a paper presenting the resuits of this study in 

detail is in progress. The foiiowing points summarize the main findings of 

this study: 
‘ ' 

A 

‘
’ 

T. The occurrence of arsenic in ground water in the Carboniferous- 

voicanic formations of southwestern New Brunswick appears to 
be a resuit of 

naturai rock—water interactions. The arsenic in the rock is associated with 

magnetite and its iron-oxide aiteration products. 

_ 

2. The occurrence of arsenic in the ground water of the Meguma‘h 

Group of Nova Scotia is attributabie to two factorszs 
'

- 

(a) naturai oxidation of in4situ arsenopyrite which is in the 
Vquartz veins that were the hosts for the goid mineraiization, 
and

‘ 

(b) recharge of surface waters which have oxidized arsenopyrite 
' associated with taiiing materiais. Some of this materiai has 

been subsequentiy used for fiii and even to Tine some dug 
weiis. ‘ 

A 
_ 

.Arsenic contamination of ground waters in both areas can be 

expected to remain widespread. Outside of the mining districts in Nova Scotia, 

the instances of arsenic contamination will depend on whether the ground water 

has been in contact with the major arsenic—bearing minerais.
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Summary of Activities and Progress in 1980-81 

study No. Hk 77-3 

Stochastic Rainfall - Runoff Relations
I 

V. Klemes 

_ 

‘ 

The problem of response of a nonlinear system to stochastic input 
was studied with the aid of recently improved Box-Jenkins techniques (Hipel 
and McLeod, water'Resources Research, l979) and was found intractable. The 
technique is able to discriminate between different nonlinear models neither 
in the identification stage nor in the diagnostic checking stage. The same 
difficulty (of insufficient discriminatory power) has been encountered in 
connection with other techniques (linear approximation, nonlinear transition 
matrices). vResults including a discussion of (l) convergence problem 
encountered in a simulation approach, (2) nonseparability of model and para- 
meter uncertainty, and (3) irregular properties of output residuals have been 
reported in the invited paper for the Mississippi Rainfall-Runoff Symposium. 

J. Glynn has been approached for advice on some mathematical
_ problems related to the nonlinear response and encouraged to work on explicit solutions for output parameters. The cooperation has been very successful in that he was able to obtain some original results on negatively skewed runoff which will be submitted for publication. 

The problem of nonlinearity is acknowledged to be a difficult one and no adequate theory is so far available. The situation was summarized by the famous Australian mathematician P.A.P. Moran as follows: ..,”It is clear that nonlinearity is an all pervading problem and here we are confronted, if not with a brick wall, at any rate with a hill of rapidly increasing slope. Nearly all work done on time series has been from the point of view of spectral analysis which is a linear theory and not invariant under nonlinear transformations....Thus many questions remain unanswered" (Moran, Proc. Int. Congress Math. Vancouver, l974). ~

-
'
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Summary of Activities and Progress in l980-8l 

Study No, HR 77-4 

Snowmelt Infiltration and Runoff 

A. Wankiewic2- 

The activities in this project consisted of application of previous 
theoretical work to support of the microwave remote sensing field study 
HR 78-8. iA literature review produced typical soil moisture parameters for 
modelling the expected winter hydrologic behaviour of sand, silt, clay and 
loam soils, as well as the unfrozen water content as a function of ground 
temperature. Tables of dielectric constant and loss tangent were calculated 
for both soil and snow as functions of density, liquid water content and 
porous medium structure. Snowpack liquid water context profiles were 
calculated for the range of snow irrigation application rates planned for the 
snow treatment plots at the Ottawa Central Experimental Farm.‘ The effects of 
antecedent rain/melt rate conditions were included in the calculation. These 
studies show that large-scale artificial snow treatments would be a valuable 
research tool for investigating the hydraulics of rain-on-snow events in 
addition to providing radar targets for study HR 78-8.

‘ 

Because of time constraints related to the emphasis placed on the 
activities outlined above, a planned paper on the Perch Lake infiltration‘ 
study was delayed and will be written in_l98l-82. "
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Summary of Activities and Progress in 1980481 

Study No. HR 77-5 

Trace E1ements_in Ground Water_ 

L.M. Johnston 

. Investigation of the tempora1 variations in ground water chemistry 
in three piezometers (HA1, 08, KN2) in the Tower Perch Lake Basin was 
comp1eted in October 1980. These piezometers are s1otted and screened over 
the bottom 0.6 m. Samp1es were usua11y co11ected month1y and ana1yzed for 

— temperature, e1ectrode potentia1, pH, conductivity, disso1ved'oxygen, 
a1ka1inity, N03‘, so42-, c1"-, Na*', Ca2+, Mg?’-', K+, S_i02, Fe_1-‘,_ MnT, cu2+, Ni.2*_, 
Co2+, Pb2+, A1T . (where T refers to a11 va1ence states). Samp1es were ‘ 

taken dai1y or week1y during the spring me1t. ‘Three years of data are 
avai1ab1e and variations are evident in a1ka1inity, disso1ved oxygen, Siog, 
Fe , and p1atinum e1ectrode potentia1 at a11 stations. Variations in $04 
an pH were common at most stations and there were extreme variations in‘ 
conductivity, Na+, and G1‘ at station HA1.v 

Month1y samp1ing of a mu1ti1eve1 piezometer (HA2-HA7) (samp1ing 
pointevery 0.5 m) near HA1 in a recharge area is continuing. Tempora1 vari- 
'ations simi1ar to those_at HA1 were observed but addition of the vertica1 
dimension has increased their comp1exity, especia11y for conductivity, 
disso1ved oxygen, pH, and e1ectrode potentia1. -

- 

Four conventiona1 piezometers (LJ1—LJ4) insta11ed near A Disposa1 Area confirmed the consistent1y 1ow;H1(m5) and high conductivities (500-900 u Siemens/cm) of ground waters in the area. A mu1ti1eve1 piezometer (LJ5) a11owed assessment of the vertica1 variations in pH and conductivity in this; 
area. Core samp1es, recovered during dri11ing, are being ana1yzed for 
chemistry and minera1 content to assess the matrix through which the ground 
water is f1owing.

. 

A pre1iminary assessment of the water in fifteen existing piezo- 
meters was made on the east side of Perch Lake (subebasin #3,_Barry, 1975). The waters from two previous1y identified cross sections (Ki11ey, 1977 and . McNaughton, 1975) were ana1yzed for the same variab1es as those 1isted in the first_study. Large variations in most parameters occurred in these fifteen - 

piezometers. Month1y samp1ing is being undertaken at three sites for a one- year period. 

REFERENCES 
Barry. P.J., 1975- Perch Lake, in hydro1ogica1 studies on a sma11 basin on the Canadian Shie1d (P J. Barry, Ed.),_Atomic Energy of Canada Limited. Report AECL-5041/I. pp. 94-130. '

‘ 

Ki11ey, R.w., 1977. _Carbon geochemistry of an unconfined aquifer- 1ake system on the Canadian Sh1e1d. Unpub1ished MSc. Thesis. Nater1oo University, water1oo, Ontario, 110 p. . . 

‘ 

McNaughton, D.C., 1975. A hvdroqeo1ogica1. geochemica1 and isotopic study of an uncontaminated f1ow system, Perch Lake Basin, Ontario. Unpub1ished MSc. Thesis. water1oo University, Nater1oo, Ontario, 95 p. p1us figures. .
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Summary of Activities and Progress in 198098] 

Study No. SI 78-1 

Suspended-Sediment: Liard River Basin Spring Flood 

B.J. Grey 

w This was the third year of a three year study to investigate the 
suspended sediment regimes and sediment transport of the Muskwa and 
Fort Nelson Rivers as they relate to that of the Liard River. In 1980, field 
work to_collect sediment samples was undertaken prior to break-up (March), 
during the spring break-up flood (April-May) and during the early summer 
_period (June:July) at sites on the Muskwa, Fort Nelson and Liard Rivers. 

. Data gathered in 1980 were analyzed, and the results confirmed 
preliminary findings of the 1979 field season. Among these findings are the 
following: ‘ H. . 

.

~ 

,1. The Liard is a major sediment source for the Mackenzie; 
2. The Muskwa-Fort Nelson system is'a major contributor of suspended 

sediment to the Liard; 
3. asuspended sediment concentrations and loads are typically higher 

during summer rainfall floods than during spring snowmelt floods 
"on the Muskwa and Fort Nelson since rainfall floods are usually 
much greater in volume on those rivers.. 

_ 
These and other findings have been presented in a summary report

A 

prepared for the Mackenzie River Basin Committee, and this study has now ended-
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Summary of Activities and Progress in 1980-81 

Study No. SI 78-2 ' 

River lee Break§yp;A Liard River Basin Spring Flood 

D,A. Sherstone 

In this, the third year of a three year study, the progress and 
character of river ice break-up in the Liard Basin was again monitored. By 
means of aerial photography and groundabased study, break-up was followed 
on the Fort Nelson River below Fort Nelson, and on the Liard River below 
Nelson Forks. A(Break-up was also monitored downstream on the Mackenzie 
River, toward Norman wells). gField work was also undertaken at selected 
locations in March to obtain ice thickness measurements prior to break-up, 
and in July to obtain channel profile data at some ice4jam sites. 

The aerial photography and field data were examined and analyzed_ 
and a summary report prepared in which the 1980 information was compared with 
that obtained in the two previous years. Major findings include the * 

following: . 

' 
‘

' 

l. The Fort Nelson River breaks up earlier than the Liard and acts
T 

to initiate break-up on the_Liard below Nelson Forks; 
2. Ice jams occur and recur at numerous sites along_the Fort Nelson 

and lower Liard Rivers; and 
V 

.

' 

3. Backwater effects caused by jamming on the Fort Nelson and-Liard 
were not as great as those observed in past years on the 
Mackenzie River. ' -' ~ 

This study has now ended.
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Summary of Activities and Progress in 1980-81 

Study‘; No. SI 78-4 . 

Therma1 IR Remote Sensing of Co1umbia Icefie1d 

A.C.D. Terroux 

Study of the imagery obtained in 1977, aided by a contract comp1eted 
by EUJI McLaren Consu1tahts, Ltd., shows that it is possib1e to differentiate 
surface temperatures using isotherms with temperature interva1s of 1ess than 
1°C, and that_a11 snow and ice covered areas except g1acia1 margins and the 
Co1umbia G1acier are at temperatures be1ow -0.8°C. Part of the imagery is 
being used as a cover for the new Co1umbia Icefie1d map being produced by 
In1and waters Directorate and Parks Canada. Comparison of the therma1 data 
with data at severa1 spectra1 bands in the photographic spectra1 region is 
continuing.



"reduced thermal contrast. 

Summary of Activities and Progress in 1980-81 

Study No. SI 78-5 

‘Thermal Infrared and Photography, Liard River Basin, NWT 

A.C.D. Terroux 

Thermal infrared imagery acquired in July l979 over selected Liard 
River and Fort Nelson River confluences was examined and found to lack in 
thermal discrimination, partly because of the lateness of season yielding 

.A number of tributaries to the Liard were imaged 
again on June l4, l980 with greater success. At the same time colour aerial» 
photography was acquired using the Beech G~l8 aircraft chartered by the" 
Polar Continental Shelf Project. Many of the data from these flights have 
been processed and photographs have been printed. 

‘ 
' 

-

. 

Interpretation of the imagery is under way and charts of surface» 
mixing are being prepared for the seven sites imaged in 1980. Comparison of 
the three years of data (1978-80) will form the basis for reports to the 
Mackenzie River Basin Committee. This study will terminate with these

' 

reports. 9

i 

'25
’
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Summary of Activities and Progress in l980§8l 
' 

Study No. 31 78-6
” 

. 

River Ice Jams: Mechanisms, Processes and Distribution 

D.A. Sherstone 

Field work conducted for the Liard River Basin river ice break-up 
study (see SI 78-2) provided input to this study as follows: '

. 

l. Ice thickness measurements at selected jam sites (March l980); 
V 

2. Break-up observations on the Liard and upper Mackenzie Rivers 
"(April-May); 

_ 

- 
’- ' .' ‘ 

3. Collection of river channel profile data at selected ice jam 
sites (July).

' 

_ 

Observations on ice jams on the Liard River form a part of the final 
isummary report on the three-year Liard spring flood study that is now being. 
prepared for the Mackenzie River Basin Committee. The principal investigator . 

"has left NHRI. -In addition, airphoto support (the Beechcraft) provided by 
Polar Continental Shelf Project has been terminated by mutual agreement, and 
funding from DINA for the Liard study ended in 1980-81. .Thus, unless renewed 
interest-and financial support are forthcoming, these studies in the Liard 
River basin are now complete. 

' 
’ 

V 
.

v’
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Summaryéof Activities and Progress in l980-8l 
A7: Stud vNo. HR 7851:~ 

Hydrologic Nonstationarity and Streamflow_§ontrQl 

V.7Klemes 

The project was completed,-results summarized in'a paper "Longe 
memory flow models in reservoir analysis: what is their practical value?" 
(co—authored with Sricanthan and McMahon), which has been accepted for publication in water Resources Research. » 

The main results have been (1) a demonstration of an impossibility to find objective criteria to distinguish long memory from short memory of the annual streamflow process on the basis of records of a typical length (about 30 years), and (2) a demonstration of a practical irrelevance of such a difference from the point of reservoir design (the difference is quantitatively smaller than the noise in the design characteristics commonly employed).
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Summary of Activities and Progressin l98O—8.l 
‘ 

§tudy_No.. HR 73-2‘- 

Hydrogeplogy of Bedrock Aquifers 
, 

G. Grove 

A 
_ 

During the fiscal year it was decided to limit the hydrodynamic 
study and preparation of the piezometric maps for the Mississippian formations 

to one field area covering approximately one township of Manitoba. 
Although 

some data to l967 are available in Ottawa; most of the data exist in paper 
files with_the Manitoba Department of Natural Resources. Therefore, rather 
than getting involved in a large-scale transcription of all data from the 
Manitoba files, it was decided to test the techniques being used in this study 

on a smaller area first, Some work has been done on the compilation of the» 

data in Ottawa before visiting the Manitoba government, but very little proe 
gress has been made on this project because of the involvement of the 

principal 

investigator in other projects.
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Summary of Activities and Progress in l980e8l 

Stud No. H.R._7i$->4 
~ ~ 

.Arsenic Contamination of Ground Water in Ontario 

L.M. Johnston 

A'Due to problems experienced in the drilling phase of the project, 
5not all piezometers have been installed to date. A tentative date of 
June 30 has been agreed upon for installation of the remaining sampling sites. 
At this time ground water samples will be taken fog preliminary analyses for 
major and trace element-content, in particular As 1, Asv, Fe and Mn . Soil 
samples collected during the drilling operation will be prepared for Ihemical 
analyses. ' f-

‘

'



‘ of the research of a Ph.D. student at the University of Ottawa was initiated 
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Summary of Activities and Progress in 1980-8] 

Study No. HR 78-5 

Streamflow Forecasts Based on Basin Storage 
i Z 

F. Morton 

There has been no progress on this study since the initial feasié. 
bility investigation because of the lack of technical assistance. Supervision 

late in l98O in the hope that he will be able to develop the techniques needed 
for realistic streamflow forecasts. 

’ '
'
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Summary of Activities and Progress in 1980-81 
I 1 

Study No, HR 78-6 

Ground water Contamination by waste water Effluent and S1udge 

B.w. Graham 

The main thrust of the 1980 fie1d work was directed towards taking 
a suite of samp1es and cores at the G1oucester.rapid infi1tration site to

_ study geochemica1 pathways, 1ooking c1ose1y at the attenuation of heavy meta1s 
and organics. V 

~ 

’

- 

Mu1ti1eve1 samp1ers and piezometers insta11ed in September 1979 were 
samp1ed during the summer and fa11 of 1980 for major and trace e1ements, 
organics and environmenta1 isotopes. The major e1ement ana1yses were performed 
in the NHRI Booth Street Taboratories; the organics were ana1yzed at MOE . 

Rexda1e Taboratory; and the isotopes were ana1yzed at the University of 
water1oo. - 

. 

' - ' 

During September and October 1980, six 1ocations were cored with a 
Parsons‘ cohesion1ess sediment samp1er using a 15 cm ho11ow stem auger. 
«A1uminum core tubes, 5 cm OD and 150 cm 1ong were driven into the sand with 
the hammer of the dri11ing rig. A tota1 of 10 cores was recovered, cut into 
25 cm sections, capped, and stored at 4°C. The minera1ogy and chemica1 
composition of the materia1 wi11 be ana1yzed short1y. Interstitia1 water 
has been centrifuged from a few samp1es to date, and wi11 a1so be ana1yzed in the near future. ' 

4

« 

' Fo11owing coring at three sites, 10 cm ID PVC we11s with 3.m of 's1otted screen were insta11ed and pump tested. These are to be used for tracer studies in the future. Piezometers, 5 cm OD PVC, were insta11ed in the other core ho1es. '
‘ 

The geochemica1 methods deve1oped, the instrumentation insta11ed, and the resu1ts obtained are now to be incorporated into a coordinated study of the hydrogeochemistry of toxic contaminants at the Gloucester Specia1- waste Disposal Site by the federa1 government, provincia1 government and universities. The proposa1 is before the Toxic waste Management Committee for funding at the present time. 
The 1iterature review of “Ground water contamination by waste water effluent and s1udge“ is being stored on tape at the same time as it is being printed by the word processor. Year1y updates of the materia1 wi11 be made. 
A report on the new methodo1ogies deve1oped by the Contaminant Ground water Section for eva1uating contamination in sha11ow ground water systems wi11 be comp1eted by May 3 , 1981.
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Summary of Activities and Progress in l980-8l 

Study No._HR 78-7 

Dispersion of fiolutes in Ground water Flow_Systems 

J.F. Pickens 

_ 

The importance of ground water sampling 
scale on determining the 

magnitude of longitudinal dispersivity in a sandy stratified aquifer has been- 

investigated using laboratory column and 
field tracer tests, The field investi- 

gations, which were conducted at Chalk 
River Nuclear Laboratories, included 

two single-well injection-withdrawal tracer tests using 1311 and a two—wel1 

recirculating withdrawal-injection tracer test 
using 5 Cr-EDTA (ethylene diamine 

tetracetic acid) complex. The tracer movement within the aquifer was 
monitored 

in great detail with multilevel point-sampling instrumentation. A constant 

value for dispersivity of 0.7 cm was found 
to be representative (and independent 

of travel distance) at the scale of an individual level within the aquifer. A 

dispersivity of 0.035 cm was determined from 
laboratory column tracer tests as 

a representative laboratory-scale 
value for sand from the field site. The-scale 

effect observed between the laboratory 
dispersivity and the dispersivity from 

individual levels in the aquifer is caused by the greater inhomogeneity of 
the 

aquifer (e.g. laminations within individual layers) and the averaging caused by 

the ground water sampling system. 
Full-aquifer dispersivities of 3 and 9 cm. 

obtained from the single-well tests indicate a scale effect with the value 

obtained being dependent mainly on the effect 
of transverse migration of tracer 

between the layers and the total injection volume. The full-aquifer disper- 

sivity of 50 cm from the two-well test is scale-dependent, controlled by the 

distance between the injection and withdrawal 
wells (8 m) and hydraulic con- 

ductivity distribution in the aquifer. Scale-dependent full-aquifer disper- 

sivity expressions were derived relating 
dispersivity to the statistical 

properties of a stratified geologic system 
where the hydraulic conductivity. 

distribution is normal, log-normal or arbitrary. In the developed expressions, 

dispersivity is a linear function of the mean travel 
distance. Proportionality 

constants ranged from 0.041 to 0.256 for the hydraulic conductivity 
distri- 

butions obtained from the field tracer 
tests. V

7 

. An approach for handling scale-dependent 
dispersion using a finite- 

element (linear triangular) solute transport model was developed. Dispersivity 

is allowed to vary temporally as a function of the mean travel distance of the 

solute from an input source. The model was applied successfully to the results 

of several tracer tests reported in the literature that have exhibited a scale 

effect. For systems that exhibit a constant (assymptotic) dispersivity at 

large times or mean travel distances, the importance of scale dependent 
dis- 

persion at early times or short travel 
distances was shown to be minimal in 

long—term predictions of solute.transport. 
. 

~ 

‘
‘ 

‘Emphasis on the investigation of the migration 
of solutes has shifted 

from advection and mechanical dispersion to diffusion.» A literature review on 

the measurement of solute diffusion 
coefficients in porous media has been 

completed. Laboratory diffusion experiments are being 
organized.
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Summary of Activities and Progress in l980-Sl 

Study No. HR 78-8 

River Basin Moisture Measurement 

A. wankiewicz 

Microwave signals emitted-by natural snow packs depend on the 
physical properties of the snow cover and underlying soil. The MIT random 
scattering model for three layer media was programmed on the CDC computer 
and microwave brightness temperatures were calculated for selected values 
of electromagnetic, snow and soil parameters: frequency, solarization, 
sensor observation angle, dielectric constant and loss factor for 

both snow 

and soil layer, and thickness of the snow layer. To interpret the EM prop- 

erties in terms of hydrologic variables,a random sphere model was constructed 

of the ice and water phases in thesnow pack; Microwave brightness temperatures 

were then calculated for a number of typical combinations of snow density, 
water equivalent, soil texture, snow and soil temperature, snow liquid water 

content, and rain/melt rates. The results are presented in a paper given at 

the Fall AGU meeting in December. 

A field experiment was designed to determine the feasibility 
of 

managing snow pack properties on a scale large enough to be detected by air- 

borne synthetic aperture radar. Seven one-acre sites were selected on the 

Central Experimental Farm for treatment by (l) selective snow cover removal, 

(2) artificial spraying of the snow cover, and (3) depth control by snow 

fencing. This research approach is patterned after the method used to assess 

remote sensing procedures for agricultural crop detection and inventory by 

means of specially treated agronomy plots. Snow removal on February 6 resulted 

in a snow cover only 5.2 cm deep, in contrast to 25 cm depth on the control 

plot. The transition zone between plots was gradual and averaged 4 m in width. 

Detailed measurements were made of snow density and basal ice thickness over 

the plots. Snow irrigation tests were successfully carried out using 
a com- 

mercial water truck with 0.4 cm of water applied over a 
one-acre plot. Spraying 

variability and snow pack flow patterns were recorded in both 
initially dry 

and wet snow using a rain gauge network and dye tracers. The snow fence pro- 

duced both a l2 m wide accumulation up to 70 cm deep and an adjacent 
30 m 

depletion zone 5 cm deep. Due to an unseasonal thaw, only the snow fence leeward 

drifts were present during the airborne X and L band radar overflights of a 

February 21., The digital radar tapes are processed to produce higher resolution 

»images of the dark snow fence "lineationsf observable in the 
real-time "quick- 

look" images. The field tests demonstrate the feasibility of the 
snow pack 

treatments planned for the airborne tests planned for winter of 
l98l-82.
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Summary of Activities and Progress in l98Q58l 

‘study Nos. HR 78-10, HR 78-ll 

.Hydraulic Testing and Radionuclide Transport - Fractured Rock 

C.C. Davison 

Single and multiple borehole physical hydrogeologic field methods 
have been developed in the borehole array (CR6, CR7 and CR8) at the Chalk 
River Nuclear Laboratories (CRNL) site during FY l978/79/80. During these 
programs, a great deal of detailed information was obtained regarding the 
ground water conditions which exist at the site. .Three additional boreholes 
(CRl0, CRll and CRl2) were drilled, logged and surveyed at the CRNL site during 
FY l980 to provide comprehensive radial network of five boreholes, which at l00 m depth are within a radius of 35 m from the central borehole, CR6. Many hydrogeologic measurements were made in these new boreholes during FY l980 to evaluate the three dimensional distribution of specific fracture zones within ‘the rock mass. These included: pumping tests of the entire boreholes, bottom hole drill stem tests, ground water sampling, fluid.injection tests and between-hole pressure pulse interference tests. A between hole NaI—labelled 
ground water tracer experiment was performed in a set of fractures which are interconnected between boreholes CR6 and CR7. The chemical break-through data have been compared with hydraulic information which was obtained from inde- pendent between-hole pressure interference experiments. Multilevel pvc casing strings were installed in CR7 and CR8 during FY l980. These casings allow pressures to be determined more or less simultaneously at various depth intervals in the rock mass. The casings also permit water samples to be extracted from numerous fractures at different isolated depth intervals in the rock mass. 

Reports which document all of the FY 1978 and l979 physical hydro. geologic studies at CRNL and whiteshell Nuclear Research Establishment (WNRE) have been completed. Separate scientific papers which discuss the between-hole 
. chemical tracer experiment and the drill stem testing procedures are being prepared for journal submission. A joint research paper with 5. Keys and F. Paillet of the USGS Denver is currently in preparation. This latter paper will discuss the hydrologic and geologic interpretation of various geophysical logs run in the boreholes at WNRE and CRNL.
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Summary of Activities and Progress in 1980-81 

4§tudy No. HR 78-13 

.Hydrogeochemica1 Assessment of Crystalline Terrain 

-D.J. Bottomley 

Hydrogeochemical sampling was conducted at whiteshell Nuclear 
-Research Establishment (WNRE) during the summer of 1980. Several technical 
deficiencies were encountered with the cable reel containing the 1100 m, 7 cm 
diameter umbilical cable. These problems resulted in long periods of "down" 
time while the cable-reel was in the NNRE machine shop being upgraded. Other 
problem areas identified were related to the effects of hydraulic pressure on‘ 
the operation of the downhole pump and the downhole sensors._ 

In spite of these problems, very saline ground water samples were 
collected in borehole WN4 from depths below 450 m (C1_m 10, 000 mg.L' ).’ 
Isotopic analyses (under contract and not yet received), in conjunction with 
the complete NNRE chemical analyses should assist in the evaluation of the 
origin of this water. 

In the fallfga 600 m air drilled hole for future hydrogeochemical 
research was constructed at CRNL, westbay multilevel ported casing was ~ 

installed in the borehole in December 1980. This borehole will be the focus 
for most of the NHRI hydrogeochemical activities in fiscal years 1981 and 1982.
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Summary of Activities and Progress in 1980581 

Study No. 51 79-1
a 

Photogrammetric Applications to Glacier Research 
and water Supply from_G1acierized Basins 

K.C. Arnold 

Terrestrial Photogrammetry, Athabasca Glacier, 1979 

The August photography (end of melt season) was worked up as part . 

of IwD's water Resources Branch ongoing surveys. Arrangements are being 
_made for compilation of the June photography.‘ 

Aerial Surveys, Athabasca Glacier, 1980 

Aerial photography was successfully flown at the beginning and 
end of the melt season. The associated ground control was improved, tar- 
getted and the targets removed (being in a National Park). The photography 
is of good quality and the targets are clear. . 

‘

f 

The necessary check points, for measurement of ice_melt in the 
lconventional manner, were set out on the glacier, Movement over the year 
August 1979 to August 1980 was measured and within—season movement should 
allow the slip portion of glacier movement to be estimated. 

Early in January 1981 an estimate was obtained for working up the 
. 
aerial photography by the orthophoto technique. The proposed work includes 
the preparation of digital terrain models from the June and September photog- 
raphy: l:5,000 orthophotos of the glacier, and l:2,500 enlargements of the_ 
snout area. At the snout the recession between the June and September. 
surveys is plainly evident.
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Summary of_flctivjtion and Progress ip_l980}8l 

S._t_u_d.x_lN5>.-. SJ .. 
.7.9_-.?‘_ 

Mechanical_Properties of Ice and Permafrost 

S.J. Jones 

Laboratory testing has continued_throughout the year on poly- 
crystalline ice, single crystal ice, and frozen sand; The project on 
the confined compressive strength of polycrystalline ice was completed 
and a paper was accepted by the Journal of Glaciology. ' 

In order to try and resolve conflicting literature reports 
concerning the effect of grain size on the strength of ice, we started 
a series of mechanical tests on random polycrystalline ice of different 
grain sizes. Preliminary results, which are contained in a letter to 
the editor of the Journal of Glaciology, Show that at l0°C grain size 
has very little exfect on the unconfined strength, measured at a strain- 
rate of 5.5 x l0‘ s‘ A large number of tests will have to be conducted, 
however, before a quantitative relationship between grain size and strength 
is determined.‘

' 

Our work on the mechanical properties of frozen sand continues, 
in cooperation with the permafrost group.of the Division of Building 
Research, NRC. The confined compressive strength of fully saturated sand 
has been reported in the Journal of Glaciology (and at the 4th Canadian 
Permafrost Conference) and we are now studying the effect of varying the 
amount of sand. we have started work on a 25% sand/ice mixture and later 
we hope to produce samples containing 10% and 50% sand. 

As,a result of a National Science Foundation workshop on the 
mechanical properties of ice in which I participated in Boulder, Colorado 
in March l979, a review of current knowledge and priorities for future 
research was published in Cold Regions Science & Technology.
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Summary of Activities and Progress in l980-81 

Study No. SI 79:3 

Ice Core-Climate change Study 
‘G; Holdsworth_ 

A comprehensive paper was written on the mode of formation of 
large icebergs, based on simulations done with the computer model developed 
(Study No. SI 77-1) over the last five years. A second paper is in prepae 
ration dealing with the general dynamics of Erebus Glacier Tongue (for ' 

‘presentation at an international conference in September l98l). 

The paper dealing with the Mt. Logan ice.core-proxy climate data 
results was completed, but it was deemed worthwhile to defer publication 
until longer time series are available, so that more sophisticated spectral 
analyses can be performed on the data. This should be possible by mid/late 
l98l depending on the integrity of certain laboratories towards meeting 
promised schedules. .A second paper dealing more with the geophysical aspects 
of the Mt. Logan study should be ready for submission to a journal in l98l. 

The field operation on Mt. Logan, by far the major commitment this 
.year,—was carried out with encouraging results. The new core drill was 
tested and tuned before attempting three holes of depth 46, 62, and l03 m 
at site on Mt. Logan at 5340 m altitude. This.partiCular operation inherently 
suffers from considerable risk and represents inefficient use-of time. The 
-drill and 75 m of the deep core had to be abandoned at the site due to adverse 
weather and snow conditions. These must be-retrieved in l98l. ‘Processing 
of the upper sections of core took place at the temporary-facility set up in 
Whitehorse (AES). Delay in completing facilities in Calgary has required 
this arrangement. 7 

-

‘ 

The ice core processing “laboratory” in Calgary is not yet opera- 
tional due to a delay in delivering of chest freezers, in rewiring circuits- 
and in installing alarms for safe operation. Space has not been released as 
expected, to conveniently work on large quantities of samples; therefore in 
the meantime processing will continue to be done in Whitehorse.
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Summary of Activities and Progress in l980-81 

Study No. 51 79-4 

Hydrology of the Mountain Snowpack 

R.I. Perla 

The main_progress during the past year has been in two experi- 
mental areas. ' 

~’ 
- - 

'

— 

‘New techniques were developed for rapid sectioning and photo- 
graphing of snow specimens. The techniques involve filling the snow with 
water insoluble, supercooled liquids. The temperature of the specimen is 
lowered until the above liquid freezes. The specimen is then microtomed, 
polished, and stained. These techniques will-be published_in the Journal 
of Glaciology. we originally developed these techniques so that we could‘ 
.quantitatively describe changes in snow texture,'and in particular to 
help us describe metamorphism; however, the techniques may have applications" 
for describing the interaction of snow with radar and microwaves (remote 
sensing). .

' 

Laboratory experiments for controlling snow metamorphism were 
designed, constructed, tested, and put into operation. .These experiments 

' involve transporting snow from our field station, sectioning and photo- 
graphing as above, and then exposing the specimens to a temperature gradient. 
After approximately l0O hours, the specimen is sectioned and photographed.
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Summary of Activities and Progress in l980-8l 

Study No. SI 79-57 

Simulation of Alpine Runoff 

J.M.bPower 

A revised and updated version of the UBC watershed model was obtained 
from B.C. Hydro and converted for use on the EMR computer system. Goldstream 
River and Stitt Creek hourly flow data (l973-l977) were obtained and converted 
to UBC model format. Hourly temperature and precipitation data for three 
adjacent meteorolo ical stations (Glacier.Rogers Pass, Blue River North and 
Revelstoke Airport , for the period l973-l978,were obtained from B.C. Hydro 
and placed on file on the EMR system. Maps (l:50,000) of the Goldstream basin» 
were obtained and from them a square grid data base containing information on 
terrain types, elevations, and outline of the basin area was constructed. 
These data were analyzed to produce necessary inputs to the UBC model, such as. 
total area, forest area, glacier cover, mean elevation etc., for each of 
eleven elevation bands. The UBC model was then calibrated for the Stitt Creek . 

basin for the period l973-l976. 
_

i 

Flow data for the three stream gauges within the Kicking Horse_River 
basin are currently being digitized from original charts in preparation for 
modelling of the streamflow in the basin. . 

.
_

.
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Summary of Activities and Progress in 1980-8l 

Study No. SI 72;§_ 

Time Domain Reflectrometry Study of Snow and ground water 

.Harry Gross 

A probe design suitable for ground freezing and moisture content 
measurement has been established. Along with the probe, computational 
methods for data reduction and a suitable computer programme are available. 

Various models of dielectric mixtures have been studied and their»" 
influence on probe response illustrated. This is a new approach to the 
problem of studying soil moisture content and changes due to freezing. Most 
other investigators assume the response to depend on surface adsorption of 
water reducing the mobility of the molecule and giving an ice-like response. 
The models investigated suggest that the shape of the solid components present, 
along with their orientation, can influence the behaviour in a similar fashion. 

A report is now under review.- 

The system is available for field use.
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Summary of Activities and Progress in l980-81. 

~ ~ Stud. No; 51 79f? « 

working Group on Glacier Runoff 

G.J. Young 

During the first year of its existence the working Group on Prediction 
of Runoff from Glacierized Areas has concentrated most of its efforts into M 

establishing an organization and preparing a scheme of activities for the future. 
The group now comprises 20 members; this is a larger number than was originally 
envisaged, but necessary to.accommodate all opinions. 

The first meeting was held at Geilo, Norway_from August 23-26, 1980. 
Half of the members were able to attend this meeting and much useful discussion 
took_place. The most important decisions made at the meeting are as follows; 

l. The name of the group should be “The working Group on Prediction 
of Runoff from Glacierized Areas". This reflects the concern of many group 
members that glaciers should be viewed in the context of overall alpine hydrology. 

2. A Bibliography on Runoff from Glacierized Areas should be compiled 
and published in.l98l. The details of what should be included and a timetable 
for implementation were agreed upon. Many regional bibliographies have been 
completed and this task is well under way. -

‘ 

3. A text on "Techniques for Prediction of Runoff from Glacierized 
Areas" should be compiled and Published by July T982, to coincide with the 
IAHS/ICSI Symposium on High Mountain Hydrology in Exeter,—England. This will 
be primarily a descriptive summary of what data collection and analysis techniques, 
are currently being used. It should form a good basis for the compilation of 
further texts in the future. T 

- 

V
‘ 

4. The working Group should try to make a strong contribution to the 
IAHS/ICS1 Symposium in Exeter. _" 

5. Every effort should be made to involve.members from Himalayan and 
Andean countries more fully. It was very apparent at the Geilo meeting that 
these members were not represented. with-this aim in mind, it was thought very 
important that a small workshop be held in l98l (probably September) in‘a 
Himalayan country with the aim of bringing together the concerns and-opinions 
of members from that area. . 

“ 
.

‘ 

A It is hoped that the working Group has set itself realistic tasks to 
be accomplished within realistic deadlines. Successful completion of the 
Bibliography and Text_on Predictive Techniques will require considerable hard 
work and cooperation from all we members. lThe group-has more than enough to 
keep itself busy until mid-l982. At that time decisions can be made on possible 
future activities which may include bringing together the latest theoretical 
(rather than practically oriented) knowledge on the hydrology of glacierized 
areas, or a series of casebook studies to illustrate particular types of projects 
concerning glacier runoff. 

_ 

‘

-
T
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Summary of Activities and Progress in l980-8l 

- Study No. 51 79-8 

Gamma Ray Snow Surveys 

J.E. Glynn. 

- A gamma ray snow survey of Southern Ontario was carried out in 
March l980 for the Ontario Ministry of Natural Resources and Parks Canada. 
The program initially called for two snow surveys to be performed in March 
but, due to a lack of snow, the second survey at the end of the month was 
cancelled. Analysis of the data was hampered by variability in soil 
moisture and lack of an adequate number of soil samples along several lines. 

work on an operational manual for gama ray snow surveying is 
proceeding. The calibration procedure has been documented already in the 
form of a paper entitled "A Calibration Procedure for Airborne Gamma Ray 
Snow Surveys" presented at the Western Snow Conference. The computer 
programs required for data processing of the data have been internally 

docu-' 

mented and the instructions for taking soil moisture measurements and 
laboratory calculation of soil moisture have been documented.‘ The 

preparation 
of the reports is behind schedule. 

The gamma ray snow survey in Saskatchewan, scheduled initially forg 
February—March of l98l, has been cancelled due to a lack of snow. This alsoé 

forced the cancellation of the Trent—Severn survey planned for the same 
time;
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Summary of Activities and Progress_in i980+8] 

Study No. HR 7942 

ItHydroggologicaltObservations 
of a Deep Geothermai Borehoie 

R.L, Herr 

’ 
_ 

'During_March 1980, a three-day pump test was conducted with water 
1eve1s measured by NHRI-supplied transducers, recorders and associated 

bequipment. 

The origina]’recorder house that was destroyed has been replaced 
by a more durable shelter. At the present time we are sti11 waiting for 
the University to have.power extended to the site; This power is required 
for the operation of the pressure transducer and associated recorder.
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Summary of Activities and Progress in l980—8l 

Study No. HR 79-3 

Chloride 36 Content of Selected Canadian Aquifers 

D.J. Bottomley 

Ground water samples from several aquifers in western Canada were 
selected for determination of their Cl 36 content by linear accelerator 
techniques. Aliquots of these samples were also analyzed for major ions and 
tritium. A purification technique (suggested by H. Bently, University of 
Arizona) to remove interferences from minute amounts of 3 S was followed 
during chloride extraction from the ground water. The technique involggs 
adding "pure" 325 (from Oak Ridge Nuclear Laboratories) to dilute the 5 

content. 

The extracted Cl (as Ag Cl) was sent to the University of Toronto 
for compression into micropellets suitable for sputtering. The samples were 
scheduled for analyses at the University of Rochester in October 1980. 
However a major machine accident resulted in the run being aborted and _ 

rescheduling of the analyses still remains to be finalized. Results of that 
run will indicate how successfully the 355 problem has been met and should 
provide an indication of the areal variation in 35Cl content of relatively 
young (with respect to the 3x105 yr. half life of 35Cl) shallow ground water 
in western Canada. .
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Summary of Activities and Progress in 198Qf81 

Stud No ._HR. 7994 
~ ~ ~ 

Effects qf Land Use Changes eh Evapotranspiration 

F.I. Morten 

Humice11s were instaiied at six stations and hygrothermdgraphs at 
four stations in Spring Creek Basin. Sunshine recorders were instalied at 
Grande Prairie and Sturgeon Heights. ‘A 

' " 

Humice11s_were insta11ed at three stations.in Kernen Farm,’ 
University qf Saskatchewan. ' ' ' ‘ '
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Summary of Activities and Progress in l980—8l 

Study No. HR 79-6 

Linking a Ground water Model to a Surface Square Grid Model 

A. Vandenberg 

Of the four steps of the work plan, the first three have been com- 
pleted: (l) a model has been formulated, programmed and tested which simulates 
the water table elevation of an unconfined aquifer under pumping or recharging 
stresses. The nonlinearity of the differential equation for unconfined ground 
water flow could adequately be handled by an iterative procedure within each 
time step. (2) The existing flow model for a confined leaky aquifer has been 
modified to conform with the square grid set-up of the surface water model; it 
has amongst other things provided for separate subprograms for input and output 
of variable data such as recharge and pumping rates, making the program more 
flexible. (3) A completely new program, DUBBLE,.has been designed to handle 
the linking between surface water and ground water; to this end the concept of 
a double aquifer system of a water table aquifer and a confined aquifer has 
been developed. The two aquifers are linked by a resistive bed. Linking with 

’ the surface water model can now be achieved by translating the amount of re- 
charge into an equivalent rise of the water table by means of an assigned 
porosity. Routing of the ground water through the unconfined aquifer, the 
resistive bed and the confined aquifer is thereby completely determined. - 

Needless to say, the amount of recharge from precipitation through the unsat- 
urated zone to the water table is still a very important and virtually unknown 
quantity. 

The actual linking of the two programs so far has had little progress, 
but WPM (J.J. Brown) hopes to have a revised surface water model ready within a 

short time. Messrs. Brown and Vandenberg will then give the final product their 
total attention. 

Reports completed: 

Vandenberg, A., l980. Program DUBBLE.’ Simulation of water table and 
piezometric head variation in a system of a water table and a confined aquifer 
connected by a leaky bed, 23 pp. 

This report documents the program and analyzes two special cases of 
application.

T



‘ 
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Summary of Activities and Progress in 1980-81‘ 

Stud. N01 HR 79-7 
~ ~ 

Relationship Between Mean Daily and Peak Flow 

B. Sangal 

.This study is nearing completion. Methodology has been developed to 
estimate the ratio of peak flow to mean daily flow based on time of peak, 
shape of the hydrograph and base length. Analysis suggests that the completed 
ratios are random variables. Therefore, a frequency analysis of ratios for 
records exceeding l0 years or more will soon be carried out. A_report on this 
project will be published by June 1981.
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Summary of Activities and Progress in 1980-81 

sgudx No. HR 79;§ 

A Comparative Study of Various Methods of 
Estimating Potentjai and Actuai Evapotranspiration 

B. Sangal 

This study is progressing weTT. Required ciimatoiogicai data have 
been co1Tected. The basic purpose of this study is to show that predictabie 
reiationships exist among the estimates made by various methods of estimating 
potential evapotranspiration. It is, therefore, unnecessary to app1y more 
compiex methods such as Budyko's, Penman's etc. when estimates of these methods 
can be made through simpler techniques such as the Thornthwaite method org 

simiiar temperature functions. Computer programs for Targe scaie use are now 
avai1ab1e.~ This study is scheduied to be compieted during 1981. .
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Summary of Activities and Progress in 1980-8l 
' 

study No. HR 7949 

Study of a Ground water C__ontamina..tJ'on_ Problem in Newfoundland 

A. Vandenberg 

During l980, A. Vandenberg visited the disposal site and the general 
area with J. Robinson (Nfld.), The province has installed l0 piezometers in 
the disposal site, which are monitored_regularly for chemical composition and 
height of the water table. Permeability has been estimated at all piezometers 
by means of slug tests. 

Results so far indicate that leachate from theumsteaccumulated to 
date has travelled approximately 300 feet down gradient. ' 

_ 
A mathematical model of water table aquifer flow has been prepared, 

extensively tested and documented; during a two-week period Messrs. Vandenberg 
and Robinson have adapted the model for use at the IBM computer at St. John's. .' 
As a result, Mr. Robinson is now fully conversant with the model. 

However, no actual data from the-test site (recharge, measured head) 
have as yet been used to run or even calibrate the model; On the trial runs, 
so far, estimates of permeability have been averaged for input to the model.‘ 
There is still a good deal of "trial and error" work to be done before the 
model can be considered as.a reasonable replica of the hydrogeology of the ' 

disposal site. 3
~ ‘
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Summary of Activitie 

1 Study 

5 and Progress in 1980-81 

No. 51 80-1 

Lake Regimes, M 

J.C. 

This was the first year of 
water 1eve1 regimes of a variety of 1 

provide base1ine information for the 
increased f1ow regu1ation on the Mack 
is to compare water 1eve1 f1uctuation 
1ow water connection to a de1ta chann 
connected to a channe1 on1y at f1ood 

In August 1980, with the as 
Scientific Resource Centre, one set 0 
a pi1ot study in the midd1e De1ta zon 
of this site was that bench marks, im 
p1ace from a former study conducted b 
c1osed 1ake, and the channe1 into the 
gauges were insta11ed to cover water 
meters. A11 staffs were tied into th 

ackenzie De1ta, NNT 

‘Anderson 

a study designed to investigate the 
akes in the Mackenzie De1ta, in order to 
assessment of the potentia1 impact of. . 

enzie River and De1ta. "A major objective 
s in-"open" 1akes (those with a_direct 
e1 with those in "c1osed" 1akes fihose 
stage, if ever).

‘ 

sistance of Mr. C.P. Lewis, Inuvik 
f open and c1osed 1akes was se1ected for 
e, near Reindeer Station. The advantage 
bedded in permafrost, were a1ready in 
y Mr. Lewis. At the open 1ake, the 
open 1ake, series of over1apping staff 

1eve1 variation of up to four or five 
e benchmark system. A150 at each site, 

stands were erected for time~1apse camera systems that wi11 be used to 
photograph the staff gauges and thus 
1apse camera systems are current1y be 
insta11ation at the 1ake sites in Apr 
the study succeed, simi1ar sites are 
where 1evee heights are higher and 10 

_ 

midd1e De1ta. 

obtain water 1eve1 records. The time; 
ing assemb1ed and are schedu1ed for 
i1 1981. Shou1d this initia1 phase of 
p1anned for the upper and outer De1ta, 

respective1y, than those in the WEY‘,

~



Summary of Activities and Progress in l980:8l 

'Study No. SI 80-Z 

Ice Regime of Lower Mackenzie River and Mackenzie Delta.‘ 

"A.C.D. Terroux and eDe.A. Sherstonee 

Measurement of the maximum thickness of ice was accomplished at» 
30 locations in the Mackenzie Delta during a period from April l5425, l980 
at sites along three transects chosen for aerial photography during the 
spring break-up. These sites were subsequently photographed throughout the 
break—up period in late May and early June. In addition, break—up on the 
lower Mackenzie-River was monitored and photographed in the reach from 
Fort Norman to Fort Good Hope. 

Mackenzie Delta freeze-up was monitored and photographed with 
35_mm_camera equipment during October and early November, although persis- 
tent low cloud conditions made this task difficult.- water temperatures 
during this period were measured from the ferries at Arctic Red River and 
Fort MacPherson until freeze-up. ‘ 

’ * 

Some aerial photography and all the 35 mm photography have been 
examined and charted. 
Committee.is in preparation. 
this five_year project. 

A preliminary report for the Mackenzie River-Basin 
Planning is under way for the second year of

53
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Summary of Activities and Progress in_1980e81 

Studx No. 51 80-4 

$tream F1ow Ve1ocities by Autocorre1atipn 
'wE.J. Langham 

., 
( 

The work on this study has been comp1eted and no fo11ow-up work is 
contemp1ated at this time. The resu1ts are being written up and wi11 be 
presented at the meeting on Port and Ocean Engineering under Arctic Conditions.. 
(POAC) to be he1d in Quebec City in June 1981. 

The tests were done on two pairs of aeria1 photographs taken over 
the Liard River during Spring break-up 1977. The main conc1usions were that 
the ve1ocity profi1e across the Liard cou1d be ca1cu1ated within 3-4% of‘the 
measured f1ow ve1ocities. This is about the same accuracy as that attained 
using conventiona1 photogrammetric procedures on the same data. The method 
cou1d have wide app1ications but to be used operationa11y wou1d require 
dedicated hardware. whether this is worth doing depends on the interest of 
operationa1 agencies. A promising use of the technique wou1d be the mapping 
of ice.movement in the Arctic but this wou1d require further scientific work, 
among other things to extend the method to a two dimensiona1 map of ve1ocity 
vectors. ' 

' ‘ 
’ 

V

‘ "
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Summary of Activities_andsPrQ9ress.in l980r8l. 

Study NO. SI 80-5 

Dielectric Properties of Contaminated Ice 

G.P. Johari 

Laboratory measurements of the effect of physical and chemical 
impurities on the dielectric loss and permittivity of ice were initiated. 
Several sets of measurements indicate that dissolved gases such as’ 
nitrogen and oxygen in polycrystalline ice increase the attenuation and 
dielectric loss but decrease the permittivity at MHz frequencies. The 
work on this subject using many different samples and over a wide range 
of frequencies and temperatures will be continued. .. 

e 

Ice clathrates (a form of naturally occurring but molecularly 
different ice), which contain various types of dissolved impurities 
including natural gas, were studied by computer modelling of their dielec- 
tric properties using the crystal structure data. A comparison with.the 

' measured dielectric properties showed an incomplete disorder of orienta- 
tion of water molecules in the clathrates. The results of this study were 
accepted for publication in the Journal of Chemical Physics in their 

. January 15, l98l issue.
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Summary of Activities and Progress in 1980j81 

Study No. s1 80"‘-,6
1 

‘ 

Investigation of Uti1ity of X and L Band 
Synthetic_Aperture Radar (SAR) for MaPDing_SnOw Conditions 

E.J. Langham 

.Arrangements were.made for an experiment to_be conducted in the 
second week of February 1981 at sites on the Centra1 Experimenta1 Farm, 
Ottawa, This was a fo11ow-up to work done as part of the SURSAT programme. 
The SURSAT experiment.was on1y partia11y successfu1 because the SAR data 
acquired was incomp1ete. Fie1d preparations were made_but a pro1onged 
me1t period preceding the date schedu1ed for the experiment removed a1most 
a11 the snow from the area. The resu1t was that, whi1e va1uab1e experience 
was obtained in experimenta1 procedures, no usefu1 data was obtained on the 
radar imaging of snow. The experiment wi11 be repeated in winter 1981-82 
as part of the RADARSAT Droqramme- 

‘ ‘~ 
.

V

'
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—$ummary'of Activities and_Progress in 1980-81 

,$tudy-No{ SI 80-7 

Hydroclimatological Studies on western Canadian Glaciers _ 

S. Fogarasi 

. During 1980 two computer programs calculating daily direct and 
global radiation values along a grid network have been tested for Sentinel’ 
Glacier under clear sky conditions. 

A preliminary computer_program has been written up'for snow surface 
albedo predictions also for the same grid derived for Sentinel Glacier, 

An albedo survey on Iskut River Glacier has been completed and these 
values will be incorporated in the net radiation program to be used in the 
Iskut River Glacier Energy budget study. -
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Summary of Activities and Progress in_1980-81 

‘Study No. 51 80-8 

Nimbus 7 Scanning Mu1tichanne1 
Microwave Radiometer Snow Experiment 

E.J1 Langham 

This year has been devoted to organizing the experiment which is 
to take p1ace in the province of Saskatchewan. Many agencies both in the 
U.S. and Canada supported the experiment through funding, personne1 and 
equipment; Data co11eetion for experiment was origina11y schedu1ed for the 
week of February 9-13, 1981 but was postponed for 1ack of snow . The same 
situation existed at the fa11 back date of March'9-13, 1981 and as a resu1t’ 
the experiment was canee11ed for the winter 1980-81. ‘There isva strong 
interest in making a second attempt in winter 1981-82 but this possibi1ity - 

wi11 depend on the avai1abi1ity of funds and the continued functioning'of_ 
Nimbus 7. Both items wi11 be investigated ear1y in fisca1 year 1981-82.
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lxsummary of Activities and Progress in.l98O-8l 
' 

Study No. ow 8053 

LRTAP Related Ground Water Studies (Haliburton Highlands) 

L.M. Johnston 

A.’ Haliburton Highlands 

Chemical analyses from a previously installed.piezometer (7 m) are 
complete. while the upper sampling points appear to have been compromised 
by the drilling procedure, the lower points appear to provide a reliable 
chemical composition for the ground water in the basin. Stream and lake water 
samples have also been analyzed for the same variables (pH, Eh, spec. cond., » 

alk., so42-, ci-, s1T, Ca2*,’Mg2*, Na+, K+, FeT, MnT. Cu, Pb, Zn, Co, Ni). 

A geophysical survey was run in sub-basin No. 4.of the Harp Lake 
Study area. Overburden thickness ranged from 0 to 20 m within the basin and 
a suspected fault line was noted. A report has been prepared concerning this 
study. ' 

«

. 

Two l2 m multilevel samplers (7 points) were installed near the 
deepest section of this basin, as identified from the geophysical survey. 
These points have been sampled for cations, anions and trace elements and

4 

preliminary results are available. Further sampling will be undertaken_for 
these variables and isotopes._ -H"

. 

During a storm event (44 mm rain) samples were collected of the 
groun, water, precipitation, and stream water. These samples were analyzed 
for 0 3, deuterium, pH and specific conductance while 4-hour composite samples 
were measured for DIC, DOC, S042‘, alkalinity and cations.-

' 

The interpretation of the isotopic analysis and stream hydrograph 
separation led to the conclusion that approximately 40% of the water in the 
stream during the storm was prestorm (ground)water. The implication is that 
the ground water contribution prevented the stream chemistry from reaching a 
level more closely resembling that of the rainfall chemistry. In particular, 
the pH only dropped from 6.2 to 5.5 while the measured rainfall pH was 3.9 but, 
in general, modification of other chemical parameters was also noted. A report 
is in preparation. ' 

During this study, cooperation has been established between the 
groups at Ontario Ministry of Environment and National Hydrology Research 
Institute who are studying pollution resulting from long range transport of 
air borne contamination. ‘

i
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, 

B7. Kejimk_u_j‘ik Park 

A site visit was made to Beaverskin and Pebbleiogitch Lakes located 
A 

in the Park. -On the basis of this visit and the other avaiiable data, a 
report “LRTAP reiated ground water studies in Kejimkujik National Park" was 
prepared. This report inciuded a suggested study plan for the_]akes area as 
well as an estimate of the time required to compiete the.studies.g A proposai, 
prepared by water Planning and Management Branch, Environment Canada, has been 

previewed. Cooperation wi11 continue concerning any ground water studies under- 
taken_fin the area. - 

. 
, -. 

A 

C. Lac LaF1amme Re ion
~ 

.The ground water portion of this study wi11 be carried out by a 
contractor. The contract was reviewed by NHRI in an effort to ensure com: 
patibility with ground water studies in other areas. .

’.
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;_ Summary of Activities and Progress in l980~8lV 
A 

H 

Study No. an 80-5 

LRTAP Related Ground water Studies (Turkey Lakes) 
A LM.Jomswn A 

g 

A geophysical survey (electrical resistivity) was undertaken in 
selected areas. On the basis of airphoto interpretation, ten areas of 
potentially thick overburden were outlined. These features were investigated 
and cross sections prepared where feasible. Three areas of relatively thick 
(25-40 m) overburden were delineated while the remainder varied from §_0-20 m. 

V Several areas of potential ground water leakage into adjacent surface drainage 
basins or sub-basins were also determined. This implies that surface water 
basin boundaries and ground water basin boundaries may not be coincident. A 
report covering the interim results of this study has been prepared and is 
under review. — 

’ ' 

‘
' 

In one area of thick overburden (40 m), seven holes varying from l.5 
to 7.0 m were.drilled and three multilevel ground water samplers (4-7 m) were 
installed. Several problems were encountered in penetrating the thick boulder 
and gravel sequence and several different drilling techniques were attempted. 
The results of these preliminary attempts using augers with a finger bit, 
diamond drill, and downhole hammer are being assessed. Based on equipment 
recommendations derived from this assessment, a contract for further drilling 
has been submitted. The piezometers installed during this drilling program, 
as well as the existing multilevel samplers, will then be sampled at regular 
intervals. The sampling and analysis of ground water seeps is continuing, 
mainly by staff at Sault Ste. Marie. ' 

_ 

4 . 

' ' 

A preliminary reference list was prepared dealing with the inter- 
action of atmospheric pollutants and ground water.
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Summary of Activities and Progress in l980=8l 

Study No. ow so-4 ‘ 

V 

Geophysical Survey, Acid Rain Erpject 

H.M._Elliottp»' 

In May and June 1980, five weeks of geophysical field work to 
.evaluate thickness was conducted in two areas: Harp Lake Basin, Huntsville,-‘ 
Ontario, and Turkey Lakes Basin, Algoma District, Ontario. 

' 

in the Harp Lake Basin, 23 electrical resistivity soundings using 
dthe Schlumberger array were done with three seismic refraction test soundings. 
.These covered about 60% of the basin drainage area showing minimal overburden 
thickness_in all but one sub-basin, which also showed a potential fault. That 
sub-basin has since been investigated and a significant ground water component 
to the outflow indicated. 

.In the Turkey Lakes basin, 67 Schlumberger array soundings and two_’ 
.seismic refraction test soundings were done over several selected areas. 
One faintly possible area where ground water flow could short—circuit the 
final weir was found and another area was located which appeared to have 
"greater than 30 m of overburden in a channel.extending along the major axis 
of a lake across the basin boundary towards a stream which feeds a different 
series of lakes, 

' 
'

‘

.
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Summary of Activities and Progress in l980-8l 

Study No. sxgao-9 

Runoff Estimation - Sentinel Glacier, B.C. 

S. Fogarasi 

Most of the glaciers in the western Cordilleras are located in basins 
of great hydropower potential. Most of these glaciers have been neither 
surveyed nor studied glaciologically or hydrologically. Preliminary infor- 
mation on runoff conditions and related hydrologic processes would be of great 
importance to provincial agencies dealing with water planning problems. A 
small basin, Sentinel Glacier, within this region was_selected'for this 
preliminary analysis, mainly due to the availability of glaciological and" 

climatological data collected over ten years. 

These data were subjected to empirical eigenvector analysis to gain 
a better insight into the nature of data. Through this study an indication 
was found that the eigenvector with a high loading on melting-degree-days 
explained 46% of the total variance. Therefore, as a second step, the inde- 
pendent, orthonormal eigenvectors thus obtained were multiply regressed on 
runoff to see whether any meaningful relationship existed;. This exercise, 
however, proved to be inconclusive. Some of these results were published 
internally in Scientific Series No. 95 (S. Fogarasi and 0. Mokievsky-Zubok: 
1978, Principal Components Analysis on Glacier-Climatological Data for Sentinel 
Glacier, B.C.). ' 

.
V 

«In the light of this investigation, it was realized that the nature 
of data was such that another nonphysical method had to be tried. It had to 
be nonphysical because the available data from Sentinel Glacier would hot be 
suitable in a physical model. Therefore, in cooperation with the "Computin 
and Applied Statistics Directorate" a purely statistical model (ARIMA Model? 
has been tried to show some of the relationships between runoff and other 

.variables. These results are reported by P; Cohen,:Jan.'l98l, Project No. T421, 
"Forecasting Glacier Runoff"p 

The evaluation and the feasibility of the ARTMA model is being 
proposed here in this study. my

4‘
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Summéfy Of Activities and Progress in 1989781’ 

‘Stud ,Vno;M._. ewe. 81-‘S ~ ~ 

. 

a“ 
m 

Thermal Springs in_Rgcky Mountain National Parks" 

R.0. van Everdingen 

_ _ 
Two submissions by consultants were reviewed; comments and 

suggestions were provided where appropriate- 
' ' 

. 
A survey was run and a map prepared showing boundaries of the 

travertine deposit of the Cave-and-Basin springs, site of Parks Canada's 
proposed Centennial Centre in Banff National Park. _ 

V 

' 

_ 

-4. 

Water samples for isotope analyses (2H, 3H.‘18O) were collected from 
the five springs at the site. ‘ 

- 
. 

’ 

' 

.

- 

_ 

VTravertine-samples for 14C analysis were collected from the main 
cave (5) and from a smaller cave (3). " ‘ 

. . V

A 

. A secondary gypsum sample for 34$-analysis was.collected from the 
small cave; bottom material was collected from the two Cave-and-Basin pools, 
for grainsize and mineral analyses, and for 345 analysis of any 9yPsum_ 
present...‘ A 

‘ 
. 

.

” 

A Twelve dye-tracer tests were carried out to detect secondary flow
' 

"paths from the various spring sources through the travertine deposit and. 
through the Cave—and-Basin Aquacourt plumbing. 

‘Eleven series of.discharge measurements were carried out to determine 
discharge rates from the five springs and distribution of the water-thPough'the 
system;_‘ A 

' 

7 
‘— -- 

.
— 

- .A report on the results of points 2 to 7 will be prepared for Parks_ 
Canada. A summary of spring discharge rates and the map of travertine deposit 
"boundaries have already been submitted to the western Region Office of Parks 
Canada. . 

V 

~'. 

At Miette in Jasper National Park. water samples for chemical 
_ 

analysis were collected from the three thermal springs, 
_ 

~f 
V 

V vl_ 
. 

‘a 

y 

lwater samples for isotope analysis (ZH, 3H, 130) were collected from 
Miette springs No. l and No. 3. 

' ’ 

‘ 

r 
.

. 

_ 

Samples of black deposit; corrosion residue and bedrock around the 
spring_orifice were collected from spring No. 1, spring No..2 and spring No. 3, 
respectively. - ~ 

= 

. 

- » 
.

. 

Two short reports on these last three investigations were prepared 
in July T980 and submitted to Parks Canada. 

a. Preliminary Report, July 8, l980,'5 pages. 

b. Recommendations for continuing measurements and considerations . 

for redevelopment, July 21, 1980. 7 pages.
1
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