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Etudes hydrologiques et géochimiques dans le bassin du

lac Perch: Etat d'avancement des travaux*

par

P.J. Barry, Rédacteur

Résumé

Le bassin du lac Perch est un petit système de drainage le
long de la rivière des Outaouais â environ 200 km à l'ouest d'Ottawa
dans le bouclier canadien.

Depuis 1975, des groupes de scientifiques provenant de plusieurs
universités canadiennes et d'organismes gouvernementaux, ont étudié les
propriétés hydrologiques, géologiques et géochimiques de ce bassin. Le
but de ces études est de développer et de mettre a l'essai des modèles
de simulation destinés à décrire les débits de l'eau en fonction du temps
et les substances dissoutes et en suspension dans le bassin. Pour passer
en revue les progrès accomplis, un colloque a eu lieu 3 Chalk River en
janvier 1977. Le présent rapport contient 18 sommaires substantiels des
mémoires présentés de vive voix au colloque. La table des matières
comprend les sources atmosphériques, les débits de masse â travers la
surface et les régimes souterrains dans les bassins de drainage et les
interactions se produisant dans le Lac.

L'Energie Atomique du Canada, Limitée
Laboratoires Nucléaires de Chalk River

Chalk River, Ontario

Septembre 1977

AECL-5836

* Compte rendu d'un colloque tenu â Chalk River les 12 et 13 janvier 1977.



HYDROLOGICAL AND GEOCHEMICAL STUDIES IN THE
PERCH LAKE BASIN: A REPORT OF PROGRESS*

P.J. Barry, Editor

ABSTRACT

The Perch Lake basin is a small drainage system along
the Ottawa River about 200 km west of Ottawa on the Canadian
Shield.

Since 1975, groups of scientists from several Canadian
universities and government departments have been studying
the hydrological, geological and geochemical properties of
the basin. The object of these studies is to develop and
test simulation models used to describe the time dependent
mass flow rates of water and dissolved and suspended substances
through the basin. To review progress, a symposium/workshop
was held at Chalk River in January 1977. This report contains
18 extended summaries of the material presented verbally at
the workshop. Subject matters include atmospheric sources
and sinks, mass flows through the surface and subsurface
regimes in the drainage basins and the interactions occurring
in the lake.

Chalk River Nuclear Laboratories
Chalk River, Ontario

KOJ 1JO
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FRONTISPIECE

Aerial view of Perch Lake with the Ottawa River and Chalk
River Nuclear Laboratories in the background.



FOREWORD

Since the early 1950's, Perch Lake and the drainage
basin above its northern shore have been receiving small
quantities of radioactive and other industrial waste from
the nearby Chalk River Nuclear Laboratories (CRNL).
Throughout its use as a waste management area, the basin has
been the object of many studies to determine its hydrologi-
cal, geological and geochemical properties and evaluate its
potential for the purpose. From 1965 to 1974 hydrological
studies were carried out there as a part of Canada's con-
tribution to the International Hydrologie Decade (IHD).

As a consequence of these investigations extending
over a quarter of a century much information about this
relatively small but typical basin on the Canadian Shield
has been acquired. The basin has, during the same period,
become well equipped with measuring devices for the determina-
tion of meteorological and hydrological variables as well as
with access roads, electric power and buildings for the
staff and their apparatus. Thus, by the end of the IHD in
1974, Perch Lake had acquired status as a national environ-
mental research facility and has been one of seven experi-
mental basins nominated as such for Canada's national basin
program which will contribute to Unesco1s International
Hydrologie Program and will provide data and methodology
for other international basin study programs.

The current studies at the lake have three main objec-
tives :

(1) To develop and test simulation models used to
describe the volumetric flow rates of water through
the system as a function of time;

(2) To develop and test simulation models used to
describe the mass flow rates of dissolved and
suspended substances in the water. These sub-
stances include nutrients and potential pollutants,
both radioactive and inactive?

(3) To construct an historical chronology of past
hydrologie and geochemical events so that the long-
term future behaviour of dissolved and suspended
substances in the basin can be anticipated.
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Since the end of the IHD study in 1974 groups of
scientists from Canadian universities and government depart-
ments have begun work toward the realization of these three
objectives. In January 1977 a symposium/workshop was held
at Chalk River to review the progress made to date and to
enable the study participants to find out what work others
have been doing or are planning to do at the lake. Authors
were asked to provide a written summary of the material pre-
sented verbally at the workshop and it is the collection of
these summaries that forms the basis for the present volume.
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PERCH LAKE COMMITTEE

The Perch Lake Committee was formed in 1976 to co-
ordinate and expedite cooperative research studies in the
Perch Lake basin and other drainage basins at Chalk River
Nuclear Laboratories (CRNL). The Committee considers
collaborative research programs which have been proposed
by one or more of the cooperating organizations, or un-
solicited proposals from interested groups, and prepares
them for formal approval by CRNL management.

The Committee takes into account: (a) the scientific
merit and the adequacy of funding of the proposed research;
(b) the compatibility of the proposed research with other
research and (c) the availability of services, man power
and equipment.

Committee members are nominated by organizations in-
volved in on-going collaborative research projects in the
Perch Lake basin. Other members may be recruited by the
Committee. The present Chairman of the Committee is Dr.
A.M. Marko, Director, Biology and Health Physics Division,
CRNL.

Further information about the Committee may be ob-
tained by writing to the Secretary:

Mr. I.L. Ophel,
Environmental Research Branch,
Atomic Energy of Canada Limited,
Chalk River Nuclear Laboratories,
CHALK RIVER, Ontario.
KOJ 1J0
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ENERGY BUDGET STUDIES: VERTICAL MIXING IN LAKES

E. Robertson
Atomic Energy of Canada Limited
Chalk River Nuclear Laboratories

CHALK RIVER, Ontario

In 1976 we extended the work that had been done on
evaporation and energy budgets for the past five years at
Perch Lake to two more lakes on the plant property. These
are Maskinonge Lake and Upper Bass Lake.

Maskinonge Lake is 2.5 km long and has a mean depth
of 10 m and a maximum of 17 m. It lies parallel to the
Ottawa River and in line with the prevailing winds which
are from the northwest or southeast. Upper Bass is a
small, deep lake that drains into Maskinonge Lake. Its
maximum depth is 9 m and it is sheltered by rocky shores
and trees. Figure 1 shows the relative sizes of the three
lakes.

The purpose is to compare the energy budgets and
evaporation rates of these three different lakes, and to
come to an understanding of how lakes of varying sizes and
exposures absorb and store solar radiation, and then re-
lease this energy by the evaporation of water and loss of
sensible heat.

The simple energy balance equation is:

AQ = NR + P + S - LE ± H

where: AQ is the change in storage which is calculated
from temperature changes,

NR is the net solar radiation,

P and S are energy gained from precipitation and
the sediments and are small compared to the
other terms,
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LE is the latent energy lost through evaporation,

H is the sensible heat.

All terms except LE and H aan be measured. We separate these
remaining two unknowns with the Bowen ratio:

a - H _ w a -,
LE e w - e

Figure 2 shows ten-day average values of the energy budget
terms for Perch Lake for 1976. Note that AQ is not signi-
ficant from mid-June to mid-August. In May the net radia-
tion contributes to the lakes' storage and in September and
October loss of this stored energy maintains the evaporation
and sensible heat loss while the energy input is decreasing.
It is differences in the AQ term for the three lakes that
will determine differences in evaporation rates.

For Upper Bass Lake, temperature measurements were be-
gun 9 July and net radiation and Bowen ratios determined at
Perch Lake were used.

At Maskinonge Lake, temperature measurements ware
started 20 April and continued regularly until freeze-up.
A raft assembly for evaporation pan experiments was in-
stalled and operational by mid-June. Water and air temper-
atures and relative humidity needed for Bowen ratio calcu-
lations were observed daily at this raft. A net radio-
meter was also installed but the portable recorder we used
with it did not prove satisfactory under field conditions.
Our observations showed that mean surface water temperatures
for Maskinonge Lake differ significantly from those at
Perch — being lower in the spring and higher in the fall.
We corrected the net radiation measured at Perch Lake for
this temperature difference. The corrected net radiation
at Maskinonge Lake was up to 10% higher than that at Perch
at the beginning of the season, about the same in mid-season
and less in the fall. Over the whole evaporation period,
however, the difference was only about 2%. Figure 3 shows
ten-day mean values of the energy balance terms for Maskinonge



Lake. Note that storage changes are much greater than for
Perch Lake and significant inputs occur until almost the
end of August. They reflect periods of higher net radiation.
After 20 October, when net radiation becomes negligible,
the remaining stored energy is lost equally by water, evapo-
ration and sensible heat loss.

Figure 4 shows ten-day mean evaporation rates for
Perch, Maskinonge and Upper Bass Lakes. That for Upper
Bass is the same as Perch except for slightly higher values
in fall when the lake gives up its stored energy. That for
Maskinonge Lake shows rather larger fluctuations but is on
average lower in spring, about the same in mid-summer and
greater in the fall.

Figure 5 shows the cumulative net radiation, evapora-
tion and storage changes from Perch and Maskinonge Lakes.
The net radiation at the latter is a little higher and the
evaporation a little less at the beginning of the season
but before Maskinonge Lake freezes both net radiation and
evaporation at Maskinonge Lake surpass their values at
Perch Lake. The greater area between the net radiation and
evaporation lines is due to the larger storage amount.

Figure 6 illustrates the same point. By 31 May Perch
Lake lost 60% of the net radiation it received by the evapo-
ration of water and by 20 October, when it froze over, it
had evaporated 80% of the energy it had received. The other
20% was lost as sensible heat. Maskinonge Lake also lost
80% of the energy it received by net radiation before it
froze over, but its losses were less early in the season.
Some values for Lake Ontario are shown to illustrate the
effect on a very large lake. The lower part of the figure
gives the fraction of the monthly amounts of energy gained
from net radiation lost by evaporation and sensible heat by
each of the two lakes. The loss greatly exceeds the monthly
input in September and October as the lakes give up their
stored energy. Note that Maskinonge Lake losses less to
sensible heat than Perch right through to October. This
arises from the fact that overnight minimum air temperatures
are generally higher at Maskinonge Lake due to the modifying
effect of the lake.



To summarize, total evaporation over the ice-free sea-
son is the same for the three lakes and equal to about 80%
of the net radiation received. Mid-summer evaporation rates
for the three lakes are also about the same, but spring and
early summer rates decrease with increasing storage capacity
of lakes and conversely increase in the fall when stored
energy is lost.

The second objective of these studies is to determine
the flux of solar heat through water in lakes of different
areas and depths and for different climatic conditions and
thermal gradients in the water body. This information is
necessary to predict evaporation rates from uninstrumented
lakes by means of models and to predict the effect of in-
dustrial waste heat added to water bodies. The flux of
heat through water is also closely related to the disper-
sivity of both natural and industrial dissolved solids in
lakes and reservoirs.

As a first approach to this problem, we plotted numer-
ous temperature profiles for the three lakes. Figure 7
shows the springtime heating of Maskinonge Lake and the
development of a sharp temperature gradient or thermocline
as heat is added more rapidly than it can be dispersed.
Figure 8 shows the thermocline lowering during the summer.
This occurs when cooling periods decrease temperature
gradients near the surface and are also often accompanied
by stronger winds which promote deeper mixing of water.
Figure 9 shows the temperature profiles of the three lakes
on a hot afternoon. Note that the sheltered Upper Bass
has the highest surface temperature but the hottest layer
is only 50 cm deep. In Perch the hottest layer is 75 cm
deep and in Maskinonge the heating is down to 1.5 m. Upper
Bass is the coldest of the three lakes at 2.5 m. The bottom
temperature was about 5°C all summer. It is such conditions
that we aim to model.

Aside from size and exposure of a lake, the depth to
which solar radiation penetrates determines the degree of
surface heating. We did some measurements and found that
90% of the solar radiation is absorbed in the top 2 m of
Maskinonge Lake, whereas this same amount is absorbed in the
top metre of Perch Lake. This effect will increase tempera-
ture gradients near the surface of Perch Lake.



— 9 —

The flux of heat, F, through a plane is equal to a
coefficient K times the temperature gradient:

dz

Many factors contribute to the magnitude of K:

(1) the size and exposure of the lake which will
determine the effect of a given wind,

(2) the wind speed,

(3) climatic conditions preceding the time of in-
terest which will have established temperature
gradients.

K is inversely proportional to temperature gradients
and will change as gradients vary with depth. It is at a
minimum at the thermocline.

Figure 10 shows a plot of K vs. depth in Maskinonge
Lake for four periods from 29 April to 15 July calculated
from observed fluxes and temperature gradients. The
logarithmic scale was used for convenience of plotting and
has no further significance. Only in the first period
were K values greater than unity in the top layers. Values
generally decrease with time as the gradients increase.
In the last figure (Fig. 11), K values for the three lakes
are compared. As expected they are greatest for Maskinonge
Lake and lowest for Upper Bass. The value for K in still
water is - 0.0014 cm2«s~l and agrees well with our values
for the bottom of Upper Bass Lake which, as noted before,
must be quite still.

These preliminary results are encouraging and detailed
work on these lakes will be continued during 1977.
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Figure 1. Relative areas and depths of Maskinonge, Perch
and Upper Bass Lakes.
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Figure 6. a) Fraction of total accumulated net radiation
lost by evaporation from Perch, Maskinonge
and Ontario lakes.

b) Fraction of net radiation received each
month lost by evaporation and sensible heat
from Maskinonge and Perch Lakes.
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Figure 11. Comparison of the variation of K with depth in
Perch, Maskinonge and Upper Bass Lakes during
a period of July 1976.
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PHREATOPHYTIC EVAPOTRANSPIRATION IN THE PERCH LAKE AREA

K.J. Inch
Inland Waters Directorate

Department of Fisheries and the Environment
c/o Atomic Energy of Canada Limited
Chalk River Nuclear Laboratories

CHALK RIVER, Ontario

INTRODUCTION

Phreatophytes, those plants which habitually obtain
their water supply from the zone of saturation, cause the
discharge of vast quantities of water from a flow system
and are associated with evapotranspiration-induced water-
level fluctuations.

These induced water level fluctuations were observed
in two areas (near 0W12 and 0W15). The observation well
0W12 is located in a discharge area (area of upward flow)
while 0W15 is in a transition area between the recharge
and discharge zones (area of horizontal flow).

The vegetation in the immediate 36 square metres
around the two wells is similar, being composed of grasses,
sedges, bracken and sensitive ferns, blackberries, golden-
rod, fireweed and a few small alder. 0W15, however, is
located in a cleared strip between two wooded areas in
which alder is one of the main species. Both wells have an
average water table depth from the surface of approximately
one metre.
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METHOD OF ESTIMATING GROUND WATER EVAPOTRANSPIRA. 01."

The method used to evaluate evapotranspiration from
water level fluctuations was developed by White \l\. The
following equation is used to compute the total quantity of
ground water lost by evapotranspiration during a 24-hour
period:

q = y (24r ± S)

where: q is the depth of water withdrawn from an infinite-
simal area in cm,

y is the specific yield of soil in percent by volume
(in this basin it was assumed to be 9.75% taken
from a study Meyboom conducted on similar soils in
Saskatchewan),

r is the hourly rate of ground water inflow in cm/h,

S is the net rise or fall of the water table in cm
during the 24-hour period.

Figure 1 is a hydrograph for a precipitation-free week
in June and it shows how evapotranspiration is calculated
from the fluctuations by the White method.

These water table fluctuations reflect the daily pro-
gress of evapotranspiration. In the morning, as the light
intensity increases, photosynthesis begins. The water level
remains stationary as long as the transpiration requirements
of the vegetation are just balanced by the amount of upward
moving ground water. During the month of June this period
occurs from eleven to twelve noon. As the afternoon pro-
gresses evapotranspiration increases and a decline in the
water table results because the plants use all the ground wa-
ter inflow plus ground water out of storage. This continues
until about nine p.m. when photosynthesis is diminished.
With no transpiration the upward ground water flow replen-
ishes the previous losses from storage and the water table
rises. The slope of the upward gradient is then extrapolated
for 24 hours and thus the total ground water flow, r, is
calculated.
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RESULTS

Ground water evapotranspiration was calculated on a
daily basis from the hydrographs of 0W12 and 0W15 for the
months of June, July and August from 1974 to 1976- Using
monthly averages evapotranspiration was compared to Perch
Lake meteorological data (Barry, Jay, Légère, Robertson
and Wildsmith, personal communication) in order to find
some correlation for the trend in evapotranspiration. Such
variables as sunlight, precipitation, wind, humidity and
mean temperature were averaged on a monthly basis and com-
pared to evapotranspiration. No simple relation was found.

The results obtained by comparing evapotranspiration
to depth-to-water table were encouraging (Figs. 2a and
2b). From these graphs it can be seen that at 0W12 evapo-
transpiration decreases as the water table drops and at
0W15 evapotranspiration increases as the water table drops.

The result of comparing evapotranspiration to cor-
rected pan evaporation data can be seen in Figures 3a and 3b.
Originally the points seemed to be at random. By the addi-
tion of depth-to-water table as another dimension, it can
be seen that if equal water table depths are considered
there is a relationship between evapotranspiration and cor-
rected pan evaporation.

CONCLUSION

On Figures 4a and 4b the ratio between evapotranspira-
tion (ET) and corrected pan evaporation was plotted against
water table depth for both wells.

The ratio ground water evapotranspiration/corrected
pan evaporation (monthly averages) is a measure of the ac-
tual evapotranspiration/potential «vapotranspiration; there-
fore, at 0W12 the consumptive use by plants varies from 32
to 52% of the evaporation from open bodies of water and this
ratio decreases with depth to the water table.
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The evapotranspiration trend has been observed in dis-
charge areas in other parts of the country where the water
table is close to the ground surface \23 3\. The probable
reasons behind this trend are (1) as the water table drops
there will be a similar drop in soil water evaporation and
(2) the water table will drop beneath a relatively dense
root network and the transpiration from ground water by the
plants will decrease.

The transition zone monitored by 0W15 presents an anoma-
lous situation (Fig. 4a). Here the ratio of actual to poten-
tial ET is increasing with depth; therefore, there is more
ground water consumption by plants as the water table drops
and this consumption increases until August when the water
level is at one metre and actual ET is equal to potential ET.
Another factor which suggests that actual ET approaches poten-
tial ET is obtained by comparing the monthly average of
ground water evapotranspiration to uncorrected pan evapora-
tion for August 1975. The ratio is equal to 0.70 which is
the principal factor used to convert evaporation pan data
to open water evaporation. It seems hard to believe that
potential ET would occur at the deeper water level depth as
opposed to occurring at a shallow water level depth.

The reasons for this apparent anomaly can probably be
related to the trees in the near vicinity whose roots would
penetrate much deeper than the roots of the grasses at OW12.
Since August 1975 was a dry month, the soil moisture content
would have been greatly reduced and the trees would have be-
come dependent on ground water. This increased ground water
consumption can only occur to a critical depth beyond which
the consumption would decrease as the water table dropped be-
low the deeper root zone. There is some data to substantiate
this point. After 21 August 1975 when the water table was
at approximately one metre and actual ET was at a maximum,
the water table kept decreasing but the evapotranspiration
began to decrease.

Work on evapotranspiration will be continued next year
in order that direct correlations can be made between evapo-
transpiration results obtained by a lysimeter and evapotrans-
piration from water-level fluctuations. The lysimeter was
set up in September 1976 and the initial results from it
seem to compare favourably to evapotranspiration by ground
water fluctuations. Also, in conjunction with L.K. Hendrie's
studies \4\, four new observation wells will be installed on
the southeast side of Perch Lake and they will be monitored
for evapotranspiration trends in a forested region.
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Figure 1. Demonstration of the White Method to calculate
evapotranspiration (0W12).
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This project, which is currently in the pre-measurement
phase, is designed to refine those aspects of the Perch Lake
basin water and energy balances associated with the forested
areas. It is intended to investigate in detail two main
facets, the spring snowmelt and evapotranspirat.ion during
the warmer months.

The first phase of the experiment, now almost opera-
tional, will study the snowmelt aspect and will involve a
measurement of the radiative fluxes through the forest canopy.
The mechanism of melt under different surface conditions
varies, with the dominant energy supply factor being radiant
energy in some cases, turbulent transfer of sensible heat in
others or some combination of both- Relatively little is
known about the process in forested areas, and it is proposed
that the major energy transfer to the snow in such areas can
be explained by a radiative mechanism. The reflectivity
(albedo) of a snow surface to shortwave (solar) radiation is
high, being typically 0.8 or higher for fresh dry snow and
the absorptivity consequently low. However, the average re-
flectivity over mixed hardwood forests at this latitude in
winter is of the order of 0.2 to 0.3 \i} 2\> suggesting that
a sizeable fraction of this energy is intercepted and ab-
sorbed by the branches and trunks. Preliminary measurements
here suggest an average value of about 0.31. This absorbed
energy is reradiated as longwave (terrestrial) radiation,
for which the snow surface has a high absorptivity, making
it available as a snowmelt energy source. The radiative
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exchanges through winter and spring will be analyzed and re-
lated to specific forest parameters and eventual melt rate
to provide a forest snowmelt energy model. Supporting mea-
surements of snowfall and snowpack characteristics are cur-
rently being taken.

Following the snowmelt the project will move into the
second phase when emphasis will be upon evapotranspiration
and interception of precipitation. The transpiration rate
varies with changing leaf area and with the response of
stomata to variations in weather, light intensity and soil
moisture deficit. Interception of precipitation is impor-
tant since it provides periods of wetted leaf surfaces and
consequently increased evapotranspiration rates. This
directly evaporated water constitutes a partial loss to the
basin as it never enters the soil. Regular direct measure-
ment of stomatal resistance (rs) will be made at several
heights within the forest canopy. The diurnal and seasonal
changes in rs will then be related to observed values of
light intensity, soil moisture and weather conditions.
Periods of direct evaporation and of transpiration will be
separated by determining the onset and duration of precipita-
tion, and the periods of leaf surface wetness at a few
heights in the canopy using moisture sensors attached to
model leaves. Measurement of the various other components
of the hydrologie cycle in the forest will be undertaken,
and relevant vegetational parameters such as leaf area in-
dex will be recorded and utilized.

The measurement site selected is in aspèn-birch-maple
forest with a canopy-top height of 23 to 25 m. It is
situated near the southeast side of Perch Lake adjacent to
the Perch Lake satellite Station. The area has a slight
west facing slope. A 23 m tower has been erected at this
site with platforms at five levels (3, 7.5, 12, 17 and 21 m)
to facilitate the direct measurement of rs using a porometer.
An upper instrument boom is on a pole extending 5 m above
the top platform, and supports some sensors clear of the
uppermost branches.
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Radiometers have been designed and constructed to al-
low the measurement of the vertical profiles of both short-
wave and net radiation through the forest layers. To im-
prove the representativeness of the sampling of these para-
meters in such a complex radiative environment, these in-
struments have been constructed with 1 m long sensing units
rather than the conventional small disc sensors. The solari-
meters were built, with some modifications, according to the
design of Szeicz, Monteith and Dos Santos \z\, and the net
radiometers were designed and built upon similar principles.
They have been mounted in pairs and accompanied by shielded
thermocouples at height intervals of 2% m up the tower.
The incoming data will be monitored by a 64-channel data
logger, and recorded on magnetic tape. Additionally a
25 m3 snowmelt plot has been designed and implemented in
the vicinity of the tower, a series of snowboards have been
installed both in the forest and the open, and a snowcourse
has been laid out. Further equipment will be installed
following the spring snowmelt to provide measurements of the
various components of the forest hydrologie balance such as
stemflow, throughfall, soil moisture and ground water changes.
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The Atmospheric Environment Service (AES) interests in
research at Perch Lake date back to about 1965 when a re-
search project was started to compare various methods of
calculating evaporation from the lake. These studies were
part of the International Hydrologie Decade and some form
of meteorological instrumentation has been operated at the
site since that time. The methods looked at initially were
primarily the aerodynamic and mass transfer techniques and
class A evaporation pan measurements and these studies have
led to some important results. The studies showed that the
mass transfer on aerodynamic techniques in their present
format are unreliable for periods of less than one month
when used to compute evaporation from lakes like Perch Lake
for a variety of reasons. It was also shown that, provided
net radiation is measured over the water, and heat storage
in the lake is taken into account, energy budget techniques
appear to give reliable evaporation estimates and since
1970, a complete energy budget method conducted by P.J.
Barry and E. Robertson of Atomic Energy of Canada Limited
(AECL) has been used as a standard for evaporation esti-
mates from Perch Lake. Finally, it has also been shown that
evaporation estimates from evaporation pans located on the
shoreline can give results, differing considerably from those
obtained using the energy budget technique.
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The present study at Perch Lake and now also at Maskinonge
Lake has two main objectives. The first is what the optimum
location for a pan is to give reliable results and second how
the water loss from an evaporation pan compares with evapora-
tion from lakes of differing depth and surface area. During
the past two years a number of pans have been operated near,
above and in Perch Lake. Results from this study show that
the best match with the energy budget method is attained with
a pan installed on a raft in the middle of the lake. Pans
partially sunk in the lake gave results, on a monthly basis,
larger by as much as 20% from pans raised above the lake. To
investigate the effects of change in lake depth and size,
evaporation pans were also operated at Maskinonge Lake. Re-
sults from the 1976 field year are being analyzed.

It should be noted that AES activities at the Perch Lake
site have relied heavily on AECL personnel for both technical
support, such as the installation of the rafts, and the observa-
tion program. The AES has provided support through the supply
of instrumentation and analysis of radiation and evaporation
pan data. It is hoped that these studies will continue over
the next few years in order to meet the objectives outlined
above and to provide input into the overall program at Perch
Lake.
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Sampling of precipitation and suspended particulate
material has been carried out at the Perch Lake site by
Environmental Research Branch personnel of Atomic Energy
of Canada Limited for the Atmospheric Environment Service,
as part of a program to investigate the long-range trans-
port of atmospheric sulphur compounds in eastern Canada.

The combination of three factors makes this part of
Canada susceptible to the occurrence and effects of
regional- and continental-scale pollution. These are
(i) sources of large sulphur dioxide emissions in eastern
North America, (ii) meteorological conditions which are
conducive to flow from source regions into eastern Canada
and (iii) sensitive receptors, such as lakes, fish and
forests, which may be damaged by sulphur compounds.

Evidence for the occurrence of long-range transport
includes observations of increasing atmospheric haziness
with southerly winds in the Atlantic Provinces, and in-
creasing geographical extent and severity of acid precipi-
tation in eastern North America. Precipitation chemistry
measurements at Maniwaki, Mount Forest and Chalk River
(Perch Lake) support these latter observations, showing
typical pH values between 4 and 5.
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Total suspended particulate and particulate-sulphate
data also support the view of regional-scale pollution epi-
sodes with southerly flows.

A federal Department of Fisheries and Environment pro-
gram is presently being established to mount an interdisci-
plinary investigation of this problem. This will include
research and monitoring for both atmospheric and effects
aspects.
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A unique feature of the lower Perch Lake basin is
that the waters of the area have an elevated tritium con-
tent as a result of releases of reactor-produced tritium
to the Liquid waste Disposal Pits. The tritium concentra-
tions are not high enough to constitute a health hazard,
but may be readily measured in the laboratory, even after
a great deal of dilution. Tritiated water has been in-
corporated into all the vegetation of the area and there
are unique opportunities to study in the field the plant-
water relationship. A brief outline of some studies of
the distribution of tritium in a number of trees is pre-
sented, primarily to suggest some potentially fruitful
lines of research.

Study of the distribution of tritium in individual
growth rings of trees has shown that the organically bound
hydrogen of cellulose retains its original isotopic com-
position unaffected by the tritium content of water of
subsequent years passing through the tree. Thus, the his-
tory of tritium concentrations in the area may be learned
from the concentration profile of organically bound tri-
tium in the tree ring sequence.

The mobility of water within a tree may be studied
by observing the distribution of tritiated water through-
out the tree. The moisture of growth rings dating back
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to 1945, well before any reactor tritium was produced in
the area, showed the elevated tritium content of recent
ground water of the area, demonstrating the penetration of
recent water into this old wood. In another study, evidence
of exdhange of moisture between tree leaves and the atmos-
phere has been observed in trees growing near the east
shore of Perch Lake. Here the tritium concentration in
ground water is low but that of atmospheric moisture is
relatively high as a result of evaporation from Perch Lake.
Tritium concentrations in the leaf water were found to be
higher than in the soil water providing the transpirâtional
stream, while an intermediate value was observed throughout
the woody portions of the tree. These preliminary results
suggest the possibility of interesting studies of the
evapotranspiration process.
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The objective of this study is to observe the modi-
fication of the chemical and isotopic composition of wa-
ter as it infiltrates, and interpret the results in terms
of the physical processes occurring during infiltration.

The concentrations of the heavy stable isotopes D
and 1 B0 in precipitation reflect the geographic origin of
the incoming moisture and the temperature of condensêition,
higher heavy isotope concentrations being associated with
higher temperatures. Since these meteorological factors
are quite variable, large variations in heavy isotope con-
centrations from one storm to another are frequently ob-
served. These variations serve as a means of marking wa-
ter from particular precipitation events. If monthly
integrated samples are analyzed, a regular seasonal pat-
tern is observed, again related to temperature (Fig. 1).
In general, the shallow ground water of an unconfined
system does not show this strong seasonal cycle but,
rather, a concentration corresponding to the mean annual
concentration of the precipitation of the area. Evidently
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the seasonal cycle is damped by dispersion during infiltra-
tion. It is rather puzzling that the ground water isotope
content corresponds to the mean annual value of precipita-
tion since summer infiltration is reduced by evapotranspira-
tion whereas winter precipitation accumulates and infil-
trates in the spring. This is one of the interesting ques-
tions to be answered with respect to isotope behaviour in
the infiltration process.

Two study sites have been set up in a recharge-discharge
section to the east of perch Lake, one in an open unvege-
tated area and one in the nearby forest. The unsaturated
zone consists of fine grain (0.01 to 0.1 mm diam.) sand and
extends to a depth of about two metres. At each site,
tensiometers indicate the soil moisture conditions at six
levels between the surface and the water table. Suction
lysimeter cups at the same depths provide samples of the
soil water for chemical and isotope analysis. An aluminum
tube serves as an access hole for a neutron moisture probe.
Continuous recording of the water table is done in a 10 cm
well. Three piezometer tubes extend into the saturated
zone. An evaporation pan, Stevenson screen, rain collector
and anemometer provide meteorological data.

Figure 2 shows the concentration of deuterium observed
in infiltrating water at the unvegetated site during last
summer. Analysis of samples is still under way, so the
curves are rather incomplete and indeed those for several
intermediate depths are missing completely. However, it
is apparent that the deuterium concentration in the upper-
most lysimeter (15 cm depth) varies widely in response to
rainfall events whereas that in the lower level shows a
relatively regular progression through the summer with the
suggestion of a seasonal cycle peaking two to four months
after the mid-summer peak of deuterium in precipitation.
Abrupt variations in the lowest lysimeter may be caused by
a fluctuating water table from which the capillary fringe
could bring in ground water of -90 °/oo ÔD.
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It is of most interest to consider the data following
a rainfall event having distinctive isotopic composition.
Unfortunately for this study, most of the summer's rain
came in light showers and only one storm provided a strong
enough input pulse to be clearly seen by the physical in-
strumentation as it passed down through the full depth of
the system. This rain (14-15 August) had a much lower
deuterium content (by about 65 °/oo 6D) than previous in-
filtration waters and hence was -veil marked isotopically.
Data for the subsequent period is shown on an expanded
scale in Figure 3. There was quick response in the upper
level to the infiltration of this isotopically light water
but no response in the lower levels. In spite of this
lack of transmission of the isotopic pulse, the water table
responded strongly to the surface input. (The apparent
water table levels on 15 and 16 August may be discounted
as being due to the Lisse effect, but subsequent readings
show that a true water table elevation occurred.) Response
of the tensiometers and moisture profiles given by neutron
probe scanning, shown in Figure 4, confirmed that an impulse
of water had gone through the whole system. However, from
the loss of isotopic identity of the pulse, it is evident
that water nas not gone through as a slug, but has mixed
with prior water in the system en route. Little, if any,
of the original input water has reached the water table.
Study of the isotopic pattern at intermediate depths will
give information on this dispersion process.

Similar responses have been observed at the vege-
tated site. Further analyses, including oxygen-18 and
tritium are under way.
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Detailed hydrogeological studies have been conducted
in a sandy aquifer of the Perch Lake basin at the Chalk
River Nuclear Laboratories (CRNL) of Atomic Energy of
Canada Limited (AECL). This report constitutes a progress
report of the authors' investigations in cooperation with
R.E. Jackson and K.J. Inch of the Hydrology Division of
Environment Canada. The objective of this study is the
determination of the physical contaminant transport para-
meters of an aquifer, namely ground water velocity and dis-
persivity.

Ground water velocities in the aquifer were (1) esti-
mated from a knowledge of the distribution of hydraulic
head, hydraulic conductivity and porosity and (2) measured
directly using point dilution tests. Hydraulic conductivity
can vary significantly throughout the aquifer and hence the
determination of its distribution is very important in
ground water contamination studies. A comparative study of
hydraulic conductivity determination was conducted using re-
sults from a pumping test, single-well response tests, point
dilution tests and a tracer test in conjunction with computer
simulation modelling. The results obtained were within a
factor of 5 in value. This is typical of the uncertainty
involved in hydraulic conductivity determinations.
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The dispersion studies undertaken have involved labora-
tory tests, a field test and computer simulation modelling.
The laboratory tests included column tracer experiments us-
ing slCr-EDTA and tritium as tracers and sandbox tests to
illustrate qualitatively the movement of tracers in a field
two-well pumping-injection tracer experiment. The column
breakthrough curves for szCr-EDTA and tritium were essentially
identical indicating that the B1Cr-EDTA acts as a conservative
tracer. Analysis of these breakthrough curves yielded a dis-
persivity value of 1 cm which is typical for laboratory tests.

During the 1976 summer field season, a site at "0"
piezometer nest in the Perch Lake basin was instrumented for
a two-well pumping-injection tracer test in conjunction with
ABCL personnel. The instrumentation consists of 32 piezo-
meters, 13 multilevel samplers (containing a total of 160 sam-
pling points) and two 10.2 cm wells. The tracer (B1Cr-EDTA)
was added to the injection well for 3.2 days. The multi-
level samplers and the pumping and injection wells were mon-
itored for 15 days. Application of a finite element simula-
tion model to simulate the movement of the tracer in plan
view yielded a value of 10 cm for dispersivity while analysis
of the breakthrough curve at the pumping well using a two-
well model yielded a value of 50 cm. In both cases the value
of dispersivity is varied until the model results closely fit
the field values obtained. The value of dispersivity ob-
tained for the breakthrough curve at the pumping well is much
larger than that obtained for an individual layer. This
large "apparent" dispersion is likely, as a result of the wa-
ter samples taken from the pumping well being an integrated
mixture of the water flowing into the well over the entire
aquifer thickness. This points out the need for obtaining
point water samples rather than samples from wells slotted
over large intervals when studying the dispersion of contami-
nants or tracers.

It is anticipated that the results of the present and
proposed research will have applicability in many other
field areas involving physical and contaminant hydrogeology.
This research forms part of the development of a useful
methodology for the prediction of contaminant migration in
subsurface flow systems.
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Hydrogeologists and geochemists have observed a de-
crease in the measured potential of a platinum electrode
(Eg) in ground water as it migrates within a confined
aquifer system from upland, recharge areas to lowland,
discharge areas. A simultaneous decrease in the concentra-
tion of dissolved oxygen (DO) and an increase in pH has
also been observed |1\. We propose that such variations
in E H, pH and DO can be explained by a sequence of micro-
bially catalyzed oxidation-reduction (redox) reactions
occurring in the aquifer.

Germanov \2\ was the first to study the E H distribu-
tion in a ground water flow system and among his observa-
tions were the following:

(i) the E H of ground waters provides a qualitative
characteristic of their redox state,

(ii) the E__ decreases with the depth of the aquifer,
n
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(iii) for ground waters containing: Oz , E H £ +250 mV;
COg , N3 , 0 S E H < +300 mV; IfeS, HS=, -250 <• E
< 0 mV,

(iv) the process of biochemical oxidation of organic
matter extends to depths greater than one kilometre.

Many workers have attempted to correlate measured Eg
values in ground waters with the concentration of dissolved
species through the Nernst equation, but have largely failed.
The reasons for this failure have been discussed by Stumm
and Morgan |3|, Langmuir \4\ and Whitfield \s\, and are pri-
marily based on the fact that the Nernst equation applies
only to systems that are at thermodynamic equilibrium. Re-
dox reactions involving species in ground water (with the
exception of high concentrations of Fe and possibly Mn) at-
tain equilibrium very slowly. Thus, the measured E H value
is not an equilibrium value but is a complex function not
only of the concentrations of individual redox couples but
also of their kinetics. The Nernst equation is not appli-
cable in such cases and the E H can only provide a qualita-
tive description of the redox state of ground waters.

None the less, the simultaneous decrease in E H and DO,
coupled with the increase in pH, indicates that the ground
waters are gradually losing their "oxidizing" capacity and
becoming "reducing". In confined aquifers (closed flow
system), the ground water enters the flow system in the
recharge area as rainfall or snowmelt, saturated with DO,
and passes through a reactive soil zone during which time
N03", SO*

1*, COg and excess reduced organic matter (dis-
solved organic carbon, DOC) have dissolved in the ground
water. After entering the ground in the recharge area,
the ground water is closed to the input of further oxidants.
A series of redox reactions can be proposed wherein some
of the excess DOC is oxidized by the various species ini-
tially present in the ground water. Table I presents one
such sequence of redox reactions, the sequence being based
on decreasingly negative values of the free energy change



Table I. Redox processes in a closed system

Conditions:- Excess organic material (DOC), water initially contains DO, N03", SOi, and HCO3

Exaaple:- Recharge of natural waters through a reactive soil zone into a confined aquifer
system containing MnO2, Fe (OH)3 and excess DOC.

Reaction

Aerobic Respiration

Denitrification

Mn (IV) Reduction

Fe (III) Reduction

Sulphate Reduction

Methane Fermentation

Nitrogen Fixation

tCH2O

CH2O

CH20

CHZO

CH2O

CH20

CH2O

+ 0 2 (g) = C02 (g)

+ 4/5 N03" + 4/5 H

+ 2 MnO2(s) + 4H
+

+ 8 H+ + 4 Fe(0H)3

+ 1/2 SO,,2" + 1/2

Equation

+ H20

* = C02 (g)

= 2 Mn2+ +

= 4 Fe2+ *

H+ = 1/2 HS

+ 1/2 C02 (g) = 1/2 O U + C02

+ H20 + 2/3 N2(g) + 4/3 H+ =

• 2/5 N2(g) + 7/5 H20

3 H20 • C02 (g)

11 H20 + C02

+ H20 + C02

Cg)

4/3 H\K* + C02

Cg)

Cg)

(g)

AG" (w) *
(kJ at

pH * 7.0)

-502.1

-476.6

-340.2

-115.9

-104.6

- 92.9

- 80.3

(g) • gas, (s) = solid

j« ûG° (w) » ûG° + ̂ p In (H+}p, (H+) = 1.0 x 10"7 M, p = stoichiometric coefficient for H+

+ CH2O * a general symbol representing organic compounds capable of reacting
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for the reactions, calculated at pH 7.0. On the basis of
these free energy changes, we predict that in a confined
aquifer or closed system, the dissolved species will be re-
duced in the order Cfe , N03" , Mn(IV), Pe (III), S04

 = , C02 .

A similar sequence of redox reactions can be predicted
for an open system, one where excess DO is present. Under
these conditions, we predict that the reduced species will
be oxidized in the order shown in Table II, namely
S~, Fe(II), NHt+, Mn(II).

The rates of these redox reactions are exceedingly
slow, as they involve irreversible electron transfers. We
thus postulate that these reactions are catalyzed within
the aquifer. Such catalysis may be accomplished by complex-
ion formation, heterogsneous catalysis at mineral surfaces
or by microbial enzymes. Available data suggest that the
seemingly adverse conditions of nutrient availability and
low temperature (278 to 283 K) do not preclude microbial
growth and catalytic activity in ground water.

Our model thus predicts that, as the ground water
migrates from a recharge to a discharge area in a closed
flow system containing excess DOC (Table I):

(a) a sequence of reduction reactions will be
observed,

(b) the pH will increase since H + ions are consumed by
all the reactions, but carbonate mineral dissolu-
tion reactions may also control the pH,

(c) the E H will decrease (since -AG° (w) is propor-
tional to E ),

£1

(d) the DO, DOC and N03~ concentrations should de-
crease,

(e) the COa (HC03~ ) concentration should increase,
due to the generation of COg in all the reac-
tions and by carbonate mineral dissolution.



Tablg II. Redox processes in an open system

Conditions:- Excess DO, water initially contains DOC, HS~, Fe2 + , NHi,+ and MN2 + .

Examples:- Purification of leachate by DO-containing groundwaters, the oxidation
of spring waters and the oxidation of reduced aquifer materials by DO-
containing, artificially-recharged water.

Reacti',1

Aerobic Respiration

Sulphide Oxidation

Fê (II) Oxidation

Nitrification

Mn (II) Oxidation

O2Cg)

02(g)

02(g)

02(g)

02(g)

+ CH2O =

+ 1/2 HS"

+ 4 Fe
2+

+ 1/2 NHi,

+ 2 Mn2+

Equation

C02 (g) + H20

= 1/2 SO,,2"

+ 10 H20 = 4

+ = 1/2 NO3*

+ 1/2 H

Fe (OH)

• H+ +

+ 2 H2O = 2 MnO2 (s)

3 + 8H+

1/2 I!2O

+ 4 H+

AG

PH

0 fw)
(kj at
= 7.0)

-502

-397

-386

-174

-161

.2

6

.2

.5

.5

(g) = gas, (s) = solid

AG° (w) = AG° + JJ ln {M+}p

[H+] = 1.0 X 10"7 M

p = stoichiometric coefficient for H
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(f) microbes should be present.

Do experimental results support this model? Edmunds
[1] has studied a confined limestone aquifer in England,
and his observations, Figure 1, are in agreement with our
model. We have sampled the ground water in the perch Lake
basin at CRNL from piezometers in the recharge area (HA-1),
mid-way down the flow system (0-8) and in the discharge area
(KNEW-2). The results of the analyses of these samples.
Table III, agree with the predictions of our model: E H de-
creases while the pH increases; DO and N03~ concentrations
decrease while the CQ3 (as HC03~) concentration increases^
DOC levels appear to decrease except at KNEW-2; the S04~
concentration decreases but a corresponding increase in S =

concentration is not observed.

This model has important implications for waste manage-
ment processes, whether for sanitary sewage, radioactive
wastes or mine tailings, oxidizing conditions (excess DO)
are necessary for the purification of sanitary wastes (re-
duced organic matter) but these same oxidizing conditions
may result in the increased mobility of other species,
notably N, Cr and As, with undesirable consequences. Thus
the redox environment of the waste disposal area must be
carefully controlled and managed to attain maximum benefits.

REFERENCES

\l\ Edmunds, W.M. 1973. Trace element variations across
an oxidation-reduction barrier in a limestone aquifer,
pp. 500-526 in Proa, of Symp. on Hydrogeoahemistry and
Biochemistry. The Clarke Company, Washington.

\s\ Germanov, A.M., G.A. Volkov, A.K. Lisitsin and V.S.
Serebrennikov. 1959. Investigation of the oxidation-
reduction potential of ground waters. Geochemistry 3:
322-329.



Table III. Perch Lake P a t a ^ - 1976

HAÏ

08

KNEW-2

PU

5.4

6.6

8.3

EH

580

190

70

DO

2.

...

.0.

4

2

2

NO 3

3.

0.

0.

-

5

4

5

SC

14.

17.

5.

=

0

3

7

s

«0.

0.

0.

=

01

02

06

F

<0

6

0

4
. i

.2

.15

Mn

0.

0.

0.

2 +

03

05

06

Ca

S

4

7

2 +

.2

.3

.1

Mg

2

6

5

2+

.0

.9

.5

HCO

9.

50.

87.

3

3

2

4

DIC

-

11

17

2

4

DOC

2

0

1

0

.8

8

I

E[, values in mV, all others (except pK) in mg/kg

'Total Iron
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A CORING AND SQUEEZING TECHNIQUE FOR THE DETAILED
STUDY OP SUBSURFACE WATER CHEMISTRY

R.J. Patterson, S.K. Frape, L.S. Dykes and R.A. McLeod
Department of Geological Sciences

Queen's University
KINGSTON, Ontario

A coring and squeezing technique has been developed to
permit the collection of closely spaced samples of pore wa-
ter from both the saturated and unsaturated zones on land,
and bottom sediments in lakes and rivers. Samples of the
pore water are obtained by placing short sections of sediment
from freshly collected cores in a mechanical squeezer and ap-
plying pressure to extrude the contained fluid into a syringe.
If coarse incompressible sediments are encountered the pore
water is removed by an immiscible fluid displacement technique.
The pore water samples are analyzed by standard methods for
major and minor components. Also, in situ measurements of
some parameters are carried out by directly inserting elec-
trodes into the fresh sediments.

The coring and squeezing method is being applied at a
number c" locations in southern Ontario, including the Chalk
River Nuclear Laboratories of Atomic Energy of Canada
Limited. At chalk River five cores were collected during
August 1976, at a site underlain by eolian sands. The cores
ranged in length from 2.25 to 3.0 metres and commenced at
the water table about one metre below ground level, intersti-
tial waters were removed from the sand immediately upon col-
lection of the cores employing the immiscible fluid displace-
ment technique. Chemical analysis of the squeeze waters by
atomic absorption and electrode methods was carried out im-
mediately upon return to the laboratory at Kingston. The
results for a typical core are shown in Figure 1.
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Samples of sediment from the cores were collected dur-
ing extrusion in the field and are presently undergoing
analysis to determine grain size distributions, mineralogy
and cation exchange capacities. These data, when completed,
will be correlated with the interstitial water quality re-
sults .

On 11 January 1977, a three-metre core was collected from
Perch Lake at the Chalk River site. The squeeze water sam-
ples obtained from this core are undergoing analysis for
major ions, deuterium, tritium and oxygen isotope ratios.
A more extensive coring program to be carried out later in
the year is being considered.

Future research proposed for the chalk River site will
investigate the significance of geochemical controls on the
mobility of radioactive components in the ground water flow
system. This study will involve more accurate mapping and
mineralogical characterization of sedimentary facies, and
will define possible relationships between the exchange and
absorption capacities of the sediments and such factors as
mineralogy, iron content and state, and the presence or
absence of weathering rinds on silicate minerals.
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SEEPAGE INTO PERCH LAKE
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Department of Earth Sciences
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Evaluation of lakes and management of adjacent lands
often require specific information on water and chemical
budgets. All of the inflow-outflow components must be mea-
sured or estimated, and usually the greatest uncertainty
involves the ground water component. At Perch Lake I am
using various methods (1) to find major areas of ground wa-
ter inflow, (2) to measure temporal changes in seipage
flux, (3) to evaluate the seepage meter as a ground water
collection device and (4) to estimate the flow of phos-
phorus, nitrogen and carbon into the lake. Final results
will be an important first step in understanding the signi-
ficance of ground water to lakes and will provide useful
techniques for investigating ground water/surface water in-
teraction in other environments.

Seepage meters 11 |, placed on the lakebed, were used
to identify areas of diffuse ground water inflow near the
shore of the lake. Seepage entered the lake along its en-
tire margin, but no downward seepage was detected. Tem-
perature and tritium variations of the nearshore lake wa-
ters supported the seepage meter results.

Ground water flow into the lake was not steady; the
rate of seepage increased dramatically and receded gradually
following a 5 cm rainfall. Preliminary results suggested
that seepage entering along a bog shoreline is rich in or-
ganic carbon (9 to 25 mg/-t C) compared to seepage entering
along other shores (< 1 to 5 mg/<t c).



88-

While seepage meters are a simple, inexpensive way to
obtain site-specific information on ground water/surface wa-
ter interaction, possible limitations were recognized:
(1) placement of the device may alter the chemical, biologic
and hydrogeologic features of the sediment; (2) gas pro-
duced in the sediment,, water currents and aquatic organisms
may cause problems in making seepage measurements; and
(3) it is not always possible to install the seepage meters
on very soft or very hard lakebeds.

REFERENCE

\l\ Lee, D.R. 1977. A device for measuring seepage flux
in lakes and estuaries. Limnol. Oaeanogr* 82: 140-147.
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The * **C~contents in the dissolved inorganic carbon in
ground waters in the Perch Lake basin decrease from values
>150% lltC mod.tnear the water table to 54% '"c mod.t in
deeper ground waters. Since most of these waters show
tritium concentrations exceeding 100 TU's* this decrease in
1"C activity cannot be explained by radioactive decay but
must be caused by a geochemical dilution. Although the un-
consolidated sediments normally contain less than 0.1% car-
bonate minerals, geochemical models based on the dissolution
of such carbonates in waters initially in equilibrium with
soil-C02*s of known composition indicate that carbonate
dissolution could account for much of the isotopic and geo-
chemical evolution observed.

Unfortunately, it is not possible to utilize the Ca + +

and Mg contents of these ground waters to further test
these models since dissolution of silicates equals in im-
portance carbonate dissolution processes. Carbon-14-correction
models based on these two ions consistently overestimate
the "dead carbon" contributions from carbonate minerals and
future ages are determined in model calculations.

tmodern „
*1 TU = 1 tritium atom per 10 hydrogen atoms



Locally within these aquifers bacterial activity lead•-
to the production of methane and carbon dioxide. Methane
thus produced is usually depleted in '3C by up to 60 °/oo
with respect to the organic matter which served as food
source whereas, the CO2 is enriched in

 1 3C. If this CO2
is produced in significant amounts it will affect the carbon
geochemistry of ground waters as well as the carbon isotopic
composition of their dissolved inorganic carbon. 613C values
as high as +11.3 °/oo have been measured in a watershed with
physical characteristics similar to those found in the Perch
Lake basin. In this basin high methane concentrations
are almost always paralleled by high <513C values of the TIC*.

To assess quantitatively the importance of these pro-
cesses on the isotope geochemistry of these systems it will
be necessary to investigate in detail the origin and history
of the organic matter which is utilized by bacteria to
produce isotopically enriched carbon dioxide. If this
material originates in the soils of the recharge areas then
it will have the same age as the recharge water and will not
alter the Ilfc age of the ground waters. If, however, this
organic matter originates in the aquifer rocks then it is
almost certainly much older than the water in these aquifers
and will affect the lkC content of the ground water in a
manner similar to the dissolution of carbonate minerals.
The effect on 13C would be the same in both cases since
there should be little difference in stable isotopic com-
position between old and young organic matter.

On the basis of these observations one must conclude
that for '*C dating of ground waters in "crystalline"
environments such as exist on the Canadian Shield, it is
inadequate to utilize corrections for dead carbon contribu-
tions based solely on the dissolution of carbonate rocks.

However, if it is possible to obtain information
about the carbon-13 and carbon-14 content of different
sources and attempts are made to understand the geochemical
evolution of ground waters in crystalline environments,
then it should be possible to approximate the age evolution
of these systems with simple models based on the amounts
and isotopic composition of initial and final total in-
organic carbonate.

*Total Inorganic Carbon
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WATER SURVEY OP CANADA'S INTEREST IN
P7.RCH LAKE BASIN STUDIES
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INTRODUCTION

The purpose of our operation is to produce daily
mean discharges for the five inlets and one outlet of
Perch Lake basin.

The water Survey of Canada has been collecting and
producing data since 1966. This involved measuring the
surface water, processing the water level charts, analyz-
ing the collected data and finally producing output.

Because we were dealing with such low flows, the
normal procedures for rating these streams could not be
used, with the exception of the outlet where an attempt
was made, calibrated control structures, therefore,
had to be used.

HYDROMETRIC INSTALLATIONS

in 1967 control structures at four inlets anJ one
outlet were completed with the joint efforts of our con-
struction unit and Atomic Energy of canada Limited per-
sonnel. The four inlet control structures were Cipol-
letti weir shapes welded to flared culvert sections and
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in turn were fastened to the corrugated iron pipe being
used as culverts through the berm built around the peri-
meter of the lake. The purpose of this berm was two-fold:
to limit the inflow and outflow to restricted areas and
also to be used as an access roadway. The outlet struc-
ture is a compound weir arrangement, the lower 15.4 cm
is of a V notch formation while the range from 15.3 cm to
46 cm is of a Cipolletti formation.

By 1968 it was concluded that the Cipolletti weirs
at the inlets were not suitable , the main reason being
their insensitivity to change in stage for change in dis-
charge and the other reason being that because of the in-
stability of the culverts to which they were attached a
differential settling and a turning action was occurring
and as a result the ratings were not accurate.

In October 1968, the Cipolletti at Inlet #1 was re-
placed with a 90° sharp crested V notch and the Cipolletti
at Inlet #2 was replaced with a compound weir, identical
to the outlet. In 1971 both Inlets #3 and 4 were re-
placed with 90° sharp crested weir. In June 1971 it was
decided to meter the flows at a 5th inlet, at which was
installed a 53° 8' sharp crested V notch.

INSTRUMENTATION

The typical installation used by the Guelph District
of water Survey of Canada, was installed at each of the
Inlets #1, 2, 3 and 4 and the outlet. Inlet #5 has its
gauging shelter installed directly over the weir itself.
All shelters are now equipped with an A-35 recording gauge
operating on a time scale of 10.5 cm/day and a stage of
30.5 cm being represented in a 25.4 cm range.

All gauging stations, with the exception of Inlet
#5, have power. These stations have a hood, enclosing a
series of heat lamps over the weirs, in an attempt to keep
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them free-flowing during the freezing periods, and a soil
heating cable through the well and out the intake pipe to
keep them open. Inlet #5 has a catalytic type heater in-
stalled for the same purpoae.

MEASUREMENT PROGRAM

Because of the small flows we were dealing with, the
normal method of establishing a stage-discharge relation-
ship, i.e. current meter, could not be used other than at
the outlet, where an attempt was made. Because of a dis-
crepancy between water Survey of Canada's attempt, W.P.
Merritt's attempt by flourometric means and the theoretical
rating, a request was made to Canada Centre for Inland
Waters to model the outlet. The request was fulfilled and
a rating was established that was very close to the theore-
tical.

The ratings used for Inlets #3, 4 and 5 are the
theoretical ratings, the rating for Inlet #1 is based on
W.P. Merritt's relationship which was derived through the
dye injection method.

Since our data are based directly on head of water
over these weirs, it is essential to obtain very accurate
levels. Because of the instability of these controls a
very intensive levelling program is carried out in order
to maintain a record of recorded head in relationship to
actual head.

PROCESSING DATA

The recorder charts are brought in approximately
every two months. At this time they are documented with
regard to dates, scales, errors, stoppages, etc. it is
also necessary that the traces be examined quite closely
in conjunction with the net meteorological data, particu-
larly the time and intensity of rainfall and snowmelt,
to eliminate spurious rises or falls in recorded stage.
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These do occur quite frequently because of a continual
problem with beavers attempting to pond more water by
building their own controls, quite frequently on top of ours
or when a beaver dam is broken. After the interpretations
have been made, stage records are adjusted to fit as
closely as possible the correct levels. The charts and
corrections are then sent to our Guelph District Office,
from which a computer printout is returned to us showing
daily mean flows on a month-to-month basis.
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MAJOR ELEMENT BUDGETS OP THE PERCH LAKE BASIN SYSTEM
— A PILOT STUDY
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INTRODUCTION

The study, conducted for one year from July 1975 to
June 1976, comprised the determination of the inputs of
each element to each basin by precipitation and the outputs
in surface runoff. The total runoff of each element to-
gether with direct precipitation was then taken as the com-
bined input to Perch Lake and the output from the lake was
determined at the outlet into Perch Creek.

Material flows were computed from the total water
volumes and measured concentrations. Precipitation was
collected on a per event basis during the wanner half
of the year and on a two-weekly basis during the rest of
the year. Grab samples of surface stream flows w-?re col-
lected weekly and the total flows during the week obtained
by summing the daily flows.

The four elements studied were sodium, potassium,
calcium and magnesium. Analyses were carried out follow-
ing standard procedures. A summary of the annual budgets
for each element are shown in Tables I to IV, while in
Table V are given the weighted mean concentrations, pH
and conductivity by drainage basin. Included in the
tables, for comparison, are corresponding data from
Hubbard Brook in New Jersey, U.S.A. where the climatic of
geologic characteristics are similar to those at Perch
Lake.
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TABLE I

Sodium Budgets for perch Lake Basins
(kg per ha)

Basin

1
2
3
4
5

Weighted mean

Hubbard Brook

Perch Lake

input

1.6
1.6
1.6
1.6
1.6

1.6

1.0-2.1

6.0

Output

5.4
7.8
2.6
4.6
2.3

6.5

4.5-5.9

6.0

Net Loss

3.8
6.2
1.0
3.0
0.7

4.9

2.4-4.9

0

TABLE II

Potassium Budgets for Perch Lake Basins
(kg per ha)

Basin

1
2
3
4
5

Weighted mean

Hubbard Brook

Perch Lake

Input

1.5
1.5
1.5
1.5
1.5

1.5

1.8-2.5

1.1

Output

1.7
1.0
0.6
1.7
0.7

1.1

1.1-1.8

1.1

Net Loss

0.2
-0.5
-0.9
0.2

-0.8

-0.4

-0.7

0
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TABLE III

Calcium Budgets for Perch Lake Basins
(kg per ha)

Basin

1
2
3
4
5

Weighted mean

Hubbard Brook

Perch Lake

Input

1.4
1.4
1.4
1.4
1.4

1.4

2.8-3.0

5.0

Output

4.4
5.4
3.6

13.8
4.4

5.3

3.9-8.0

8.4

Net Loss

3.0
4.0
2.2
12.4
3.0

3.9

1.1-5.0

3.4

TABLE IV

Magnesium Budgets for Perch Lake Basins
(kg per ha)

Basin

1
2
3
4
5

Weighted mean

Hubbard Brook

Perch Lake

Input

0.37
0.37
0.37
0.37
0.37

0.37

0.7-1.1

3.7

Output

3.9
4.1
2.6
7.0
3.8

4.0

1.8-2.6

4.8

Net Loss

3.5
3.7
2.2
6.6
3.4

3.6

0,7-1.9

0.9
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TABLE V

Weighted Mean cation concentrations, pH and
Conductivity of the Drainage Streams into perch Lake

Basin

1

2

3

4

5

Outlet

Perch Lake

Hubbard Brook

PH

5.5-6.5

5.5-6.4

5.4-6.4

5.3-6.6

5.7-6.9

6.5-7.0

6.6-7.2

4.5-6.4

Conductivity

us
33-61

38-72

35-49

40-60

33-43

47-69

44-58

20-30

Cation <
Ca

2.7

2.8

2.7

5.1

2.4

4.1

0.8-1.2t

[toncen
Mg

2.4

2.1

1.9

2.6

2.1

2.3

0.4t

bration (g

K

1.1

0.5

0.?

0.6

0.4

0.5

0.2-0.3t

• m~3)

Na

3.4

4.1

1.9

1.7

1.3

2.9

0.9t

tWeighted mean for each of two years
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DISCUSSION

The results for one year may be quite deceptive as
witness the range in values of the budgetary terms ob-
tained in two years at Hubbard Brook. Nevertheless, the
elementary budgets at Perch Lake are similar to those ob-
tained at Hubbard Brook and the general conclusions to be
drawn must, therefore, be about the same. Thus, potassium
is roughly in steady-state in both locations with inputs
in precipitation just about balancing losses in surface
runoff. Net losses of the other three elements were ob-
served from the five basins and from the lake. These
losses are a crude measure of the rates these elements
are released from the geologic formations in each basin
and the mobilization of stores in the lake sediments.

Two principal features of the results are worth not-
ing at this time. Firstly, the relatively high inputs
of sodium to Perch Lake in the runoff from basins 1 and 2.
This is attributed to the use of N a d in winter on the
plant road, parts of which drain into these two basins.
Secondly, the relatively high input of calcium to the lake
from basin 4. The mean concentration of this element in
the runoff from basin 4 is about double the average for
the other 4 basins. However, at times of low flow in the
fall relatively very high concentrations (up to over
30 p.g«cm~3) were observed in this stream. In this respect
it is to be noted that in an earlier study of the water
budgets, Barry, Robertson and Wildsmith |1j noted that the
fractional runoff from this same basin was higher than the
average for the Perch Lake basin as a whole which itself
was very nearly equal to the 48-year average for the nearby
Petawawa River basin.

These observations suggest a strong ground water com-
ponent to the outflow from basin 4 and that some of this
ground water seepage originates in another basin which has
yet to be identified.

This work continues and other elements/ both radioac-
tive and stable, will be included in future reports.
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I.L. Ophel and J.M. Judd
Atomic Energy of Canada Limited
Chalk River Nuclear Laboratories

CHALK RIVER, Ontario

INTRODUCTION

After being discharged into a lake, a waste radionu-
clide is subjected to physical, chemical and biological
processes which distribute the radionuclide throughout the
lake ecosystem. Distribution of the radionuclide is not
necessarily uniform throughout the ecosystem, but the over-
all effect is that of dispersion and dilution of the radio-
active atoms. If the radionuclide is an isotope of a chem-
ical element already present in the ecosystem then the same
processes that have acted on the stable element will act on
the radioisotope. In effect, there occurs a dilution of
the radioactive atoms by the stable atoms in the ecosystem.
The ratio of radioactive atoms to stable atoms is known as
the specific activity (SA) of the radionuclide. The lower
the SA of food material the less harm it causes (lower
radiation dose) to the organism that ingests the food.

We can think of a lake ecosystem as a series of com-
partments joined by inputs and outputs (Pig. 1) and the
compartments as reservoirs of stable element which may be
more or less available for dilution of the radionuclide |1| .
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STRONTIUM-90 AND PERCH LAKE SEDIMENTS

Our studies of the present distribution of the small
quantities of 90Sr that have been present in Perch Lake for
20 years show that about 70% of the total radionuclide in
the lake ecosystem is present in the bottom sediments.

There are two main types of sediment present in the
lake — sandy and organic (gyttja). The distribution of
90Sr is different in each of the two types as shown in
Figure 2. This figure shows the distribution of 90Sr in
Perch Lake sediment cores as a percentage of the specific
activity of the overlying lake water, over 16 years 90Sr
has penetrated approximately 6 cm into the sandy sediment
and 25 cm into the organic sediment. The observed distri-
bution is not due to the deposition of contaminated sedi-
ment. Rate of sedimentation in Perch Lake (using a 1 4C
date of Dr. J. Terasmae) can be estimated as approximately
6 x 10~a cm/a. This would result in less than 1 cm of
sediment in 16 years.

If diffusion of the 90Sr ion in interstitial water was
the sole mechanism of penetration into the sediments then
the radioisotope would have penetrated approximately 100 cm
in 16 years at the known diffusion rate of the Sr + + ion
|2). The shorter penetration depths shown in the graph are
the result of retardation of diffusional transport of 90Sr
by chemical exchange with the sediment. In fact, comparison
of 90Sr concentrations in the upper layer of sediment with
that in the lake water provides an estimate of the distri-
bution factor (K) representing the exchange and uptake of
strontium by the wet solids. This was found to be K =
100 ± 20 for both types of sediment |3|.

If we substitute K = 100 and the diffusion coefficient
for Sr++ (D = 3 x 10~6 cms/s) in the equation (8) given by
Lerman and Taniguchi we find that significant amounts of
90Sr (~ 10% of surface concentration) would eventually penetrate
150 cm into the sediment. Considering the high stable strontium
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content of the sediments this represents a very large poten-
tial compartment, equivalent to at least 60 cm of fully ex-
changed (SA = 100%) sediment. This depth of gyttja contains
2.1 x 103 mg Sr/m3 and the same depth of sandy sediment con-
tains 1 x 10* mg Sr/m3 resulting in estimated stable stron-
tium contents of 6.3 x 10s kg and 1 x 103 kg respectively
(Table I).

TABLE I

Dimensions of Some Stable Strontium
Compartments in perch Lake

Compartment

Water (2 m)

Vegetation

Animals (herbivores)

Bottom sediment

Gyttja (60 cm)

Sand (60 cm)

Area
(ms)

4 x 10s

1.6 x 105

-

3 x 10s

1 x 106

Stable Sr
(mg/ma )

66

13

0.33 (0.28)t

2100

10000

Total Stable Sr
(kg)

26

2

0.13 (0.11)t

630

1000

tvalue after correcting for biological availability
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If we compare the organic content (loss on ignition)
of surface sediments with Sr content we find there is a
strong correlation (Table II). Strontium, particularly ex-
changeable strontium, is closely associated with the organic
fraction of the sediment. This organic matter is mostly
plant detritus originating from both outside the lake and
produced within the lake. Prom microscopic examination the
organic matter in the surface layers of the gyttja is found
to be mostly aquatic plant debris (i.e. autochthonous)
which from the data shown in Figure 2 is in full equilibrium
(same specific activity) with the lake water at the sediment-
water interface. The organic matter present in the sandy
sediment is only partly exchanged (Fig. 2) after 16 years of
exposure which may indicate a different origin for this
material, perhaps from outside the lake (allochthonous).

TABLE II

Bottom Sediment; Loss on Ignition (Organic Matter) and
Strontium content

DOcroiR iype

Black mud

Sand

Loss on Ignition
% of DW*

48.1
60.9
57.8
53.7

13.3
2 .2
1.7
1.4

Sr content ((ig/g DW)
Total

42.4
37.8
52.5
46.6

14.5
9.2
9 .6
5.4

i

Exchangeablet

34.5
34.2
43.4
40.2

8 . 3
3 . 6
3 . 0
1 .5

tExtractable with IN ammonium acetate

•Percent of dry weight
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A preliminary study of 6 0Co in Perch Lake and its in-
teraction with the sediments indicates that its distribution
in gyttja is similar to 9 0Sr \4\. Over 90% of the 6 0Co in
the lake is associated with the bottom sediments. The esti-
mate of the distribution factor (K) for 6 oCo is 200 ± 140.

ORGANIC MATTER AND RADIONUCLIDES

Our present research on Perch Lake sediments is con-
cerned with the nature of the organic matter — radionuclide
bonding and its importance in trapping and possible fixation
of the radioactive elements.

With the help of J. Williams of the Canada Centre for
Inland waters we have recently obtained an 80 cm sediment
core which has been sectioned into 1 cm layers for analysis.
Loss on ignition, organic carbon, cation exchange capacity,
fixation capacity and stable cobalt, strontium and calcium
content are now being determined. Preliminary results for
loss on ignition show a very high organic content (55 to 60%)
in the upper 10 cm of sediment, cation exchange capacity
(CEC) will be measured by saturating the sediments with 6 0Co
chloride or 8 BSr chloride. Fixation capacity will then be
determined by washing the CEC sample in 1 N ammonium chloride
and measuring the residual fixed cobalt or strontium. We
know from work on agricultural soils |5| that some soils
have a significant fixing capacity for certain radionuclides
(e.g. radiocesium). we suspect that the organic fraction of
sediments may be capable of fixing some radionuclides and
effectively removing them from biotic cycling.

As for the future, we would like to have a supply of radio-
actively tagged organic material that we can see for field
and laboratory studies. For this purpose we have built some
ponds at Perch Lake where we can grow aquatic plants in lake
water to which 6 0Co or 8 esr has been added. This will pro-
vide us with a supply of naturally produced plant material,
labelled with gamma-emitting isotopes of Co and Sr, which
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can be used for experimental studies of (a) loss of radionu-
clides during decomposition (detritus production), (b) their
incorporation into sediments and (c) the biological availa-
bility of the incorporated radionuclides to other plants
(recycling) and to food chain organisms (assimilation).
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Figure 1. Simplified lake ecosystem.



- 1 1 8 -

SEDIMENT 9 0SR/SR AS PER CENT OF LAKE HATER S.A.

10 20 30 HO 50 60 70 80 5JL -1Q.C

Figure 2. Distribution of 90Sr in two types of Perch Lake
sediment. (Data derived from two cores of each
sediment type.)
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About 20 years ago O.L. Hughes and the writer carried
out a study relating to déglaciation of the region from the
Great Lakes to Hudson Bay in Ontario and the results of this
study indicated that the North Bay outlet opened between
11,000 and 10,000 years B.P. allowing the Great Lakes (Gla-
cial Lake Algonquin) to drain down the Ottawa River Valley
|1|. Other studies by the writer and his colleagues in the
late 1950s demonstrated that the Champlain Sea (marine sub-
mergence of the St. Lawrence and Ottawa River valleys) ex-
tended up the Ottawa River Valley, reaching the Chalk River
area, at about the same time.

Although the geomorphological evidence of these events
had been described much earlier, the geochronology and cor-
relation of them had remained speculative, it seems clear
that the Pembroke-Chalk River area holds a key position in
respect to correlation of late-glacial events between the
upper Great Lakes region and the Ottawa-st. Lawrence lowland.
This statement is supported by research on surficial deposits
in the Chalk River area by Gadd | 21.

In spite of the fact that recent geological studies by
Harrison \3\ in the North Bay area, by saarnisto \4\ west
of North Bay and by Richard \s\ in the Ottawa valley lowland
have confirmed the age of late-glacial events as suggested
earlier by the writer, there is no doubt that further detailed
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studies of quaternary geology in the Renfrew-Algonquin
Park-North Bay area are still required to provide the
necessary chronological base for holocene environmental
(including paleoecological) studies that should be carried
out in this region where the perch Lake study is centrally
located.

Studies carried out in the Perch Lake area by the
writer have indicated that by about 10,000 years B.P. the
major drainage events from the glacial lakes down the
Ottawa River valley had ended, the Champlain Sea had re-
ceded from its maximum western limit, the Ottawa River
began to follow its present course, the Perch Lake basin
was established and organic deposits began to accumulate
within it shortly afterwards (oldest sediments dated at
9,830 ± 250 years B.P., GSC-1516). Ottawa River was flow-
ing in its present channel about 7,000 years ago, as in-
dicated by a radiocarbon date of 6,730 ± 250 years B.P.
(1-1226) from an abandoned channel near St. Joseph, Quebec,
in the Pembroke area.

palynological studies of a sediment core from Perch
Lake jdj have established the major changes and charac-
teristics of holocene forest vegetation in this area.
In a subsequent study |7| an attempt was made to investi-
gate the forest fire history in this area by examining the
record of charcoal particles in the Perch Lake sediment
core. During this study an improved method was developed
for the purpose of reconstructing the holocene forest fire
time-frequency and a new sediment core from Perch Lake was
obtained for the use of this method. The new core will
provide samples also for a series of radiocarbon dates to
establish the sedimentation rate, a study of palynomorphs
other than pollen and spores, geochemical analyses and
examination of macrofossils (e.g. seeds and leaves).

Another pollen diagram has been compiled for a sedi-
ment core from a small lake near Point Alexander, west of
Chalk River. Future research will include palynological
studies (supported by radiocarbon dating) of two other lakes
in the Chalk River area to substantiate results obtained
from the Perch Lake sediments.
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In addition, the writer has carried out some explora-
tory studies of tree ring records in the Petawawa area and
the Algonquin park. Both hemlock (Tsuga aanadensis) and
white pine (Pinus strobus) yield sensitive records (i.e.
the widths of tree rings are variable). Although the ring
series (dendrochronological records) are rather short —
maximum age of trees in the range of 200 to 300 years —
they provide a useful dendroclimatological record. One of
the main problems now is to sort out the correlation between
climatic parameters and tree growth. It is hoped that co-
operation with the petawawa Forest Experiment Station will
help to solve this problem.

It should be noted that recent research on stable iso-
topes of hydrogen and oxygen in tree rings has shown that
these studies can yield information on past temperatures.
Such studies should be attempted in the perch Lake area.
Furthermore, the tree rings may be depositories of records
of other isotopes (in addition to those of carbon) that
could provide helpful data for environmental studies and,
in fact, monitoring of environmental conditions. For
example, it has been shown that some kinds of air pollution
are reflected by corresponding events in the tree ring re-
cord, one of the obvious advantages of using tree ring re-
cords in environmental studies is the dendrochronological
time scale that is accurate to ± one year and even allows
time resolution of events on a seasonal basis.

In my opinion the Perch Lake study is singularly well
suited for the advancement of several new environmental re-
search fields of which the study of stable isotopes in lake
sediments and tree rings is perhaps one of the most obvious
that can be integrated with related research carried on by
scientists from universities and other government agencies.
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APPENDIX I

GEOLOGICAL INPUT ZO THE PKRCH LAKE STUDY

Geological History of the Landscape

I. Components :

A) Bedrock - igneous
- metamorphie
- sedimentary

Affected by structural and
geomorphological processes

Produce major features of
landicape •

B) Surficial deposits

Provide source for and determine
composition of

- glacial
- nonglacial

(including lake sediments and peat)

Geological processes determine

Determine surface
and ground water
flow, permeability
and storage charac-
teristics

a) Stratigraphy (sequence)
bj Distribution (geographic occurrence)
c) Structure and texture
d) Grain size
e) Composition (mineralogical, lxthological and chemical)

Determine soil characteristics and plant
nutrient conditions; influences chemistry
of ground water, lake water and lake
sediments

Required for calibra-
tion and vertification
of numerical environ-
mental models

II. Age and chronology of geological events

Provide a time frame for

I
III. Paleoenvironmental research (including environmental changes)

By use of various "proxy" data provides information on

a) Limits and kind of change (e.g. amplitude)
b) 'Periodicity' of change (e.g. length of episodes)
c) Rate of change
d) Trends and variability of conditions
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APPENDIX II

SOME APPLICATIONS OF TREE RING STUDIES

1. Dendroc1imatology
a) Climate changes (paleoclimatology)
b) Weather monitoring
c) Meteorology (trees as weather stations)
d) Supporting data for climate modelling

2. Dendrohydrology
a) Surface water (precipitation, evaporation)
b) Ground water (soil moisture)
c) Dating of floods

3. Dendrocryology
a) Permafrost features
b) Frozen ground features

4. Dendrochronology
a) Dating of landslides
b) Dating of river terraces
c) Dating of neoglacial and moraines
d) Dating of "trimlines" (e.g. relating to glaciers)
e) Dating of neotectonic events (e.g. fault traces)
f) Dating of volcanic eruptions
g) Dating of abandoned (raised) shorelines
h) Dating of archaeological sites
i) Dating of prehistoric and historic structures
j) Calibration of radiometric methods (radiocarbon

dating)

5. Study of soil erosion rates
6. Study of sand dune migration
7. Study of shore erosion (rates)
8. Study of sea level changes (submerged forests)
9. Study of tree-line movements (altitudinal and latitudinal)

10. Study of occurrence of forest fires
11. Study of muskeg development
12. Study of tree growth and yield (forestry)
13. Study of atmospheric pollution (environmental monitoring)
14. Study of solar radiation (sunspot cycles)
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APPENDIX II
Page 2

Warm or temperate seasonal climatic conditions
that can be detrimental to tree growth at sensitive sites

J Drought Condition |

Low
Precipitation

Decreased
soil moisture

Decreased
production of

cells and tissue

Less cloud cover
More solar radiationDior

Increased water
stress in tree

Reduced net
photosynthesis

fLess food

Less growth

NARROW
GROWTH RING

High
Temperature

Increased
evaporation

Increased
respiration

Decreased number
of leaves and

new roots
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APPENDIX II
Page 3

Subarctic climatic conditions that can be
detrimental to tree growth at sensitive sites

High frequency of
late frosts and /or
early frosts

Cold, long winter

I Lot* thawing
of soil

Less • solar
radiation

Mild - ' ^

High frequency
of cloud cover

Heavy snowfall'
Icing storms

Short
growing season - *

NARROW
GROWTH RING

t
Decreased

soil moisture

t
Deep freezing

of soil

I Shallow or
Poor snow cover pervious soil

A ^L i t t le snow fall
Frequent high winds More solar

radiotion

I
•More precipitation

I
Lower summer température

Cold, wet summer

Possible fire

Summer drought

T
High evaporation

T
Frequent high
summer temperature

Less precipitation

Low frequency
of cloud cover
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A SUGGESTED MODEL FOR A COMPREHENSIVE ANALYSIS
OP THE PALEOENVIRONMENT OF THE PERCH LAKE BASIN

A.V. Morgan
Department of Earth Sciences

University o£ Waterloo
WATERLOO, Ontario

Initial investigations into paleoenvironmental change
in the lower Perch Lake basin have been made by a number of
authorities in recent years, unfortunately, the research
has not been coordinated into a broad multi-disciplinary
study of all the parameters available. Accordingly I would
like to suggest a major multi-disciplinary approach to the
examination of the environment of this watershed from a
study of the faunal and floral components and the geochemistry
of the associated sediments. This would involve an examina-
tion of the Perch Lake basin for the most suitable location
for long, large diameter cores. The material recovered would
be subdivided, with samples from the same stratigraphie hori-
zons being examined by a number of experts. In a similar
study being conducted at the University of Waterloo a 19 m
core was broken down at 5 cm intervals and is currently under
analysis for: sediment trace element and major element dis-
tribution; trace elements of mollusc and ostracod shells;
1 4C, l aC, 1 SC, together with the examination of l ao/ 1 6O ratios
of mollusc and ostracod shells. In the faunal and floral
study the following groups are under analysis: molluscs,
coleoptera, trichoptera, ostracoda, cladocera, diatoms, bryo-
phytes, plant macrofossvls and absolute pollen counts. In
supporting studies water content, organic content, carbonate
content, density, sedimentary chlorophyll, sedimentary caro-
tenoids and the chlorophyll/carotenoid ratio have been examined.
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It is hoped that each of the different parameters mentioned
above, if studied from the Perch Lake basin, will help to
build up a composite picture of the changing environment from
the time of commencement of organic deposition in the region
ca. 10,000 years ago. I would be particularly interested in
a study of the fossil coleoptera (beetles) from such samples.
I believe that the study of fossil beetles will become as
important as palynology when applied to stratigraphie inter-
pretations for the following reasons.

Because of rapid dessication and disintegration beetle
fragments do not readily derive (as does fossil pollen) and
consequently sequences analyzed using coleoptera are not
subject to the problems of misinterpretation frequently en-
countered by palynologists. pollen is notorious for long
distance transportation, particularly in a tundra situation,
thus confusing the paleoecological picture. Beetles more
accurately reflect the true conditions around the site of
deposition. Fossil coleoptera can frequently be identified
to species level, giving more precise information about the
paleoenvironment when compared with the modern distribution
of the same species. Pollen is only rarely identified to
species level, and only generalizations can be made about
the distribution of the genera. Finally, coleoptera, being
highly mobile, tend to react rapidly to climatic change.
Plant (hence pollen) response time is significantly slower,
particularly with arboreal pollen. Fairly long-term (ca.
2,000 years) climatic fluctuations may occur without a great
deal of apparent response by tree pollen, particularly in a
situation where trees have been excluded from a region by a
former climatic deterioration.
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SOME CHARACTERISTICS OP PERCH LAKE SEDIMENTS

J. Williams*
Canada Centre for Inland Waters

Department of Fisheries and Environment
BURLINGTON, Ontario

•Editor's contribution from information supplied in a letter
received from J. Williams. Dr. Williams is presently over-
seas on sabbatical leave.

Dr. Williams visited the lake on 8 July 1976 with
the express intention of trying out a corer of his own
design in the very soft gyttja sediments. In his letter
Dr. Williams reported that "The corer has proved to be
highly successful in recovering 1 m cores from very soft
sediments and with a minimum of disturbance of the sedi-
ment column, especially in the uppermost layers. It can
be used from almost any type of sampling platform - we
had a lot of success using it from a beaver float plane,
and were able to take several cores per trip". At Perch
Lake three 1 m cores from the sediment/water interface
were obtained and cut into 1 cm long sections. Dr.
Williams retained one of these for himself, one was given
to P.J. Barry and the other to I.L. Ophel.

At the time of recovery one core was used to deter-
mine pH, E H and shear strength. The results are sum-
marized in Table I.
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TABLE I

Results of One Core Used to Determine
pH* E.. and Shear Strength

H

Section
(cm)

-2

-1

0

0.5

1.0

2

3

4

5
1

1

1

2

3

4

i

i
0

5

3

)

)

50

60

70

80

pH

7.0

6.75

6.85

6.95

6.75

6.8

6.8

6.75

6.75

6.7

6.65

6.62

6.55

6.52

6.46

-

-

-

%

0.21

0.20

0.115

0.09

0.085

0.075

0.065

0.065

0.062

0.062

0.062

0.062

0.068

0.066

0.062

-

-

-

Shear Strength
(kN-irr2)

0.05

0.12

0.15

0.15

0.195

0.195

0.245

0.245

0.195
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CHALK RIVER AND THE OTTAWA BASIN

N.R. Gadd
Geological Survey of Canada

Department of Energy, Mines and Resources
OTTAWA, Ontario

The last regional glaciation has had fundamental in-
fluence on the modern environment. At the maximum of the
Wisconsin glaciation, a continental ice sheet extended as far
south as Sable Island, Long Island (N.Y.), and southern
Illinois. On a global scale enough water was tied up by ice
sheets and glaciers to lower sea level by some 100 metres
(eustatic lowering of sea level). The irregular load pro-
duced by the ice sheets caused differential down-warping of
the flexible earth's crust. Thus, many parts of the ice-
covered regions were depressed to positions well below the
then sea level (isostatic adjustment of land level).

General warming of climates, beginning about 20,000
years ago, caused melting of the ice sheets. This had the
double effect of returning water to the sea at the same time
that the load from previously ice-covered areas was being re-
moved. The eustatic rise of sea level caused by returning
melt water was relatively rapid, whereas isostatic rebound
of the unloaded earth's crust was slower, and it may be con-
tinuing on a minor scale at present. The combined effect of
the interplay of these two phenomena in the Ottawa-St.
Lawrence Lowland was, first of all, submergence by the so-
called Champlain Sea. Sediments deposited in that sea were
raised, subsequently, to positions as much as 230 m (750')
above modern sea level.
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The dominant bottom sediment of the Champlain Sea, the
so-called Leda Clay is, with regard to grain size, more
commonly silt than clay, and as to mineralogy is dominantly
rock flour, containing only minor amounts of clay minerals
in most localities. It is assumed that flocculation of the
sediment in salt water is the phenomenon that gives Leda Clay
its abnormally high porosity and water content that are the
basis of liquefaction of the sediment when disturbed. The
characteristic "thumb-print" landslide scars of the flow-
slides that occur, or have occurred in the past, in thick
deposits of Leda Clay are widely distributed in the areas of
eastern Canada submerged by the Champlain Sea and by related
short-lived inundations during the Late Pleistocene and the
Holocene.

Expansion of urban centres and other economic develop-
ment of rural areas of Quebec and Ontario has involved a
number of landslide-prone areas with, in some cases, disas-
trous results. Therefore, in cooperation with provincial
government agencies whose mandate and responsibility is in
the field of economic problems, for the past several years
my colleagues and I have been conducting research projects
on the geological variability of marine clays and of related
geotechnical properties. This type of study provides back-
ground for, and supports additional research into, dynamic
properties of the clays, their geochemistry, and their paleo-
ecology, as well as shedding light on the fundamental causes
and immediate "trigger" mechanisms of landslides. In addi-
tion, it should also assist with the provincial government's
task of dealing with economic problems related to existing
and future development of landslide-prone regions.

The initial phase of research was to establish the
actual boundaries of Pleistocene marine submergence of the
region. During this reconnaissance field study it was pos-
sible to recognize a considerable variation in depth and pro-
bable age of submergence of areas lying between Chalk River
and Sept lies. Maximum marine submergence at the Indian
Point moraine at Petawawa was about 175 m (575'), was 210 m
(6901) north of Ottawa, 228 m (750*) north of Montreal, and
declined eastward to about 137 m (450') at the mouth of the
Saguenay and only about 92 m (300') near Sept lies. These
are all 'north shore' levels of submergence that are generally
higher than those of the immediately adjacent south shore.
There has been differential depression and uplift on both
east-west and north-south axes of the submerged region.
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Radioc:arbon dating on shore-environment marine shells,
commonly arctic varieties, allows comparison of the time of
marine incursion, as follows: Upper Ottawa Valley as great
as 12,800 years B.P. (GSC-1859); Montreal region — 11,000
to 11,500 years ago (numerous dates); Lac St. Jean-
Tadoussac region — 10,000 to 9500 years ago (e.g. GSC-1500,
Tadoussae, 9820 ± 150); and the Sept lies are — ca. 9000
years ago (e.g. GSC-1746, Baie Comeau, 8890 ± 150). Let us
assume that these and other radiocarbon dates are a valid
représentation of the age of the highest shoreline features
in the respective areas. Then we may postulate that marine
submergence took place first along the exposed south shore
to points as far west at Clayton, Ontario, then expanded
easterly along the north shore as the ice margin retreated
from the Montreal-Lac St. Jean-Sept lies sectors. We may
also note that fresh water clams (Lampsilis sp.) collected
from abandoned stream channels incised in marine basin sedi-
ments were collected at Bourget, Ontario (east of Ottawa)•
These gave a radiocarbon age of 10,200 + 90 years B.P.
(GSC-1968). This clearly indicates that uplift was well ad-
vanced and that marine conditions had ceased to exist in the
Ottawa Valley at about the time that Lac St. Jean basin was
first submerged by salt water, and some time before north
shore areas east of the Saguenay were so affected. To work
out the details of this complex story may require several
additional years of study.

The second phase of the research program in which I am
involved has been restricted to the Ottawa Valley. Here we
have mapped in some detail the distribution of clay deposits
within the Champlain Sea basin and have identified all land-
slide scars in those deposits. In the process it has been
possible to note that the occurrence, frequency and size-
shape parameters of landslides vary with several, mostly in-
dependent, variables. Among these variables are: initial
grain-size composition of the sediment; initial salinity of
the environment of deposition; mineralogy of the sediment;
presence of sand or other permeable units beneath, within
and overlying clay deposits; specific post-depositional geo-
morphic history of a site; ground water hydrology; time;
human activity; all possible combinations of the above.
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The third phase of study is current, and involves an ap-
praisal of the distribution within the Ottawa Valley basin of
recognizable sedimentary faciès. Data for this study were ob-
tained over the past three field seasons from a series of
stratigraphie borings carried out by DPl^ drilling crews. Bor-
ings were laid out so as to provide east-west and north-south
profiles across the basin. Sites were also selected to sample
as many as possible of the geomorphic settings within the
basin. In each boring the complete suite of fine-grained
sediments was sampled by using closely spaced Shelby and
Osterberg thin-walled tubes. In order to record true colours
and textures most of the samples were extruded, sectioned and
photographed at the drill-site within a few minutes of re-
covery. Although data are still being compiled and laboratory
tests run on the majority of samples, it is nonetheless pos-
sible to identify visually what appear to be at least four,
if not six or seven, significant sedimentary facies.

In very general terms, the facies are, in order of deposi-
tion, varved sediments typical of glacial lake; massive, fos-
siliferous marine clay with much black mottling; and several
varieties (colour- and texture-laminated) of clay, silt and
sand that probably represent pro-delta and prograding delta and
fluvial environments. It is noteworthy that these later
colour-laminated sediments, as well as the early varves,
typically have a red colour in the clay fractions, whereas
silt and sand fractions are gray and have typical light and
dark shades, depending on grain size (fine grain = dark
colour). Commonly the red clay layers have dark sulphurous
bands (black banding and mottling with strong sulphurous
odour) that represent anaerobic conditions in the depositional
environment. Therefore, it seems logical that the red colour
of clay-size materials results from subaerial weathering and
oxidation prior to erosion and deposition on the sea floor.

When all profiles have been compiled for the basin studied,
our data will show that there are two important trends or
vectors in gradation of grain size of sediments. On the ver-
tical axis there is a gradual gradation from fine to coarse
upward; this represents progradation seaward of deltaic sedi-
ments during post-last-glacial isostatic uplift and off-lap
of the sea to its present position. On the horizontal axis,
there is a gradation from coarse to fine from the margins to-
wards the centre of the basin; this probably applies to all
recognizable facies of the lithologie units. Geomorphic fea-
tures resulting from the development and incision of the
modern drainage, and characteristic associated sediments, are
superposed on and inset within this complex.

*Dept. of Public Works
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To summarize the basin study as it applies to the Chalk
River area, it is apparent that initial Champlain-Sea con-
trolled sedimentation in the Chalk River area was in the
form of a delta whose dominant sediment was well-stored,
fine-grained sand. Laminated silt and silty clay known to
occur in the Chalk River-Downey's Bay area appear to be varved
and therefore have glacial affinities. The silt and clay
units are thin, interstratified with sand, and are discon-
tinuous due to both rapid changes in flow rates and channel
patterns in the original delta and to subsequent late-glacial
and modern erosion and redeposition of the sediments as the
modern Ottawa River incised its channel. Uplift caused the
tide-water delta, originally at Petawawa 11,000 to 12,000
years ago, to migrate through the Ottawa-St. Lawrence system
to reside today at Sorel, at the west end of Lac St. Pierre.

The 20,000-year glacial and post-glacial history of
crustal down-warping, marine submergence and uplift may well
affect thinking on disposals in both unconsolidated and con-
solidated media. On the one hand textural variability of
unconsolidated sediments affects short-term planning, and on
the other the potential for neo-tectonism related to reactiva-
tion of faults during and after glaciation, glacial erosion
and redistribution of unconsolidated material, are subjects
of interest and importance for long-range planning.
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