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INTRODUCTION

The following is a summary of the water and tritiated
water budgets for Perch Lake and i ts upper drainage basin com-
piled from data collected during the years 1970 to 1977 in-
clusive. A more detailed report will be issued later together
with a revised description of the basin and lake morphometry
based on a new topographic map of the area.

A number of errors in the previous water budget summary
[1] have been corrected and missinq data have been re-estimated
using what are believed to be improved techniques. The period
of averaging the data has also been changed from the calendar
year to one beginning on September 01 and running to August 31.
This conforms to standard hydroloqic practice.

Errors in earlier water budget compilations arose from
four principle causes viz:

(1) arithmetric and data transposition errors

(2) missing data

(3) data errors

(4) map errors and unmapped parts of the basin.

The methods used to overcome the last three of these sources
of arror will be briefly described in the following sections.
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ERRORS ARISING FROM MISSING DATA

Evaporation

No direct estimates of evaporation occurring during the
closed winter season, approximately from mid-November to late
April were available for the last compilation. Furthermore,
estimates of evaporation during the open summer season using
the energy budget were missing for several months of each of
the first four years of the study period.

(1) Winter Evaporation

Shiau [2] has estimated the average evaporation for the
months November to April inclusive during the seven years
1969/70 to 1975/76 to be 9.3 cm. Bruce and Weisman [3] suggest
that the long-term average annual evaporation is equal to 1.18
times the open season evaporation. For Perch Lake this corre-
sponds to an average closed season evaporation of 10.6 cm.
The latter figure has been adopted here.

(2) Summer Evaporation

Fairly complete estimates of summer season evaporation from
the lake using the energy budget for the last four years have
shown that the total latent energy flux for that season is very
close to 80% of the net radiative energy flux measured over the
lake. Since the net radiation data is very nearly complete for
all the years covered the open season evaporation E o for those
years during which the energy budqet estimates are incomplete
has been calculated using the formula:

«„ - ¥ ™»o
where L is the latent heat of vaporization and (NR)Q the measured
net radiation over the lake.

Ungauged Inlet Stream #5

A gauging weir was installed in inlet stream #5 during 1972
so that no direct measurements of the inflow from this stream
are available for the first three years of the study period.
Experience during the succeeding five years has shown that the

\
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average annual contribution made by this stream is about 2% of
the total annual mean surface water inflow to Perch Lake. As-
suming the same contribution is made on average in each of the
three years for which data is missing, then, if Y is the annual
inflow from inlet stream #5:

= 0.02 and

where T is the total inflow to the lake measured at each of the
other inlet streams. For the remaining year, 1971/72, a modi-
fied formula had to be used because of an error affecting the
accuracy of the measured inflow through inlet stream #1 that
affected that and the following year 1972/73. This will be con-
sidered in the next section.

MEASUREMENT ERRORS

Figure 1 shows a portion of the western side of the basin
which drains through inlet stream #1. It will be seen that here
the basin divide is indefinite, indeed the map shows the upper
part of inlet stream #1 dividing near the hydro line into two
branches, the one draining into Perch Lake, the other into Lake
Toussaint to the west. How much of the drainage from the upper
portion of sub-basin #1 leaves the Perch Lake system at this
point in a normal year is not known. However, unusually heavy
rains following close upon the spring melt in the years 1971/72
and, particularly 1972/73, caused a greater than usual diversion
of water from the Perch Lake system into Lake Toussaint. This
is shown by the very small but significant increase in the con-
centration of tritiated water (with which inlet stream #1 is
contaminated) in Lake Toussaint [4] and the lower than usual
fractional contribution of inlet stream #1 to the total surface
water inflow to Perch Lake (Table I).

The average contribution of inlet stream #1 to the sur-
face inflow to Perch Lake is 16.5% assuming that this is also
the contribution that inlet stream #1 should have made during
the two years 1971 to 1973 then, if X is the amount of water
diverted to Lake Toussaint:

Measured inlet stream #1 + X _

where T is the total measured inflow to Perch Lake. This equa-
tion was used for the year 1972/73 but for 1971/72 when flow
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from inlet stream #5 also had to be estimated and the following
pair of simultaneous equations were used to solve for both X
and Y:

Measured inlet stream #1 flow + X n ,,,-
T + x + Y = °-165

3 n d T + X + Y = °-02-

The quantity Y is not used to compute the lake water
budget but would be required when considering the runoff char-
acteristics of sub-basin #1 during the years in question and
the comparison of actual and simulated stream flows.

MAP ERRORS

A complete interpretation of the basin drainage charac-
teristics and more particularly the calibration and testing of
flow simulation models requires a reliable definition of the
basin and sub-basin boundaries. The old topographic map in
use at the time of the first attempts to simulate basin flows
was incomplete at the northwest and southeast ends of the basin
and is also now known to be inaccurate in at least one important
drainage area on the east side. A new topographic map was ob-
tained which, while it included areas previously unmapped,
omitted much of the east side drainage basins where the old map
was known to err. An additional section of the map was ordered
over a year ago but has not yet been delivered*.

There are three items of immediate interest arising from
this:

(1) The measured surface runoff from sub-basin #4 is
49% of the calculated (precipitation x area) inci-
dent precipitation whereas the surface runoff from
the basin as a whole is less than 40% and the general
area average is also less than 40%. No satisfactory
explanation for this discrepancy is, so far, available
but an obvious first step to finding one is to check
the supposed area of the sub-basin.

Editor's Note: It was, in fact, delivered soon after the
meeting.
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(2) Of the area east of the lake, between the southern
most extension of the Perch Lake basin and the out-
let, the southern portion has a well defined surface
stream drainage system that discharges into the lake
through the gauged inlet stream #3. The northern
portion, on the other hand, has no surface streams
and drains mainly by qround water discharge
into the lake directly and the outlet stream.

It is clearly necessary to define the area drained
by the stream in the southern portion for the cali-
bration and testing of simulation models of inlet
stream #3 flow. It is precisely in the area of a
possible divide that the old map is seriously in
error and the new one omits. A complicating factor
in this area is the drainage ditch that runs from
near the southeast meteorQlogical station to inlet
stream #3 gauging weir. The present feeling is that
this ditch probably intercepts some ground water
drainage north of the divide that would normally
have discharged into the lake but which now is
diverted to inlet stream #3 gauging weir.

(3) A third item that may also be resolvable airter a
re-examination of sub-basin boundaries is that the
modified Sacramento watershed model run by Shiau
and previously referred to gives a combined surface
and ground water drainage from sub-basin #2 equiva-
lent to 48% of the incident precipitation. This ap-
pears to be too high for the reasons given earlier
in discussing the surface drainage sub-basin #4.

WATER BUDGET, 1970-1977

The water budget of Perch Lake compiled from the data
collected from 1970 to 1977 and with the corrections discussed
above is given in Table I. For ease of comparison, earlier
estimates of the various terms are given in parentheses.

In most cases, the magnitudes of the terms have been re-
duced by approximately 10%. The greater part of this is ac-
counted for by the additional four years of data now available
which has reduced the importance of the two years of exception-
ally high precipitation (1971 to 1973) .
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TABLE I. Perch Lake Water Budget (units: x 10 m . a" )

1.

2.

3.

4.

5.

Surface Inflows
Inlet Stream
Inlet Stream
Inlet Stream
Inlet Stream
Inlet Stream

TOTAL

Precipitation
(direct)

TOTAL IN

Outflow

Net Inflow

Evaporation

Ground Water

#1
#2
#3
#4
#5

2.23*
9.70
1.51
0.84
0.29

14.57*

3.63

18.20

17.95

0.25

3.14

2.89

(2.4)
(11.0)
(1.7)
(0.8)
(0.4)

(16.3)

[= 80.7 cm] (3.8 [5 84.4 cm])

(20.1)

(20.3)

(-0.2)

|= 69,8 cm] (3.1 [= 68.9 cm])

(3.3)

Figures in parentheses are those given in the 1975 report [1]

"''Hydrologic year runs from September 01 to August 31.

Inflow to lake. Mean runoff from sub-basin #1 estimated to
be 2.43 x 10J m3 after allowing for loss of water to
Lake Toussaint in the years 1971 to 1973.
the upper basin then averages 14.77 x 105

Total runoff from
,3. = - l
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TRITIUM BUDGET

The principle uncertainty in preparing a budget for
tritiated-water in Perch Lake arises in estimating evapora-
tion. For a lake of infinite extent tritiated moisture in
the atmosphere and lake water fill reach approximately the
same specific activity and the rate of tritiated water evapo-
ration is almost equal to the amount of tritiated water con-
tained in the water evaporated. For small lakes tritium
evaporates at a rate much greater than that implied by the
equivalent quantity of water evaporated. Prantl [5] has given
a formula for estimating tritium evaporation as a function of
the humidity of the overlying air from an infinitely small
source in which no appreciable build-up of tritiated water
vapour in the overylying air occurs. These two extreme models
bracket the range of tritium evaporated from Perch Lake.
Estimates based on the two models differ by a factor of very
nearly two frr the average atmospheric conditions over Perch
Lake in the summer time. During winter the ice surface is
covered by snow containing no lake tritium and no evaporation
of tritium occurs during the closed season.

The annual surface inflow at the beginning of each
hydrologic year, the amount in storage in the lake and the
estimated annual ground water inflow of tritiated water to
Perch Lake are shown in Figure 2. The ran~e of uncertainty
concerning the annual ground water inflows corresponds to
the uncertainties in the estimated annual amount of tritium
evaporated from the lake. From Figure 2 it is seen that the
amount of tritium stored in the lake has been decreasing
steadily. Since 1969 the decrease has amounted to a factor
of nearly two. The annual inflow by surface routes (almost
exclusively through inlet stream #2) has, during the same
period, declined by a factor of about three. These decreases
reflect the reduced annual amounts of tritis 3d water being
discharged to the liquid disposal pits. The relatively large
inflow of tritiated water during the year 1972/73 through
both the surface and sub-surface routes appears to be attri-
butable to the relatively high precipitation that year rather
than to an increase in thu amount of tritiated water released.
The increased volume of drainage water has apparently flushed
out of sub-surface storage a relatively large amount of tri-
tiated water into both the surface drainage stream and into
the lake directly.
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Figure 1. Map of a portion of lower sub-basin #1 drainage area showing the
indefinite surface divide in the region of the hydro line easement.
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Figure 2. Components of the tritium budget of Perch Lake.




