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I INTHCUUCTION

I-1 Object of Study
There are many basin studies concerning the impact of

forest cuttings on water chemistry (Fredrikson, 1971,
Brown and Krygier, 1970; Hornbeck et al., 1970; Gessel
and Cole, 1965). These studies are Primarily concernea
Wita forested basins having much drier conditions than
those afforded by the presence of a swamp. OUther re-
Searchers working in swamp environments (Moore and Bellamy,
1574 ; Heikurainen, 1967; wWaksman and Stevens, 1929) dig
not consider the groundwater hydrochemistry as related to
forest clearing. The objective of this study is:

l. to examine the hydrologic and hydrochemical charac-

teristice of a southern Ontario swamp, and
<. U0 determine the effects of forest clearing on the

hydrologic and hydrochemical regimes of the swamp.

I-2 Field observations and instrumentation

In 1975, the construction of towsars supporting trans-
mission lines across Beverly swamp offered opportunities
L0 study the effects of forest clearing along the Ontario
Hydro right-ot'-way. Field data were collected at several
Sites in and around the Beverly Swamp area (fizure I-1).

Yater level records - Weekly readings of staff Zauzges

(figure I-2) were made at three locations within the swamp,
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while continuous discharge records were maintained by the
Water Survey of Canada at Westover. Groundwater levels
were obtained at thres sites within the Swamp (figure I-1,
utilizing a floatation device (figure I-3, I-4). At one
site in the southern portion of the Swamp, groundwater
level was continuously monitored by an OB dater Level
rnecorder (figure I-5).

Water chemistry - Water samples were obtained at weekly

intervals and analyzed for pH, alkalinity and water hard-
ness. pH was measured in the field by a Metrohm portable
electric pH meter (figure I-7). Alkalinity was measured
within several hours after samples were brought back to
the laboratory. 1Its determination was made through the
titration of OU.U1N hydrochloric acid into a 25 ml. water
sample and the rate of pH decrease observed. The volume
of acid and end point of titration were noted and alkalinity
was obtained through the use of a computer program (Wigley,
1972). Calcium and total hardness were obtained by the
ethylenediaminetetra-acetic acid (&UTA) titration method,
using a kit available from the British Drug House.

Water, soil and air temperature - Water temperature

was measured at points where water samples were collected
for chemical analysis, using a portable salinity - con-
dauctivity - temperature meter manufactured by the Yellow

Springs Instrument Company (figure I-6). Soil temperature



was obtained in a forest opening and underneath the forest
canopy, in the northern portion of the Swamp (figure I-1)

by means of thermister discs embedded at depths of 1, 5,

10, 25, 50 and 100 cm. beneath the soil surface. E&lectrical
resistance, which is directly proportional to temperature,
was measured with a BRI Kesistance Bridge manufactured

by J. J. Llcyd Instruments Limited (figure I-7). Air
temperature was recorded by a hygrothermograph, Model
#H=311; constructed by Weather Measure Corporation in an
open site above a small quarry (figure I-8).

Precipitation - Four snow survey sites (figure I-1) were

established to measure the amount of snow on the ground

and weekly snow accumulation, where weekly accumulation

was obtained by noting the depths and weizhts of snow

above several snow-boards with a surface area of one

square foot (figure I-9). A tipping-bucket rain gauge,
Model P-52. manufactured by Weather Measurement Corporation
was positioned alongside the thermograph in the open site.
Non-recording rain gauges were Strung across two locations
at the North test site and at the Control site to study

the spatial variation in rainfall in disturbed and un-

disturbed wooded environmsnts.
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Figure I-5 Ott Water level recorder (groundwater)

Figure I-6

YsI salinity—temperature—cQnductivity meter (uppsr left)
Fetrohm port.ble pH meter (right), sampls bottle and
UH-48 suspended sediment sampler (lower left)

»



Fisure I-7 Hesistance bridge and thermister rod

Figure I-8 Hygrothermcgraph housed in a Stevenscn's screen



re 1-9 A typical snow survey site showing

a4 gnow stake and snowboard
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II - STUUY AREA

II-1 uJrainage Basin

gpencer Creek Basin occupies th2 northwestern portion
of the Kegion Municipality of Hamilton Wentworth (figure
II-1). The present study concerns a part of the basin
above the Westover gauging station (430 21' 07" N,
800 L' 51" ¥; elevation 260 m. above sea level). This
study includes an area of 63.4 kmz of which 8.4 km‘ is

covered by Beverly Swamp.

II-2 Geology

ospencer Creek Basin lies above the Niagara &scarpment
and is underlain by Silurian formations which rest
unconformably upon Precambrian rock of igneous and meta-
morphic origins. The Palaeozoic beds dip gently south-
westwards (5.3 m/km) to form a cuesta (figure II-2). 4
typical description of the bedrock in the Beverly Swamp
arza is afforded by a borehole record from Beverly
Township (Caley, 1940), table II-1).

The entirs area was glaciated, resulting in a
variable thickness of drift deposits. This drift controls
the topography to the extent that the present landscare
does not express the structural trends of the under-
lying rocks (Karrow 1974, 1963; Straw, 1968; Chapman

and Putman, 1965}. A large portion of thes study area is



"

utsTa yeed) Jeousde Jo

dew UOTABRLO]

T-TT @ansty

xoo.om 51,08
; i
SUREI0g o
Yorverpog \oy
. Loy oy
.wbdr:o.u
w..d».un—
.
otusp y
125 i .
Fieg
-
N R
| oe— ssesssssse |
/ |.\ -, OEEh
3947 L3duedg N
fduuﬂoﬂo*.écc,_.‘_nw ]
<+
MSeng




SQW = qu\a&\ membe - -

S"'\W - Ca'\n\esc\ Jeoup

Ocl- QV“"\&‘\G\'\ Yurmo\

E"ﬁ"wsek member -

daclg beown bl\umlwoos Aolonmile

Arem meds ven Cr\:)s\-q\\‘wul Aolomi ke
- S\\u\g‘ Aolo o " Sand sdone. Dedy

on” Ted Shale € mudstone

Figure, -2

Geo\oﬂj of Southeastern

Carario



Table II-1

Borehole record from Beverly Township

Depth
U - jOQj— m-

3()'5 - 42-7 m.

L}-Zt? - 48-8 Me.

48.8 - 59.4 m,

Lithology
Brownish grey, finely granular dolomite
(Guelph Formation)
Dark Brownish grey, finely crystalline
dolomite with black bituminous parting
(Lockport, Zramosa Formation)
Lizht grey, crystalline dolomite
(Lockport Formation)
Light grey to white, coarsely crys-

talline dolomite (Lockport Wermation)



covered by the Wentworth Till which is described by
karrow (1963), "as a thin sheet of till lying as a veneer
over older deposits..., which are generally outwash and
spillway gravels." Locally, the till vanishes to reveal
bedrock cutcrops of the Guelph formation. A thin till
cover combined with the outcropping of gently dipping
dolomite beds, present a comparatively flat landscape,
interrupted by the occurrence cf moraines and drumlins
Wwith a relative relief of approximately 100 m., DCrumlins
associated with the Wentworth Till orientate ESE - WNW,
while the moraines (Galt and Moffat) trend NE - 3w
(figures II-3, II-4). The occurrence of moeraines produces
rolling and hummocky terrain north and west of Beverly
Swamp.

Uuring the retreat of the ice sheet, glacier-dammed
lakes were created, covering a large portion of the Spencer
Creek Basin. Wave-cut terraces in the drumlins and
adjoining gravel spits occur at 253, 266.7 and 282 m.
above sea level. Horton (1961) sugsested that these
terraces were at two former lake levels: created either
by maximum water level and a stable period in the retreat
of Lake Warren, or the upper levels of Lake Whittlsey
and Warren respectively.

Beverly owamp is a remnant of the former glacial

lakes. KHecent drilling by Ontario Hydrc enables the
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construction of twc profiles across the Swamp (figures
II-5, 1I-6). The profiles show two bedrock depressions
of widely differing sedimentary characteristics, with the
southern depression attaining a greater depth. Strati-
graphically, the reccrds show three phases in Swamp
deposition:

1. the bottom layer fines upwards showing both

glacial and lacustrine retreats.

a series of layers coarsening upwards (in the

N
*

most southerly depression only) may havs
resulted from a transgression during glacial
retreat.

3. the upper and most recent deposits‘consist

1 2 3
of layers of organic muck , gyttja and marl .

II-3 Vegetation
According to Halliday's (1937) classification, Spencer

Creek Basin falls within the Great Lakes - ot. Lawrence
Forest Hegion, Huron - Ontario section. The prevailing
vezetation type is broad-leaved. OSugar maple and beech
comprise approximately three quarters of the forests;
with some intrusicn by black walnut, sycamore, black oak
and in swampy areas, black elm and white cedar. A
rezionalized method of categorization was introduced by

the Department of Hegional E£conomic Zxpansion (1971) to

include feorestry growth potential (figure 1I-7).
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The owamp displays localized changes in vegetation.
Coniferous trees dominate the northern portion while
deciduous trees are more abundant in the south. The
effects of vegetation differences on the gzroundwater

regime will be discussed in section V-4 to V-6.

II-4 Climate
Figure II1-8 shows the monthly precipitation, mean
monthly maximum and minimum temperatures of six clima-
tological stations in and around the study area. In an
attempt to discern any spatial and temporal anomalies,

the monthly means for the entire region were calculated by:

6
X = éé Xi (II-1)

where X is the regional mean, and X{is the monthly data
from station (. Deviations from the overall monthly

mean (D;) were calculated by:
D, =X, - X (II-2)

Nine to eleven years of monthly data from six stations
Were compiled in an attempt to distinguish a station
representative of the study area. Tables II-2 to II-4
show the deviation of individual station data from the
monthly regional means. Precipitaticn values were checked
for anomalies, whers an anomaly was arbitrarily set at

| byl =2 10mm. In the case of temperature, the fluctuations
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from the regional mean and their consistency were noted.

In general, mean and annual precipitation (Table II-2)
increases from south to north; but in the cases of Guelph
and Galt Osmond the yearly values are controlled by the
presence of single anomalous values. Without these values
their means change from positive to negative, shifting
the trend to an increase (at a smaller rate than above) to
the northeast. The occurrence of several anomalous values
in the records of Peters Corners and Valens sugzests
that the data from these stations are of low reliability.

Spatial trends can be observed for both maximum and
minimum temperatures using the mean monthly deviations
from the regional mean values (Tables II-3, II-4). There
is an apparent temperature decrease to the northwest and
may be attributed to an increasing distance of the stations
from Lake Ontario, hence its moderating effect on temperature.
Observations of individual stations show that their devia-
tions from the regional mean were consistent (all tem-
peratures were either greater than or less than the
regional means), except Valens which displays large
fluctuations from month to month again, suggesting that

data from Valens is likely to be unreliable.
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Notes

1
Orzanic muck - Presant, Wickland and Matthews (1965)

state that, "mucks and poorly drained scils where
twelve inches or more of organic material have
accumulated and are closely associated with terminal
moraines and drumlins. The surface material in muck
depcsits consist cof black, friable, well decomposed
orzanic debris...derived primarily from herbaceous
plants and tree leaves." Decomposition decreases
with depth.

P4

Gyttja - according to karrow (1963), is black organic
mud having higzher hydrocarbon content than peat.

3

Marl - limey mud which underliss organic debris.

32
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III - Water BSalance of Upper Spencer C:ggk

I1II-1 «Water Balance dguation

The hydrologic cycle is a concept which considers the
processes of motion, loss and recharge of the earth's
waters (Gray, 1973). For a drainage basin, this cycle
can be divided into five principal parts by the water

balance equation:

A ,
I +P -& -0 =5 (III-1)
At

inflow of the basin

il

where 1
P = precipitation

4 = evaporation

0 = outflow of water from the basin

= change in storage in the basin

Using various compenents of the water balance egquation an
attempt will be made to understand their magnitudes and

characteristics as applled to Spencer Creek.

s

I11I-2 Precipitation - Fainfall

Mean annual precipitation of Upper Spencer Creek
Basin is 844 mm. as indicated by the records of Millgrove.
The bulk of the precipitation comes in June and from
October to December. Precipitaticn occurs mainly as

rain and snowfall. 1In 1975, precipitation in the form



of rainfall was gauged in an open and a wooded environment,
to observe the influence of interception on the amount
of rain received at the ground surface (figure III-1),

Interception loss was obtained as:
I=K-FRK (111-1)

where F,= rainfallreceived at ground level in cpen
area (figure III-R)
P. = rainfall received over a comparable time
under the forest canopy

I = intercepticn

Retween April 1 and November 1, total rainfall in the
open site was 636 mm. Based on weekly records, interception
within this period was calculated tc be 13 percent, at a
densely wcoded site dominated by cedar. d&xisting litera-
ture on rainfall interception suggests that it is dependent
on tree type (&idmann, 1954), age of vegetation (velf et
al, 1958) and the amount of incoming precipitation (Penman,
1963). Compared to results obtained in other studies, the
values are comparable to Delf et al and Penman but slightly

lower than &idmann.
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Table III-1

Snow Survey Data - Depth,Winter 1974-75
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IIT-3 oSnecw Storage

snow and ice constitute a major sterage in the water
palance of <¢pencer Creek. Sncow measurements were taken
at four locations in and around Beverly oswamp in an atterpt
to datermine the environmental effects on snow distribution
and storaze (figure III-3, I-1). These sites incluae an
open field location, two sites within a dense cedar wood
and a site in a predominantly broad-leaf wood.

The open site experienced intense snow drifting and
frequent occurrence of melt events throughout the winter
of 1975, sometimes resulting in a complete disappearance
of the snow pack in mid-winter (table III-1, figure III-4).
The sites under a forest canopy were protected from wind
and from intense solar radiation, and a continuous snow
pack was maintained during winter. Sites located within
the cedar wood normally have a larger amount of snow on
the ground than the broad leaf forest site, because the
later site afforded a lesser amount of shade and protection
rrom the wind. 4An opening inside the cedar wood accumu-
lated more snow than all other sites during January, but

was subjected to rapid melt in March (figure II1I-4).

I11-4 Hegime of Spencer Creek

A more complete compilation of climatclogical data
for the study area was made in 1975 to enable a detailed

comparison with the Westover discharge for the same year.

3%



4o

m:cm%nv TC@@@. Ul 52416 ?ufsw MoUS 30 dew teuouex| ¢ W ,u_:m.,u
3 A4S ysal wag
\QAHAOY PUY Ukaoy . _
AP WOWED0\ TARLS MOUG
X x
Xx
X




Srow depth (cmw)

— Deetw ok cumlee of o penvacy
— — —  Mean depth ol Nontl,
TE&* %A\\'G

\
\
\
\
\
\
&
I I I I 1 | 1 T T [ I
io 20 k1] 10 20 J¢ 10 a0 a8 0 20 3t o
Dec EOCN Fes Mayv Aor

Tiva LJQ\-)S\

Snow Depth  Nortn Test Site | Q74 -7

Figore @ -4 50w Depth and Watw Cquwatent  for
Hhee snow survey sifes in Baveriy Swamp

)



Woler Equl valemt  Tn Gm)

Sew

Waker equivalent £, centee

T Meoarn waker eavivalent §o. Nt Tead Siles

—nmt (clcw?)

Snow Water Equivalet , North Test Sire

Fgure Ti-4-

974 -1s

42



43

This information will then be extrapolated back, in an
attempt to discuss past hydrographs from the same station.
The most prominent feature of the hydrograph from
Westover station is the high fluctuations resulting from

periodic melting of snow and ice. The magnitude and
timing of discharge peaks is dependent upon four variables
associated with winter storage. These are: the number
and duration of thaw periods (figure III-5); winter
precipitation characteristics (type and quantity);winter
temperature and related ice thickness (frequency of melt
periods during winter months); topographical and vegeta-
tional characteristics (slope orientation and the amount
of vegetation cover to provide shade which retards the
ablation of the pack (Hilvert, 1967; Molchanov, 1963).

Further regulation of stream flow was due to the
operation of Valens keservoir. A release of water in
spring intensifies the spring discharge peaks, but the
maintenance of a high water level in the Keservoir during
the summer restricts flow into the western tributary of
spencer Creek. This restriction compounds the effect of
increasing svapotranspiration and the stream then tends to
be influent. Uischarge continues to drop until a minimum
is attained between late June and -early July, after which
there is a slow increase. This period is frequently

interrupted by precipitation events (figure III-8) creating
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, sharp peaks in the hydrograph.

Increase in discharge occurs in late September
corresponding with: a reduction in evaporation; release
of water from Valens Heservoir and increase precipitation.
A slight drop in discharge occurs during winter with the
flow being slizhtly higher than summer.

Only a partial record for 1971 discharge exists
(figure III-7). It exhibits the longest continual dry
spell of the years investigated, which indicates a minimum
precipitation input, with concurrent high temperatures.
For 1972 (figure 1I1I-¢) a single, large flood peak
occurred resulting from rapid and intense melt of snow
storage in spring. MNoderately large precipitation events
continued throughout the year preventing the occurrence of
extremely drought conditions. In 1973 (figure III-¢ j, a
mild winter punctuated by melt periods, led to the occur-
rence of several smaller peaks and in the following year
(figure II1I-10), four distinct peaks can be attributed to

mid-winter thaw events.

I11I-5 &vapo-transpiration

Evapo-transpiration was not measured, but an indirect
method of estimation can be utilized based upon the water

balance equation: =
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where E = evapo-transpiration
P = precipitation
« = discharge
i%f-= the change of storage within the basin

Over a period of several years{%%-approaches zero and
evapo-transpiration can be obtained as the difference
between cumulative P and cumulative 4. For this analysis,
a double mass curve technique was employed.

Based on the analysis of precipitation data (section
II1-4) the record from Millgrove was considered to be
representative of the basin. For discharge, Westover was
selected because it is located not far downstream from
Beverly owamp. The discharge records were converted into
mm. units with the cumulative precipitation and discharge
data plotted as figure III-ti., A difference between
cunulative precipitation and cumulative discharge over a
period of four years shows the total loss via evapo-
transpiration.

Evapo-transpiration for wooded areas such as Beverly
Jwamp, are not constant but alter due to aging, kolchanov
(1963 ;figure I1I-R). This alteration entails an increase
in evapo-transpiration rates when the age of the forest
averages between 30 and 60 years, after which evaporation

rates tend to decrease. Beverly owamp experiences a rapid
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vegetation turnover which should maintain a high evapo-
transpiration level.

According to the double mass curve, evaporation
accounts for 65 percent of total precipitatioh. This
value is comparable to other swamp environments. For
example, homanov (1968) in his study of High moor bog
evapo-transpiration obtained values between 65 and 70
percent, while Liracre et al (1970) found similar values

for an Australian swamp.

III-6 Spatial variation of discharge at Beverly Swamp

The Beverly owamp section of Spencer Creek Basin was
studied intensively in 1975 becauss of its importance as
a major storage area for 3pencer Creek, a point which
has been emphasized by the Spencer Creek Conservation
Authority (1968). Information on outflow from the Swamp
was available at Westover from the Water Survey of Canada
(section III-4), while inflow from Valens heservoir, down
the western tributary, was regulated by the Conservation
Authority. Weekly changes of discharge within the Swamp
were measured at three sites for this project (figure I-1).

Operation of Valens heservoir requires a substantial
quantity of water to be stored between June 1, and Cctober
1 for recreational and agricultural usages. Due to this

control, the western tributary was usually dry throughout
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summer (section IIT-4), though ths eastern tributary
centinued to flow, thus helpinz tc maintain Jow flow at
Jestover (figure JI1I-13). Further climatological controls
on the hydrozraphs have been discussed in section II1I-4
with reference to Westover,; thess effects can be extra-
rolated over the entire basin.

A comparison of the hydrographs of the tributaries
and the main channel in the swamp indicates a loss of
water as the stream flows through the Swamp. This is
due to the high infiltration rate of peat and the ability
of the Swamp soil to retain water (Moore and Bellamy, 1974;
Hadforth, 1969). The Creek entering the Swamp will then
tend to be influent during the dry period. A comparison
of discharge data on four occasions seems to support
this hypothesis (table III-1). It is further hypothesized
that surface drainage in the Swamp re-enters the Creek
as it exits from the Swamp. This is indicated by an
increass in discharge between the Main swamp station

and that of Westover.
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Table I1T7-2

Uischarge measuremsnts at four sites along Spencer Creek

within and belcw Beverly swamp

N . 3
Date Jischarge (m”
s
sum of zastern lain Westovar

anda wWestern
tributaries at

confluence
June 18, 1975 <43 .28 .317
June 27, 1975 29 135 113
July 17, 1973 .32 128 271

October 18, 1975 .67 .68 .771



1V - Hydrochemistry of Upper Spencer Creek Rasin

IVv-1 Carbonate solution Processes

Interactions between the hydrologic cycle and geo-

chemical conditions modify the chemical properties of water

in ths drainage basin (Stumm and Morgan, 1970G). In
carbonate terrains the dissolution of calcium cartonate
accounts fcr the majority of solutional activities.
Following is a review on the carbonate solutional process.
The dissolution of calcium carbonate may be represen-

ted as:

CaCl, 2 Ca + CO

3 3 (Iv-1)

dowever, 003 is unstable within the range of pH values
axperienced in most natural waters (figure IV-1). Within
pH values ranging from 7 to 9, a more stable ion is the
bicarbonate, HCoj- (which accounts for the majority orf
dissolved carbonate species, Urake 1974). The scluticnal
reactions which concern carbonate minerals are:

HO<H - 08 (1v-2)

2
2

CaCOy + H™ @ ca<” + HCOB- (IV-3)

Any acid present in natural aquatic environments will

. . T, . . . .
dissoclate to produce H ions. These ions associate with

the CO} ion produced through the dissociation of

58
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002 + HZCO3

50r

PERCENT

pH

Propexmics of 02, rco, and COy "~ as reiated to pH
(after Hutcnineen , 1AST)

Agure @-1  Carbonare Stability Gs reiarea o pH thanges



Table IV-1

, 80z1i's four solution phases for limestone

Phase Occurrence
1 -dissociation of CaCO} with Ca®™ and CO}Z' ions

lost to the water (equation IV-1)

2 + 3 -HT ions act upon 0032' (equation IV-3). &
portion of CO, dissolved in water forms a weak
carbonic acid with its subsequent dissociation
of HT ions to associate with 0032' ions formed
in phase 1 (equation IV-4). This removes CO}Z—
from solution allowing further sclution of

limestone

b -water saturated in phases 2 and 3 and in equi-
librium with the H' activity in the water allows
further diffusion of 002 into the water. Thus
if a continual water/air interface is maintained

the cycle of solution continues
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carbonate minerals. Carbonate sclution is therefore pH

dependent. Jince water in contact with the atmosphere

reacts with carbon dioxide to produce carbonic acid:
HO +~ CO, @ H,C0, & H" + HCo Iv-

1t is possible to sum equations IV-3 and IV-4 to yielau:

CaCly + Hp0 + CO, @ Ca®” + 2HCO,™  (IV-5)

These relationships are best shown by HOQués (1968)
diagram based on the Mass Transfer Theory (figure IV-2).

Bozli (196C) discussed and related the different
phases in the solution of calcium carbonate to stazes in
the solution of limestone. He described the solution of
limestone as the result of four phases (figure IV-3,
table IV-1).

Determination of the concentration of these various
ions in solution is facilitated by the Law of Mass Action

(Stumm and Morgan, 1970; Drake, 1974):
aA + bB & ¢cC + du (Iv-6)

where the lower case letters indicate numeric proportion
and the upper case indicates the subject. This equation
can be transferred such that an equilibrium constant (X)

is obtained:
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€]® (P =«

el (1V-7)
(a]a (8P

where [J is the activity of the enclosed species. If
equilibrium is in effect there is a continual flow of

ions between substanczes; A and B to C and U, without

further production of either. A constant concentration of
component substances in the solution rsactions of carbonates
makes the consideration that thermodynamic equilibrium

state important and useful (Drake, 1974).

If the activities of a substance involved in a
particular reaction are known, an ion - activity proauct
(Kigp) can be obtained for equation IV-7. Generally,

Kiap # h:
if Kjap< K the reacvion will proceed in sum to the
right of the equation
Kiap7 K to the left of the equation (equations
1v-7, 8)

Therefore, if
Kiap< @agj [0032-]

[CaCO 3‘_|

dissolution of calcite will occur and conversely if Ky,

(Iv-8)

p
is larger, calcite will be fermed (this is used to

determine saturation state). Saturation indices (or
saturation state) can be computed through a measurement

of pH, CazT, M52+, HCOj' and temperature (Langmuir, 1971;



Wigley, 1971).
For calcite, éIC = log<{((bazf][HCO3i]K2/[Hf]>{ 's.%
V=9

For dolomite,

SIy = 1og-{([ca2f]fﬁg2fl[ﬁcojf]xgz /(5713 hy (IV-10)

where h2, hs and Kd are dissolution constants for HQCOB,
calcite and dolomite respectively.

Carbonate solutional process is dependent upon
environmental controls. The major control over the solution
of carbonate rock is the solubility of CO, in water, which
1s inversely related to temperature. Sweeting (1973)
described two types of sclubility: anaerobic; where water
comes intc initial equilibrium with the air but the
absorption of 002 ends when calcium carbonate solution
occurs; equilibrium; where the water is in contact with
a continuous supply of air during solution. Calcium
carbonate solubility under anaerobic conditions is
14 ppm. and 74 ppm. at 10°C for conditions of equilibrium,
yet field observations can exhibit values of 200 - 300 ppm.

txplanation of this phenomena lies in the partial
pressure of carbon dioxide (PCOz) in the soil, which
rar exceeds the atmospheric PCOZ. An increase in PCO2
is dirsctly related to vegetation and microbiological
activity (Lickens et al, 1967; Ford, 1971), fizure IV-i.

veasonal flux=2s in carbonate solution reflects an increase
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in 002 production through increased biotic activity in
late spring and summer (Sweeting 1973; Shuster and White,
1971). OVrake (1974) suggested that mixtures of ground

and surface waters are more intense during the drier years
when the contribution of 002 to the streams via baseflow
is highest.

Temperature affects the solubility constant, k
(Crake, 1974). There is also a direct relationship
between PCOyp and temperature (Urake and Wigley, 1975;
Harmon et. al., 1972; Weyl, 1954).

Uischarge is as influential as COp solubility in
determining the concentration of dissolved carbonates in
water. Most authors suggest an inverse relationship
between discharge and total dissolved load (Crisp, 1966,

Livingston, 1963; Gorham, 1956).

IV-2 Basin denudation

Determination of denudation rates for a basin
necessitates the monitoring of both suspended and dissolved
load in the stream. Jpencer Creek is characterized by
a low percentage of suspended material which is composed
almost entirely of organic matter (figure I1V-5). A
meagre amount of clastic material is usually present
at the beginning of the spring flood season. Unlike most
suspended lcad vs. discharge relationships which exnibit

peak concentrations during flood (Livingston, 1963;

et
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Table IV-2

Uependence of K on temperature ang.j_mPCO2

Temperature (°¢) 0.033% PCO, G4k PCO,
G 96 106
5 86 Gi,
10 75 B3
15 67 74
20 59 65
25 >k >¢



30

lrorisawa, 1968), the highest load for Spencer Cresk
occur in summer, corresponding to increasing biotic
activities. Figure IV-6 shows the general trend in the
concentration of suspended load down the basin.

Uissolved load concentrations are inversely related
to aischarze (section IV-1). Corbel (195Y) was one of
the first investigators to establish an empirical mathod
to determine the rule of desnudation.

L = LT (Iv-11)
100

where 4 runoft in dacimeters
T = average CaCUj concentration in ppm.
X = the value of limestone solution in

m3/year/km2 or mm. per 1000 yesars.

His formula was thought to be in error by Williams (1663),
who assumed the specific pravity of limestone to be 2.72
rather than 2.5 as postulated by Corbel, and no allowance
was made by Corbel for the occurrence of other rock typses
within the study area. Williams working in Ireland

produced anothar formula:

(Iv-12)

where £ = total runceff in decimeters

T.= mean CaCOj content in ppm.
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where = fraction of basin in limestone

o
i

Th= mgcoj content in ppm.

iz
Il

specific gravity of limestone
£ = limestone removed through solution in

mj/year‘/km2 oer mm./1000 years

squations IV-1l and IV-12 do nov allow for variaticns
in discharge and in solute concentration during the year.
For this study, the auther computes the limestone solution
rate by:
x =2 4o
where ¢ = discharge in m3/p
p = length of sampling period
Ci= mean concentration of water hardness
in ppm./p
n = rfraction of basin in limestone
S = density of limestone; 2.5

m = total number of sampling pericd

Applying all three methods to Spencer Creek, it was found
that all three equations for basin denudation produced
comparabls results (Table IV-3).

Comparison of suspended and dissolved loads for
1974 (figure IV-5, IV-7) shows that the former was

neglizible and it was therefore not measured during the

K
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Table IV-~3

Computed denudation races (mj/year/kmz)

for the upper J$pencer Creek basin

Year Corbel (1959)  Wwilliams (1963) present study
1974 2339.4 2150.2 2UL8 .2
1975 1794, 6 1782.4 1722.8

For Spencer Creek,

n=1,0 n=1,0 n= 1,0

3
i

293.0 (1974)  T+T = 293.0 (1974) @ = section III-6

m C

258.8 (1975) 258.8 (1975) C.= section IV-3

t
il

2.80(1974) & = 2.8(0 (1974)
2.95(1975) 2.95 (1975)



1975 field season.

IV-3 Comparison of Chemical Components

during 1975, bi-weekly measurements of water tempera-
ture, pH, alkalinity, calcium and magnesium carbonate
Wware carried out at ten sites along spencer Creek (fisure
I-1). Temporal (figure IV- &) and spatial (figure IV- %,
IV-15) characteristics were graphed.

Weekly measurements from Yestover Jauging station
were used to show the temporal pattern. Due to tha
seasonality effect, there was an inverse relationship
between aischarge and water temperaturs. Water tem-
perature ror JSpencer Creek remained at 0°C during the
first few months of the year and did not begin to rise
until early April, when the last major flood peak occurred.
Water temperaturs rose to ZOOC at the beginning of June,
and this high value was maintained for most of the low
f'low period. However, a steady drop bezan in august,
accompanied by an increase in discharge. By this time
fluctuations were due to individual rain events. Towards
the end of November, water temperature dropped to o%c.

pH exhibited an annual pattern, with large fluctua-
tions occurring between sampling perioas. Higher pH in
Summer was accompanied by a drop in discharge. In autumn
and winter lower values prevailed.

spencer Creek showed a high concentration of calcium
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and magnesium hardness as well as alkalinity. The
relatively high concentrations are due to the presence of

limastone and dolomite bedrocks and high CO, production by

2
biotic action particularly auring the summer months.

To determine the effects cf Beverly JSwamp on the
hydrochemical characteristics c¢f the basin, a series of
sampling sites were selected along Jdpencer (Creek above,
within and below ths Swamp. Jownstream variations of
water temperature is shown in figure IV-% . Water released
from Valens reservoir had a temperature of about 4°C,
but was considerably hizher in the summer. Once the stream
ent2rs the oSwamp, temperature decreases as more shade
was afforded by vegetation. On leaving the Swamp, a
gradual increase in temperature was noticeable in the
sumrer monuns.

Water entered the Jdwamp with a pH of between 7 and Y
aue to the proximity of carbonate rock to the surface.
Groundwater within the swamp haa pH values of 5.5 to 7.5
because of abundant vegetation and organic matter. The
mixing of stream water with water from the phreatic and
vadose zones reduced the pH of the stream. On leaving the
Swamp, pH ross again. In summer, higher pH values were
observed above and below the owamp, and can be attributed
to the increase of CO2 solubility in warm water (see
figure IV-10).

There was no systematic variation of magnesium,



g5

calcium and alkalinity over the basin (figure IV-11,

IV-13). Both magnesium and calcium have isolated highs

and lows but these are not confined to any specific station
or stations. Alkalinity graph shows greater relief but
again no definite pattern arises.

Saturation indices (SI, and SI4) indicate the
saturation state cf the water with respect to calcite and
dolomite (equation IV-1h, IV-15). Water entering the
Swamp was supersaturated (figure IV-14, IV-15) but the
degree of saturation was reduced as it entered the Swamp.

ouch effscts of the Swamp on the saturation indices was

conveyed downstream to the rest of the basin.
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V - Hydrology and Hydrochemistry of Several Swamp Sites

V-1

dxperimental Desizn

In 1975, observaticns were made in Beverly oSwamp to

study hydrologic and hydrochemical variations due to

changing forest environment and forest cutting practice

nscessitated by Hydro powerline construction (figzure IV-1,

Iv-2).

An intensive study was carried out at three test

sites (see figure I-1), with the following experimental

desigzn:

a)

b)

c)

A contrel site was set up in the coniferous forest
to provide a standard against which data from the
other sites could be compared.

A proposed Hydro tower site, designated as north
test site, occupied an existing forest opening,
but otherwise resembled that of the Control site.
Studies were carried out at this site to indicate
any possible changes likely to be encountereq
after powerlines construction.

South test site was located in a predominantly
deciduous forest which was quite distinct from
the vegestation of the Control site. Variations
betwzen these two sites were identified during

the study period.
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9ix types of data were collected at approximately
weekly intervals: snow distribution, rainfall, groundwater
level readings, zroundwater temperatures, soil temperatures
and groundwater chemistry. Precipitation and soil tem-
perature data were collected to detect the difference
petween open and forested areas, while the groundwater
regime will be discussed in the context of changes in

environment and cutting effects.

V-2 Precipitation

Study of precipitation took two forms: consideration
of variations in the snow pack depth as related to the
effects of intarceptions, wind and shade; and rainfall
as affected by interception. During the 1975 melt season
an uneven distribution of snow in the forest clearing
oecame apparent (figure V-3), and was characterized by
greater depths along the southern border of the opening,
and a shallower zone at the centre of the opening. A
further study of this pattern was carried out during the
winter of 1975-76 by placing a sampling grid across tne
opening and snow depths were measured at these sampling
points.

Four weeks of data were compiled from January 9 to
February 7 (figure V-4 to ¢) at which time further
cutting of the area was undarway, thus changing the

boundary between the forest and opsn zones. The dis-
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tribution of snow in both years were comparable, with a
greater accumulation occurring in the open than undsr the
forest canopy.

The most significant feature shown by the increased
snow accumulation in the clearing was the decrease in
depth downwind. These features have been observed in
previous studies (Gary, 1974; Hoover and Leat, 1967,
Krecmer, 1966; hothacher, 1965; Anderson and Gleason,
1959). Gary (1974) consicered the differences between
the opening ana the forested area to be related to the
pack eddies from the prevailing winds, shade afforaed by
trees and the amount of solar energy penetrating the
trees. Figure V-8 shows the prevailing wind direction
for the winter period (SSW accerding to the Monthly Weather
Kecords, 1975) and the shaded region, along the southern
border. S$now distribution measurements (fizure V-4, V-8)
and environment variables conform to findings by Gray
(1974) and Anderson and Cleason (1959).

kainfall measurements at the North test site were
made from the beginning of May to lUecember 7, providing
mean weekly values ranging from O to A0 mm. Individual
rain gauzes showed large variation (figzure V-7), but the
presence of the opening caused an abrupt increase 1in
precipitation (krecmer, 1966; Nisderhof ana Wilm, 1943).
Both weekly and se=asonal totals exhibited a reduction of

rainfall in the wcoded area where interception was hi:h.



i further set of rain gauges were positioned west of the
previous line at the end of August to verifv the results
obtained for the North test site; which they did. kKainfal.
at the contrcl site, having the same vegetation charac-
teristices as the North test site, was also measured

after mid-July, with comparable values between the Control

and the North test site.

V-3 Soil Temperature

50il temperature was measured weekly within the North
test site (figure V-10, V-11) and a selected forest site,
at depths of 1, 5, 10, 25, 50, 100 cm. The open site
warmed up earlier in the spring due to more intense sclar
radiation afforded by thes clearing, and ccntinued to
maintain its high temperature for the rest of the year.
Joo (1975) investigated the soil temperature regime of
Beverly swamp and found that as a result of winter flood-
ing of the swamp:
1. At no time was the swamp soil frozen in 1974.
2. Winter fluctuations in near surfacs temperature
was greatly dampened.
3. In spring, the heating up of the ground was
delayed.
L. Temperatures generated by the estimated Fourier-
parameters gzave increasingly better fit towards

sreater depth, suggesting that ground temperatures

48
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within the first meter are noticeably affected by

winter flooding.

V-4 Groundwater Temperature

Groundwater temperature was measured at ten plots in
the North test sites and South test site, and at six plots
in the Control site. The open canopy of the mixed wood
in the dsouth test site yielded higher groundwater tem-
neratures than at the Control site which had a dense
~oniferous cover (appendix 1). The effect of the opening
at the North test site caused an increase of jroundwater
temperature by 1-3°C (appendix 1),

The North test site shows a definite spatial pattern
~ith high values centering around the clearing. This
qistribution is continued to the end cf October. Then the

pattern started to reverse. The higher temperatures

w#are caused by more intense solar radiation in the clearing

(Pluhowski and Kantrowitz, 1963). During the onset of

winter the opening experiences cooler tempsratures because
it lacks the insulating effect afforded by the vegetation
(Curgo and Mallory, 1974). The South test site exhibited
no definite spatial pattern and this is to be expected of

a uniform forest canopy.

10}
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V-5 Groundwater Chemistry

The occurrence of a clesaring in the North test site
incrsased the groundwater temperature (section V-4),
concurrent with an increased production in carbon dioxide
(IV-1). The partial pressure cof carbon dioxide (PCO2) was
found to be extremely high, averaging approximately
0.3 percent (log PCOZ= -1.5), a value ten times higher
than the gzlobal mean of 0.03 percent (log PCO,= -3.5),
this factor accounts for the reduced pH values through
the production of carbonic acid. Jjors (1961) and,

Moore and Bellamy (1974) pointed out that organic terrains
are characterized by low pH ana high dissolved CaCO}
(Appendix 1). South test site exhibits generally lower
pH values than the North as a result of the availability
of organic material from the decomposition of deciduous
leaves. The lowest pH values occurred during the driest
period where high evaporation and high biotic activity
build up the scils acidity.

High acidity helped to maintain large concentrations
of calcium and magnesium in solution, with an increase
in concentration towards the centre of the clearing.
However there was a slight bias of peak values towards the
northern edge of the opening.Such bias may be related to
more intense exposure to the sun, thus suggesting a

possible link between the microclimate and groundwater

o2



chemistry of a forest cutting.

V-6 Groundwater level changes

Groundwater level fluctuations parallel closely
seasonal variations in groundwater tempsrature and stream
flow. 4 continuous record of groundwater level near the
South site shows the similarity between groundwater and
stream flow regimes (figure V-12). Using the groundwater
level of June 20 as the base, the weekly water level
changes of the test sites (appendix 1) were computed to
obtain a spatial pattern. The North test site snowed a
greater amount of water level decrease at the centre of
the opening than at the edges. By the end of October,
increasing rainfall, a reduction in evaporation and the
release of water from Valens reservoir raised the water
level of all the sites. Flooding of the swamp erased out
any variation occurring during the summer months. The
Control and North test sites show greater losses in

groundwater than the South.

V-7 Conclusion
Field studies have revealed three major characteristics
regarding the hydrochemistry of Beverly owamp:
1. Biotic activities within the Swamp modity the
chemistry of the stream water which passes

through it. This finding is confirmed by other



SLbl ' S2A3 aleopunosd  dwiems ?SS@ 2i-p 2000y

AMWSRuJ e B
..ﬂmwdﬁl...,c_c.fm 0002 0p* 00¢ gp* 082 00* 032 0g*0¥2

po.cmm Jo.oom po.oma po.cwﬂ @o.Owd po.omq po.oo& ﬁo.ow
L%

ﬁo.ow ﬁo.ov ﬂo.um 002

-00°GSE

—G0° 008

Loceo

0

»

F30°00¢

F00°0¢

ered e AN

va\:\ﬁ



I3
*

investigators c¢f the swamp-environment.

There are significant natural differences between
sites located in the southern and northern
pertion of Beverly owamp which are particularly
dependent upon variations in vegetation type.
Forest clearing in the swamp resulted in changeas
in snow and rainfall distribution, groundwater
chemistry, soil and water temperatures. These
changes indicate the possibility of an environ-
mental impact likely to be produced by the Hydro

construction programme.
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