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iNTTiOUUCTION

I-1 Oh,jecr oll $Ludy

There are many basin studies concernlng the impaci of
foresc cuttlngs on water chemistry (lr'redrikson, LSTL;
iirown and Krygier, LgT(); Hornbeck er al,, L9?U: Gessel
and cole t 1965) - These studies are primarily concerneq
witin i'oresteo basins having much cirier condit,lons than
thorse afforoed by the presence of a swamp. uther re-
sea:rchers worki.ng in swamp envlronments (ivioore and tsellamy,
l97t*; Heikurainen, Lg6T; {aksman and utevens, LgZg) clrq
not conslder the groundwater hydrochemistry as relateu to
forest clearing. The objective of this study i-s:

l'. to examine the hyororogie and hyclrochemicar charac-
teristies of a southern 0ntario swamp, ancl

<''. io determine the effects of forest clearing on the
hyorologic ancl hyorochemicar regimes of the swamp.

rn r975, the consrruction of towers supporting trans_
rnission ]ines across tsever.J.y iiwanrp offered opporLuni.ties
to study che effects of forest clearing along bhe ontari.,
Hyciro right-ot'-way. l'iero clata were colleeted at several
si,tes in and around the Beverry uwamp area (figure r-1).

{,ater leveL recorciq - weekly readings of stai'f tauges
(figp1"e I-2) were made at three loeatlons wlthin the owamp,
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while eontinuous discharge records were maintalned by the
ta/ater Survey of Canada at 'o/estover. Groundwater levels
were obtained at thre,e sites within the iiwamp (figure I-1,
utilizing a floatation cievice (figure I-J, I-4). At one

site j.n the southern portion of bhe Swamp, groundwater

level was continuously monitored by an Olt {ater Level

rtecorder (figure I-i ) .

Water chemistry - ,.{ater sanp}es were obtaineC at weekly

intervals and analyzect {'or pH, alkalinity and water hard-

ness. pH was measured in the field by a ltretrohm portable

electric pH meter (figure I-7). *lkalinity was measured

within several hours after sanrples were brought back to
the laboratory. Its cletermlnation was n:ade through the

titration of 0.0111 hyorochlcric acio into a 25 nil. water

sample and the rate of pH decrease observed. The volume

of acid and end poinc of titration were noted and alkalinity
was obtaineo through the use of a computer program ('.{igley,

L972). CaLcium and total hardness were obtai.ned by the

ethylenedianrinetetra-aceLic acio (tlr.tte) titration method,

uslng a k1t avai1able from the tsritish Urug House.

e - ur'ater temperature

was measured at points where water samples were collected
for chemical analysis, using a portable salinity con-

cuebivity temperature meter manufacburecl by Uhe Yellow

iprings Instrumenc Company (figure I-6). $<l:,1 tenrperature



was obtained in a forest opening and underneath the i'orest
canopy, in the northern porbion of the swamp (figure r-l)
by means of thermlster discs embeclded at tlepths of l, 5,

10, 25t 50 ano 100 cnn. beneath the soil surface. $lecrricai
resistance, which is dlrectly proportional to temperafure,
was rneasured with a BkI Ftesistance i3ridge rnanufactured

by J. J. Lloyct Instrumenrs Limited (i'igure I-Z). Air
temperatrlre was recorded by a hygrotherniograph, hoclel

#H-Jr1; constructed by weather lieasure 0orporation in an

open site above a smal-l quarry (figure I-g).
Precirritatlon - trour snow survey sites (figure r-l) were

established to measure the amount of snov, on the ground

and weekly snow accumulation, where weekly accumulation
was obtained by noting the depths and wei3hts oi' snow

above several snow-boards with a surface area of one

square foot (figure I-g). A tipping-bucket rain gauge,

lviodeL P-52. manufactured by uJeather heasurement Oorporatlon
was positioned arongslde the thermograph in the open site.
Non-recordlng raln gauges were strung aeross two l_ocatlons

at the North test site ancl at the control site to stuoy

the spatial vari.ation in rainfall in disturbed and un-

disturbed wooded environmsnts.
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Figrtp:, I-j 0tt water -l.evel- recorder ( grount water )

I,l
i. l."l I '

FiErllr. I-6
]"r salinity-temper;rLure-concuetivity meter (upper left)
]i:,tllh* port-ble pFI merer (righr), sanpl-e bortie anoLrn-+.J suspenceC seciiment sampler (tower let,t)
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II_*: oTUTJI AItEA

rr-1 @
Spencer Creek dasin occupies uhe northwestern portlon

of the Hegion Nruniclpatity of Hamilton {'enbworch (f igure

II-f). The present study concerns a part of the basin
o

above ihe Westover gauging starion (t+l ?Lt 07tt *
o

B0 4t 5Lu rl; elevation 260 m. above sea level). Ihls
a4

study inclurles an ar€a of 6).& km of which 8.4 km is
covered by i3everly $wamp.

II-Z Geology

$pencer Creek Easin lies above the Nlagara $scarpment

and is underlain by silurian formations which resL

unconformably upon Precambrian rock of igneous and meta-

morphic origins. The Palaeozoic betls dip gently south-

westward-s (5,) rn/km) to form a cuesLa (figure iI-2). A

typical description of bhe bedrock in che tseverly tiwamp

area is afforoeo by a borehole record from t3everly

Township (Caley, L9ltsl, table II-1).
The entire area was glaciateo, resulting in a

variable thickness of orift oeposits. This drift controls

the topography to the extenf that the presenc Landscace

does not express the structural trends of the under-

iying rocks (Karrow L9'/4, Ig6t I Straw, L968; Chapman

ani Put,rnan, L956). A large portion of the stuoy area is
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Table II-1
Horehole*l_e_q_q{g_trern_!g_y_qrl-y-*f _o*y4sk1ip

!g3!! Lirho t osl
0 - J0.5 m. iirownish grey, finely granular dolomite

(Gueiph I'ormation)

)o.5 4?..7 m. Dark Bror,rnish Jrey, finely crysralline
dcrlomite with black bi.tuminous parting
( Lockport, Jramosa I'orniatic-n)

+2.7 - {8,8 m. Lisht grey, crystaLline dolomite

{ Loc kport tr'ormation )

lltJ.8 - 59.4 m. Light grey to white, coarsely crys-

talline cjc,lomite {Lockport !'orrnation)



covered by the wentworth rilj which is rlescribe<i by

harrow (196) ) , tras a t,hin sheet of til.l. rying as a veneer

over older deposi.ts. ,., whieh are generally outwash and

spillway gravels.tt Locally, the till- vani.shes to reveal
bedrock outcrops of the Guerph formablon. A thin till
cover comblned wlth the or-rtcropping ol' gently ctipping
dolomite beds, present a comparatively flar Jandscape,

interrupted by the oecuri'ence cf rnoraines and drumlins
wlt'h a re.l^ative rel-ief of apprc,ximately 100 m. Drumlins

associated with the irfentworth rilr orientate ssg - lqiN'{,

while the mc'raines (Galt an'l lr,offat) trend Ng - iW

(figures rr-3, rr-&). The occurrence of moraines produces
rolling and hummocky terrain north ancl west oi' Beverly
Swamp.

JJuring the retreat of the ice sheet, glacier-dammed

lakes were createci, covering a large portion of the speneer
(ireek Basin. wave-eut terraces 1n the drunlins and

adjoining grav*l spits occur at 25) t 266.2 ano ZgZ m.

above sea Ievel. Horton (1961) suggested that these
f,eruaces were at two former lake levels: created either
by rnaxlmum water Jevel and a stable period in the retreat
of Lake warren, or the upper levels of Lake uhibtLsev
and Warren respectively.

Beverly iwamp 1s a remnant of the former glacial
Lakes. ltecent, drilling by 0nbario Hydro enables the
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consbruction of two profiles across the $wamp (f:-gures

II-5, II-6). The profiles show two bedrock depressions

of wldeLy differing sedimentary characteristics, with the

southern depression attaining a greater depth. titrati-
graphically, the records show three phases 1n $wamp

depositlon:

l. the bottom layer fines upwards showlng both

glacial and lacustrine retreats.

?, a series of layers coarsening upwards (in the

most southerly depression only) may have

resulted from a transgression cturlng glacial
retreaf.

3. t,he upper and most recent

of layers of organic muck

deposits consist
12)
, gyttja and marL .

II-l Ye,j9!e!i9,_rr

Accordlng to Hallidayfs (L937) classi{'ication, Spencer

Creek Basin falls within the Great Lakes ot. Lawrence

N'orest Hegi.on, Huron - Ontario seccion. The prevailing

vegetation type is broad-leaved. iiugar maple and beech

comprise approximately three quarters of the forests;

with some intrusicn by bLack walnut, sycamore, black oak

and in swanpy areas, black elm and whlte cedar. A

regionalized nebhod of categorization was introdueed by

the Oepartrnent of llegional Economic Sxpansion (I97L) to

include forestry ,_{rowth potential (figure 1I-7).



t8

(
t,

f,!
^tn tll

-u-ap

) \\)
2D

u
)'1
u-5

I

>. \)

'! ll4-r .J

P

PFL-:
4\ 

-;?"u
r.1

UP
(}-fl
-/(-
).o!
\-) *

C
i\ a',Jav

LF
OP

^9i(- 'f

I

l4

ii

F;
!& t?

;- O :o F q'J z t iud';ta
d\Zd,

t ) o 5f I i E !q'it,3 ;Pz-oa6J;iSA

I,

o
of



t-t
C
\-v

trl
ai\

"a --11

u! ls
6{r

+:
+

-.4 lr\r.P}J --Xtr )1
f\ 1r-

'Fr

(-.

It r ,ai
a
t-r
4\g

va,

it
',j

CI
'c
>
c
)
'-r+
rr

;/T
\* '5

ft
a, v'

Ft ,r)

,(i
i ..tr

lin



2 *st* soH

-196 F hr"{

I fil9 l?ylig no importanr lirllirah-on +otne gfoLotv-t 6t
conlrncrcra\ ?uc;t

2" Lftndshdvrrtg siiqht tinrftAfron: ro the gror.,f-h of-
c{)mficrcral furcst

Z- lynds luylng- rncdcyaTe tinlirations .ro rhe grourtt.t of
Colt,lrncfcial {-orcttr

+- l-a.1dS hauing s\ignnq seNzxo lirnifafions torhe qrc,t.;rh
of Comme.{uat fuftSr

5 - La16.- nantag seN(rc i'rflrfAtlrr-)S +c, thc lraw*In of
e-cniore-rctat €orc:;r

UrTifAnonzj

D f!i:p] @4*dilrrd\-> ro roafrog dq dcn*
ccr'rSolrddted laqc-rS 2

F. lorrr Fertrtifq
A - 3ort nloisrur<. dehacncq
R- Ce<5fftcj1ovr s to rcat1ng by t><drocx
W- 5oil moisrurc- 5urp\Us

Y-ore:sr nup of *lra Rcvcrtg
rrklrf lrec, 4ype:' end 5ctl

IrtrCa:ror S?cliec_>
rP - red ?ne.
uJs - tuhrte Sproc<
hH - hard HapE-
EoH. 3oft Maprc

. skrn

:xr\arnP area :rhc,tr-rrfi9

de+\()(fiC\e..)

Figre T-1



The Swamp 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 groundwater

regime will be discussed in sect,ion V-4 to V-6.

II-l+ Qfiqgt_e

Figure II-8 shows the monthly preci.picati-on, mean

monthly maximum and minimum temperatures of six clima-

tological stations in and around t,he study area. In an

attempt co discern any spatiai and temporal anomalies,

the monthly means for the entire region were calculated by:

( rr-l )

where f; i" th* regional mean, and Xi is the monthty data

fron station L . Deviations from the overall mcnthly

mean (i;; ) were calculated byt

f-\. 
- 

-\f. v{.rL - l\L - .\ fTT-')l

Nine to eleven years of monthly data from six stations
were compiled 1n an abtempt to distingui.sh a station
representative of the study area. TabLes II-? to II-4
show bhe deviati.on of individual station ciata from the

i:'ionthly regional rneans. Precipitatlon values were checkeci

for anomal-ies, where an anomaly was arbitrarily set at
Ittil ) l0mm. In the case of temperature, the f'luctuations

6
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from the regionar mean and their consistency were noted.

rn general, mean and annual preclpitation (Taute rr-2)
increases from south to north; but in the cases of Guelph

and Galt 0smond the yearly values are controlled by the

presence of single anomalous values. wlthout these values

their means ehange frorn positive to negatlve, shifting
the trend to an increase {at a smaller rate than above) to
the northeast. The occurrence of several anomalou.s values

in the records of Peters corners and vaLens suggests

that the data from these stations are of low reliability.
$patial trends can be observed for both maximum and

minirnum ternperatures using the mean monthly deviatlons
from bhe regional mean values {Taoles II-J, II-4). There

is an apparent temperature decrease to the northwest anci

may be attributecl bo an inereasing distance of the stat,j.ons

from Lake 0ntario, hence its moderatlng effect on temperature.
Observations of individual stations sholv that their devia-
tions from the regional mean were consistent (all tem-

peratures were either greater than or l"ess than rhe

reglonal means), except Valens whlch displays large
fluctuatlons fron month to month again, suggesting that
data from Val-ens is likely to be unreLiable.
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Organic muck Presant, Wickland and liatthews (l-965l-

state that, ttmucks and poorly draj.ned soils where

twelve inches or more of organic material have

accumulated and are closely associated wlth termlnal

moraines and drumlins. The surface material in muck

deposits consist cf' bl-ack, friable, well decomposed

organic debris. . .derlved prlmarily from herbaceous

plants and tree leaves.rr Oecomposition decreases

with depth.

Gyttja - according to Karrow tL96)1, is black organic

mud having higher hyorocarbon content than peat.

Iviarl - limey mud which underlies organic debris.

a
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III-1 {ater Ealance dquablo4

l'he hycirologic cycle is a concept which considers the

processes of motion, loss and recharge of the earth?s

waters (Gray, L97)). !'or a drainage basin, this cycle

can be divided into five principal parLs by the water

balance equation:

I ,, P - dt 0 ls- (rrr-1)
AL

where I : infl-ow of the basin

P : precipitation

C : evaprrration

0 : outf,Low of rnlater from che basin

?t = change in storage in the basln
AT

Uslng various components of bhe water bal-ance equation an

attempt wi]l be marle to understand their magnitrtctes aa'i

characteristrcs as ;i';,i.:-ed to Spencer Creek.

TII-2 Precipitation - Xaiullall
Iviean annual precipitation of Upper 'Spencer Creek

iJasin 1s 841+ nrm. as indicated by the reeords of h.iJ.lgrove.

The bu.'lk of the precipitation eomes in June and frorn

October to Uecember. Precipitation occurs rnalnly as

rain anci snoivfall. In L975, precipitation i"n the fornl
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of rainfall was gauged. j.n an open an'J. a wocrded environment t

to observe the inl'}r-rence of interception on the amount,

of rain receil'ed at the grounct surllace (figrrre III-J-),

Interception Ioss was obtai.ned as:

r - Po - Pc (rrr-1)

where Po: rainfa[receiveC at ground leve]- in open

area (figure III-e)
P. = rain.fall recei.ved over a comparable time

under the forest canopy

I - interception

Between *pri1 l. and November 1.' total rainfalf in the

open site was 6J6 nm. Based on weekly recorcis, lnterception

within this period was calcul.ated tc be 1l percent, at a

ciensely vtcoded site Uomlnated by cedar. tixisti.ng litera-
ture on rainfall j-nterception suggests that ib is dependent

on tree type (tiitinann, L954), age of vegetation (uelf et

A1, l95S) ancl the amcruirt of i.ncoming precipitation (Penman,

196)). Compared bo results obtained in other studj-es, the

values are comparable to Deff et af and Penrnan but slightly
lower than oiomann.
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III-J $ncw Storage

inow and ice constitute a major stcrage in the water

oalance of ipencer Creek. Sncw mea$uremenbs were taken

at four locations in and around i3everly Swan:p in an attenFt

to determine the environmental effects on snow Cistribution
and *storaJe (figure III-3, I-i). These sites incluqe an

oFen fieLo location, two sj-tes within a dense ceder wood

and, a site in a predornlnantly broad-leaf wooo.

The open sit,e experienceo intense snoi{ orifting ana

frequent occurrenes of melt events throughout, the winrer

of L975, sornetj.mes resulting j-n a complete disappearance

of the snow pack in mio-winter (tabie III-I, figure III-+).
The sites uncier a forest canopy were protected from wind

and from lntense soiar radiation, and a continuous snow

pack was rnaintained during winter. Sites locateci wiLhin

bhe cedar wood normally have a larger amot-int of snow on

the grouno than the broad leaf forest slte, because the

later sj.te afforcjed a l-esser arnount of shade anct protection

from the winc. An opening inside the cedar wood accumu-

lateci more sno/{ than all other sites Ou::ing January, but

was subjected to rapio melt in iviarch (figure III-+).

III-+ rceginie o{' Spencer Creek

A more complete compllation of elirnatological data
-fcrr the stuily area was made in r9?j to enable a debailed
cornparison with bhe uestover discharge for the same year..



4o

r-!

(7,

:3

r
\)
\)

^O
l-

C

u;p
.J)

1

)

3
a(-
\n
q-

A

E

o(-
o,-
a
X.Y,)

rO

EI
qJ

6)
Ll-

E
C
o
L
tY \-
EF

6
\.1 JS
9^6rJ

abPh su
C3lr,8bs\nc'



tt

D-p+u, c\ cu\te^ of ops\h=
Me*^ cLep{\ o\ No.{h r

II

\

\
\

\
\
\
\

i

\re
d

3

(/)

Srfe- 
, tql+ - 15

2A

flrc Ldq):)

Snc,t^; D"Pth , Nov'th Tc'*

Frgore m + SnOul DL{X\ a^d TNAIL( eqanwV %r

lhrea sr')ot^., s\)rvLg sife 5 rn Bwu,tu4Sua.nrp



142

/t\
Atrr\ ., \

/ \/ \

t

\
\
I
I

\

+

't4
I,
c

v)

e

tr1
5

?

f)

t
I

I

I

I
I

t

\
\

\

I

I

I

I
I

Frb

Ti-e (J",5s)

Srww ttrater t qrLrvalefi , tJorth 1e5r S\rL i174 -15

frgvre,!'+



'13

This information will then be extrapolated back, in an

atiempt to discuss past hydrographs from che same station.

The nost prominent feature of the hydrograph from

r{estover station is the high fluctuations resultlng from

periodic melting of snow and ice. The magnitude and

timing of discharge peaks is dependent upon four variables

associ.ated with winter storage. These are: the number

and duration of thaw periods (figure III-5); winter

preclpitation characteristlcs (type and quantity) ;winter

bemperature and related ice thickness (frequency of melt

periods during wlnter months); topographical anci vegeta-

tlonal characteristics (slope orientation and the amount

of vegetatlon cover to provide shade which retards the

ablation of the pack (Hilbert, 1967; Iv'olchanov' L96)).

!'urther regulation of stream flow was due to the

operation of Valens Heservoir. n reiease of water in

spring intensj.fies Ehe spring discharge peaks, but the

malntenance cf a high water level in the Heservoir during

the summer restrj-cts flow lnto the western tributary of

ipencer Creek. 'lhis restriction compounds the effect of

increasing evapo.transplration and the stream then tends to

be influent, Uischarge continues to drop until a mlnimum

is attained between late June and early July, after which

there is a slow increase. This perioo is f'requently

interrupted by precipitation events (figure III-6) creating
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, sharP Peaks in the hYdrograPh'

Increase in diseharge occurs in late Sepcember

corresponding with: a reduction in evaporati-on1 release

of water from Valens heservoir and increase preclpitation'

A slight drop in discharge occurs d,uring winter with the

flow being sliShtly higher than sunmer'

Only a partlal record for I:97J. discharge exists

( ri "rrre TTT- 7) . It exhibits the longest continual dry
l^-(iu+ v +44

spell of the years investigated, which indicates a minimum

precipitationinput,r,vithconcurrenthightemperatures.

For lg72 (figure lII-') a single, large flood peak

occurred resulting from rapid and intense rneJt of snow

storade in spring. l:oderately large precipitation events

continued chroughout the year preventing the oecurrence of

extrernely drou;ht conditions. In L97) (figure III-'1 i, a

mi.ld winter punctuated by melt periodls, led to the occur-

rence of several smaller peaks and in the following year

(figure III- lO), four cilstinct peaks can be atbributed to

mid-winter thaw events.

III-5 ilvapo-transPiration

Evapo-transpiration was not rneasureci, but an indirect

method of estimation can be utilized based upon the water

balance equation: -

r n , ASO : f - W T:---
I\E

(III-J )
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where E = evapo-transpiration

P = precipitaCion

ug : di-scharge
a$ * the change of storage within the basinAI

over a period of several yearsr?1 
"Op"oaches 

zero and
/ \(,

evapo-transpiration can be obtained as the difference

between cumulative P and cumul-ative q. For this analysls,

a double mass curve technique was employed.

Based on the analysis of preclpitation data (section

II-tl) the record from lliillgrove was considered to be

representative of the basin. For discharge, \lestover was

selected because i.t is located not far downstream from

Beverly iwamp. The discharge records were converted into
rflm. units wit,h the cumuJative precipitation and discharqe

data plot,ted as figure III-ll. * difference becween

eumuLative precipitatlon and cumulative discharge over a

period of four years shows the total loss via evapo-

transp!ration.
Evapo-transpirablon for woocied areas such as tseverly

lwampl &rB not constant but alter due to aging, Ir,olchanov

lL96);figure III-rl"). This alteration entails an increase

in evapo-transpiration rates when the age of the forest

averages between l0 and 60 years, after which evaporation

rates cend to decrease. Beverly Swamp experiences a rapid
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vegetatlon turnover whieh should maintain a high evapo-

transpiration level.
*ceording to the double mass curve, evaporation

accounts for 65 percent of total precipitarion. This

value is cornparable to other swanp environments. For

exarnple, tror:nanov (fgOg) ln his study of High moor bog

evapo-transpirablon obtained val_ues betlveen 65 and ?A

percent, while Linacre et aL (lgTO) found similar values
for an Australian swamD.

III-6
The Beverly $wamp section of $pencer creek Basin was

studied intensively ln l975 because of its importance as

a major storage area for $pencer creek, a point rrhich

has been ernphasized by uhe spencer creek conservation
Authority (1958). fnformation on outflow from the riwamp

I^ras available at Ir{estover from the r{tater Survey of Canada

(sectj.on III-4), while infJow from Valens heservoir, down

the rvestern cributary, vtras regulated by the conservation
Arrthority. w*eekly changes of ci,ischarge within the swamp

were measured at three sites for this projecr (flgure r-1).
cperation of valens keservoir requires a subsrantj_ai

quancity of water to be stored between June.l_, and Octob€r

l- for recreational anci agricurtural usages. Due to this
control, the wesrern tributary was usually ory throughoub
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sumner (section III-4), though the eastern tributarlr
ccntinr.ted tc flow, thr-ts helping t,c maintain l.ow fl.o;r at
{estorrer (figure rrr-}3 ). Further cLinatologieal eontrol-s

on che hyciro3raphs have been discussed in section III-4
with reference to Westover; these effects can be extra-
polated over the entire basin.

A ccmparison of the hydrographs of the tributaries
anC the main channel- in the swamp indicates a l_oss of
water as the strean fLows through the .Swamp. This is
due to the high j-nfil,.tra.tion rate of peat and the ability
of the Swamp soil to retain water (lioo::e and BelJ_anry, t97U

ri.aci"forch, 1969). The Creek enterlng the Swarnp wi f then

tend to be influenc rir,rring the dry per.iod. A coniparison

of diseharge data on four occasions seems tc support

thls hypothesis (tatrle fII-1). It is furt,her hypothesized

that surfaee drainage in the Swanip re-enters the Creek

as it exits from the Swamp. This is j.ndicaLed by an

increase in discharge between the l"iain 6wamp station
and that of u,/estover.
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IU-I Carbonace oo.Lution processes

rnteraeticns bet'.veen 1;he hyclrorogic cyele anu geo-

chenical condibions n'rocilfy the chemical properties of warer,

in the dralnage basin (Sturnm and I',,,organ, Lg?U). In
carbonate teryains the dissol-utlon of cal_clum carbonate

aecor.:nbs fcr the niajority oi' solucional activiti.es.
Following is a review on the carbonate solutlonal- process.

The dissolution of car-clu.m carbonate may be represen-
ted as:

caco, -. ca2- -, co.,Z (IV-I))J
z.-

r{owever, cOJ is unstable wit,hin the range of pH values
experienced in most natural i\raters (figure IV_l). Wj"chin

pi'l va}-res rangin; from 7 r,o 9, a more staole i.on is the
bicarbonare, HCor (which accounts {'or the ma;ority of)
clssolvecl carbonate species, Urake L9?U). Tne soiut,ional
reactions which concern carbonate minerals are:

H^0 + 1i+ - 0H- (IV-Z)
?.

".+CaCu, + Hr e Ca<- - HCOr (IV-J)

Any acio present in natural aquatic envi.ronments wil_I
rjissociate to produce H-ions. These ions associate wit,h

2-the CO, ion produced through the dissociation of)
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Tabl-e I y-l

iioglif s four solution phases for limestone

0_q_q_grerc_=*

-dissociatlon of CaCO, with CaZ* and

lost to the water (equation IV-I)
Ca)'- ions

-1{r ions acr upon CO)r- (equatlon IV-J). A

portion of coz dissolved in water forrns a weak

carbonic acid, with 1ts subsequent clissociation
of H+ ions to assoclare wlbh CA)z- ions forned
in phase I (equatlon IV-+). This removes CO,Z-

)
frcrc solutlon allowlng further solution of
l-imestone

-water saturated 1n phases Z and 3 anci in equi_

librium with the H- activlty in the water allows
further diffusion of COZ into the water. Thus

1f a continual water/air interface is nraintaineci

the cycle of solution conLinues
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carbonate rninerals. carbonate solution is therefore pH

dependent. <iince water in contact with the atnrospher.e

reacts wifh carbon dioxicle to procluce carbonic acici;

H
2

it, is possible t

o - Co2 i lizc0J e H'1-' uCo3 ( Iv-a;

o sum equacions IV-J and IV-4 ro yielc.i

CaCO, + HAO * COZ + CaZ- * ZHCO) (fV-51

These relationships are best shown by .toguets (196S)

diagram base,l on the l,,:ass Transl'er Theory (figure Iy_2).
Bogli ftgAa) oiscussed and rel-ated rhe different

phases 1n the solut,ion of calciurn carbonate to stages in
the soluLi.on of limestone. He oescribecl the sol.ution of.

rimestone as the resur-t of four phases (figure rv-J,
tabLe IV-l).

ljeterniination of the concentration of these various
lons in solucion 1s i'aeifi.tated by the Law of &ass Action
(Stumni and &,organ, tg?O; Orake, L9?4):

aA -r bts d cC r- drj (rv-6)

where the lower case letters indlcate numeric proportion
and the upper case lndlcates the subject. This equatlon
can be transferred such t,hat an equiri_brlum constant (K)

is obtained:
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=K ( rv-7 )
[A]. [Eb

where L] is the acrivity of the encloseq specles. rf
equilibri.uri is in effect there is a conrinual flow of
ions between substancesl a and il to c ano u, without
further production of either. A constant concentratj.on of
component substances in the solution reaccions of carbonate:s

makes the consicierauion that thermooynaniic equilibriunr
scate imporcant ano useful {Urake, LSTL).

rf tne activities of a subsrance involveci in a

particuiar reaction are knownr &o ion - activiry procuct
(Ktap) can be obtained for equation IV-7. Generally,
h*^^ * h:ra.t/

if xi'p( K the reaction wlrl proceeo in sum to the
right of the equation

Kiap)K to the left of the equation (equations

rv_7, 8)

Therefore, if

'l ( rv-s )
[cacorl

dissc'lution of calcite will occur and conversely if hiap
is larger, calcite will be fcrmed (chis is useq co

ciecermine saturacion scate). Saturation incilces (or
saturation state) can be computeci chrough a measurement

')-of pH, C^'-, L.jZ*, HCOJ- anci temperature (Langmuir, l97I;

[cl' t,S

xl*p < Lr.'l [ro;



/<

trigley , L97i).

ft'l)
ciolomibe,

= roe {t

For caLcire, .r. = Jos It &-2I luco,r 7r,2iCr-] )1rX3]

I'or

ord [c.zl [ruige*] [rro, -) *r' l,d (I\i-10)

where h2r h, anc Kd are dissolucion constrants for H2c03,

calcite and dolomite respeccivellr.
carbonate soluti.onai process is oepencient upon

environmenral controls. The rnajor controL over the solutlon
of carbonate rock is the sorubilicy of cOe in warer, which
is inversely relateci to temperature. Sweeting (Ig73,l
,iescri,bed bwo t]'pes of solubiiity: anaerobie ; where water
comes into iniri"al- equilibrium wirh the air but cfre

absorptlon of cOa enos when calcium carbonaue soLution
occurs; equiiibriun; where che water is i.n conbact with
a continuous supply of ai.r during solution. calcium
carbonate solubility under anaerobic condlrions 1s

14 ppm. and 7& ppm. ar l-ooc for conditions of equilibrium,
yet field observarions can exhlbit values of p.oo - joo ppm.

dxplanaci-on of this phenomena lies in che parrial
pressure of carbon dioxicie {pc02) in rhe so1l, which

far exceeds che atmospheric PC02. Ar1 increase 1n pco2

is directry related to vegetacion ano microblological
activity (Lickens et 41, 1967; irord , L7TI), figure IV_4.
oeasonai flux*s in carbonate soLution reflecbs an increase
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in COa produ.ction through increased bioric activi-ty in
Iate spring anci surnmer (Sweeiing 1973; iihuster and White,

1971). Drake (L971+) suggested thac mixtures of ground

and surface wacers are more intense during the drier years

when the contribution of C0, to the streams via baseflow

is highest.

Temperature affects the solubiliry constant, K

(Drake, L97l+). There is also a direci relarionship
between P00Z ano temperarure (Urake and ldigley, L975;

Harmon et. al., L972; Weyi, L954).

discharge is as lnfluential as COe solubllity in
oetermining the concentration of ciissolved carbonaces in
water. Ivrost authors suggest an inverse relationship
between ciischarge anci total dissolveci loao (Crisp, L966;

Livrngscon, 796); Gorham, L956).

IV-Z Basin denudation

iletermi-nation of denuciation rates for a basin

necessibates the monltoring of both suspencied and dissol-veci

loact in the stream. Spencer Creek is characterized b)'

a low percentage of suspended material which is eomposed

al-most entirely of organie matter (figure IV-5). A

meagre amount of clastic material 1s usually presenr

at the beglnning of the spring flood season. Unlike most

suspended loaci vs. discharge relationships rtrhich exnibit
peak concentrations during fLood (Livingston, L96);
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lu'orisawa, L968) , the highest load for Spencer Creek

oecur in sumnner, correspond.ing bo increasing blotic
acbiiriries. Figure rv- 6 shows the general trend in the

coneentration of suspended load down uhe basin.

uissoiveo l-oao concentrations are i.nversely relate.i
co oischarJe (section IV-l). Corbel- (L959) was one of
the first investlgators to establlsh an ernpirical methocl

Lo dete:'mine the ruie of qenudation.

,r, - &.clT (Iy-il)
1U0

where C : runoff in ci,ecimecers

T : average CaCU3 concencration in ppm.

X = the value of l_inrestone solution 1n

#/yzar/un'2 or mrn. per 1000 years.

iils fcrmr;la was thoi..rght ro be in error by wil_liams (l.g6l),
who assr"rmerl che speeific 3raviry of llnestone to be z-.72

rather than 2.5 as postuiated by corbel, and no alrowanee

was rnade by corbel for the occurrence of other rcek cypes

.vithin the stuoy area. sill.ianis working in rrelanii
prociuced anoth:r' formrila :

{.:i(T.*Tm)n
( I ii-tz )

where iI = tof,al runoff in decimecer"s

I'a: rnean CaC0; content in pprn,
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la

where n = .fraction of basin in lirnescone
T*: j!,3C03 content in ppm.

S = specifre gravi.uy of limestone
r' = ]-imestone renoved thror:gh sorution in

2) t ,- 2m / y ear / kn^ or rnm . / I0OO Jrears

iqu.ations rv-rr anci rv-r2 cio nor all.w fcr variaricns
in ciischarge and in sorute coneentration during the year.
I'or thls studyr r,he authcr cornputes the ri-mestone sorution
rate b)',

x = E qic;
i1 l[d 

n (rv-r-i;

where q = ciiseharge tn n3/p

p = length of sampli.ng periocr

cL= mean concentration of water harciness
in ppm./p

n = fraction of basin in l-irnestone
S : ienslry of l-inrestone ; Z. j
n : total number o-f sampling perioci

,tpplyi'g all three methocis ro spencer creek, it was fo.rnd
chal all three equaiions for basin denudarion prociuced
ecmparabJ_e results (Table f V_J ) .

cornpa'rlson o-f suspendeci and disso]ved ioaos for
J.971+ (figu.re fV-5, I\i-?) shows that the former r{as

negliglble and it, 'Ias therefore not measured rjurin.. t,he
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Tab1e IV_J

)

g+,

rger Corbet (r9 j_gl uri_liegel:ge ) pl:er9nb_sluqy
1974 2))g.4 zlrru,z i4tpl.Z
L975 1794,6 r7s?.4 t.s,.t R

@,
- - 

1 r..rt - IoV n = 1.(-,, n : J.0
'r = 29).o (I9TL) Li-l = z9j.e (Iglil qi= secbion III_6

258.8 (1975) 258.8 (jg15) C.= secbion IV-J
fl= z.BO(i97t+) o=2.80 (1974)

2.95(L975) 2.g5 Q975)



L975 fielci season.

I Y-J

ouring l-975, bi-weekly nreasurements of.
1lure, pH, alkalinity, calcium anci magnesium

were carriecr out at ten sites along opencer
I-1). Temporai (figure IV- g ) anci spatial

water tempera-

carbonaue

Creek (figure
(figure IV- Y ,

IV-15) characteristics were graphed.
!veekly measurenents from trestover gau;ing scaticn

were useci to show the temporal pattern. iJue to the
seasonalicy effect, there was an inverse reiationship
between oischarge ano water uernperature. t'acer tem-
perat,ure for spencer creek rernaineci ar 00c during the
flrsu few r.rronths of the year and diq nor begin Lo rlse
until early lpril, when the lasi major flooci peak occu*ed.
lqlater temperatur: rose to zooc at che beginning of .iuntsr
and this high value was maintained for most or. the Joyr

flow period. However, a steady drop be3an in august,
accompanieci by an increase in ciischarge. tsy this time
fluctuabions were due ro inqlviduar rain events. Towaros
the end of November, water remperature ciropped to ooc.

pH exhibited an annuar pattern, rrith rarge fr_uctua-
cions occu*ing between sampling per'oos. Hlgher pH in
summer was accompanled bl' a drop in ciischarge. rn au'umn
ano wi_nter iower values prevaileo.

opencer creek showerj a high concenc'ation of calcium
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and magnesium harciness as wefi as alkalinity. The

relatlvely high coneentrations are qlie to the presence of

limestone anci oolomiue bedrocks and hieh C0, production by

biotic action particularly ouring the sumrner monchs.

To ciet,ermine the effects of Beverly Swamp on che

hycirochemical characteristics of the basin, a series ol
sampling sltes were selected along dpencer Creek above,

within and belov* the Swamp, rJownstream variations of

wacer temperature is shown in figure IV- t . 'qater releaseci

fron Valens reservo j-r hao a tercperat,ure of' about 4oC,

but was considerably higher in the sunmer. Once the stream

ent3rs the $wamp, cemperature decreases as more shacie

vlas afforcled by vegetation. On leaving the owamp, a

graciual increase 1n temperature was nociceable in the

sunner montns.

k{ater enterec the $wamp with a pH of between 7 ano 9

oue to the proximity of carbonate rock to the surface.

Groundwater within the Swamp hao pH values of 5.5 to 7.5

because of abundant vegetation and organic maccer. The

mixing of strearn water wich water from the phreacic and

vadose zones reduceci uhe pH of the stream. 0n leaving the

Swamp, pH rose again. In summer, higher phi values were

observed above and below the $wamp, and can be attributed

to the increase of COZ solubility 1n warm water ( see

flgure IV-IO).

lhere was no s-i,:sLefiratlc variation of nragnesium,
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calci,um anci alkalinity over the oasin (figure IV-1-1,

IV-|J). iJoth magnesiu'n ano calcium have isolaceq hlghs

and lows but these are not confined bo any specific sbation
or stations. 'i,lkal-1nity graph snows greater reh.ef but

again no cieiinice pabtern arises.
$atruration indices (SIc anci SId) inciicate the

saturation state cf the water wj.th respect to calcite anci

colomlte (equation IV-lh, IV-tg). $/ater ent,ering rhe

Swamp was supersatur"areci (figure IV-Jq, IV-IS) but the

oegree of saturation was reduced as it entered the swamp.

cuch effects of the swamp on the saturation inaiees was

conveyed downsrream to the rest of the oasj,n.



B6

v-l @_qterr
rn 7975, observaticns were mad,e in Beveriy ciwamp to

stud,y hydrologic and hycirochemlcal variations oue ro
changin; foresu environment and forest cutci-ng practice
neeessit,ated by Hydro powerline construction (figure IV_l,
rv-Z). An intensi-ve study was carried out at three test
sites (see figure r-1), with the forlowing experimencal_

deslgn:

a) A control site was set up in uhe coniferous forest
to provide a stanciard against which data from the
other sites could be compareci.

o) il proposeci tiydro tower slte, designated as north
test site, occupieci an existlng forest opening,

but otherwise resemb.Leq that of rhe control site.
iitudies were carried out at this site ro inoicate
any possible changes likely to be encouncerea

after powerline construction.
c ) \iouth test slte was Located in a preciominantry

deciduous forest which was quice distinct from

the vegerarion of uhe controi- sice. variations
between these two slces were identifled dunne
the stuciy period.
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8C

Six types of daca were corlected at approximarely
weekly intervals: sno,,^, distribution, rainfall, grounciwater

level reaolngs, Jrounowater temperatures, soil temperatures
and groundwater chemistry. precipitatlon and soil tem_

perature dara were co]lected to detect the difference
oetween open and foresteci areas, while the groundwater

regime will be discussed 1n the context of changes in
environmenr and cuttin6 effects.

v -? Sre-a-1.p-1lelia!

Study of precipitation took ti,ro forms: consideration
of variations in rhe snow pack oepth as related to uhe

effects of interceptions, wi.nd and shade; and rainfall_
as affecteci by j-nterceprj.on. ouring uhe rg75 melt season

an uneven distribution of snow in the forest: clearing
oecame apparent (figure V-3), anC was characterized by

greater depuhs along the southern border of the opening,
anq a shallower zone at the centre of the opening. A

further stuoy of this pattern was caryiec ouc quring the
winter of L975-76 by placlng a sampllng grid across rire
opening and snow oepchs were neasured at these sampling
points.

l'our weeks of data were cornpileci fron January 9 to
February 7 (figure V-4 to g) ab which time furcher
cutting of the area was underway, thue changi-ng the
bounciary betl'reen the forest and open zcnes. The qis-
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cribution of snow in Ooth years were comparable, with a

greacer accumulation occurring in the open than undsr the

forest canopy.

The most significant feature sholvn by the increased

snow accumulation in the Clearing was the decrease in

depth downwind. These features have been observed in

previous studles (Gary, L974; Hoover anil Leai', L967,

Krecmer, L966; irothacher, L96i I *nderson ancl Gleason,

L959). Gary 11974) consioered the oij.ferences oetween

the opening ano the torested area to be related to Lhe

oack eddies from the prevailing winds, shaoe aI'foroecl by

trees ano tne amounc ot' solar energy penecrating the

crees. ii'i;ure V-8 snows uhe prevalling wi-nd direction

icr the winter period (oSW acccrdj-ng to the ivionthly {eather

Records, L9?5) ano the shaued region, aiong the southern

boroer, snow distribution measurements (flgure Y-t+t /-8)

ancl environment variab-les conform to finctings by Gray

(L9'14) ano Anderson and cieason (L959) .

itainfal-i measuremencs at the North Eest sibe were

niade from the beginning of lv.ay to Uecember 7, providing

mean weekly valrtes ranging frc'nr C) tc 50 mrn. InCivi'iua.l

rain gauies showed -large 'i'ariation (fiSure V'7), but the

pres3nee o!' the opening eaused an abrupt increase in

preeipltation (Krecmer, L966; Niederhof 3ns "i'lilml l9+:),

Both weekly and s:asonal total-s exhibited a reductj-on of

rainfaf I in the 'tooded arsa where interception 'oras hi;h.
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A fr-rrther S-.t of rain gaui5es htere poSitioned west of the

previous line at the enci of Au6u.st to verj-f.v the resuJ'ts

o]:taineii. for rhe Irlorth test s j"te ; which they cjid. Ralnfal-;

at bhe contrcl site, havin3 the sanje vegetation charac-

teristics as the North test Site, was aLso neasured

after mici-JuIy, with eomparable values between the Control

and the North test siNe.

V-l $oil Ternperature

$oil temperature was measured weekly within the North

test site (figure \i-10, V-ll) anO a select,ed llcrest sitet

ac d.epths of I, 5, l-O, 25, 5O, I00 clh. The open site

warrned up earJier in uhe sprlng due to more intense scl-ar

radiation afforded by the clearing, and ccntinued to

mainrain 1ts high tem.perature for the rest of the year.

q/oo (L975) investigated the soil temperature regime of

Beverly Swannp and founci that as a result of winter flooci-

ing of the swamP:

l. At no time was the swarnp soil frozen in I97l+.

2. Winter fluctuations in near surface temperature

was 3reat1Y oamPened.

3. In spring, the heating up of the ground was

delayed.

+. Temperatures generated by the estimated l'ourier-

parameters Eave increasingly better fit tovlards

Sreater deptir, sugSesting that ground temperatures
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wiihin the first meter are noticeably affected by

winter floodin3.

V-4 Grounci"tater'lemperatqrq

Grounowateilbemperature was measureci at ten plots in

the North test sites anci $outh test's1te, anci at six plots

in the control site. The open canopy of the rnixed wood

j.n the oouth test s:.te yieldeci higher 6roundwater tem-

!)eraLures than at the Contrcl site which haO a dense

conifero,rs eover (appenciix 1). The effect of the opening

at the North Lest sibe caused an increase of ;roundwater

rernperature by 1-3oC (appendix 1),

'fhe l{orth test site shows a oefinite spatial pattern

sith high values centering around t'he clearing. This

lristribution 1s continued to the end cf October' Then the

ir&ttern started, to reverse. The hlgher tenperatures

,...iere caused by more intense solar radiacion in the clearing

{pluhowski and Kantrowitz, 196)1. During the onset of

winter the opening experienees cooler temperacures because

j.tr lacks the insulabrng effect afforded by the vegetation

{Curgo and },alloryr Lg74). The South test slte exhi.biced

no definite spatial pattern anci this 1s to be expecteo of

a unlform forest eanopy.



V-5 Groundwater ChemistrY

Tire oceu-rrence of a cJ-earing in the North test site

increased the groundwater temperature (section V-'i),

concurrent with an increaseci production in carbon dioxide

(IV-l). The partial pressure of carbon dioxide (PC0Z) was

found to be extremely highr averagin; approximately

9.3 percent (1og PC0r: -1.5), a value ben times higher

than the global mean of 0.01 percent (1oS PC02= -3'5),

this factor accounts fo:: the reciuced pH valu.es through

the prociuction of carbonic acio. ojors (f90f ) and,

lvroora and i3ellamy (L971+) polnted out that organic terrains

are characterized by low pH anci high dissolved caco,

(Appendix I). Sourh test site exhi.bits generally lower

pH values than the North as a result of the availability

of organie material- from the decomposition of deciduous

leaves. The lowest pH values occurred during the driest

perioci where high evaporation and high biotic activity

build up the scils acidi-tY.

Hlgh aeidity helpeci to maintaln large concentrations

of cal-cium and magnesium in solution, wlth an increase

in eoncentration towards the centre of the clearing.

However there was a sh-ght bias of peak values towards the

northern edge of the opening.Such bias may be related to

more intense exposure to the sunr thus suggesting a

possible link between the microclimate and groundwater



chemiscry of a forest cubting.

V-6 Groundwater level changgs

Groundwaber level fluctuations parallel closely

seasonal varlations in groundwater temperature and stream

f1ow. A continuous reec'rd of groundwaier level near the

South site shows the similaricy between groundwauer and

stream flow regimes (figure V-12). Using the grcundwater

level of June 20 as the base, the weekly water level

changes of the test sites (appenciix 1) I^tere computeci Eo

obtain a spatial pattern. The North test site snoweci a

greater amount of water level ciecrease 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 rai.sed Ehe water

level of all the sibes. t'looding of i'he swamp erased out

any variarlon occurring during the summer months. The

Control anci North test sites show greater losses in

grounowater than the $outh.

V-7 Conclusion

FieId studies have revealed three major characteristics

regarCing the hycirochemistry of Beverly iwamp:

1. Biotic activities within the swamp modity the

chemistry of the stream water which passes

throuqh ib. This finciing is confirmed by other
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2.

lnvesuigators cf the swamp-environment.

There are signifieant natural differences between

sites located in the southern anci northern

portion of Beverly cwamp which are parEicularly

dependent upon variacions in vegebation type.

Forest clearing in the swamp resulted in changes

in snow anci rai-nfall distribution, groundwater

chennistry, soil and water temperatures. These

changes lndicate the possibility of an environ-

mental impact likel1' 6's be produced by the Hydro

c on$tructi.on programme.
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