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ABSTRACT 

This study discusses the grou ndwa te r flow and qua I i ty in the Birch Cove and 

lie areas of Halifax County, Nova Scotia, as related to geology and urban 

influence. 

groundwater flow systems are controlled by both bedrock topography 

strik joints in both areas. In Birch Cove, local flowsystems 

te. In Sackvi lie, a regional flow system exists in the bedrock, with 

I superimposed on it; the influence of 

groundwater from the surficial ma I recharging the bedrock aquifer can 

seen by high bi rro•rnr•nrof·e concentrations in some samples from wells completed in 

groundwater flow systems as determined from water table elevations 

results chemical variation in the groundwater. 

smoothness 

in groundwater chemistry vary widely, but the magnitude 

the variation depends on well depth and the amount of overburden. 

with 

mass. 

result 

y 

3-4 months were found for chloride and 6-8 months for ni­

on groundwater chemistry and temperature were found 

I activities 

tion is the road salt in groundwater. In 

wells to the were 

the predom of steeply dipping 
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joints in the bedrock and the lack of appreciable overburden material. In Sackville, 

salt were most noticeable in shallow dug wells, while drilled wells completed 

in bedrock were for the most part protected by the generally thick glacial till cover 

in the area. Many of these dug we II were put in proper constructions 

regula were avai lab! e 

Another ct of urbanization is the presence of detergent in the groundwater. 

The this I em is not considered in depth in this study, but is 

y ng studied by the Nova Scotia Department the Environment. 



INITIONS, UNITS AND SYMBO 

U I R: a formation, group of formations, or part of a formation that contains 

ent saturated permeable material to yield signi quantities of water to 

wells a (Lohman, 1972) 

(ion 

CH 

in epm) 

IE 

lENT 

fN 1): (CI Na)/CI (ion con in epm) 

T o/o): I)/(HC03 + so4 + )J X 100 (ion concentrations 

RMEAB!LITY, P: the rate of flow of in gpd, through a 

fer one square foot 

ture of the water (Wa I ton, 

a hydraulic gradient unity 

2 (gpd/ft ) 

TRANSMI IBILITY, the rate flow water, in ga lions per 

(gpd) through a vertical strip of the aquifer one foot wide and extending the full 

thi a hydraulic 

cient of permeability (P) the thickness, m, 

(Walton 1962) (gpd/ft). 

R: an fer in which is an overlying or 

to some level the of the fer 

it than atmospheric level is called 
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a tri c (Lohman, 1972) . 

CONFI WA R: Groundwater derived from a well completed in a confined 

a qui 

HYDRAULIC NDUCTIVITY, K: the volume of water at the existing kinematic 

ty twill move in unit time under a unit hydraulic gradient through a unit 

area t right to the dire of flow (Lohman I 1972) (l r-1). 

RADIENT (i) the change in static head unit of distance in a gi 

ven , usually the maximum rate decrease of head (Lohman, 1972) (dimen-

less) 

PERCH \A/A R TA the level of an unconfined groundwater .............. -ted from an 

underlying body groundwater by an unsaturated zone or perching , of low 

~ ........ .::.r•h lity (lohman, 1972) 

the ratio of volume of voids in a rock or soil to the total volume 

( di less) . 

NT (Na 0/o): [(No+ K)/(Na + K + + Mg)] x 100 (ion concentrations 

in 

volume of water whi a rock or I, 

ty to toto I volume of I (lohman, 

IE the ume of wai·er an or 

into 

. In in head is result of 
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water and compression of the aquifer leton. In an unconfined 

system, processes are negligible compared to gravity drainage of the pore 

ces, in which (\/Valton, 1962). 

UNCONFINED OR WATER TABLE AQUI R: an aquifer in which the water surface 

is at t with atmospheric . It is defined by the level at which 

water in a we II that trates the water body just enough to hold water 

I ' 

UNCONFINED WA R: groundwater derived from a well comple in an unconfined 

UNITS 

minute (gpm) or gallons per day (gpd) are generally used to express pum-

rate or ld well or aqu (im I gallons are used) 

per Ilion (ppm) are ion concen ons, and are essentially equivalent 

to mill liter (mg/1) 6 

million (epm) are equal to ppm of an ion multipl by a factor depen-

we ion; are interchangeably with milliequiva-
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Chapter 1 

INTRODUCTION 

Purpose and Scope 

"Hydrogeology is the science dealing with the character, source and mode 
of occurrence of underground water. As such, it is an integral part of geology, 
the science that deals with the origin and state of the earth. Many geological 
phenomena can be better understood with a proper understanding of the groundwater 
processes that are involved, but, conversely, there is no part in the study of ground· 
water that can be explained without the understanding of geology. This means that 
hydrogeology can be used either as an auxiliary to geology, or that it may be used 
in a wider sense as the study ofpart of our natural environment." (Meyboom, 1967, 
p. 31). 

The purpose of this thesis is twofold: firstly to conduct a hydrogeological 

study of the relationship of groundwater flow systems chemistry to the geology in 

two small urban areas and secondly, to consider the effects of urbanization on water 

lity (mainly rood salting effects) with o view to establishing rational guidelines 

future lopment of groundwater supplies. 

For the study, two areas were chosen, one in Birch Cove and one in Sackvi lie 

(Fig. I I). The homes in Birch Cove utili wellsasawatersuoplysource, but have 

"""""'""''"'"""rl water quality problems of iron, manganese and salt in the past few years. In 

this area, quartzite bedrock is at or near the surface lected dug and drilled 

wells in II subdivision, Upper Sackville were also sampled and analysed to 

ine what seasonal or other changes occurred. In this area, slate bedrock is 
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by to 100 t of glacial till, A reconnaissance study was conducted 

over the entire Sackville area (fig. 1 .1) and surroundings, where the housing 

is low (about 100 houses r square mile) and mainly in ribbon development 

, as compared to the high density (about 800 houses per square mile or 

Birch area. 

In both areas, it was desired to relate groundwater chemistry to local 

logy nd ter flow systems, as well as to assess the extent of urban in-

on groundwater I ity and supply. 

Location and Access 

The i rch area encompasses about 1 square mile, and lies in the vic 

is possible by either the Bedford Highway 

or Bi I Drive, about 3 miles from centre of Hali (fig. 1.1). 

II Subdivision in Upper Sackvi lfe encompasses about 0 06 square 

vicinity of by ther 

y-Highway 1 route or the Bicentennial Drive-Highway 1 route, 

li 

survey en com about 30 miles. 

Climate 
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'""'""'"'""\., .... ter, show an average annual precipitation of 54.4" at Halifax, with 

as rain and 79. 1" as snow. The minimum mean monthly precipi-

on 3.4 11 occurs in June, the maximum of 6 0 11 in November (Atmospheric 

.. 1"'\""'rn..::.n'l' Service, Environment Canada). 

mean 

The mean annual temperature at Halifax is 44.3°F, with the minimum of 

below zero occurring in January 1 and the maximum of 920f in July. The 

period is 173 days and 142 days with frost. On the average, the 

II occurs on October 26th and the last spring frost on May 5th. The 

ng season from A pri I 27th to November 5th, on the average. 

The study areas are located in the physiographic region known as the 

Upland of Nova Scotia, a dissected tableland with maximum altitudes 

700 t; two-thirds of the Upland is underlain by slates and 

third by granite (Goldthwait, 1924). 

th 

n by granite generally consist of gently rolling hills and bogs. 

is most characteristic 

mainly on , smooth ridges and hollows, commonly 

trending anti eli ne axes w the overlying slate beds have been 

drift is relatively thin and bouldery and acid soi Is have 

on it ldthwait, 1924). Fir trees predominate on the ridges, with 

, birch ·' beech and pine on the slopes 
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late outcrops mainly in synclinal valleys where it is protected from erosion 

to an extent. Glacial drift overlying slate bedrock is thick in places and may be 

into drumlins (Goldthwait, 1924). The vegetation type depends on the 

dra properties of the underlying gla cia I ti II . 

On bedrock, polishing of the rock and presence of glacial striatiohs 

r witness to the passage of glacial ice (Goldthwait, 1924). 

i nage in Birch Cove area is controlled by northeast-trending fractures 

in the bedrock, as shown by the linearity of the streams. In the vicinity of Sack­

ville, drainage is controlled by preglacial southeast and northeast-trending valleys 

th 1 1 

weathering 

The latter trend is likely controlled by jointing and/or differential 

of the lakes, such as Second Lake (fig 6.1) have had their 

shore I i nes modified by the deposition of gla cia I drift. In both areas, the lakes are 

numerous, small and shallow and have been interpreted by Smith (1951) as either 

widened preglacial valleys or hollows scooped out of the bedrock by the recent 

in 

tion. latter origin is the most likely for lakes such as Kearney Lake in 

I g 

5 . 1) and rty Lake in Sackville (fig 6 1) which are elongated 

one of the major joint sets strikes northwest-south-

0"",.'"''~""•n could have been facilitated in this direction. 

The Birch study area lies just outside the Kearney drainage basin. 

II study area spans parts of two drainage basins (fig 6 .4): on the west 

water drains into the Bedford Basin via the Sackvi I River, whi.le 
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on the east side, water drains east-northeast into Lakes Kinsac and Fletcher in the 

study area and from thence north into the Bay of Fundy via the Shubenacadie 

River 

In summary, the main physiographic and drainage characteristics of the 

study areas are controlled by the resistance and structure of the bedrock, with 

subsequent modification by glacial action. 

Field Work and Methods 

were collected weekly for chemical analysis from 21 wells and 

rain stations in Birch Cove, and from 7 wells and 1 rain station in Maxwell 

Subdivision, for a period of one year. A further sampling program in the Sack­

ville region in August 1973 resulted in the collection of 65 drilled well and 57 

well samples. In all cases, water samples were collected in poly-

bottles with tight seals after the water had been allowed to run for at 

nutes. When possible, these samples were analyzed within 24 hours for 

H, Na, K, , Mg, HC03, so4, Cl, and N03. These ions 

in order to give a fairly complete cture of the chemical content 

and to determine the time variation in the composition. Their 

rna sources are discussed in chapter 4. Iron, manganese and temperature were 

odically, depending on whether a well showed much change in 

lly problems with equipment and chemicals the 

of II ions listed above. Table 1 summarizes the methods and their 
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rna accuracy; the latter is based on analysis checks made by Mr Wm. 

Molanson at N.S. Technical College and by the author. The atomic absorption 

methods used are described in detail in Reynolds eta I (1970). The Hach methods 

of analysis are adapted from the American Public Health Association (1971) and 

were used because of the rapidity of the technique. 

In ition to water sampling, measurements of joint orientation were carried 

out in both areas. Also, samples of surficial material were collected for deter-

mi on of sand, silt and clay percentages. 

HEM! L 

pH 

Table 1 

RAMETERS MEASURED, AND 

tz 
14 

bri , model 

ion ionanalyzer, no. 401 
Atomic absorption 

II 

II 

II 

II 

Hach D 

II 

II 

II 

ld Kit 
lyses 

IMA TED ACCURACY 

Remarks Accuracy 

10 micromhos 
± 0.2 pH units 
+ 0 ppm 
+ 0 2 ppm 
± 0 ppm 

0.2 
± 0. 
± 0 

± 5.0 ppm 
± 4 ppm 
± 2. ppm 

0 4 ppm 
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In this study, Schoeller semi log plots are used to present water analyses. 

plot shows simultaneously the absolute concentrations of a series of 

their relative magnitudes. A discussion the different uses of these 

found in Brown (1973). Raw , in ppm, was converted to epm 

by program CHEM, a computer program on fi with the Inland 

nvi ronrnen t This program was lso used to calculate 

ti 

r>rranr·c values are reported as micromhos at 1 lues of ions are 

ppm or epm 

tment of Chemi ta 

on ana lysis (Ni 

1 both on a 

r 1 is a 

high or 

rm 11at s ifi cant in study to 
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t value significant at the 0.01 level, i.e., there is only one chance in a hundred 

that the observed relationship is due to chance alone. The program assumes that 

1) the data redrawn randomly from a bivariate normal distribution, 2) the data 

is ccurate, and 3) the variables are linearly related 

A discrim nt function analysis was used when it was desired to find which 

var les were most significant in separating two or more natural groupings of data. 

The , BMD07M in Dixon (1968), selected the variables with the highest 

F •s F values, the highest multiple correlation with the groups, i.e., the linear 

ifi 

(1 

tions variables which gave the greatest decrease in the ratio of within 

to toto I genera li variances. Fisher 1s F values were used to test the 

the results. 

on of the programs, the r.:>I"'H"''t:lF is 

etal, (l 

to Nie et al 
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Chapter 2 

OLOGY 

of Formations 

Pal 

The areas are under Ia in by metamorphosed sediments of the Meguma 

, which consists of two conformable formations the lower Goldenville and 

upper Halifax, which are arbitrarily separated by a sand/silt ratio of 1/1 

(Schenk, 1 Detail geologic maps and drillers' logs for the study areas are 

on 2. l , 2. 2 9 and 2.10. 

fine gra 

of this formation from a lithic graywacke to a Ids-

t·e. Beds vary in thickness from a few inches to many feet, but 

in the 

of 16 

texture 

reas are fairly ve ndy beds i with 

inte n rich in pyrite, but comprise 

the Gol 

slates are 

ville exposed as less than 3% the 

(4. 9 ki exposed in the type section (Malcolm, 

the formation an easily sandstone to 

in the study , hard the latter is most commonly 

to grey=green colour, on the 

and chi te The grain is commonly fine to 
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ium sand, but conglomerate beds are found. 

imenta ry structures observed by the author include ripple marks, cross 

bedding, load casts, and graded bedding. Calcium carbonate concretions are 

numerous in the Formation, especially in the middle of massive sandstone beds 

(P. Schenk, personal communication). Malcolm (1929) also mentions the presence 

of ferruginous and manganiferous nodules (photos 1 and 2). 

A very rough average composition for the Goldenville Formation in the 

Birch area, as estimated from Schenk 1s (1970) trend surface analyses, is: 

60o/o quartz, 22o/o matrix (sericite, muscovite, biotite, chlorite), 12o/o feldspar 

(alkali/plagioclase feldspar about l-2o/o), 5% biotite and 1 l.6o/o rock fragments. 

The age of 

(Malcolm 1929) 

Formation is thought to be Upper Cambrian-lower Ordovician 

The only fossi I form found to date is 
----~-----------

i thon hindi i a 

trace foss i J uncertain age and origin These were seen on a bedding plane 

on an outcrop in Birch Cove (photo 3) and had been elongated in a 

sou thw est direction by stress 

on 

This consists mainly bluish-black, pyritic slates, often altered 

to brown by oxidation of sulphides or to green by chlorite (Malcolm, 1929). Thick-

nesses of up to 14,500 feet (4.4 kilometers) are attained in some locali in Nova 

(Malcolm, 1929) A soft greenish slate zone is found near base of the 
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Photo 1: Weathered calcium carbonate nodules containing a small amount of iron, 
Birch Cove. 

Photo 2: Weathered out ferrugi"nous nodule or concretion, Sockville 



Photo 3: 
j .I 

Astropolithon hindii, Birch Cove. 
represent the traces of this fossi !. 
burrowing organism. 

13 

..,.., 
The mounds on the bedding plane surface 

It was possibly a sand mound left by a 

Photo 4: Weathered cordierite crysta Is, Birch Cove. These weather out to leave a 
distinctive rim of weathered material •. 
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ion, along with some sandy limestone (Malcolm, 1929) The percentage 

of te increases great I y near the base, and in the top 3200 feet (about 1 

kilometer) of slate above the Halifax-Goldenville contact, little compositional 

difference from the Goldenville is evident in the trend surface diagram in 

Schenk (1970). The slates outcropping in the Sackville area likely fall into 

this top kilometer, although they are richer in iron than the nearby quartzites. 

Sedimentary structures observed in the slates are similar to those described 

in the previous section. A well developed slaty cleavage is present as a result 

stress, and parallel to the strata, with a dip of 80° or more in either 

direction (usually opposite the bedding). 

On the basis of a doubtful occurrence the fossil graptolite Dictyonema 

flabelliforme near Kentville, N .S , the age of this Formation is thought to be 

Lower Ordovician (Campbell, 1966). 

nite 

In 

in the 

study areas, granite outcrops nearby (fig. 1 • 1) A I though no water · 

were taken from wells completed in granite, the possibility that waters 

rtzites and s 

made. 

have flowed partly through granite requires that a 

In Birch , the granite is a medium to coarse-grained biotite granodi-

te, with the following average composition (Smith, 1974); .4% quartz, 

feldspar (albite/anorthite about 5/1), 14.1% perthitic alkali 
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ldspar 1 16 0°/o biotite, 0 .4°/o chlorite 1 and 0 .4°/o muscovite. 

urn argon dating has shown the granite to be of Devonian age 

(Reynolds et al 1 1973). Field relations also show the granite to be younger 

than the Meguma Group: I) the intrusive rocks cut across structures of th~ 

Meguma; 2) xenoliths of Meguma are found in the granite; and 3) intrusion of 

the ite resulted in thermal metamorphism near the contact- in the Birch Cove 

area cordierite developed 1 and is presently weathering out (photo4). The contact 

effects here for less than a mile. 

In study area, the Meguma Group has undergone low grade regional 

metamorphism to a greenschist (Taylor and hi If er 1 1966) 1 defined by a 

temperature range 400-500°( and a water vapor of 1-5 kilobars 

(Winkler, 1967) The assemblage is quartz-albite-biotite-muscovite-

epidote) (G. K. Muecke, persona I communi cation). At the pressures 

, plastic deformation the sediment would occur the slaty cleavage 

bly at this time 

are the contact 

n~ •• , .. .,LA by intrusion of granite. In Birch Cove the cordierite indicates a 

facies defined by a ture range of 55Q-700°C and 

i-3 kilobars (Taylor et al, 1966). 
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Structure of the Areas 

Differential weathering in the study areas has produced northeast trending 

ridges and valleys (060-080°) para lie I to the major fold axes. The amp! itude 

between fold crests varies, but may be 10-25 miles wide in the quartzites. The 

Birch Cove and southern part of the Sackville areas are part of a wide quartzite 

belt, which has been folded into two southwest plunging anticlines (Birch Cove 

and Waverley anticlines) separated by the doubly plunging Bedford syncline. 

Severe erosion has stripped the slates from this syncline. Another band of quart­

zite is exposed in the northern Sackville area along the Shubenacadie Lake anti-

line. the most part, bedding dips steeply (greater than about 50°).Cieavage 

is well devel and strikes parallel to the bedding and dips almost vertically. 

In Birch , 140 joint sets were measured and plotted as poles on an equal 

area , then contoured (fig. 2 .3). Each measurement a 

cal joint a joint set, since joints in the area show a persistent systematic 

relationship, i.e , they occur in sets parallel or subparallel in plan and section 

It is evident that there are two major joint sets, one steeply dipping and striking 

...... "'"'rt•cu Ia r to the antic I i ne axis, the other striking I lei to the axis with 

ng a 11 girdle II The latter effect is a result of joint formation 

I lei to both bedding and cleavage (evidence of well-developed bedding plane 

jointing is shown in photo 5). A minor third joint set is present, striking 

,..""''"' .. '"'"imately north-south and also ly dipping. check on the homogeneity 

of joint pattern, the area was divided into two domains separated by the anti-

line 11 1 the pattern is homogeneous (fig. 2.4) indicating a regional 
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Photo 5: Bedding plane joints, Birch Cove. Note the well-developed, continuous 
nature of these joints. 

Photo 6: Bedding plane joints, Sackville. Note the well-developed, continuous na­
ture of these joints . 
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Figure 2.4 .. Domains of joint poles, Birch Cove 
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fracture pattern with orientation consistent over large areas (Stearns, 1968). 

There is a slight asymmetry in that joints striking parallel to the axis tend to 

dip parallel to the bedding more on the north side of the axis than on the south, 

and joints striking perpendicular to the axis tend to dip more toward the northeast 

on the south side of the axis. The reason for this difference is not known .... 

possibly asymmetry of the fold, or the effect of more than one deformation could 

be responsible. 

The number of outcrops in the Sackville area is too small for a meaningful 

contour map of joints to be prepared; however, poles to the joints are shown 

on fig. 2.5. The clustering of the poles is remarkably similar to that of the 

Birch Cove area, thus supporting the hypothesis of a regi ona I fracture pattern. 

Well-developed bedding plane joints in Sackville are shown on photo 6. In both 

areas, the. major lineations visible on air photos parallel the two major joint sets 

(fi .2.1 and fig. 2.2). Some of the northwest trending lineations are very 

prominent and could represent faults, but field verification was not possible due 

to the thick till cover in Sackville 

In both areas, the origin of the joints is most likely by release of residual 

stresses accumulated during metamorphism and folding at depth. Uplift and 

erosion would release these stresses. Release of tensional stresses at the axis 

of the Birch Cove anticline is evident by the breached nature of the fold apex 

(fig. 5 .1). loading and unloading by glacier ice could also contribute to the 
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Figure 2. 5., Joint poles, Sack vi lie. 



opening up of pre-existing weaknesses and trigger new failures in the uppermost 

part of the bedrock (Trainer, 1973). Further evidence forth~ stress release hypo­

thesis is that many deep gold mines in the Meguma Group (up to several hundreds 

of feet in some cases) are dry at depth (Malcolm, 1929), indicating that open 

joints are concentrated near the ground surface. 

Cenozoic 

Pleistocene 

The last glaciation of Nova Scotia resulted in deposition of a bouldery 

clay or till. In Birch Cove this till is thin, (generally less than 10 feet, as 

shown in fig. 2.6) and contains a high percent of boulders of local quartzite bed-

rock In Sackville, the till deposits vary in thickness from zero over bedrock highs 

to more than 300 in bedrock depressions (see fig. 2.7). Elongated mounds of 

gla I debris in the form drum I ins are widespread in Sackvi lie, and are found 

mainly overlying slate bedrock. They consist of a reddish-brown silty matrix, with 

distant bedrock composition (slate, quartzite 1 granite, shale 1 

It and limestone were seen). These deposits are easily recognized 

in roadcuts in the field, by their shape on the topographic map 

(fig. I) by the formation Wolfville soil on the parent material (MacDougall 

et I, 1963). cored hills mantled by glacial debris may have a similar 

topographi form to the above-mentioned drumlins, but di markedly in hydro-

(Knutsson, 1971), suchasmore rapid internal drainage (MacDougall 
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et al, 1963). The mineralogy of the Wolfville soils is not known; however, the 

Halifax soil type developed on quartzite bedrock in Birch Cove and in parts of 

Sackvi lie contains mainly quartz and albite in the silt fraction (with minor 

chlorite and mica), and the clay minerals illite, kaolinite, chlorite, and minor 

vermiculite (Brydon, I 957). 

Elongation of drumlins in a northwest-southeast direction and measure-

ments of g I striations on bedrock indicate that ice moved southeast in a direc-

tion of about 160°. The last ice advance (Classical Wisconsin) reached its maxi­

mum in Nova Scotia about 18,000 years B.P. and the province was essentially 

deglaciated by 10,000 years B. P. (E. Nielsen, personal communication). 

An approximation of the bedrock surface (fig. 2.8) in Sackvilfe was pre-

by using well drillers• logs (fig 2. 9) on file with the Water Planning end 

Division, Nova Scotia Department of Environment. Two definite 

channels in the bedrock are evident- one at the northern end of Kinsac Lake, 

the other at the northern end of Third Lake. The Kinsac channel may a re-

cturing in the vicinity of a tightly folded area (the fold axes are close 

'f'r'\Ff.Q'f'I'IQI" here on the g~of ogi cor me pI fig. 2. 2) and the Third Lake channel a 

result of ng along the slate-quartzite contact. These channels appear to 

have drai into a major valley draining south-southeast; the linearity of this 

valley suggests fault control, possibly the result of movement along the gran 
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contact. valleys have been infi lied by g iol till (fig. 2.7), but 

also contain gravel on of the bedrock as indicated by drillers' logs. Other 

wells showing gravel layers are plotted on fig. 2.2- they may represent further 

cha nne Is, or ts of alluvia I material. 

The age of these channels is not known, but they are likely preglacial. 

Recent 

Following deglaciation, flat or slightly areas with poor drai-

nage filled up with and/or muck, as found elsewhere here in Nova Scotia 

(Trescott, 1968 a). The bogs in the study areas are, in some cases, a result of 

groundwater exposed at the surface due to a topographic irregularity (see chap­

ter 5) or of groundwater d 

Recent alluvium occupies flood plains major streams, such as the 

lie River. In 

mainly 

latter, the alluvium is silty sand or sandy silt and is re-

gia I materia I. 

recent activity involves the erosion redeposition or redistribu-
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Chapter 3 

HYDROLOGY 

Introduction 

Hubbert (1940) first developed a theoretical model for groundwater flow 

through a homogeneous, isotropic medium. Meyboom (1962, 1967) and Toth 

(1963, 1966, 1971), extending Hubbert'swork, recognized that local, intermediate 

and regional flow systems could develop, depending on hydraulic head, topography 

and geologic boundary conditions (fig. 3 .1). Physical and field evidence of 

groundwater flow is provided by springs, seepages, ice flow in winter and changing 

water levels and water chemistry (Toth, 1966). 

Some consequences of the above theory of flow systems are (Toth, 1963): 

1) if local relief is negligible and if there is a general slope only, a regional flow 

system will develop, and 2) if the topography has a well defined relief, local flow 

systems increase in importance and depth. 

Hydrosf·ratigraphic Units 

Hydrostratigraphic units are defined (Trescott, 1968a) as a group of 

geologiccd materials with similar hydraulic and hydrochemical characteristics. 

In the study areas, the major units are bedrock and surficial; the latter can be 

subdivided into silts and clays, and sands and gravels. 

Bedrock 

In the slates and quartzites, porosity and permeability are a result of 
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cturi ng in the rock mass. Any type of planar geologic feature 

(cleavage, joints, bedding planes and faults) can act as a fluid conductor in 

fractured bedrock, but the importance of any one depends on topography, bedrock 

strike, degree weathering, and areal continuity of the feature. Faults usually 

transmit a larger volume of water than the other types of conductors. Yield of 

bedrock wells is greatest in competent fol rocks such as quartzites (Stearns, 

1968), along geologic contacts, and along fold axes (especially anticlines). In 

rocks, groundwater flow is controlled both by topographic gradient 

and by strike of the strata or joints, with the flow direction being a resultant of 

these vectors. 

more detailed information, the reader is referred to Brown (1967), 

Ceders trom ( 1 vis et a I (1964), Larsson (1 , and Snow (1 1968 

a and b, 1970) • 

Surficial 

In 

buried 

sf·udy areas, these consist mainly of glacial till, with minor alluvium 

gravels. 

Unconsolidated deposits transmit water through intergranular pore soc:ace~s 

Permeabi I ity depends on severo I factors, but may be increased in glacio I ti lis by 

the 

units (Williams et al, 1967). On the whole, the permeability of till is relatively 
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low and may retard infiltration rates and act as a confining layer (Norris, 1963). 

Sands and gravels, on the other hand, are usually quite permeable and able to 

transmit and yield a larger volume of water at a faster rate. 

For more detailed information, the reader is referred to Davis (1966, 

1967), Kn utsson (1 971), Rumsey (1971) and Wi II iams et a I ( 1967). 

of the Bedrock fers 

Pump tests, drillers' logs, and flownets can be used to determine aquifer 

parameters such as transm issi bil i ty, storage coefficient and specific capacity, all 

of which are important when determining sa yield of a well and predicting the 

interaction of groups of wells. 

Pump Tests 

Discussion the different methods used for pump test analysis and their 

tion and limitations can found in \A' a I ton ( 1960, l 962), Lohman 

(1 et I ( 1 

the ts of some pump tests avo i lab I e in the study areas. 

nnot reliably co leu Ia from pumping wei I to a lone. Pump 

test are shown on figs. 5.1 and 6. 1. 
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The results indicate a very wide range of transmissibility values,reflecting 

structural inhomogeneities and permeability variation in the bedrock. The high 

value pump test l (PTl, table 2) I ikely indicates the presence of a shear zone. 

The value of S for PT 8 is in the artesian range, as would be expected since the 

bedrock is confined by glacial till For 1, in which the well penetrates only 

3 feet till, the value S is in the semiconfined to artesian range; this could 

be a result of the fact tho t with drawdown, water can be released from storage 

only where joints occur in the rock mass, and the volume represented by these 

joints is only small when the total rock volume is considered. 

S ifi c Capacity Data 

Spec c capacity is the yield of a well per foot of drawdown (Walton, 1962). 

Gabert (1 a method of estimating fj c ty from drillers 1 logs. 

Results for the study areas are shown on table 3. The specific capacity values are 

relatively low, with mean of 0.09 gpm/ft drawdown for wells tested for 2 hours 

or more. This means that a very large increase in drawdown is required for any 

significant increase in the well yield; perhaps a group of wells, each with a small 

, would a more ve method of increasing the yield. 

Flow net Data 

A flownet can prepa from maps of the groundwater elevation 

(figs 5 . 2 6 . 3) . 

and Walton (1962). 

""._,'.-n''""' of flownet analysis are discussed in lohman (1972) 
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TABLE 3 

S IFIC PACITY DATA FROM WELL DRILLERS' 

Pumping Draw- Available 
WELL Rote down, Time, Drawdown, Spec. Cop. Yield, 
NO gpm (Q) ft (s) hours ft (AD) gpm/ft (Q/s) gpm (Q/s x AD) 

A. Bl H COVE AREA 

R 18 2 1/2 2 143 .11 15.7 
R 30 1 1/2 100 1/60 120 .02 1 • 8 
R 31 1/2 200 l/60 200 .00 0 6 
R 39 2 70 1/60 65 .03 l • 9 
R 51 460 1/30 470 . 10 45.9 
R 3/4 78 1/60 59 .01 0.6 
R 6 15 1/60 10 .40 4.0 

B. SACKVILLE 

s 6 2 30 .08 2.4 
s 62 3 142 2 80 1 . 6 
s 80 2 1/2 74 2 .03 1. 6 

106 3 15 2 29 20 5.8 
s 112 4 70 1 1/2 48 .06 2.9 
s l 2 1/2 215 1 1 .01 1 . 7 
s 1 2 1/2 40 1/6 .06 4.0 



- 34 

Using an estimated value of transmissibility of 80 gpd/ft, the total ground­

water flow through the Birch Cove study area is about 65,000 gpd and through the 

Sackville area 220,000 gpd. These values represent a deficit of supply versus 

demand; however, homeowners in general have not reported lack of water, except 

for some dug wells in dry summers. If we let supply equal demand, then a regional 

transmissibility of 180 gpd/ft in Birch Cove and 124 gpd/ft in Sackville is 

required. These values might be more representative on a regional basis. It is 

noteworthy that the calculated T values are of the same order of magnitude in both 

areas, although quartzite predominates in Birch Cove and slate in Sackville. It 

appears that quartzite may yield more water than slate, possibly because the near 

vertical cleavage in the latter reduces the probability of a well striking water­

bearing fractures. 

Introduction 

A hydrologi budget is a quantitative statement of the balance between the 

tota I wat·er ns losses of basin a period of time (Wa I ton, 1962). The 

time is normally the water year, which extends from October 1 to September 

in the Maritimes (Trescott, 1968a). Surface and groundwater storage are at a 

minimum at the start and finish of the water year. 

In the budget, inflow equals outflow plus or minus changes in basin storage. 



35-

Assuming precipitation (P) to be the main input, and streamflow (R) and evapotrans­

piration (ET) to be the main outputs, then P R + ± 65, where ~S refers to 

changes in storage (Trescott, 1968a). Streamflow is composed of surface runoff 

and groundwater runoff (base flow) Separation of these two components can be 

from stream d hydrogrophs by the methods used in Kunkle (1962), 

Schicht and Walton (1961), and Trescott (1968 a). 

Baseflow consists of bank storage and basin storage discharge. Bank 

torage discharge occurs only when the river stage is low the water table and 

is a result of bank rnrr"1rttP recharge at times when the stream stage is above the 

le The boseflow recession (which occurs mainly during the summer) 

on a semi log discharge- time plot of streamflow when minimum 

discharge values can be connec by a straight line (Kunkle, 1962). Annual 

baseflow fluctuations are related mainly to changes in bank storage. 

n storage d is that part of the base flow which results from the 

ltration ipi tati on to groUldwater reservoir; it is normally assumed 

to the min urn discharge va of a stream, and discharge Is re-

following lculations, mean ly di·scharge were 

the Ri at St. and .......... Hl<;>r River at • Hydro-

gra for water years 1971- 1972-73 are shown on fig.so 3.2 and 3 .. 3 •. 
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The River drains a granitic area 20 miles west of Halifax. Since bedrock is at 

or near the surface, the relative proportion of the precipitation that appears as base­

flow and surface runoff should be similar to the Birch Cove area. The Beaver River 

station lies within the Sackville study area. Both rivers show a much larger decrease 

in storage at the end of the water year 1971-72 than 1972-73 due to the lower preci­

pitation. The more constant discharge level in 1972-73 reflects higher rainfall and 

possibly a more even distribution of precipitation. 

The value of Pin the budget equation was calculated from precipitation records 

from C Shearwater; va I ues from this st·ation are comparable to other stations in the 

Halifax area at a significant level (Dr. J .. Ogden, personal communication). 

Annual evaporation in the Halifax area averages 1511 (ADB Report, 1969). In table 4, 

changes in n storage are considered negligible and is given as the difference 

(P- R) If an 15 11 were used, a change in storage of 1-3" would occur in the two 

basins. 

It is evi 

on and 

from table 4 

flow for 

and 3 9°/o in the Beaver R i ve r 

streamflow accounts for 80°/o of the toto I 

50°/o of the precipitation in River basin 

,. on the average. The di in baseflow may 

to storage in the ti II or more runoff in the Beaver River basin. 

Results 

Birch 

results in table 4 con a lied to supply-demand calculations of house-
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hold water use. On the basis of records kept by the Public Service Commission on 

monitored well R5 which supplies a 51-house subdivision (with a supplement supply 

of city water), the average water use is 170 gpd/house. The Birch Cove area con­

tains about 800 houses: 

Total demand= 136,000 gpd or 183 acre-feet (ac-ft)/year 

Area = I mi le
2 

Groundwater recharge= 6.6% *of 54.4" (average annual precipitation) 

= 3. 6"/year = 191 ac-ft/mi 2 . 

Hence 183/191 x 100 = 96% of the available supply is being used. 

Sackvi lie 

The study area contains about 3500 houses, of which approximate! y 1000 are 

being served by water from First and Second Lakes. Using a requirement of 170 

gpd/house, then: 

Total demand = 170 x 2500 = 440,000 gpd = 590 ac-ft/year 

Area = 30 mi2 

Groundwater recharge = 4°/o * of 54 .4" = 2 .2"/year = 116 ac-ft/mi2 = 

3479 ac-ft/30 mi 2 . 

Hence 590/3479 x 100 = 17°/o of the available supply is being used at present. 

*The basin storage component of baseflow is used as the percent of precipitation 

available for groundwater recharge since this component results directly from infi 1-

tration of precipitation- These figures are somewhat conservative. 
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Groundwater Level Fluctuations 

When possible, water levels were measured in two dug wells in Maxwell 

Subdivision and one dug well in Birch Cove. The results are shown in fig. 3.4. 

In general, water level fluctuations are due to: I) actual change in volume 

of the water in the aquifer, due mainly to precipitation, evapotranspiration, and 

pumping, and 2) pressure transmission without actual volume change, due to 

events such as sea level changes, barometric changes, and loading by heavy 

vehicles (Nilsson, 1968). The sensitivity of an aquifer's response to these changes 

is a function of permeability, amount of water in storage, and thickness of a con­

fining layer (if present). The time lag between a precipitation event able tore­

charge the groundwater reservoir and the in Hi a I response of a well depends on soi I 

moisture content, depth to water table, pore size distribution of material above the 

water le, and rainfall intensity; during winter and spring, a lag of a few hours 

is common (Bone II, 1972) . 

Hydrographs of groundwater levels usually show peaks in spring and late 

fall when the soil moisture cit is overcome, evapotranspiration is low, and 

precipitation is relatively high A slight recession may occur in the winter due to 

ground and moisture in the form snow reducing the rate recharge; the 

most marked on is normally during the summer, from July to September& 

Little or no recession is evident in fig. 3 for wells R67 and Sl4, perhaps 
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reflecting the above average preceipitation which fell during the water year 

1972-73; a longer period of measurement is needed to ensure that there is no 

delayed effect in the water level changes. Well SIO likely shows a delayed 

response since its water level rose during the summer; its situation in an imper­

meable zone of glacio I ti II may account for this delay. Bone II (1972) found that 

water levels in boulder clay in England responded both to rapid seepage entering 

the we lis from a widespread perched water body and to a delayed seepage from 

lower parts of the a qui fer. This type of response could be occurring in the 

Maxwell area, with well 514 showing the former response and well SIO the latter. 

The nonuniform increase in potential throughout the till as a result of precipita­

tion is evident from the differing responses of wells SIO and 14, which are located 

about 200 feet apart. 

Water levels in well R67, completed in bedrock, appear to show an upper 

and lower limit this may represent the effects of low storage capacity of the 

fractures 
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Chapter 4 

GROUNDWATER CHEMISTRY 

Natura I Centro Is 

Climate, soils, and geology are the main controls on groundwater composi­

tion (Hem, 1970). Climatic effects include weathering, evaporation rates, and 

vegetation types. In a humid temperate climate with rainfall continuously avail­

able as a weathering agent 1 low evaporation rates, and profuse vegetation, 

groundwaters wi II be predominantly of calcium bicarbonate type (Hem, 1970). 

The composition of rain which percolates through the soi I zone is affected 

by factors such as soil moisture composition, availability of weatherable minerals 

and/or weathered products, and carbon dioxide pressure in the soi I pores. The time 

avai !able reactions depends on permeability, grain size, and I moisture deficit 

of the I. 

The composition of the bedrock affects water chemistry, but the rate of dis­

solution varies with temperature, pressure, pH, purity and crystal size of the 

minerals, rock texture and porosity, flow velocity, area of interface between 

soluble minerals and groundwater, and length of contact time between the water 
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and soluble minerals (Hem, 1970). The most aggressive reactions occur in the upper 

part of the aquifer 1 where the water is most undersaturated with respect to minerals 

of the aquifer .. In fractured crystalline rocks the area of solid-liquid interface per 

unit volume of stored water is low 1 resulting in a water low in dissolved minerals 

(Hem, 1970). A I so 1 a layer of water may become adsorbed on fracture walls 1 thus 

slowing down reactions .. fracturing processes can also influence water chemistry; 

for example 1 change of high exchange capacity minerals (clays) to those of lower ex­

change capacity (micas) decreases the soluble minerals available for reaction with 

groundwater (Hem 1 1970) • 

In summary, much more complex relations are possible in deep confined 

aquifers where a long contact time and mixing of waters is possible than in shallow 

unconfined oqui recharged directly by precipitation (Hem 1 1970). 

Manmade Controls 

Man cannot always use natural waters directly for different purposes. Various 

orc,CE!SSE~s may, example, require hard or soft water. This concept is 

ca lied water quality. lity drinking water should "safe, pal a tab fe, and 

aesthetically fing'' a "free from pathogenic organisms, deleterious chemical 

and radioactive substances, and objectionable colour 1 odour, and taste" (Canadian 

Drinking Water Standards, 1969, p I). According to these standards, the following 

are recommended acceptable lim its for some of the chemical parameters measured: 



Parameter 

Ca 
Mg 
Fe 
Mn 
Cl 
so4 
N03-N 
Alkalinity 
Hardness 
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TABLE 5 

RECOMMENDED LIMITS FOR SELECTED CHEMICAL 

CONSTITUENTS IN DRINKING WATER 

Acceptable Limit (in ppm or mg/1) 

200 
150 
0.3 
0.05 
250 
500 
10 
30-500 
Less than 80 ppm as CaC03 is considered as 
good quality, but there is no definite limit 

The average composition of rainfall in the study areas is presented in the 

following tab I e: 

TABLE 6 

MEAN VALUES OF CHEMICAL COMPOSITION OF RAINFALL (IN PPM) 
Conduc-

No K Ca Mg Fe Mn Alk. so4 Cl N03-N tance pH 

1 . 3 0.20 0.32 0.24 0.04 0.01 1.0 3.2 3.5 0.14 22 4.9 * 
1 . 8 0.13 0.20 0.14 0.03 
2.88 0.32 0.68 0.52 
2.0 1 . 0 1 • 2 0.3 

* Personal data, Birch Cove 
**Personal data, Sackville 

0.01 1 . 0 3.0 3.5 0. 13 16 4.9 ** 
6.3 5.5 + 

1. 0 5.0 3.0 0.60 6.0 ++ 

+ Mean weighted values from Citadel Hill, Halifax (Wm. Hart, Dalhousie University, 
unpublished data) 

++Data from the Annapolis Valley, Nova Scotia (Thomas, 1974) 
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Sodium (No+) 

Sodium released from plagioclase feldspar during weathering is likely the 

major geologic source of Na in the study areas since albite is the dominant feld­

spar in both the Meguma rocks and the granite. Other sources include rood salt, 

septic tank effluent, soil dust, and dry fallout from the atmosphere. Natural and 

artificial water softening may increase Na in groundwater since divalent ions such 

as calcium are preferentially adsorbed over Na. 

Po tass i urn (K +) 

Potassium is released during the weathering of alkali feldspar, but with more 

difficulty than No from plagioclase feldspar, since the lower ionic potential and 

ionic radius of K make it less mobile than Na and it tends to be reincor­

porated into mica and clay structures Plants tend to concentrate K as a nutrient 

element. ing of ferti I izer may add K to the groundwater. 

Calcium (Co++) 

pyroxenes, amphibo and plagi feldspar Other sources include calcium 

carbonate nodules in the Meguma Group, which to be concentrated in the 

centre of thick sandstone beds (P. Schenk, persona I communication), soi I dust 

(Tamm, 1955), and and/or Ca in glacial till. The reddish brown till 

in the Sackville area contains calcareous material derived from the Windsor Group 
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(I imestone, gypsum, sandstone and shale). Calcium carbonate weathers as 

follows: 

++ 
Ca + 2HC03 

Calcium is less mobile than Na and tends to be adsorbed on negatively charged 

mineraI surfaces, a process called ion exchange. The solubility of Ca in water 

in contact with air is 16-20 ppm (Hem, 1970), controlled mainly by pC02 (see 

equations in appendix 3). Oxidation of pyrite may cause Ca to be brought .into 

solution in amounts greater than indicated by the above equation for CaC03 

weathering. 

Magnesium (Mg ++) 

Magnesium is widely distributed in rock and soil minerals .. The most 

likely sources in the study areas are biotite, chlorite, and cordierite. 

Iron (Fe++ and +++) 

, iron oxi hydroxides in soi I, and carbon-

ate in the bedrock are some possible sources of in the study areas. 

ic wastes and plant debris may contribute Fe, since this element is essential 

plant and animal metabolism In the pH range found in the study areas 1 

stable forms include ++ 
1 and (OH)3 In many cases the common 

range of concentrations of iron in groundwaters is 1 to 10 mg/1 (Hem, 1970). 
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Manganese (Mn ++) 

Commonly found in rocks and soils, this element is highest in dark silicate 

minera Is with hydroxyl groups such as biotite (1°/o Mn) and hornblende (0 .3% Mn) 

(Hem, 1970). Manganese in the soil is also found as hydroxides and bicarbonates. 

Manganiferous layers and nodules are found in slaty beds of the Meguma Group. 

Organic circulation of Mn is important- it has found in high concentrations 

in tree leaves (Hem, 1970) cterial reduction of organic material may release 

large amounts of Mn oxides into solution. In the pH range 5-7 Mn ++is , 
stable, and a concentration of I ppm is le in oxygenated water unless the pH 

is very high (Hem 1970). 

Alkalinity (HC03. -) 

This is defi as the capacity a solution to neutralize an acid. The 

source of alkalinity is mainly anions weak acids which are not fully dissociated a-

bove pH 4 as dissolved (Hem 1 1970) .. Alumina and 

silicic 

. alkalinity is due to hence it was that total alkalinity equals HC03 

nity, and this to calculate the on. does 

contri until pH 8.3 or more 

A water in li 63 ppm · 

HC03 kalinity, whi I ibrium with soil air can contain more than 
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100 ppm (Parsons, 1967) due to the higher pC02 of the I air (induced by both 

decomposition of organic materials in the 

roots (Garrels eta I, 1971) 

I' and lowering of pH at the surfaces 

Oxidation pyrite and of hydrogen sulphide gas are two possible sources 

S04 in the study areas. The Ia tter source is found rna in I y in wells receiving 

recharge from swampy areas, ially those associated with Sphagnum moss. 

At the pH ranges encountered in the study areas S04 is the stable sulphur form 

under oxi ng and slightly reducing conditions and under highly reducing 

conditions. 

Sui is major in tion over Nova Scotia, possibly 

in rt to sulphur from Higher sui is found in 

winter 

(Herman 

Its or s 

Geol 

some 

tation recharging the groundwater as a result of burning of home fuels 

Higher values may be found also in waters associated with 

(Feth I 

sources of chI are scarce in the study areas. If the Meguma 

in ne environment) not complete fy leached, then 

I or fossil water contained pores the rock or within crystals may 
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contain Cl. Hydroxyl groups in biotite, muscovite, and hornblende can be replaced 

by Cl. This source is unlikely to contribute significant ~mount:s of Cl to the ground­

water system 

Dry fallout 1 sea spray 1 and evaporation can double or triple the back­

ground value of Cl (table 6) in groundwater (Eriksson, 1960 and Jacks, 1973). 

Chloride circulation is mainly physical, hence it is a useful tracer. However, 

chloride does rticipate in a minor way in ion exchange reations, e. g. 100 grams 

of clay can adsorb 0 3 meq of Cl at pH 6.7, 1.1 meq at pH 6.1, and 2.4 meq at 

pH 5.8 (Feth, 1964). Hence ina clayey medium, with long contact time, some 

Cl may be removed from groundwater. 

Urban sources of C I in the study areas include road sa It, septic tank 

effluent 1 industrial r pollution, and input by waf·er softeners. In this study 
1 

human contributions to I concentrations are considered to be operating when 

values are greater than 50 ppm. 

main sources 

phere (air pollution) and soil b iol ogi c materia I. Ferti I i zers and organic 

wastes from humans and animals may also increase N03 when present in exces"" 

sive amounts 



pH 

Most of the groundwaters in the study areas lie within the pH range 5 

to 7. In Sackville, a few samples are greater than 7. 

This ion was not monitored, but was measured once on each monitored 

well and on some spot samples. The main source of the ion is dissolution of 

quartz and/or equilibrium with weathered products containing Si (such as 

kaolinite) The latter source controls the water composition by its presence 

(Feth, I a Is et I, I 1971). The common range of con~entrations 

encountered in the study area is 15 ppm 

depth while the lag 

(Brown, 1973) A noma I ous 

In se 

others 

nces of 

found 

ids can to 

Temperature 

water 

may occur in the vicinity of fault zones .. 

very on the moni we.lls. 

Back (1966), Vande et al (1969), 

such as lo/o, Na%, 03o/o, and toto I 



groundwa ters; C hebota rev (1955) predicted the foil owing progression: 

Cl 
+ --7 Cl 

504 

Bicarbonate is high in recharge areas since solution of and Mg carbonates in 

the soi I is rapid "''"'"'"nr.red to other processes Sulphate is added more slowly by 

processes such as lution gypsum and oxidation of sulphide minerals .. A 

so4 zone may lacking if so4 is ng reduced and hydrogen ion is being 

. Ch Iori de is gradually by attack on sil tes containing Cl 

(e.g biotite muscovite, hornblende). Thus Cl 0/o and total dissolved solids 

are high in the discharge areas Sodium percent also increases toward the dis-

rge area as a result base exchange processes which preferentially retain 

The general in which the ca tend to fixed is 

(Vande e t a I 19 6 9) H + + ++ + + 
Mg > K > Na . Thus trend in 

groundwater metamorphism is towa enrichme,1t in those with the greatest 

affinity for the dissolved state, i.e. Na and Cl (Chebotarev, 1955). 

seasona I or short-term water 

chemistry varia I bioi vity can and 

HC03. Plant nutrient lements such as K nd N03 should higher during 

of plant ncy ( 1961) found that and Mg were released 

from vege in the II nd a in conductance and pH in lake 
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waters. Jacks (1973) found HC03 to be lower in winter due to rtt:!l•""rone.c:)n bio­

logical activity and lower 

Short-term chemical variations may also be a result of active infiltra­

tion into the groundwater system and accentuation of slight volume changes by 

the small storage volume of fractured bedrock. Precipitation-evapotranspiration 

relations are common causes dilution-concentration effects in water chemistry .. 

"Siug 11 type inputs to the groundwater system can cause short-term changes. 

These may be as a resu It man's a cti vi or of natural effects such as retarda­

ground and input of ions concentrated tion of infiltration in the winter by 

in a slug in the . Snow-covered forest soi Is may, however, remain un-

frozen throughout the winter allow perennial infiltration (U et al, 1967). 

to whether rnt"'tt"\f"'QC:: are sharp or The 

subdued) 

slug input on water chemisf·ry 

permeability, composition and concen-

of the source effects of dilution between the source and point of 

measurement to urbani may also result from faulty 

well I high ng tes, and input from contami surface water 

Iva inc were 

Subdivision ro rnnnr'lo;; S W j II 

waters , si It ~"'"''"rnrn nation has 

in Birch Cove and Maxwell 

in salt content in the.well 

documented problem for some 

in Hali 
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C pter 5 

DISCUSS! N OF ULTS IN THE BIRCH COVE AREA 

The general topography, geology, and water table elevation of the study 

a rea are n in figs . 5 . I , 2. I , and 5. 2 cti ve I y . 

A topographic profile extended inland from the study area, parallel to the 

strike the Birch Cove anticline, shows that the topographic high in Birch 

is the main relief on general regional slope the Blue Mountain Hills (water 

divide) to the sea (fig. 5.2). This indicates that a regional flow could develop, 

with the Cove high serving as a local or intermediate rec area for most 

the wells in the study area. Evidence of groundwater flow is shown in photos 

7 and 8 by perennial seepage from joints in a cut. 

Well dri I logs (fig 10) were 

trol for to water water elevation was cal-

tion minus to water in the we II., using sea 

I as . The resulting water surface (fig 5.2) will be called a water table 

since it is lly unconfi however, fluid in the joints are 
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Photo 7: Seepage of groundwater from joints during the summer, Birch Cove, Note the 
abundant moss growth indicative of a good moisture supply. This flow during 
the dryest part of the summer irnplies a perenniol supply of groundwater . 

Photo 8: Seepage of joints during the winter, Birch Cove. Note the ice sheet covering 
the joint face , fanning out from its discharge point a long a joint plane (a bed­
ding plane joint in this case). 
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than would be if equilibrium with the atmosphere was attained. This 

water table is not actually continuous in the bedrock there are blocks of un­

fractured rock but fig & 5. 2 represents the probable I eve Is to which water 

would if the aquifer were penetrated by a well. These levels are lines of 

equal fluid potential, and groundwater flows at right angles to these lines, 

potential. Although the water Is obtained from the from higher to 

well logs perta to different seasons and different years, the author considers 

the result to a reasonable approximation in the lack of other data because 

1) the water table is lly a subdued replica of the topography, and 

2) theoretical spring locations (intersection of the water table and topography) 

shown on fig. 5 2 appeared as dark red on infrared photos of the area 1 indicating 

groundwater discharge; also, severo I homeowners reported the presence of 

springs in the vicinity A procedure been used by Novakovi c et a I, 1974. 

Lakes and swam in this area are surface ons of the water table 

Water levels in wells """I'"'"'''"" ... by topographic irregu in the bedrock 

are simi lor to levels of 

lakes are not perched the water table but form part of the groundwater 

flOW <:H<:1rt:;;orn striking 

system (fige 5 1) Groundwater flow is also in this di in the vicinity of 

the anticline 1 b•Jt foil ows 

r.cr•..-.rtll"l"''l<::::i area corresponds to 

area is K.OI"if>"""•·~""~ Basin. 

topography in rest of the area The main 

Birch high; 

i c gradient is 0 

discharge 

ft/ft. 



From the geological map of Birch Cove (fig. 2.1) several prominent linea­

tions parallel to the major joint sets are evident, representing possible shear zones. 

If groundwater is flowing 'through both these joint sets, the resultant direction of 

movement should be from west to east, which does occur in part of the area. 

Near the anticline axis, tension fractures should provide a permeable conduit-

this is evident by the channelling of the flowlines toward the axis in fig. 5.2. 

The well-developed bedding plane fractures in this area may also contribute to 

the northeasterly component of flow, and will likely carry the largest volume 

of water s the northeast striking joints parallel the topography near the axis. 

By comparison of the water table and topographic maps (figs. 5.2 and 5.1
1 

respectively) it is evident that some irregularities in the water table are associated 

indicating that shear zones may be present For example, area I in fig. 5.2 is 

associated with the intersection of a northwest-southeast draining stream and a 

prominent northeast striking lineation in fig" 5 .I (area lA). A pump test nearby 

(table 2, test I) shows an unusually high transmissibility The water table con-

figuration in areas 2 nd 3 (fig 2) likely results from channelling along to 

zone on (fig. 5 .I 2A) building up of the water table in 

le area (fig . 2) away from the shear zone Fracturing asso-

with the stream in area (fig 5 I) to control the water table 

shape in area 4 (fig. 5 2). From this evidence it appears that unusual water 

le configurations result from inhomogeneities bedrock structure and may be 

used to i possible zones in con junction with other geologic evidence . 



"YV\"""r'._ well Ids in the area range from 1-5 gpm The distribution 

of wells with yields greater than 3 gpm (considered as good) on fig. 2 I appears 

to correspond to possible shear zones (e.g. wells R41 and 51) or the anti cline 

s (e.g. wells and 26). The presence of lakes a long the granite-quartzite 

contact (e g. Washmill nd Chari in fig. 2 .1) could indicate high 

permeability along the contact; however, there were no wells along this contact 

with data on yi e l d . 

roundwater and Flow 

The predominant water types on anions, are CI-HC03, 

CI-S04 , and Cl (appendix 5, figs. I and 2). Type 3 and 

4 waters I ly nt either uncontaminated and/or recharge waters, and 

found in two of locations (fig .3): near the anticline or shear 

zones (e g wei Is R3 and 21), and in areas where rec could come from a 

local topographic high rt-.c.t"'t-t::•ri by roods (e g. well R46 and we lis near the 

te contact Lake). ter types I and 2 could 

rge in some wells along 

most I t~contamina waters si nee ma 

Basin but for the 

either close to roads 

or from them with 

water 

from type 2 wells R53, 91 a 

to movement. Evidence of 

nr\11'''1'1"\t:llt'IC:'I' striking joints can be seen 

4wells R21, 3, (fig. 5. 3) . 

Indication loride is most I ly not a ona I discharge i ndi co tor 
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in this area is illustrated by figs. 5.4 and 5.5. Chloride increases almost 

exponentially as distance to a decreases, but shows only a wide scatter 

relationship with well depth, reflecting variation in the degrees of hydraulic 

connection between various wells and the roads near them. Thus Cl must be 

considered with caution as a chemical facies indicator when areal variations 

alone are considered. 

Areal variations in various parameters are shown in figs. 5.6 to 5.13. 

Both spot samples and monitored wells were used to prepare these maps. The 

time based means of the monitored wells' parameters were used since they 

represent a stable composition (Hem, 1970). The mean values and standard 

deviations of parameters are presented in appendix 4. 

Iron and Manganese (figs. 5.6 and 5 .7) 

Contours of these ions, especially Mn, show definite northeast trending 

con tours, indicating control by bedrock structure. A zone of low concentration 

these ions is found along and near the anticline , reflecting rapid recharge . 

If the values on the maps are compared with the recommended limits in table 5 

for ions, it is evident that Mn poses a much problem than 

Usual! y, concen ons are greater than Mn in natural waters (Hem, 1970), 

but the reverse case is found in Birch Cove, indicating a disequilibrium 

condition in the groundwaters since Mn is more solubfe but generally less abundant 

than • Possibly Mn is high in bedrock or is derived from organic material, 
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for example from bogs where they form of the groundwater system. Manganese 

concentrations are low in the northern, forested nonurbanized part of the map area, 

indicating that Mn release from plants and/or bedrock may be slow under these con-

higher in the urbanized of the area, 

which supports findings by N. S. Department of Environment that Fe and Mn con-

centrations are ror<:~,r<Tt<;>r in salt contaminated groundwaters from urbanized areas (John 

F Jones, personal communication) 

S i I i co (fig . 5 • 8) 

The variation of silica shows a tendency to reflect the increasing of 

groundwater as it moves toward M~:u·1rnlr'n 

in the northern 

Wells 90 91 near the 

two of wells dug wells 

n, although structural control is also 

where silica contours 

area do not show high si 

I flowlines. 

values; 

ly reflect moving shallow ground-

water local origin. The I high silica concentration on the southwest part 

fig .. 8 could 

high rnt"lr.C•n 

up 

cause ecce rock 

solution which in turn increases the 

wa however 

groundwater 

wells also 

from the 

High) moving ly nd picking 

lly ups! from wells The salt could 

ionic strength an aqueous 

ubi! ity other ions (Langmuir, 1972)). 



Figure 5.8. 

RCH 
HALIFAX 

Sl IC 

EA 
, N.S. 

8.8 

Tr e North 

BIRCH 

COVE 



67 

Sodium and Bicarbonate Percents (figs. 5. 9 and 5.10) 

These parameters show some evidence of structural control by northeast 

striking joints. Rapid groundwater movement along the anticline axis is re­

flected by low values of Na 0/o ( < 40°/o) and high values of HC03o/o( / 20%). 

Other zones of high HC03o/o ( 40°/o) coincide with small topographic highs 

which could be local recharge areas. Bicarbonate percent decreases towards 

Bedford Basin; however, this could be a result of increase in Clo/o. 

ChI or ide (figs . 5 . II and 5 . 12) 

Chloride percent shows a simi lor areal distribution to Na0/o. On the 

whole Cl 0/o is generally above 60°/o with small local zones less than this, 

indicating irly widespread salt contamination Raw values of Cl (fig 5.12) 

show that uncontamina waters are found on or near the anti cline axis and 

on topographic highs. Highly contaminated wells are found in areas of 

housing and where wells are downslope from a road with to groundwater 

movement. ly a small part of the Cl a ic tank source chapter 7). 

Roode cts are well illustrated by the group of samples southwest of Kearney 

Lake all wells 0.1 downslope side of the contain greater than 50 ppm Cl. 

Calcium to Magnesium Ratio (fig. 5.13) 

This ratio shows a general in the flow direction, as expected. 





c E 
HAL S. True rt h 

IC 

Birch Cove .. 



R 
HAL X 

E 

C LO IDE 

\ \ / 
\ I "'/ 

\ \40 ... 

320 

variation in chloride percent, Birch Cove. 

/ 

--, 

/ 

, 
/ 

I 
I 

e h 

BIRCH 



R COVE AREA 

HAL IF X COUNTY, N.S. True North 

C LORI 

COVE 

m 
Figure 5.12 .. Areal variation in chloride, Birch Cove. 



L 

D. Spo 

R 
H Ll 

C L IU 

EA 
X COUN N 

U R 

6 

Birch Cove. 

0 

4 

True North 

BIRCH 

COVE 



-73 

Ratio values of 4-6 characterize recharge areas, 2 or less discharge areas. 

A granitic area exists upslope from the wells near Kearney lake, hence these 

waters could show a higher Mg content or lower Ca/Mg ratio (Gorham , 1957) 

than the rest of the waters. They do not show a lower ratio, which illustrates 

the difficulty in distinguishing groundwaters from granite and quartzite by 

major chemical constituents alone. 

Mineral Equilibria and Weathering 

The equilibrium status of the groundwaters was investigated using mineral 

stability fields from Bricker etal (1967), rrels et al (1971), and Jacks (1972, 

1973). They are constructed from thermodynamic data for the minerals, as 

detailed by Garrels et al (1965). All water samples from Birch Cove fall within 

the kaolinite field (figs. 5.14 to 5.17 a and b), indicating a relatively intensely 

leached aquifer since the water is in equilibrium with the weathered product of 

the ldspars and chlorite rather than with the minerals themselves (Jacks, 1972). 

Although K from alkali ldspar is only present in small amounts (due to differential 

weathering of the feldspars), it does play a role in the equilibrium, because many 

of the samples have a pK-pNa value close to I, the value that is found when 

both alkali and plagioclase feldspar systems are present (Eriksson, 1968). 

Turnover rates in the upper part of the aquifer can be investigated by the 

plots shown on fig. 5.18 (Jacks, 1972, 1973). The points show no clustering at 
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any particular groundwater level, indicating relatively rapid turnover rates. 

The actual rate is not known here, but Eriksson (1968) suggests a period of 

10 is required for groundwater from igneous rocks in Stockholm to reach 

equilibrium by wecthering. If this figure is applied to Birch Cove , then the 

turnover rate must be less than 10 years, since none of the groundwaters reach 

equilibrium with the source minerals. The activity ratios in the above figures 

are relatively constant throughout the groundwater elevations investigated, 

indicating that about same degree of weathering has been achieved 

throughout these Is. This supports the stability field conclusion of 

tively intense leaching. The variation present in the activity ratios is likely 

because other factors (such as permeabi I i ty and hydro ul i c grodi ent) beside 

groundwater elevation influence groundwater flow velocity. 

Thee of weathering are also illustrated in fig 5.19. Conductance 

should, theoreti co lly, increase towards sea level since groundwater velocity 

decreases with depth. The plot does indicate this, especially if probable salt 

contaminated wells are separately. Since fig. 5.18 has revealed a 

relatively le ng profi I e at groundwater levels investigated, 

increase in conductance in fig 5.19 may indi cote salt accumulation in 

deeper rts the aquifer toward the di area. Calcium could also 

produce of this increase in conductance Carbonate nodu or concre-

tions in the bedrock contain up to 50o/o CaC03 in the centre as compared 
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to less than 3o/o in the rest of the rock (M. Purves, personal communication). If 

unsaturated waters penetrate to depths of 200-300 feet, then these nodules could be 

weathered. Figures 5.20 a and b show that Ca is being continuously added to the 

groundwaters by dissolution ofCaC0
3

, and that the vertical permeability is likely 

greater than the horizontal. The deep penetration of aggressive waters is allowing 

intense leaching to take place: although not shown, pC02 increases with depth, cau-

sing pH decrease o hence accelerated weathering. The well waters are enriched in 

C0 2 as compared to the atmosphere, as shown in appendix 3. Pyrite oxidation, which 

results in the production of H+ ions, could also influence Ca concentrations since the 

latter are higher in some cases than would be expected from the pC02 equilibria. 

TheCa valuAs in wells RIO, 14, and 62 are thought to be anomalous and will be dis­

cussed further in chapter 7. It is not possible to determine from the data if high ionic 

strength is also increasing the solubility of CaC03 in the bedrock. 

Statistics 

Table 7 summarizes the results of a Pearson correlation on areal variations 

in water chemistry. Most of the ions show a positive correlation with one another, 

with correlation coefficients of 0 8 or more for Cl with Na, K, Ca, and Na with 

so4 . These results support the previous hypothesis that salt may be increasing the 

solubility of other ions. It is also possible that some of these ions, such as Ca and 

K, are present as impurities in the rood salt Iron and Mn are correlated at a sig­

nificant level, as would be expected from the geology of the area and geochemistry. 
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Con due- Sodium Potas- Calcium Magne- Iron Mango- Alkali- Sulphate Chloride Nitrate 
tance sium sium nese nity 

Con due- .00 -.32 .90* .82* .89* .63* .08 .10 .21 .74* .99* .44* 
tance 

pH 1.00 -.37 -.37 -.10 -. 21 -.08 -.18 .39* -- .32 -.34 -.36 

Sodium I. 00 .77* .63* .29 .05 .09 .02 .82* .90* .35 

Potas- 1.00 .66* .56* .16 .18 .13 .58* .80* .54* 
sium 

Calcium 1.00 .72* .04 .05 .46* .59* .86* .37 
I 

00 

Magne- 1.00 .19 .20 .19 .17 .63* .48* 0 

sium 

Iron 1.00 .65* -.06 .05 .09 -.02 

Mango- 1.00 .14 .00 .10 -.10 
nese 

Alkali- * Refers to a significance level of 1.00 .14 .09 .14 

nity . 01 or better 

Sui phate 1.00 .68* .36 

Chloride 
TABLE 7 PEARSON CORRELATIONS ON AN 

1.00 .39* 

Nitrate 
AREAL BASIS, BIRCH COVE 

1.00 
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Seasonal Fluctuations in Groundwater 

Seasonal variations in Na, Cl, and conductance (figs. 5.21 to 5.23) 

show essentially the same pattern in most of the monitored wells. Significant 

corre lotions between Na and C I are found in a II wells except we lis R3, 60, 

63 and 62 (appendix I). The former three wells may have other Cl types 

ide Na since there is evidence of septic tank contamination. The latter 

well is Ca Cl type water of unusual composition. These anomalies will 

discussed further in chapter 7. 

From fig. 5. it appears that wells with high mean Cl concentrations 

have a pulse type response, with the two peaks ·being a result of salt contami­

nated recharge in the springs of 1972 and 1973. The second peak is much lower. 

Three possible explanations for this, on the of table 8 and appendix 2 are: 

firstly, the more rapid warming in air temperature from January to April 1973 

ted in earlier infiltration of snowmelt recharge than in 1972, hence the 

slightly earlier of Cl in I secondly, the amount of precipitation 

the water (6 11 more than the previous water year and 9 11 

above average) resulted in more recharge to the groundwater system and hence 

more lution; and thirdly, higher snowfall during the water year 1971-72 

necessi the use of more rood salt (appendix 2) 
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CL IC FOR R RS 1971-72 1972-73 

ter -1972 ter Year 1972-! 973 
1972) (Oct. i, 197 2- Sept. 1 1973) 

n Total Mean Total Total 
Tempera- p- Tempera- Precip- Snow-
ture itation ture i tat ion fa I 
OF Inches OF D nches * 

0 50.9 +!.I 2. - 1.81 0 45.7 - 4 .I 7 I +2.95 3.4 + 3.3 
N 38.8 -2.1 6.65 +0 2.0 -0.7 N 36.1 - 4.8 8.85 + 2.87 5.5 + 2.8 
D 26.7 -3.3 3.75 -2.09 12.8 -2.9 D 26.4 - 3.6 7.55 +I .71 16.3 +0.6 
J 23.4 - 1..8 6. +o. 26.5 +7 8 J 24.1 - I . i 4.37 -I .43 II .7 - 7.0 
F .5 -3.9 5. +0.32 19. 8 - i .2 F 22.5 - I .9 5.34 +0 .26 29.4 + 8.4 

27.7 -3.0 8.98 +4.58 . 5 - 2.3 32.1 - 1.4 4.68 +0.28 6.1 -9.7 
A 35.4 -3.8 4 +0.59 32.9 +28.2 A 39.2 0.0 5.30 +I .15 2.5 -2.2 

. 5 -0.7 6 + 2.13 6.2 +5.8 46.3 - I. 9 4 . -0 r31 
J 55.9 -0 8 4.54 +I. !9 J 58.6 + i .9 4.85 + 1.50 
J 63.4 -0.2 3. -0.36 J 65.6 + 2.0 6.36 +2.74 
A 63.5 -0.6 2.80 -0. A 64.7 + 0.6 3.93 +0.23 
s 58.7 +0.1 1.55 -2.16 s 57.1 - .5 0.95 -2.76 

Total 57 113. Total 63.6 11 74.910 

n Mean 
Temperature Temperature 
42.7 °F 43.2 °F 

* D =Departure 30-year mean, as given by the Atmospheric Environment Service. 
00 
til 
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Cold air temperatures during the winter of the 1971-72 water year 

likely prevented much active infiltration of precipitation, but the lower 

melting point temperature of salty roadside brines could make their entry 

into the groundwater system possible. In the winter of the water year 1972-73, 

in contrast, the large number of rainfall events combined with the highly 

fluctuating air temperatures resulted in several thaws during the winter, thus 

allowing large amounts of uncontaminated recharge to dilute the infiltrating 

brine solutions" Active infiltration during the winter of 1972-73 is evident 

in the plots for wells RIO, 53, and 58 (fig. 5.22) which show an almost im­

mediate increase in chloride following the start of road salting around week 

18 or 19 As an example of the effect of salt application in relation to precipi­

tation, a IOo/o decrease in the amount of salt applied, along with an II .5o/o in­

crease in precipitation during the water year 1972-73 over the year 1971-72 

resu I ted in a decrease in the peak Cl va I ue of 50°/o, 40°/o, and 73% (for we lis 

Rl4, 10, and 53 respectively). The greater decrease in well R53 likely indicates 

a higher permeability in the vicinity of this well. Thus chloride concentrations 

are responding not only to the annual rate of salt application (Toler, 1974), 

but a I so to the amount of 

To obtain ani of the time lag between salting and change in water 

chemistry, week 19 (m December) was taken as the start of fairly continuous 

salting and the time taken for the peak Cl value to occur was noted: 
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TA 9 

TIME S FOR CH RIDE ION CONCENTRA ON 

IN CTED WE , Bl H COVE 

Well Time , weeks 

RlO 8 
R5, 16 

18 
R14 

values time shou represent a minimum lag for chemical response in 

groundwater Cl is a highly le ion can serve as a tracer. 

the well n the flow system nd mixing or lution phenomena Well R58 showed 

a 

runoff into the a result of 

ulty well (the 

ins) 

lis slight overall increase Cl over the 

coui city 

in the flow 

is the most 
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likely since these wells show essentially the same concentrations of Cl at the start 

and finish of the water year 1972-73 implying that changes in storage could be 

causing the concentration changes. 

The lowest total dissolved solids concentrations (reflected by conductance, 

fig. 5.23) in most wells occur during mid-winter from the end of December to 

middle of January This is a function of recharge at the start of the water year 

in October, when water levels start to rise, the soil moisture deficit is satisfied, 

and salt, from the previous winter is past its maximum value. Hence the fall 

recharge should have lower conductance than spring recharge and the time lag 

from this input to the mid-winter low is about 3-4 months, which is compatible 

with the time lags estimated for Cl in table 9. 

Within experimental error a given percent increase in sodium concen­

trations corresponds to the same percent in crease in Cl concentration, further 

supporting a NaCI source for the Cl. Terry (1974) suggests that some Na from 

salt may be retained in the soil. This is not the case for most wells in Birch 

Cove, a I though we II to show a time lag of one week between 

No and Cl peaks. Hence the thin glacial till cover is not effective in retai-

ning Na, possibly use of its sandy nature and high permeability, its thinness, 

or its limi ty for base exchange. 

To group the wells, a plot of percent conductance was used (calculated 
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by averaging conductance values in each well, then taking each individual value 

divided by the average and multiplied by 100) On the basis of the relative 

smoothness seasonal fluctuations, groupings were found: 1) highly 

fluctuating response (we lis R6, 1 58, 60, 64, ; 2) intermediate 

response lis Rl, 10, 21, 31, 53, 61, 62, 63); and 3) smooth damped out 

response (wells R3, 5, 14, 22, 46, 59) A discriminant function analysis was 

performed on these groupings (with variables well depth, topographic elevation 

and water table levation). ts indicated well depth to be significant 

at the 0 

depth of 1 

level, with wells showing damped out responses A well 

175 feet separotes response types 1 and 3, while type 2 has well 

depths greater less than these pths. This result has several implications. 

Firstly, response could represent wells in local flow systems with nearby 

sources and 3 t wells in an intermediate system with a 

recharge area at the Birch High (fig. 5.2) Type wells would then 

represent transitional zones between these flow systems or a mixing of different 

water condly, 3 wells could simply te the effect of 

with depth or a longer travel time recharge water to 

water source wells could then be very local, as 

for 1 wells Thi ly, the results indicate that seasonal fluctuations in 

chemistry can 

areas with salt 

The 

used to some deductions rega ng flow systems, even in 

nation which areal variations in chemistry are suspect. 

tation is the most likely, local flow systems. 



90-

Based on the overall shape of the curves in fig. 5.22, there are three 

types of curves: 1) stable type, with little or no variation (e.g., wells Rl and 

46); 2) dilution-concentration type curves (e.g., wells R44, 62 and 65); and 

3) pulse type response as a result of road salting (e.g., wells RlO and 14). Well 

R31 is of the latter type but shows only one peak, indicating that the well is 

receiving enough recharge to damp out the second, lower peak. 

The wells with high chloride values and pulse type response show a large 

number of high significant correlations between different variable pairs (e.g., 

appendix l, tables l and l F). This is a result of the increase in solubility 

of other ions caused by high salt concentrations. Also, the lower mean pH in salt 

contaminated waters (pH< 6) would increase the solubility of components such as 

and Mn. 

um ions (figs 5.24 and 5.25) are significantly 
~----------~------

correlated with each other in all the wells because of their geochemical similarity. 

About 60-65°/o of the wells have a significant Na-Mg and Na-Co correlations with 

the former at a higher level .. Magnesium may be more sensitive to salt concentration 

than since it is slightly more mobile than in the soi I. Time lags for Co and 

Mg are the same as C I, indicating a rna jor input of these ions in spring recharge or 

an increase in their solubility at this time due to salt in the water. 

Bicarbonate composition (fig 5 26) is relatively stable, with most fluctu-
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ations occurring in late fall and spring. A significant HC0
3 correlation 

(in wells Rl, 3, 5, 14, 44, 46, 60, 61) indicates a calcite source in soil or 

bedrock for some of the HC03 in these we lis. The large fluctuations in 

well R44 may indicate biological influence since this well is likely recharged 

in a forested area Significant HC03 -Na correlations (wells R14, 44, 46, 62, 

67) could be due to weathering of plagioclase fledspar. Significant HC03 

correlations (wells RlO 21 64) could reflect the influence of organic 

decomposition in the soil, e .. g., 

4CH20 + 402 4H+ + 4HC 

(OH)3 + 4H+ + 5H20 + 1/202 

(Langmuir I 1969) e 

are sma If in most wells. Late II 

fluctuations may ect biological influence(Likens tal, 1967) Since K is 

high I y corre Ia 

the spring. 

may 

It con 

ign 

in most wells with Na 1 or Mg it is likely mobili during 

K-Mn correlations (wells R5, 10, 1 31, , 58 and 

weathering of minerals containing these ions by high 

cant K-N corre 

n the wells 

Sui Nitrate (figso 5 28 and 5 29) are significantly correlated 

in about of the wells (R5 1 10 14, , 58 1 64).. This could 
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represent an organic origin for some of the S04 either by production of H2S 

and subsequent oxidation or by increase of during organic breakdown and 

thus increase of (for example, see the above equations) or, by desorption 

S04 from organic complexes. Four of the wells I show a significant 

HC0 3 Fe corre lotion which supports the latter example Sulphate and Cl are 

significantly correla in wells 44, indicating S04 input in the spring 

lowering of pH by salt ond subsequent oxidation could release S04 from 

pyrite in the bedrock Where S04 is correlated with N03 it likely represents 

a time lag of 6 months or more; other cases an a !most immediate response may 

be possible since so4 is often high in groundwaters in the winter when precipita-

tion contains more of this ion The reason for the increase in S04 in wells R65 

and towards the of summer 1973 is uncertain. 

trate input a maximum in the spring when the decomposition 

products of '"'""'"""""''C matter can enter the groundwater flow system Hence the 

peaks in N N in many wells in winter (fig 5 29) are likely the result of 

input from the previous winter 1 representing a time lag about 8 months Feth 

(1964) 

N 

eta I (1 

use of ni 

I uti on concentration 

well in 

This was not the 

a I so found lags a simi lor of magnitude for 

may accentuate the time If the response were 

' a in N03 would be expected in August as 

when the amount of groundwater is in storage. 
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ficant negative N03-CI correlations (wells R5, 10, 22, 31, 59, 60, 

support the lity of delayed infiltration of NO due to organic 
3 

or soi I processes, especiolly since many of these wells a I so showed a significant 

NO corre ion. Significant tive N03-c I correlations may indicate ra-

I trati on (e, g, we II R67, a dug we II with a sha !low groundwater supply, 

shows this) or faulty well construction. 

61 1 65. This could be a result Mn input in (fv\n is released from decay-

ing vegetation during winter and also mobilized from the bedrock by low pH 

humic by natural means, or by solubility of Mn in the bedrock due 

to the lower and higher ionic strength of salt contaminated waters. Control of 

Mn by pH is ev nt in wells Rl and , which show a significant correla-

tion tween Mn, and. '""'"''""'.,."''r'l in wells R6, 31, 46, and 60 (appendix I). 

Groundwater variations are shown in fig. 5.30. The changes are 
----------~--~-----

I and 6 weeks behind air temperature Groundwater 

is in the time 

to mixing ts and flow. ture fl decrease with depth, 

wells R5, 31, and 

However, were fi as I low waters on the is of percent conduc-

tance. anomaly can be if high variations (fig 5. and high K 

ons (fig 5. in welfs a 31, respectively, are affecting conductance. 
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High temperature fluctuations indicate a shallow groundwater (wells R59, 61, and 

65). We II R59 is classified as a deep water ibly mixing of groundwater 

types of similar chemistry and di t temperatures is occurring. The position of 

we lis R59 and 61 near zones pidly moving groundwater 

in the zone mixing with slower moving groundwater in less permeable areas 

adjacent to the shear zone lh well R61, it rs that waters of different campo• 

sition are being since conductance varies greatly. We lis Rl4 and 53 

show lower temperatures than the other wells and this appears to be related 

to high salt concentration active infiltration of cold salt-contaminated roadside 

brines or meltwater. 

Summa 

Groundwater flow in Birch is controlled mainly by topography and 

geologi structure, with little or no influence by glacial till deposits. The undu-

lating topography is function of geol c structure , and favors the 

lopment I flow . High fracturing in the vicinity of the Birch 

anticline axis results in some II ing of groundwater towards the axis, 

thus 

wells are 

contact may 

le may be 

the on flow northeast king joint set. High yield 

near nticline axis zones; the gra ni te-quartzi te 

conduct large volumes of groundwater Irregularities in the water 

with zones. 
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Results of areal variations in groundwater chemistry support the idea of the 

predominance of local flow systems in Birch Cove, originating on small topographic 

highs. The influence of road salt, due to the lack of appreciable glacial till 

cover in the area, masks true chemical variations to some extent.. The main 

water types are HC03 Cl or Cl- HC 

often C I-SO 4 type. 

Waters with a high salt content are 

The area shows relatively high groundwater turnover rates, with the waters 

being in equilibrium with the weathered products of minerals in the quartzite. 

I dissolved mineral content increases towards sea level, either as a result of 

increasing age of groundwater and/or the cumulative effect of urban salt input to 

the system From the data it is difficult to rmine whether one or both effects 

are operative The linear increase of cal urn with well depth indicates that 

weathering oro1ce,eas below the water table in this areai hence water movement 

through the must be enough that its aggressiveness is rna intained for 

a considerable length of time 

ons in ter chemistry can used to obtain some 

of ons e average 15 weeks was estimated for C I, 

with , Mg, No, and K showing simi lor responses., Nitrate has a time lag of 

8 months, with phate in many cases showing a similar result., In Birch Cove, 

sa It con tam wells show high significant correlations among many of the 
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variables, which can be attributed to the effect of salt on pH and on solubility 

of other ions. Salt contaminated wells also show generally low temperatures 

during winter, likely reflecting active infiltration of snowmelt recharge. Wells 

proximal to shear zones, such as well R61, may show unusual temperature fluctu­

ations. 

We lis with a sha I low groundwater source, such as R67, show both immed­

iate and delayed responses to water chemistry and water level fluctuations. This 

is likely a result of rapid input through a local or highly permeable zone, followed 

by an input of water which has travelled through less permeable zones in the 

aquifer or from a more distont source. 

The time lags for chloride ion as determined from seasonal fluctuation 

data can be used to estimate the permeability in the vicinity of a well. When the 

source of the Cl is known, velocity can be calculated and Darcy's law applied to 

determine the permeability. For well Rl4, a permeability of 0.5 ft/day (4.1 

gpd/ft2) was calculated. This value is relatively low as compared to the range 

of 2.9 x 10-5 to 28.5 ft/day (1 to l0- 8 cm /sec) given by Snow (1965) and 

implies that the well may be in a zone of low permeability, thus explaining the 

relatively long time lag for the weiJ. Also, it indicates that the smooth nature 

of the percent conductance curves for the deeper wells is likely a reflection of 

time and/or lower permeability rather than a distant source and a regional flow 

system. This supports the idea of mainly local flow systems in the area at the 
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aquifer depth ranges penetrated by the domestic wells studied. The chemical re­

sults, which imply a vertical permeability greater than the horizontal, also support 

the idea of I oca I flow systems. 

The hydrologic budget estimate in chapter 3 indicates that much of the 

available groundwater recharge in the area is presently being utilized and that 

groundwater mining could occur in dry periods or with increased demand. 
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Chapter 6 

DISCUSSION OF THE RESULTS IN THE 

SACKVI AREA 

The topography geology of the regional study area are shown on figs .. 

6" 1 and 2 2 respectively Monitored well locations in Maxwell Subdivision are 

shown on fig. 6 

I ogs (fig G 2 9) were used to pare a piezometric surface 

(fig" 6., 3) a contour map the bedrock (fig .. 2" 8) 0 Lakes and swamps 

were a I so i ncl in the surface their a lti were similar to the water 

Is in the nearby wells The groundwater and surface water divides coincide in 

of the area (fig 6 .. 3) but not in the southern part of the map area 

near rst this might due to insufficient well data in locality. 

the bedrock and c map (figs .. 2 .. 8 and 6.3, 

the main ld ke and south 

coin with bedrock highs areas occur over 

some nor! .. l"'\.f''V highs (e .,g I Duck nd over drumlins (e.g .. , east of 

Webber north of Barrett and southwest First lake) A regional flow 

the water on the west to the regional 
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discharge area on the east (Lakes Kinsac and Fletcher in this area) with an average 

hydraulic gradient of 0.016 to 0.020 ft/ft. This is supported by the piezometric 

map (fig. 6. 3) which shows a general east-northeast flow of groundwater controlled 

basically by the bedrock topography. Intermediate type flow systems are possible 

but the data is insufficient to clarify this point. There is a north-south line of local 

recharge areas along the Beaverbank Rood (fig. 6.3) which result in a local dis­

charge line running north-sout·h through Fenerty, Wi I son, and Feely Lakes. 

Vie ld of bedrock \Ne lis varies from. 1-5 gpm. Locations of we lis with repor­

ted yields greater than 5 gpm are shown in fig. 2.2. The majority of these wells 

are located within 1/4- 1/2 mile of either the north or south slate-quartzite contact, 

where high fracturing is possible. Evidence for high fracturing is the low groundwa­

ter potential along the contact near Springfield Lake (fig. 6.3) reflecting rapid 

dissipation of potential here Well-developed bedding planes may conduct signifi­

cant quantities of groundwater. Wells near the granite-slate contact on the west 

side of Kinsac Lake also show high yields; this contact may have been faulted, thus 

producing highly fractured zones. 

The elevation of water levels in bedrock wells corresponds closely to those 

in dug wells where such data is available, with the levels in dug wells sometimes 

higher. This indicates a communicating sequence, with waters in the bedrock in 

hydrostatic equilibrium with the overlying waters (Gretener, 1969) and with a small 

component of downward flow in some areas. Hence the ti 11-bedrock contact must 
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be relatively permeable to groundwater movement as discussed by Knutsson (1971). 

Groundwater in the bedrock occurs under water table conditions in the recharge 

areas but under artesian conditions where the bedrock is covered by glacio I ti II. 

The glacial till samples from Sackville are composed of sandy silt or silty 

sand (fig. 6.4). They show a wide variety of specific yield values (as compared to 

fig. 6.4a, from Johnson(l967)) but generally less than 25°/o. Permeability also varies. 

widely, as shown from data from 14 testpits in the Beaverbank area (courtesy of Mr. 

M. Jackson), but is directly related to median grain size (fig. 6.5). The mean va­

lue of 7.0 x I0-
6
cm/sec or 1.2 x IO-Igpd/ft21ies within the range of permeabilities 

for tills of 2.0 x 1Q-4to 9.0 x IO-Igpd/ft2 found by Norris (1963) and is relatively low 

as compared to the bedrock· however, on a regional basis, leakage through ti II could 

contribute significant amounts of recharge to the bedrock if it enters the regional flow 

system. High pumping rates in a bedrock we II could induce leakage from the ti II. 

That permeable lenses or joints exist in the till in Sackville is shown by two 

lines of evidence~ I) the logs from the test'f'its document perched groundwater flow 

up to gpm from sandy lenses: this caused caving in some of the pits; and 2) the 

rapid responses of dug well 514 to changes in water level and water chemistry (see 

later) indicate a good hydraulic connection of this well to the surface. This is not a 

direct surface runoff effect since the well is proper!y constructed, and also the home­

owner reported that 3 springs were entering the well when it was dug (representing 

discharge from permeable zones in the ti II). These sandy lenses are not continuous, 
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Figure 6e4 .. Sand-silt-clay percentages of glacial till samplese 
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of equal specific yield, contour interval I and 5°/o 

Figure 6.4a. Specific yield of sands, silts, and clays 
(after A. I. Johnson, 1967) . 
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Figure 6.5. Relation of permeability of till to median grain 
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as illustrated by the nonuniform change in fluid potential between dug wells SIO 

and 14 (fig. 3.4) which are only 200 feet apart. Some idea of the complexity of 

the till deposits is shown in fig. 6.6, which was interpreted by the author from 

testpit logs (courtesy of Mr. M. Jackson). 

Buried Channels 

The location of two bedrock channels in Sackville is shown in fig .. 2.8. 

Wells reporting gravel in their logs are located in figs- 2.2 and 2.8 .. Where 

the gravel occurs, it ·usually directly ies the bedrock and is more than 10 

feet thick Not all wells with gravel show high yields since they are cased 

through the grave I and completed in bedrock.. In wells S 1 and 153, the driller 

reported a flow of 15 gpm from the grave I layer, with a head above the ground 

surface of a few Wells compl in this gravel could probably be pumped 

at a rate much greater than 15 gpm (J F Jones, personal communication) .. 

(1968b) estimates that there might be 50-100 of sand and 

grave I in nP~~nP.c;r part of the Sackville River bedrock valley as far upstream 

as junction with the Little Sackville River. Ids up to or greater than 

200 from i I wells are possible 

Groundwater and Flow S 

Groundwaters in this area have been divided into confined and unconfined 
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types ons) 

dug well waters of the latter Confined waters are mainly HC03 S04 or 

03 Cl type, with only three in the CI-HC03 and none in the 

C groups (append 5, fig. 3) Unconfined waters II mainly into the 

HC03 Cl or Cl 

(appendix 5, fig. 4) e 

groups, with minor groups HC03 and Cl 

of the semi plots is very simi lor for simi far 

water types 

5, g 

mean compositions of the moni 

and tabulated in appendix 4" 

in 

areal variation map 

of the water types (fig. 7) it can be seen that HC03 and HC03 

waters in both confined unconfined are found on or near piezometric 

highs (fig 6 3), i ee. f rec areas Where types are found in tapa-

lows, rapid recharge through near surface ... o.M .. r,,..v or through and 

grave Is is i ndi the HC03 water type in 

of Lake 1i ke I y re '""''"="'""' ... ts 

the i pyrite-rich slate bedrock masking in the dis-

area I-S04 water are not re to position 

in flow It contamination Wells 
,_ 

ly hi I concentrations, and n!y shallow 

we Us which are most susce le to contamina Evidence this is 

iII ustrated by 6 8. 

The nl"a•rlt'\!Yi nt water types in the confined and unconfined 

mplies the two flow systems A I one is found 
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Figure 6.8. Chloride concentration as related to well depth, Sackville. 
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in the bedrock, and local or intermediate ones where small bedrock highs or drumlins 

exist. Water types in the regional (confined) flow system progress from HC0
3
-cr in 

the recharge areas to HC03-so 4 in the discharge areas. The Cl water types in the 

unconfined system must either be diluted in the regional system or discharged locally 

without reaching it, HC0
3 

waters dominate. Where thick clayey glacial till 

occurs 1 some Cl may be removed by adsorption. This may also represent a membrane 

effect (Schwartz 1 1974): however, further data on the ti II would be required to deter­

mine this, such as clay mineral type and content, carbonate content, and density. 

Areal variations in various parameters are illustrated in figs. 6.9 to 6.15. 

Iron and Manganese (figs 6. 9 and 6.10) 

Variations Mn ore plotved in relation to the recommended limits given 

in table 5. general observation that can be made from this data is that most dug 

wells good water quality with ct to and Mn while dri lied wells often con-

concentrations This indicates that the bedrock is the most important 

source these or dissolved oxygen with depth is causing reducing 

conditions 

lowest 

where the 

nr>~·.Od''tC~.Q the ubi lity Fe and Mn in the slate quartzite. The 

seem to occur in waters from local or regional recharge areas 

would tend to more oxygenated. 

Sodium and Bicarbonate Percents (figs. 6 II and 6.12) 

Since many dug well samples showed some evidence of sa It, only dri lied 
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well results \tVere used for these plots. Sodium percent values vary from about 20°/o 

in recharge areas to 40-60°/o in discharge areas, reflecting a regional flow system in 

the bedrock. The slightly high values of Nao/o in the recharge areas west of Spring­

field Lake and south of Webber Lake could represent a small amount of salt conta­

mination since both these areas have a thin till cover. 

In general 1 HC0
3
% is highest in recharge areas, especially in those local 

ones controlled by the presence of thick glacial till (such as east of Feely Lake and 

northeast of Barrett Lake as indicated in fig. 2.7) where a high pC02 occurs. 

Bedrock recharge areas, such as northwest of Springfield Lake and south of Webber 

Lake, have a lower H C03°/o (20-40%) as a result of shorter contact time with gla­

cial till and soil air. Well waters in discharge areas covered by thick till, such as 

in the vicinity Tucker and Kinsac Lakes, show little or no decrease in HC03% 

from till-covered recharge areas. This indicates a continued input into the system 

of HC0
3 

by waters percolating through glacial till and dissolving CaC0
3

• Thus 

some waters from loca I recharge areas do enter the regiona I flow system. 

Chloride (fig. 6.13) 

Results from both dug and dri lied we lis are shown. Contours are based on 

the limit set by the author of 50 ppm for uncontaminated water. On this basis, Jlo/o 

the drilled wells and 30% of the dug wells show some degree of salt contamination, 

and thus chloride cannot be used as a chemical facies indicator. Dug well waters 

with salt are found on the downslope side of roads with respect to groundwater flow, 



SACKVILLE AREA 
CHLORIDE PPM 

A Monitored Wtllt 

¢' Otilltd Well Sompe 

0 Du9 Wall Samples 

Q-- Spri~>g Sompln 

8 Control Welhl 

-Mojor !'toe"' 

liii!j >50 ppm 

Figure 6.13, 
AreaJ variation in 
chloride, Sackville. 



123-

indicating a probable road salt source. Only local areas appear to be contaminated 

at present, due to variation in factors such as permeabi I ity, ti II thickness, distance 

to the source of contamination, and slope of the land. 

Calcium to Magnesium Ratio (fig 6.14) 

These ratios in groundwater show a general decrease from in recharge areas 

to 3-4 in discharge areas as a result of the higher solubility of Mg compounds and of 

the abundance of Mg-containing compounds in the bedrock (such as chlorite). 

Base exchange index (fig. 6.15) 

Base exchange index should vary from positive in recharge waters to negative 

in discharge waters (Vandenberg et al, 1969). This relationship is evident in the area 

indicating that some ion exchange occurs in the bedrock; however, most of the change 

is likely a result of infiltration .of water that has undergone exchange reactions in gla­

cio I ti fl. Evidence of the latter is shown by a plot of Ca/Na ratio against depth to 

bedrock (fig. 6.16). A local discharge area with negative BEl is evident just west of 

Duck Pond (fig. 6.15); the groundwater flow pattern (fig. 6.3) also indicates a discharge 

area there. 

Mineral Equi I ibria and Weathering 

Stability field plots were made for those well waters with pH and Si02 analyses 

(figs. 5.14 to 5.17 c). Most results II within the kaolinite field, indicating a well 

leached aquifer due to instability of the ldspars at the prevailing pC02 . Samples 
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from two dug wells, 5117 and 5142, fall within the gibbsite field. Two mechanisms 

may account for this: firstly, very rapid recharge and/or a very local source for the 

water (Bricker (1967) has found that gibbsite is produced from initial attack on feld-

spar 1 but the reaction is so rapid that it is rarely preserved) 1 and secondly, severe 

leaching conditions may result in gibbsite production by the foffowing reaction 

(Garrels eta!, 1965): H
4
AI25i209 + 5 H20 '"--:~ 

Kaolinite 

Al
2
o

3
.3H20 + 2 H

4
Si0 

4 
Gibbsite 

At any value of dissofved Si02 less than 2 ppm, kaolinite tends to dissolve incongru-

ently by the above reaction to leave a residuum of gibbsite. This 11 severe leaching" 

effect could be a result of the first mechanism of rapid recharge of CO -rich waters .. 
2 

Both types of feldspar systems are pH:!Sent, as shown by the fact that many of the 

groundwaters have a pK-pNa value close to 1.0. 

Turnover rates were plotted after Jacks (1972 1 1973). A relatively fast rate is 

evident for the upper part of the a qui fer (fig. 6 .17), possibly due to the influence of 

local flow systems. Data from lower levels falls in a relatively straight line, indica-

ting aggressive leaching at a II levels investigated. 

Water levels from drilled wells were used in fig. 6.18 which indicates either 

the effects of increasing groundwater age along a flowline and/or the increase in 

mineralization with depth associated with a vertical hydrochemical facies. The few 

anomalously low values of conductance at I ower groundwater elevations indicates 

that these wells either do not penetrate the regional flow system or that recharge 

from near surface sources is rapid. Addition of Ca and HC0
3 

along a flowline by 
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weathering of 0 3 (fig 6.19) may cause this observed increase in conductance. 

Figure 6.19 shows that even high values of and HC0
3 

do not necessarily repre-

03 ~ one possible explanation for this is that the 

pH is too low as a result of processes such as pyrite oxidation. Most of the saturated 

waters were obtained from wells which penetrated 50 feet or more of glacial till, 

indicating that 0 3 is being loco lly dissolved in the ti II and transported into the 

bedrock. Fig. 6.20 illustrates evidence for input near the surface in dug well 

waters. relatively constant concentration with depth in the bedrock indicates 

either that I) the water is depleted of C02 and the pH is increased by reactions in the 

ti II so that it is unsaturated, or 2) groundwater flow in the bedrock is mainly late­

ral, as would be expected in a regional system. In some dug welf waters, some Ca 

input could be from road sa It; however, most of the dug we lis (e.g. wells S39, 50, 

51, 61, 70, , 73, 81, , 128) loco inthickglacialtillandwithCIIessthan 

30 ppm have a content greater than 20 ppm, indicating dissolution of 

cs 

A and drilled well waters to 

at 0 01 level with to K, 

ions ons in dug we II waters could 

a result organic contamination by and/or weathering of alkali fd-

from granite found in the till. The higher HC03 values in dri lied wells 

probably reflect the influence of high in through which 
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water N03 dug well waters is likely the result of contamination 

by fertil or organic r. 

or bedrock A discriminant function analysis indicated Mg to be higher 

in waters from te higher in waters from , at the 0.01 level.. The 

high 

nifi cant 

suit 

mitting 
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and 

mobility 
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is 

infl 

va likely weathering bi te chlorite At a sig-
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thick glacial till cover in the area. We lis Sl4, 19 and 20 show a similar Cl response 

to the Birch Cove wells, with low values in mid-winter. Estimated time lags are: 

Well No. 

Sl4 
519 
S20 

Lag, weeks 

9 
21 
17 

Well 520, a drilled well, responds in a similar way to Birch Cove wells which are in-

fluenced by the thin or absent cover of glacio I ti II. It is probable that this well is 

being rapidly recharged through an outcrop 80-100 feet away on top of a rock-cored 

drumlin. In the rest of this section, well 520 will be considered as a dug well. 

The time lag for Cl is high in well 510 which is located in a low permeability 

zone of the till This lag may be a function both of the low permeability and of slow 

flushing of salt retained in pellicular water on silt-sized particles in the unsaturated 

zone (Toler et al, 1974) The large Cl variations in well Sl4 are a result of permeable 

sandy or gravelly lenses supplying the well which allow rapid recharge to the well. 

Significant correlation between Na and Cl is found in wells 514, 19 and 20. 

The drilled wells do not show this relationship because Na is increased over Cl by 

ion exchange processes. Evidence for this is the high Na/CI ratio (> 4) in drilled 

wells as compared to dug wells(< 1.5) and the negative I in drilled wells. Varia-

ti ons in um are shown in fig. 6.26. There is a time lag of about 9weeks for Na 

in well 514, and 18 weeks for well SIO. 

Potassium concentrations are highest in dug wells SIO and 14 (fig. 6.25) and 
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show a significant correlation with Na and Cl .. This could represent a surface wa­

ter effect as well as increased solubility of K when salt is present or of K impurities 

in the salt. 

Calcium and rna variations (figs. 6. and 6.28) are significantly -------------------
correlated only in the dug well waters because by the time recharge waters reach 

the drilled wells in the bedrock, Ca will likely have been preferentially adsorbed 

more than Mg. A significant HC0
3 

correlation occurs in wells SIO, 19, 20 and 

21, i ndi eating weathering of CaC03 from glacio I ti II. 

Peaks in Ca and Mg concentrations occur in the fa II and represent a time 

lag of about 5 months from the estimated input to the system. 

Bicarbonate variations are shown in fig. 6 30. A significant positive corre­

lation is found between HC03 and pH in well 514, which is expected in the pH ran­

ges encountered in the samples A negative correlation is found in wells Sl and 5 

which might indicate that although HC03 is increasing as a result of calcite wea­

thering, the pH is being lowered by some process (such as pyrite oxidation in the 

bedrock: 2 

Significant correlations between the two ions occur in wells 14, 20, and 21, 

possibly representing the influence of breakdown of organic materia I. If the main 

input of N0
3 

is assumed to be in mid-April, then well 514 shows a lag of 7 months 
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and well S 19 a lag of about 10 months Well SIO showed a continuous increase unti I 

sampling stopped (the homeowner sealed off the dug well and switched to a drilled 

weir) .. The two N0
3 

peaks evident in well 514 could represent a rapid primary res­

ponse to spring recharge by a permeable path and a delayed secondary response by 

movement through more silty or clayey zan es in the ti II 

out in drilled wells as compared to dug wells as a result of the thick glacial till 

cover 9 

Summa 

Groundwater flow in Sackvi lie is mainly controlled by the bedrock topo­

graphy and/or the major joint sets in the area (the resultant direction of flow im­

posed by the major joint sets is the same as that imposed by the topography of the 

bedrock surface hence the two effects cannot separated) A regional type 

flow system exists in the bedrock The main effect of glacio I ti II is to superimpose 

local flow systems on the f one with the two systems being in hydrostatic 

equi I ibri urn High with geologic contacts 1 possible 

zones and buried sand grave I deposits 

The I variation water chemistry supports the postulated groundwa-

1·er flow lly most of the waters from bedrock we lis are unin-

fluenced by salt The main con·fined water type in the area is HC0
3 

-SO 
4

, 
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to the influence of pyrite=rich slate bedrock Water types CI-HC0
3 

, especiaHy the latter, appear to represent road sa It contami noted 

The high values of potassium in dug well waters represents either the influ-

gla cia I ti II or c material. The latter is unlikely because of the low 

correlation K with N0
3 

(table 10). Glacial till also appears to contain reaso-

nable amounts CoCO . 
3 

Relatively hi groundwater turnover rates are found, with most of the 

waters being in equilibrium with kaolinite The dissolved mineral content increases 

with piezometric elevation, probably as a result of the existence of a 

regional flow system. 

In Maxwell Subdivision, the time lag for chloride varied from 21 weeks. 

The I onger lags may be due to retardation salt dispersion by retention on silt 

sized ma I. Drilled wells show very damped out responses to seasonal fluctua-

tions, the result a thick gla I till cover 

bedrock contaminated water and thus the total dissolved solids 

in drilled well waters are low waters are a affected chemically by 

, a n t of the glacial till cover (both thickness and 

composition of the ti II favor this process) 

Well Sl4, with a shallow water source, shows both an immediate and 
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delayed response to water chemistry fluctuations. This could represent rapid input 

of water through highly permeable sandy lenses, followed by water which has tra-

veIled through less permeable zones in the aquifer. 

Using chloride time lag to determine permeability, a value of about 

2 -4 
1.6 ft/day (10.0 gpd/ft or 5 .. 7 x 10 em/sec) was calculated for the bedrock in 

the vicinity of we II S20. 
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Chapter 7 

IMPACT URBANIZATION ON GROUNDWATER 

lntroducti on 

If not properly controlled, urbani on can ve leterious effects on 

groundwater quality and quantity. The water table can be lowered by such things 

as well drilling, pumping 1 land clearing, draining marshes, construction and pa-

ving. There is more surface runoff in paved areas, thus reducing the area available 

for infiltration of preci tation into the groundwater system. Septic tanks may re-

suit in lopment of a recharge mound of contaminated water which might cause 

local problems. Blasting e during construction in bedrock areas may either 

decrease or rtrt·c:>n•t:t:> rock permeability and hence change well yields Generally 

the extent of these cts is largely unknown; however, one homeowner near 

Kearney Lake reported that his neighbour's well empties whenever blasting is carried 
I 

out by the gravel crushing operation on the other side of the lake 

chan isms of Groundwater Contamination and Attenuation 

of the important in the movement of contaminants are.d) geologic 

structure e .e fig. (courtesy of J. E. 2) over I oadi ng of the groundwater 

system with contaminated salt runoff and c tank effluent to a great enough 

extent that natural attenuation is unable to reduce the contaminant to acceptable 

levels, 3)high pumping in a small area, such as in Birch Cove, which may induce 
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contaminant movement upgradient into wells, 4) amount of overburden and depth 

to the water table, an increase in which results in less chance for contamination, 

since more time is availab for filtration, dilution, and ion exchange in the 

groundwater, 5) 

table, direction 

onal topographic slope, which the shape of the water 

rate of flow, and also the amount of runoff, 6) the amount 

of topographic relief= in areas of high relief, it may be possible to site a well 

incorrectly even though it is upslope from a contamination source (e.g. fig.7.2), 

and 7) the variation of permeability with depth in bedrock aquifers, which results 

in a more lateral movement of groundwater and thus a more effective areal disper­

sion of con tam i no ted groundwater. 

ce groundwater is contamina , several mechanisms may cause attenua-

tion These are summari in table 12 (from langmuir, 1972). Dilution and dis-

on are the most effective methods all types contaminants. Dilution 

results from di system to concentration differences at 

various nts, while is the spreading out of a con tam due to di 

rences in fluid velocity throughout· the urn. Obviously nature of the urn 

nes whi ve. Dispersion Is most effective in materials 

with intergranular lity since the fluid can on a front, 

while in rocks fluid movement is to fracture . !on ex­

than reduce the change orclce~ss~~s 

total ved sol 

lity. 

whi 

most ffective in a silty clay urn with i ntergranufar 

are the main methods of natural pollution 
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TA 

PROCESSES USING ATTEN TION OF CERTAIN 

Cl 

Na 

Co 

Mg 

and Mn 

Microorganisms 

CONTAMINANTS IN GROUNDWATER 

I uti on, 

lution, dispersion on-reduct , decay-respiration 

Dilution, 

on-reduction, decay=respiration, 
ons, prec i pi tati on-sol uti on 

lution, dispersion, adsorption-desorption 

Dilution, 

Same 

, adsorption-desorption, ionic strength 

, adsorption-desorption, ionic strength, 

, filtration, 
, cell synthesis 

, ox i do ti on-reduction, 

tion-reducti on, 
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control in the zone of' and are most effective in sandy or silty soils. 

Bacterial removal is best accomplished by percolation through a few feet of fine 

sand. Romero (1972) suggests 10 of sand as the minimum distance required 

for filtration of bacteria in the unsaturated zone; in non-ideal systems, 50 to 

100 of travel is e. 

Water Problems in Relation to Use in the Areas 

have been d in chapter 4 following problems will be discussed in 

this chapter: hardness, iron and manganese, corrosion, bacteria and detergent 1 

and salt 

Hardness 

Compounds of and Mg, such as bicarbonates, sulphates, and chlorides 

are the most common cause hardness in water, wh results in increased soap 

consumption 

Precipitation 

incrustation in pipes, tanks, boilers, well intakes .. 

occurs when the pressure is reduced or the temperature 

ra 

compounds require r11ore methods (such as I ime-soda treatment). 

as ppm can be calculated from the chem analyses 

t"\1"'\lr''f'Orl from study areas: 

ppm =(ppm x 2.49) + (ppm Mg++ x 4 12) 
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In areas, t~e majority of wells show hardness greater than the recommended 

80 ppm , lly :n Sackvi I !e, where saturation wit~ to CoCO occurs 
3 

in some wells. Tl·,is ~·as resulted in H'e widespread use of water softeners. 

H0me water softeners normally use NaCI to regenerate the ion exchange unit 

0f the so ner ~several pounds of salt oer week may be required (Manahan, 1972). 

This may result in deteri·:>rati,n 0f water qual:ty :f many homeowners in a small area 

un~ , s; nee tl·:ey are often n'Jt backwashed frequently enough and 

NaCI is added to the wastewater in t!-tis way as well as by ion exchange. 

l ron and Manganese 

Iron causes red stains in clothing and utensils Iron bacteria (which oxidize 

Fe\ may cause a clogging orecipitate whic!-t is d:fficult ta remove this is found 

nly in cool tl--an shallow waters with less than 1000 opm total dissolved 

Fe and Mn content (Mogg, 19731. These prerequisites are met in 

many the we II waters ; n the study areas. 

nese causes b Ia ck ns on clothing and ute Is. Black precipitates 

tn tea ore reaction of Mn and with tannin. Together, and Mn can 

rose a prob since costly treatment units are usually required to 

remove t~em. 

Chemical analyses of soot samo and monitored wells in P.irch Cove indicate 

the waters are over the I imi t for and 53o/o for Mn. In the Sackvi lie 
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area, 35% of the dug well waters were over the limit for and 32% for Mn. In 

I 

the drilled well waters, 39°/o were over the limit for Fe and 73% for Mn. Conside-

ring both dug and drilled well waters, 37o/o are over the I imit, 54°/o over the Mn 

limit. The more severe problem in the Sackvi lie area as compared to Birch Cove 

is likely a result of the predominance of slate bedrock in the former area. Mango-

nese is equally a problem in both areas. 

Corrosion 

Corrosive waters usually a low pH (5. 7), low alkalinity (13 ppm), and 

low hardness (16 ppm) (The istry Water, UOP Johnson). These conditions 

apply in wells such as and R67. The corrosion problems are greatest in Birch 

, w several homeowners reported disintegration of brass fittings and copper 

piping. This is likely a result electrochemica I corrosion, which may be exacer-

by salt. 

Bacteria and Detergent 

In Birch Cove, about 70 samples were checked on Aug. 13-16, 1972 for 

chic coli hogenic organism found in intestines of worm blooded 

animals. is an indicator possib sewage contamination nodi an 

Drinking Water Standards and Objectives, 1969). percent of the samples showed 

a count of more than 2 coliform organisms per 100 ml of le ( 10 is c fi as 

doubtful, l"'fr.:J•&'Ilt-.~::~~r than 10 unsatisfactory) The monitored wells were checked 

II y throughout the year: fly (R6, 46, 67) 
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The latter two of these wells did not show detergent, so ore not considered to repre­

sent c tank influence (especially well R46, where the homeowner had pump 

problems and had to remove the sanitary sea I from the wei I severo I times). Thus 

only f out of21 wells is considered to have bacterial problems due to septic tank 

effluent, i.e. 5°/o. It is surprising that so few wells have bacterial problems, since 

there is little or no g Ia cia I ti II cover in the area. Two possi bi li which could ac-

count for this observation are : }) filtration of bacteria is occurring as recharge water 

percolates through near surface joints, perhaps as a result of fine materia I from runoff 

or glacial till which has been washed into the joint openings, or 2) the number of 

samples is not truly representative. 

In August 1973, detergent tests were carried out by N. S. Technical College 

on samp 

ABS, a compound added to synthetic detergents. n of wells out of 21 

showed the of ABS (wells Rl, 5, 6, 59, 60, 63), but only one of these 

(well R6) also had a I count. This reflects the fact that detergent persists 

longer time in the groundwater, lly if it is not biodegradable, 

and a the in nee may fi out. 

the mean values the measured in the moni 

wells as minont function ana was performed on wells with ABS 

versus wells with no ABS. these groups, lkalinity was found to be significant 

at the 0.05 , with the hi alkalinities in the well waters containing ABS. 
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Flynn (1958) also found higher values of HC0
3 

alkalinity in detergent contaminated 

wells. The reason for high HC0
3 

is likely due to the fact that both aerobic and 

anaerobic decomposition of organic matter (which occur in septic tanks and disposal 

fields) produce C0
2

. Groundwater percolating through the leach field or water from 

the field eventually reaching the groundwater has thus been subjected to high partial 

pressures of C0
2 

and increased HC0
3 

content. The alkalinity indicator is valid 

only in areas with little or no glacial till cover, and hence is not applicable in most 

of the Sackville area. In the latter area, high HCO concentration is due to passage 
3 

through thick glacial till containing CaCO ; biological activity in the soil also re-
3 

suits in high pC0
2 

values. 

No detergent tests were carried out for Maxwell Subdivision, but one set of 

bacterial samples was taken on June 10, 1973. None of the drilled wells showed bac-

teria, while all of the dug wells showed a bacterial count. Further checking of the 

dug wells ( 6 more samples) showed bacteria 100°/o of the time in wells SIO and 14, and 

66°/o of the time in well Sl9. However, these bacteria were non-faecal, i.e. did 

not come from sewage. Surface water is the most likely source, especially in well 

SIO which was not properly constructed. 

Another significant result from these tests was that the wells in the Birch Cove 

area with detergent in their water did not all show high salt concentrations (notably 

wells R3 and 63), indicating that septic tank effluent is likely responsible for only 

a small percent of the NaCI in the waters of the area. Hence the most probable 
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source of salt in the groundwaters is road salt, as previously mentioned. 

Homeowners with bacteria and/or detergent in their water were advised to 

test their water regularly, and to contact a N.S. Department of Public Health In­

spector if the problem persisted 

of Rood Salt 

Sodium is detrimental to persons on low salt diets, since it con cause prob­

lems in the control of conditions such as hypertension and kidney and liver ailments 

(Terry, 1974). For health reasons, Terry (1974) recommends an upper limit of 20 

ppm No in drinking water. Also, high No concentrations in water con reduce 

soil permeabi I ity. 

The recommended I imi t for chloride of 250 ppm is based on taste, but the 

tolerance limit for persons on low salt diets is much lower (Terry, 1974). 

Using a value of 20 ppm as a limit for No, then 62o/o of the we fls in Birch 

Cove are rH·.::>~""n'"'Y above this limit, at least during certain periods of the year. If 

an arbitrary limit of 50 ppm Cl is selected as representing groundwaters uncontami-

noted with salt (Huling et al, 1972, use 100 Cl) then 60% of the wells in Birch 

Cove are contami to some degree; 18o/o are above the 250 ppm limit suggested 

by the Canadian Drinking Water ndards (1969) In the Sackville area, 32% of 

the dug we lis and 35°/o of the dri fled we lis ore above the No I im it of 20 ppm, wh i I e 



30°/o of the dug wells and 11°/o of the drilled wells are above the Cl limit ci 50 ppm. 

The higher Na values in drilled wells reflect the increase of this ion by exchange 

processes. The overall lower Cl values in Sackville as compared to Birch Cove re-· 

fleet both the protective influence of glacial till on the bedrock aquifer and the 

I ower housing densi t·y. 

In ckville area, most of the dug wells showing salt contamination ore 

on the downslope of the road with respect to groundwater flow. 

Figure 6.8 shows that most wells with more than 50 ppm Cl re less than 60 

, indicating that it is mainly shallow groundwater flow systems that are 

contami noted at present. appear to be only locally affected as yet, as 

shown by the patchy distribution of contaminated wells in fig. 6.13. 

The of this will deal with the It problem in the Birch Cove area. 

Figure 5.4 shows t many we lis closer to road than 50 or 60 feet have salt 

problems. I ti ng routes for the area are shown in fig. 7. 3, a typi co I road sa It 

analysis in table 13, and relative amounts of salt used in appendix 2. Since 

about 1970, a mixture has used in the a rea to try and 

combat well water contamination by salt (T Krauch, personal communication) G 

TA 13 

CHEMICAL ANALYSIS OF ROAD SALT 

95°/o ± lo/o 
3. 5o/o 
1.5°/o 
0 .05°/o 

NaCI 
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Moisture 
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A plot of we II depth nst chloride content (fig. 5 5) shows a wide scat­

that other variables will affect the degree of Cl ter of to. It is to 

contamination, such as hydraulic connection to the source, hydraulic gradient, 

permeability anq dilution/dispersion e . The annual salting rates and distri-

bution of 

in fi I t ration 

Cl concentrations Huling et al (1972) found that 

brines occurred both immediately after the winter and during 

winter thaws - this is likely the case in Birch also The residence time of 

salt , but was found to more than a year in Massachusetts (Huling et al, 

1972) . Depth to water table and the amount and seasonal distribution of preci-

pitation are also important (Toler et al, 1974) In Birch Cove, a period of at least 

8-9 months is (figs. 5 and 7.9) for Cl concentrations after a slug of Cl 

is 

wells showed an overall 

salting rates 1 but the waters were not fl out to 

concentrations. Most 

to high recharge and low 

extent that uncontaminated 

values, 30-50 

known, but is like I y at 

Figures 7 .I 

ment near 

possible we II i 

accounts for the joint 

le 

1 were reached. The flushing time of the aquifer is not 

if no It were by man. 

were to illustrate how pumping may induce move­

high groundwater use and 

ilar • Figure 7.4 

a well joint spacing 10 

ons with we II cou occur a of 60° and the pos-

is !15 nces of some of these 
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joints being hydraulically connected to a road 50-60 feet away are good. For 

0 
steeply dipping joints of 80 , which are common in Birch Cove (fig. 2 .3), fewer 

joints intersect the well and the radius of influence is 35 feet (fig. 7.4 b); however, 

where intersections occur, the steep dip allows the fracture plane to penetrate be-

low the maximum average depth for well casing in the area of 20-30 feet. Hence 

steeply dipping joints are effective pathways for rood salt to enter a well if the 

we II is c I ose to the rood and/ or deep. 

To further support a road salt source for salt in contaminated groundwaters, 

a detailed sample collection was made in the vicinity of well Rl4, which showed 

the highest salt concentrations of the monitored wells. Sample locations are shown 

in figo 7.5. Contours of the Cl concentration show a pattern parallel to the road 

(fig. 7.6). The conductance also shows this to a lesser degree (fig. 7.7). There-

latively low Cl values on the lower west side of the diagram indicate that the small 

topographic high above these wells (with no roods on it) is likely acting as a local 

recharge area of uncontaminated groundwater. Bicarbonate alkalinity was also mea-

sured on these samples (fig. 7. 8) and on the basis of the results discussed in the sec-

tion on bacteria and detergent, several wells could contain surfactant. 

Profiles of the water table and topographic elevations were plotted on the 

sections shown in fig. 5.2, in order to illustrate the interaction between these foe-

tors and some of the wells. A few joint orientations were added to the profiles to 

give a general feeling for average joint directions. 
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le A-B (fig. 5.2) indicates that well R44 is likely receiving unconta­

minated recharge water from the wooded area immediately upgrodient and also 

shows a local inff uence by the nearby road. We II R67, which shows large varia­

tions in water quality, may be receiving varying amounts of recharge from local 

sources the forested area upgradient on one side, the road and urban-influenced 

area on the other. Profile D (fig. 5 .2) shows roods occurring close to and up-

slope from wells Rl4, 64, and 58, all of which have a mean Cl value greater than 

100 ppm. The same thing occurs in wells R31, 61, and 62 on Profile E-F (fig. 5.2}. 

The joint orientations are favorable for channelling water from roods above these 

wells into them. Well R63, with no roods directly above it, shows a mean Cl 

value of 77 ppm; however, this may be due in part to septic tank effluent since 

this well contains tergent. Well R46, with a mean Cf content of only 15 ppm,· 

is likely re ving uncontami from the wooded area above it 

(Profile F) . 

The similarity of the responses to most of chemical variables in wells 

R5 and 10 indicates a ble hydraulic connection between them Profile G-H 

(fig. 5.2) includes wells. There four in between them, which 

would ccount the higher Cl values found in well RIO. In the same profile, 

well R59 could hove a direct connection to the 

I oca I source for the so It . 

because of joint orientation; 

pter 5) could indicate a 
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Profile 1-J (fig. 5.2) indicates that well R22, with a mean Cl content 

of 75 ppm, is likely close enough to the nearest road to be protected by its 

casing. Hence the salt in this well likely comes from a more distant source. 

This profile also indicates that the apparent dip of the joints in this section is 

0 
almost 0 -this orientation could cause rapid channelling and lateral disper-

si on of contaminants and again shows the favorability of the joints for propaga-

ting contaminants. 

Long term Cl data was available for two wells- R53 and 68 (fig. 7.9). 

Both wells show an overall trend of decreasing Cl levels, possibly due to the 

use of a sand-salt mixture for the past 3 years and to the large amount of re-

charge in water year 1972-73. 

Well R62 has a very high CaCI2 content (appendix 5, fig. I) and is loco-

ted downslope from a city sa It box. Well R88 (app. 5, fig. 2), at the same ele-

vation as this box, is also high in CaCI 
2

. Thus there is a possibility that the 

salt-abrasive mixture may contain CaCI
2 

as an impurity, or that moisture in the 

salt may allow a reaction of CaS0
4 

with NaCI to form CaCI
2

. The city of Halifax 

reports that no CaCI
2 

is added to the sand-salt mixture or sprayed in this area fo~ 

dust control. Some areas add CaCI 2 to salt in order to lower the freezing point 

of a salt brine solution (Hones, 1970). It would be interesting to check some of 

the salt boxes for CaCI
2 

content, and to find out if some of the homeowners in 

the area are using CaCI 2 themselves for paved driveways. 
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Summa 

In the Birch Cove area, the steep dip of the fractures combined with thin 

glacial till cover and high housing density favors contamination of well water by 

road sa It and other contaminants. tergent could also pose a future problem in 

well waters. Excessive and Mn concentrations are found and often have to be 

treated with costly equipment. Decrease in salt contamination could possibly help 

reduce the f,An problems somewhat. 

In the Sackvil area, the fractures are also steeply dipping, but the 

generally thick till cover and low housing density results in the protection of the 

bedrock a qui fer from rood sa It Loco I f! ow systems in the ti II enhance this protec­

tive effect. 

From the results of the monitoring for Cl (fig. 5.22) and the longer records 

(fig. 7 9), it appears that It levels are generally declining, possibly due to the 

change from use of 100% salt to 10°/o salt-90% sand around 1969 or 1970. 

Other water quality problems, such as high and Mg (causing hard wa~ 

may be reduced by decreasing salt levels, since increase in ionic 

strength caused by salt increases the solubility of other ions 
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with K, with Mn. The Na-C! relation is likely a result of salt in the 

groundwater, while the other relations are likely a result of similar geochemical 

behaviour of the ion irs. 

Both study areas show relatively high groundwater turnover rates and simi­

lar weathering effects Nearly all analyses II within the stability field of 

kaolini , with contenl·s of dissolved Si0
2 

ranging between the solubility of 

and of amorphous Si0
2

. This result is common for most groundwaters 

and stream waters (Garrels et al, 1971). 

The time variation responses of the dug wells in Maxwell Subdivision are 

simi lor to that of the dril wells in Birch Cove. The drilled wells in the Max-

I Subdivision, however, show a very out response to seasona I fl uc-

tuati ons as a resu It of the thick g I ti II cover. ti II cover a I so results in 

modification 

exchange is negligible in Birch Cove where till cover is thin or absent. 

There ore main the various ions a 

I ution-concentroti on , or 

is shown by most 

response to chemi 

and can a used to co I cu 

on well , with 

It contaminated wells. Time for aqui 

local 

from the pulse type ro;acn;r'\lr><:.c 

permeability if the source of 

wells showing a more damped out i.. 
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short term do not stand out. In Sack vi lie, the response of dri lied wells 

to chem I changes is generally damped due to the glacial till cover. Dug 

well waters show widely varying chemical responses, both in range and time 

of response, depending on the permeability of the glacial till in the vicinity 

of the well. Pearson correlations on a time basis for individual wells 

in both study cates that salt contaminated wells have a high signi-

fi cant correlation among many of the variables which can be attributed to the 

of salt on the solubility other ions. 

Rood salt contamination groundwater is the most pressing problem in 

Birch , with a possible prob I em in the future. The joint orien-

tations in this area favour the transmission of salty runoff from roads into wells 

low 

nt 

protective 

to less 

ngs. fn Sackvi lie, the prob !em is more localized at 

thi ti II cover, but further development 

ng could ""~"~""it ... "'"" this situation many problems have been reported 

in dug wells in Kinsac area since that was (J. F. Jones, persona I 

communi Also time salt in glacial tills may long 

becau~e of ir high silt which i for retaining salt, and 

their generally n..c:.l'rn"~"n I ity. This requi for flushing 

nly to out of lt. The chi content of groundwater is related 

tance from 1n rch to well depth in Sackvifle, indicating that 

llow dug wells in the fatter area the main type well that is contamina-
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ted with salt at present, and that the bedrock aquifer is apparently protected by 

the glacial till. 

The other main water quality problems of iron, manganese and hardness 

could possibly be reduced somewhat by lowering of salt levels in the groundwater 

system. However, these ions can be removed with conventional ion exchange or 

filtration equipment if the concentrations are not excessive. 

Re com me nda t ions 

Birch Cove 

1. Flow patterns in the Birch Cove area should be determined in more detail by the 

installation of observation wells or use of tracers so that contaminant movement 

can be more accurately predicted. 

2 .. Wells should be monitored for chemical changes for a period of at least 2 years 

in future studies of this type, with a 3-4 week sampling interval. 

3. Well casings in the area should be a minimum of 50 feet in length, possibly 60-

70 to help reduce the channelling of salt into the wells by steeply 

dipping fractures. grouf·ing should be considered in known problem areas. 

4. Careful monitoring of It application rates in the area would be useful so that 

chem I mass budget calculations could be made of the amount of salt entering the 

system each year. this, it might be possible to estimate the time required for 

flushing out of the salt. Also, it might be profitable to investigate the use of tracers 



in the salt, so that affected wells could be easily identified This would 

also litate the groundwater movement patterns. A survey could 

arso be made of the individual homeowner use of salt. 

5. Salting should be stopped in at 

area and the Castle Hill Drive area. 

two areas Birch Cove High recharge 

6. The prob I em pti effluent influence, especially with respect to 

teria and 'I'Prt,""n , should pursued. 

7. A check could be made on amount of contribution of garden fertilizers and 

cides to the system 

1 .. Before 

should be 

developments 

out to determine d 

groundwater, and on 

lie 

ng groundwater are permitted, a i led study 

, rate flow, and rate of renewa I of 

housing so that the of groundwater 

contamination and rnu ... rrtlrroft can be minim 

2. 

to termine 

would 

3 y 

present in 

of ti II 

4. Hammer or ty 

could installed in some r till areas 

to 

the 

I ti lis. 

could be 

nant movement 

of clay minerals 

ffere nt types 

the ex-
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tent of le buried sands and grovels, then verified by test holes to determine 

the yield and lity of groundwat-er obtainable from the deposits. The economic 

feasibi I i ty of using screened Is completed in sandy or gravelly lenses in till 

or in buried channels should be investigated. At present, wells are usually cased 

through the gravel layers and completed in bedrock 

5 A cterial survey should be conducted in the area, especially on dug wells. 

Many of these we !fs ore improperly constructed and susceptible to contamination 

by surface water runoff 

Rusty car bodies on regional 

should be up Iron leac from these wrecks may be part of the cause 

of high iron content in groundwaters discharging on the east side of Spring-

field ke a survey meta Is in the groundwater which could come from 

cars rather slate bedrock d carried out to test this 

In study areas, the author Is that observation wells near some of 

the which are ng heavi I y pumped water supply should monitored. 

a hydraulic connection between the lakes 

and water observations), it is 

levels cou occur near the lakes, de-

ng rate, continuity the pumping, recharge rate, 

the some reason draining boggy areas or dumping of 

wastes into should not be al indiscriminately without a thorough know-

interaction could 
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be by monitoring water levels in a lake and nearby wells, by pump 

tests, and by comparing water types. 

Some of Terry's (1974) recommendations for control of salt contamination 

in Massachussetts could useful for the study areas, namely, the setting of 

strict cri , and research toward quantification of the 

amount sa It to just maintain safe traffic rates and instrumentation on salt trucks 

control red amount and spreading rate. other alternative, 

reduction salting, might di cult to enforce to pub I pressure for a 

poli however, this may the on I y sol uti on in some rts of 

necessary in some areas to 

solve the problem. The bare pavement demand has resulted in the increased 

use of It during 

water 

would 

. The 

I itate the 

ter chemistry in 

few 

tion 

I em areas. 

subsequent con tam I nation of many ground-

natural 

tracers to the being applied 

manmade ot"t·.o""f"~ in the groundwa-
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APPENDIX I 

TIME RIES PEARSON CORRELATIONS FOR MONITORED WELLS 



Wei Con due- Sodium Potas- Calcium Magne- Iron Mango- Alkali- Sulphate Chloride Nitrate 
Rl tance sium sium nese nity 

Con due- .00 -. 9 .39* .44* .89* .01 .18 .54* .32 .73* .39* 
tance 

pH I. -.32 .25 -.06 -.40 -.14 - .49* -.16 -.14 -.57* .09 

Sodium .00 .29 .21 -.03 .53* .21 .23 .70* .35 

Potas- 1.00 .45* .43* .03 .05 .34 .05 .29 .37* 
sium 

Calcium -1.00 .51* .09 .09 .45* .18 .52* .25 

Magne- 1.00 -.11 .08 .36 .30 .44* 
co 

.40* Ul 

sium 

!ron 1.00 .16 .04 -.30 .01 -.02 

Mango- Appendix lA 1.00 .08 .09 .60* -.05 
nese 

*Refers to a significance level of 
Alkali- or better 1.00 -.24 .50* .57 

nity 

~ulphate 1.00 .28 .02 

Chfori de 1.00 .39* 

Nitrate 1.00 



um A! Ch N trate 
sium nese 

due- I. - 5 . 8 .!7 .15 . 8 
tance 

I . .42 .34 -.20 -.23 

- 16 - 3 .08 .31 . 9 .48* 

Potas- - 5 -,03 .44* 
sium 

ci .58* -.32 .61* -.37 

-.28 -.32 .68* -.56* .10 
sium 

1.00 -.13 -.23 

B 1.00 - 9 .II 
nese 

* to a can ce I eve I of 
A i- or better .00 -.63* .12 

ni 

te 

de .00 

trate 1.00 





pH urn 
to nee 

.28 

I. 

I. 

Potas-
sium 

ci 

sium 

nese 

Sulphate 

oride 

I dum 
sium 

.33 

I. . 3 

level 

gne­
sium 

.08 

.81 

.71* 

- 1--r .I 

1.00 

Alkali- Chloride N trate 
nese 

. 72* 96* 

-.23 

.58* .36 

.24 56* 

.38* .9 -.18 • 31 

.63* .32 .21 

-.01 -.23 

1.00 5 .33 .68* 

1.00 .01 -.20 

.. 00 .52* .23 

1.00 

1.00 



um dum I i- Chloride itrate 
R tance sium sium nese 

I. .87* .98* .92* , 15 - .69* . 99* 
to nee 

pH -.01 -.01 .01 -.12 

L 96* -.57* 2'1 • L .95* -.56* 

.00 
sium 

.85 * .15 . 90* 

ci .98* '92* .17 -.66* -.60* 

-.57* .08 -.67* 56* co 
"-() 

sium 

.00 .24 .19 -.57* .3 

1.00 - .64* .93* -.68 
nese ppe IE 

A!ka i- * cance I of 1.00 -.46* .14 -.36 
n1 

phate 1.00 -.68* .59* 

de 1.00 -.60* 

trate 1.00 



II um um li- Ch!ori trate 
tance sium nese n1 

'! .88* . 95* * . 9 .67* .39* 97* 
to nee 

p .I '18 .13 -.23 

Sodium I. . 94* - .62* .75* - I 

Potas- .86* - .62* 5 ..... * . I 8'* • I 

sium 

lcium .95* .II .46* -.06 

"() 

Magne- -.58* 61* .38* -.13 0 

sium 

Iron 1.00 .06 -.40 - .60* -

.00 -.53* .29 
nese F 

cance level of 
Alkali- 1.00 .31 * -.06 

nity 

Sui phate 1.00 

de I. -.16 

trate 1.00 



um nga- AI 1- Chi trate 
tance nese n1 

.09 03 .77* .04 
to nee 

p 7 -.09 .17 . I 09 

-.26 .58* 

Potas- I. 'i - 23 3"* ' 0 
sium 

dum .57* .30 -. 7 -.16 .17 

I. .17 -. I -.27 * 
'-0 

sium 
* Re cance 

Iron .01 or 1.00 .35 -.04 

Mango- !.00 -.30 
nese 

lka .00 -.3 2 -.07 
ni 

Sui phate .00 * 

oride 1.00 .25 

trate 1.00 



urn um Alkali- lphate Chloride i trate 
R sium sium nese 

Con due- I. 27 .13 .78* .61* 
tance 

pH I. 21 .!I - 15 - 17 -.22 .08 

Sodium .7 .37 .07 .09 -.62* 

Potas- .05 .02 .I -.09 
sium 

lcium I. .48* .9 .29 -.24 .72* -

gne- I. .10 .06 -.25 * '-() 
l'V 

sium 

Iron 1.00 .48 .27 -. 8 

LOO -.34 .32 -.36 
nese 

IH 
AI li- .00 -.19. .18 .04 

nity *Re cance I of 

or 
.. 00 -.67* Sui phate 

Chi de 1.00 -.69* 

1.00 



Conduc- Sodium Potas- lei urn Magne- Iron Mango- Alkali- Sulphate Chloride Nitrate 
tance sium sium nese nHy 

Con due- 1.00 .31 .97* .73* .96* .89* -.10 .52* .72* .99* .63* 

tance 

pH I. .31 .30 .37 _23 .34 .37 .22 

Sodium !. .73* .95* .85* .04 -.06 .55* .72* .97* .63* 

Potas- 1.00 * .64* .30 .16 .29 .65* .69* .40* 
sium 

Calcium 1.00 .89* .08 -.04 .64* .73* .97* .62* 

Magne- 1.00 .12 .02 .45* .66* .90* .51* "{) 
.j:::... 

sium 

Iron 1.00 -.03 .07 .00 .07 .28 

Mango- 1.00 .II .02 -.08 -.19 
nese 

Appendix IK 
Alkali- 1.00 .49* .56* .37 

ty *Refers to a significance level of 
. 01 or better 

Sui phate 1.00 .73* .39* 

Chloride 1.00 .66* 

Nitrate 1.00 



Well Con due- Sodium Potas- Calcium Magne- Iron Mango- Alkali- Sulphate Chloride Nitrate 
R46 tance sium sium nese nity 

Con due- 1.00 -.13 .84* .55* .85* .88* -.68* -.57* .84* .34 .50* .77* 
tance 

I. .05 . 18 -.17 -.15 -.11 .14 -.27 -.18 .29 ~.27 

Sodium I. .54* .77* .84* -.53* -. 39* .74* .29 .53* ,58* 

Potas- I .00 .38* ,47* -.55* -.15 .31 .04 .16 .35 
sium 

Calcium I .00 .92* -.45 -. 61* .89* .36 .58* .77* 

'() 

Magne- i .00 -.51* -.67* .89* .35 .54* .80* Ul 

sium 

Iron 1.00 .39 -.42 -.27 -.30 -.47* 

Mango- 1.00 -.59* -.07 -.18 -.72* 
nese 

Appendix I L 

Alkali- 1.00 .34 .41 .78* 
nity *Refers to a significance level 

of . 01 or better 
Sui phate 1.00 .19 .26 

Chloride 1.00 .18 

Nitrate 1.00 



p urn um gne- Alkali- ph ate Chlori N trate 
tance sium sium nese ni 

c- .89* .8 * .51 .8 -.14 .99* .47 
tance 

p -.55* -.30 -.02 

Sodium .39 .6 .65* -.08 -.25 

Potas- .78* .16 .18 .86* 
sium 

94* .18 .5 -.18 .67* .16 
"() 

Magne- I. .26 .65* -.25 .83* .22 0.. 

sium 

Iron I. 00 .37 .21 -.16 .50 

Mango- 1.00 -.18 -.51 .90* .27 
nese 

Alkali- * to a significance I of 1.00 .51 -.20 .55* 
nity Her 

Sulphate 1.00 -.39 

oride 1.00 

1.00 



um um Iron nga- AI Chl N trote 
tance sium sium nese n1 

due- I. .19 .83* .95* .53* . 5 . 97* -.09 
tance 

I. .!6 .18 -. 28 .06 .20 -.36 

Sodium I. . 81 .95* -.18 . .19 -.14 . 98* -.08 

Potas- I. .80* -.32 .34 -.17 .83* -.20 
sium 

.95* .54* -.17 . 97* -.21 

.00 -.19 .59* .18 -.II .99* -.10 '{) 
""-.! 

sium 

Iron 1.00 -.13 -.09 - 37 -.20 

1.00 -.05 .01 .60* .23 
nese IN 

Alkali- * cance I eve I of 1.00 -.24 .34 

nity 

Sui pha te 1.00 -.12 

Iori de 1.00 - I 

trate 1.00 



II Conduc- um lcium Magne- Iron· Mango- Alkali- Sulphate Chloride Nitrate 
R59 tance sium sium nese ni 

Con due- I. .86* .50* .84* .57* .05 .65* .15 -.04 .87* -.57* 
tance 

pH I. -.36 -,15 -.19 -.41 -.53* .22 .03 -.36 

Sodium I. .40* .76* .54* .06 .51* .17 .03 .81* -.54* 

Potas- I. .34 .I I -.05 .49* .33 .10 .28 -,14 

sium 

Cal dum 1.00 .74* .08 .64* .28 -.04 .87* -.57* 

Magne- 1.00 .07 .60* .14 .77* -.46* 
-.o 
00 

sium 

Iron 1.00 .12 .14 .06 .07 .07 

Mango- 1.00 .49* ~ .l3 .56* -.10 
nese 

Aooendix 10 
Alkali- 1.00 -.01 -.03 .35 

nity * Refers to a significance level of 
. 01 or better 

Sui phate 1.00 -.07 -.04 

Chloride 1.00 - .74* 

Nitrate 1.00 



um cium Alkol- te Ch trate 
tance nese 

I. .01 -. 81* 
to nee 

p ~ . .19 .07 .53* -. 21 .09 

I. 7 .29 .16 .38* 

Potas- -.II -.16 .09 -.12 -.12 .09 

sium 

cium .84* .15 -.83* .56* .86* 

-. 71* .42* -.57* 
sium 

Iron 1.00 .44 .06 

1.00 -.62* -.54* -,66* 
nese IP 

Aika - * fico nee level of 1.00 .78* -.25 
ty 

Sulphate .00 .45* 

de LOO 

1.00 



um um Iron AI Chi trate 
nee nese n1 

due- . 19 .12 
tance 

p I. .38 .10 .02 -.19 

Sodium I. .7 .34 .22 .26 .19 .85* 

Potas- .13 .28 

sium 

lcium .70* .35 .69* -.31 -.63* 
I 

I. .05 .31 .61* -.31 -.49* "' 0 
0 

sium 

Iron 1.00 -.12 . i .14 

i .00 . 2 .14 .78* 
nese Aooendix 

Alkali- * Refers to a level 1.00 -.29 -.72* 
ty or 

Sulphate 1.00 .07 . I 

de 1.00 

trate 1.00 



um um Alkol- Chloride trate 
tance sium nese 

.5 I* -.30 -.12 -.20 
tance 

! ' 9 .15 .07 -.18 

Sodium I. -.15 -.17 -.09 .50* -.04 -.33 9 

Potas- -.08 .7 -.16 -.38 .01 .32 
sium 

!dum .69* -.40* * -.35 
i 

i'V 

Magne- .35 -.33 -. 24 . 91* -.28 0 

sium 

Iron 1.00 . 2 .09 -.19 .43 .15 

Ma 1.00 .41* -.19 -.01 -.38* 
nese R 

Alkali- to a s ificance level 1.00 -.19 -.37 -.02 
nity . 01 or better 

Sui pha te 1.00 -.29 

1.00 -.33 

trate .00 



II um lcium Alkali- Sulphate Chloride Nitrate 
R tance sium SlUm nese nity 

Con c- I. .52* .55* .52* -.49* -.06 -.11 .74* -.22 
ranee 

pH i. .09 -.03 .07 .37 .40 -.12 .II -.06 -.27 

Sodium '13 .06 -.14 .40 10 .13 -.32 

Potas- I. .02 -.04 -.04 .02 .06 .21 .05 
sium 

Calcium !. .76* -.I -.67* .02 -.19 .72* -.32 
I 

I'V 
Magne- 1.00 -. 22 -.51* .03 -.18 .74* -.33 0 

I'V 

sium 

Iron 1.00 .15 -.27 -.02 -.00 .02 

Mango- 1.00 -.10 .27 -.60* -.04 
nese Aooendix IS 

Alkali- *Refers to a significance level of 1.00 -.08 -.13 -.16 
nity or better 

Sui phate 1.00 -.27 .13 

Chloride 1.00 -.42* 

Nitrate 1.00 





II Potas- um ron Alkali- Su Chloride Nitrate 
tance sium sium nese n1 

Con I. .94* .25 -.04 * .98* 
ranee 

pH .32 .15 .32 .23 -.09 -. iO .39 

Sodium I. . 78* .82* .47* .74* .92* .09 

Potas- 1.00 .66* .02 .24 -.18 .70* -.03 
sium 

Calcium 1.00 .88* -.01 .58* -.04 .69* . 94* .22 

Magne- 1.00 .55* -.16 .68* .93* .22 
sium 

Iron 1.00 -.18 -.26 .16 .23 -.15 

Mango- .00 .08 .38* .59* .44* 

nese 

!U 
AI !i- 1.00 -.31 -.16 .48* 

nity *Refers to a fica nee I eve 
. 01 or 

Sui pha te 1.00 .74* -.03 

Chlori 1.00 .16 

Nitrate .00 



li um lei A I i- phate Chi Nitrate 
tance nese ni 

I. .16 .i8 .02 .52* .09 . 93 * .36 
tance 

I. .41 .09 .34 .12 .42 .38 

Sodium .79* .5!* -.04 .5 -.16 .60* -.10 . 97* .41* 

Potas- I. .56* -.06 -. 21 -.13 .70* -.16 .77* .42* 
sium 

1.00 .66* - 18 .48* .34 .57* .45* .05 
I 

Magne- 1.00 .88* -.08 . 94* -.16 N 
0 
<.J1 

sium 

!ron 1.00 -.10 -.20 -.II .21 .15 

Mango- 1.00 -.17 .82* -.27 -.15 
nese 

Alkali- * Refers to a ficonce level 1.00 -.08 .53* .47* 

ni or 

Sui pha te 1.00 -.23 -.12 

Chloride 1.00 .36 

.00 



um um nga- Alkol- ph ate Chloride N trate 
s to nee sium sium nese n1 

Con due- .15 .12 .17 .39 .10 -.08 .Oi 
tance 

p .17 -. 3 .22 -.29 .21 

Sodium I. .7 -. 20 - .49* - .07 .38* - .71* 

Potas- .II - 7 -.13 -.03 .26 .00 
sium 

lcium .06 .20 .17 .10 .II .34 
I'V 
0 

Magne- .38 -.40* -.06 -.13 .62* o-

sium 

Iron 1.00 -.38 -. 30 -.28 .03 

Mango- 1.00 .15 .24 .14 - .39* 
nese 

IW 
A!ka i- .00 -.24 -.07 .28 

nity · * cance level of 

Sui pha te 1.00 -.09 -.48* 

Iori de 1.00 

trate 1.00 



II Con due- Sodium Potas- Calcium Magne- Iron nga- Alkali- Sulphate Chloride Nitrate 
55 tance sium sium nese nity 

Con due- 1.00 .45* -.09 .31 .18 -. 21 .18 .36 .38* -.07 .27 
tance 

pH 1.00 -. !8 .09 -.03 -.12 .48 .19 -.43* .06 .33 -.10 

Sodium 1.00 .16 .15 .49* -.44 . 19 .65* .37 -.33 .62* 

Potas- 1.00 -.06 .10 -.09 .21 .21 -.06 -.01 .03 
SlUm 

Calcium 1.00 .01 -.38 .32 .30 .28 -.26 , 17 
l 

-.04 
1'0 

Magne- 1.00 -.23 -.03 .30 -.04 -.01 0 
"'-.! 

sium 

Iron 1.00 -.40 -.50* -.50* .35 -.57* 

Mango- 1.00 .21 .26 -.17 .32 
nese Aopendix IX 

Alkali- *Refers to a significance level of 1.00 .16 -.40 .57* 
nity . 01 or better 

Sulphate 1.00 -.27 .53* 

Chloride 1.00 -.32 

Nitrate 1.00 





Well Con due- Sodium Potas- Calcium Magne- Iron Mango- Alkali- Sulphate Chloride Nitrate 
s tance sium sium nese ni 

Con due- 1.00 . 90* .44* .16 .09 .54* .43* - .47* .48* .97* -.06 
tance 

pH i .00 -.53* -.50* .37 .44* -.28 -.30 .58* -.18 -.50* .04 

Sodium I. 00 .51 -.26 -.29 .44 .26 -.46* .18 . 96* -. 28 

Potas- 1.00 -. 20 -.42* .49* .39* - ·62* .30 .48* -.24 
sium 

Cal dum 1.00 .89* .09 .23 .13 .56* -.04 .47* 
I 

"' Magne- '.00 -.14 .13 .19 .49* -.II .66* 
0 
-.() 

sium 

Iron 1.00 .29 -.35 .28 .52* -.27 

Mango- 1.00 -. 79* .84* .38* .21 
nese Aonendix IZ 

Alkali- * Refers to a significance level of 1.00 - .64* -.50* -.08 
nity . 01 or better 

Sulphate 1.00 .34 .47* 

Chloride 1.00 -.16 

Nitrate 1.00 



!I Con due- urn Alkali- Sulphate Chloride Nitrate 
519 to nee sium sium nese nity 

Con due- I. .76* . 97* . 91* -.23 -.24 .88* -.04 .68* .15 
tance 

pH I. .43* .14 .12 .15 -.25 .01 .37 .II -.08 

Sodium I. .44* .43* .39* -.22 -.13 .29 .38* .41* -.35 

Potas- 1.00 .75* .59* -.47 -.09 .81* .28 .29 -.09 
sium 

Calcium 1.00 .94* -.29 -. 23 .90* -.05 .63* .10 
I 

Magne- 1.00 -.10 -. 31 .79* -.24 .74* .19 "' -0 
sium 

Iron 1.00 -.22 -.31 -.23 .13 .34 

Mango- Appendix 1.00 -.14 -.08 -.31 -.10 
nese 

* Refers to a si gni fi cance I eve I of 
Alkali- . 01 or better 1.00 -.06 .34 .02 

ni 

Sui phate 1.00 -.21 * 

Chloride 1.00 .47* 

trate I. 



Wei Con due- um dum Alkol lphate Chloride Nitrate S20 tance sium nese nity 

Con due- I. .45* .27 .78* -.25 -.12 .22 .66* .09 
to nee 

pH I. .17 .24 .38 .00 .12 .57* -.03 .43 

Sodium 1.00 .30 .07 .68* -.31 -.44* -.20 .85* -.35 

Potas- 1.00 .33 .32 -.38 .34 .06 
sium 

Calcium ,00 .48* .68* -.04 .66* I 

N 

Magne- 1.00 -.37 -.18 .22 .61* .I! 
sium 

Iron 1.00 .09 -.06 -.25 

Mango-
nese Apoendix I 

* Refers to a fi cance level 
Alka i- . 01 or better 1.00 .50* - .63* .68* 

nity 

Sui pha te 1.00 -.33 .72* 

Chloride 1.00 -.53* 

1.00 



Wei Con due- urn lcium Iron Alkol Sulphate Chloride trate 
521 tance sium sium nese n1 

Con due- L .02 .12 .03 -.07 .45* .41* -.07 .24 
tance 

-.24 .29 .12 .04 -.39 .16 .30 -.07 

Sodium 1.00 .57* .17 -.18 -.20 .41* .52* -.06 

Potas- 1.00 .09 .29 -.09 .19 .23 .16 
sium 

lcium -.16 -.06 -.17 .32 -.12 .24 
I 

N 
1.00 -.32 .II -.21 -.08 .21 .00 N 

sium 

Iron 1.00 -.15 .(5 .06 

Mango- Aooendix cc 1.00. -.05 -.24 .08 
nese 

* toasigni nee level of 
Alkali- or better 1.00 .42* -.31 .53* 

ni 

Sulphate 1.00 -.02 

Iori de 1.00 -.15 

trate 1.00 
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A NDIX 2 AMOUNT AND S FOR ROAD SALT IN BIRCH COVE 

Data from City Field on Rates of Salting, Tons/mile 
Birch Area, as the amount of sa It (accuracy± 25°/o) 

Winter of Water Year 1971-1972* Winter of Water Year I 

n. I 0.2 Mar. I 0. 
7 1.2 3 0.5 
10 0.2 4 1.0 
II 0.2 5 0.75 
15 0.5 6 0.75 
16 1.5 7 0.13 
17 0. 9 0.1 
18 0. 12 0.5 
21 I .5 16 0.5 
26 0.6 22 0. 

Feb. 4 0.75 23 0.5 
5 0.13 27 1.0 
7 0.2 0.25 
10 0.5 31 0.25 
20 0. Apr. 3 0.5 
21 0.5 4 0.1 
22 1.0 5 0.13 
24 1.0 8 0.5 

0. 9 0.5 
0.5 10 0.25 
0.25 14 0.5 
0.5 13 1.0 

*No ta . Dec. 1971 

It appl in Birch Cove· 
Jan. I, 1972-May 13, 1972 
Nov . 15, I . 5 , 1973 

Total 

Nov. 15 
Dec. 5 

9 
10 
II 
13 
16 

18 
19 
20 
21 
22 
27 
31 

Jan .. ' 1973 2 
4 
5 
6 
10 
II 

Tons/mi 
Tons/mi 

14,400 Tons 
13,200 Tons 

.7 
2-. 

.7 

.7 

.7 
.8- 2, 
.8- 2 

.7 
.4-.7 

.7 

.7 

.7 

.7 
.7 

.8= 2. 

.4-.7 
.7 
.7 
2. 

.7 

.7 

.7 

Jan 

Feb. 

Mar. 

144 tons 
132 tons 

1973 

12 
21 
31 
I 
8 
10 
12 
13 
15 
16 
17 
18 

24 
27 
2 
5 

.4-.7 

.8- 2. 
8- 2. 

.7 
.02 
.2 
.02 
.03 
.08 
.03 
.12 
.I.. 
.3· 
.I. 
.02 
.2 .. 
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APPENDIX 3 CARBONATE EQUILIBRIA AND pC0
2 

CALCULATIONS 

The five basic equilibria for carbonate-water systems at 25°C are (Garrels et al, 1965): 

(I) 
KcaC03-= 

°Ca++ aco3-::::. 
= 

lo-s. 3 

°CaC03 

CaC03 ~ Co++ + co3= 

(2) K 
0 H+ 0 HC03- 10-6.4 

H2co3 = = 
H2C03 

H2co3 
___.::. H+ + HC03 ..,.--

a aC03"" 10-10.3 (3) KHC03 :: 
H+ 

:: 
0 HC03-

Hco-
3 H+ + co= 3 

(4) K 
aH+ aoH- 10-14 

H20 
:::: -

aH20 

H20 --...:>. H+ + OH--.::;--

10 I. 

where K ==equilibrium constant and a= activity Cf m ( ?f is the activity coeffi-
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cient and m is the concentration in moles per liter). In dilute solutions, ~ can 

be calculated from the Debye-Hucke.l equation (Garrels eta!, 1965). 

From samples with pH and HC03 determinations, pC02 can be co lculated 

by combining equations (2) and (5) to give (6) (Garrels et al, 1967): 

(6) pC02 = aCO ::: 
2 

0 HC03 aH+ 

The following table lists the calculated pC02 values. It is notable that all are 

greater than the atmosp~eric value of lo- 3 · 5 . 

Also, checks for CaC03 saturation were made by calculating aCOj from 

equation (3) and substituting into equation (I). The saturated wells are shown 

in fig. 6.19 in the text. 
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Well No. 
-x 

x, where pC02 !;:!! 10 atm. Well No. X 

Birch Cove , 534* 1.43 
Monitored 535 1.20 
Wells 536* 1.40 

Rl* 1.15 S37 2.08 
R3* 0.92 S38* 1.60 
R5* 0. 98 S39 1.54 
R6* 0.96 S40 1.38 
RIO* 0.92 S41* 1.15 
Rl4* 0.79 S42* 1.36 
R21* 1.40 543 1.10 
R22* 1.18 S44* 1.06 
R31* 1.05 S45 2.20 
R44* 1.38 546 2.30 
R46* 1.44 547* I. 89 
R53* 1.16 548* 1.30 
R58* 1.16 549 1.10 
R59* 1.04 S50 0.73 
R60* 1.19 S51 1.10 
R61* 1.23 S52* 1.18 
R62* 0. 90 553* 1.97 
R63* 0.88 554* 2.17 
R64* 1.35 555 I. 73 
R65* 1.26 556 2.04 
R67 1.57 557* 2.00 

5ackville 558* 1.72 
Monitored S59* 2.00 
Wells S60* 2.60 

51* 1.35 561 2.17 
55* 1.43 562* 2.27 
SIO 1.37 S63 2.27 
Sl4 1.08 S64 2.30 
Sl9 1.26 5114 I. 78 
S20* I. 31 Sll5 I. 98 
S21* 1.39 Sll6* 2.17 

Sack vi lie Sll7 2.08 
Spot 5118 1.56 
Samples 5119 I. 73 

530* 0. 94 5120* 2.08 
531* 1.53 5121 1.65 
S32 1.88 Sl22 1.52 
S33* 1.43 Sl23 2.04 
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Well No. X Well No. X 

Sl24 1.28 Birch Cove 
Sl25* 1.60 Spot 
Sl26 1.80 Samples 
5127 1.73 R70* 1.89 
Sl28 1.18 R71 I. 78 
5129* 1.73 R72* 1.43 
Sl30* 2.04 R73 1.88 
Sl31 1.54 R74* 1.39 
5132* 1.45 R75* 2.00 
Sl33 2.20 R76 I. 98 
Sl34 1.78 R77* 2.07 
Sl35 '.88 R78 2.18 
Sl36* 2.03 R79 1.58 
Sl37 1.68 R80* 2.20 
5138 I. 78 RBI r. 93 
Sl39* I. 70 R82 I. 78 
5140 1.48 R83* 2.10 
Sl41* 1.80 R84* 2.44 
Sf42 1.60 R85* 1.36 
Sl43* 1.68 R86* 2.03 
Sl44* 1.03 R87* 1.60 
Sl45* 1.67 R88* I. 70 
Sl47 1.88 R89* 2.43 
Sl51* 2.08 R90* 1.53 
Sl52* I. 90 R91 1.48 
Sl53* 1.60 R92 I. 28 

R93* 1.27 
R68* 0.78 
R69* 0.78 
R69a* 2.04 

* refers to dri !led we lis 



Well 
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APPENDIX 4 

MEAN AND STANDARD DEVIATION VALUES OF CHEMICAL 
PARAMETERS rN THE MONITORED WELLS, 

BIRCH COVE AND SACKVlLLE 

Cond. Na K Co Mg Fe Mn HC03 504 Cl 

BIRCH COVE* 

Rl 269 11.9 1. 5 28. 1 7. 1 0.04 0.01 58 5 48 
1 • 1 0.2 3. 1 0.7 0.04 0.01 7 1 5 

R3 14.6 1. 3 38.3 4.5 0.21 1.01 93 13 
10 1 .4 0. 1 2.2 0.4 0.19 0. 66 7 3 3 

R5 671 55.6 2. 1 64.810.5 0.02 0.05 82 42 142 
76 7. 1 0.2 6, 9 1 .4 0.02 0.03 13 6 22 

R6 687 6 2 .. 5 43 113.4 0& 2.64 92 14 158 
107 17. 1 0.4 3.9 1.6 0 .. 24 0.49 7 3 34 

RlO 1 187.0 4 . 2 94 . 1 1 9. 5 0.17 0.40 46 455 
383 .6 1 . 1 29. 1 5.6 0.13 0.11 14 6 130 

R14 2561 .5 4. 4 191. 713.8 0. 0.21 82 208 702 
501 83 5 1 0 35.7 2 9 0.19 0.06 12 29 166 

R21 10 9 1 0 34.5 5 9 0. 0.34 82 11 31 
3.3 0. 1 2.8 0.6 0.02 0.06 7 3 5 

8 23.3 1 • 1 .2 6.5 0 02 0. 81 71 75 
2.4 0. 1 4.4 0.8 0.01 0.01 4 11 11 

R31 650 .7 2.2 516.5 0.15 0.10 71 149 
130 4 9 1. 3 10.9 3.7 0.15 0.03 8 5 37 

R44 408 19.5 1. 3 48.1 3 0.01 0.01 57 15 
111 5.4 0 2 14.3 2. 1 0.02 0.00 8 4 33 

N03-N 

o.s 
0.2 

0.2 
0.2 

1 .2 
0.3 

0.4 
0. 1 

3.4 
0.6 

2 2 
0.5 

0. 1 
0.2 

1. 7 
0.2 

0 8 
0 .. 4 

Oe9 
0.2 
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Well 
No. Na K Ca Mg Mn HC03 504 Cl N03-N 

R46 168 8.7 1.1 16.9 3 0.06 0.04 52 16 15 1 e 1 
18 0.7 0.1 2.5 0.8 0.04 0.03 11 3 2 0 .. 3 

663 101 93 1 9 18.7 5.7 0.11 0.21 15 29 180 0 .. 3 
168 1 0.4 6 .. 8 1.9 0.05 0808 4 7 54 0.3 

R58 81.9 3.5 39.3 15.1 0 .. 07 0.16 20 178 6.1 
26.3 0. 5 10. 1 5. 7 0.07 0.07 7 5 69 1 .. 6 

R59 518 .2 2. 6 44.2 13.9 0.01 0.05 62 18 112 2 .. 4 
51 2. 9 0. 3 4.2 1. 5 0.01 0.03 7 2 17 0.5 

R60 205 11 5 1.1 18.3 5.2 0.05 0.26 15 33 0.6 
36 1 .0 0. 1 5.3 1 . 0 0 . 04 0 . 1 0 9 2 8 0. 1 

R61 30.2 1.7 .7 11.7 0.03 0.02 38 15 105 1. 9 
6.0 0.5 3. 1 0. 9 0 .. 02 0. 9 3 11 0.3 

R62 .5 2.2144 8 . 2 0.06 0 18 3 0 
98 .7 0.2 16.9 4 6 0.04 0. 10 2 0 .. 5 

590 .4 1.8 75.7 8. 4 0. 04 0. 34 21 5.0 
2 0 0.2 5.2 0 .. 7 0 03 0.06 9 3 13 1 1 

R64 40.6 2 0 .. 1 11.5 0 o. 12 23 97 
12.2 0 3 6.2 2.3 0.04 0 5 6 33 0.4 

R65 609 .3 2.2 47.3 1 2 2.50 3 04 19 0 .. 1 
101 8.0 0.3 7.9 3.3 1 15 0. 5 5 0 .. 2 

260 38.9 1 1 6 2.0 Oe03 0.08 0 
1 .0 0 .. 4 2.9 1 "9 0 0.05 5 17 39 0 

row figures the mean values the 
row the standard 
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Well 
No. Cond .. No K Ca Mg Mn HC03 so4 Cl N03-N 

SACKVJLLE * 

Sl 1 4 1. 5 19.5 2.6 0.06 0.01 84 8 5.1 0. 17 
6 1.2 0.1 1. 2 0. 3 0. 05 0. 01 6 2 0.4 0.05 

169 30.5 0.9 7.8 0.7 0.10 0.01 76 10 5.5 0.02 
4 1.8 0. 1 0.9 0.3 0.00 0.00 6 2 1 0 02 

SlO 158 6.0 4.0 21 .0 2.7 0.06 0.01 66 7 8,.3 0. 61 
29 0.6 0.9 5.2 0.7 0.11 0.00 14 3 3 0.37 

514 388 29.0 4.5 37.2 6. 1 0.03 0.71 50 69 54.3 0.56 
157 28.9 2.6 11 .5 2 2 0.05 0.48 24 28 0.33 

519 249 10. l l . 3 32.0 6.1 0.06 0.01 76 8 30.4 0.52 
1 6 0.2 8.8 1 . 6 0. 06 0. 01 22 4 6 0. 11 

S20 153 6.5 0. 7 20.4 1. 4 0. 03 0. 01 45 6 19.4 0.42 
13 1 • 1 0 1 1.9 0. l 0.06 0.00 6 2 5 0.16 

23.7 1 . 2 16.9 1.5 0.06 0.04 87 10 6.7 0.02 
4 1. 5 0. 1 1.3 0.1 0.15 0.01 5 2 2 0.02 

* The top row of figures for each well represents the mean values of the parameters, 
the second row the standard deviations 



APPENDIX 5 

SEMILOG PLOTS OFT COMPOSITION OF 

MONITORED WELLS AND SPOT SAMPLES, 

BIRCH COVE AND SACKVILLE 
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Figure 2. Semilog plots of the composition of spot samples, Birch 
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Figure 2 (cont'd). Semi log plots of the composition of sp(:t samples, Birch Cove. 
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Figure 3 (cont'd). Semilog plots of the composition of confined waters, 

Sackville. 
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Figure 4 (cont'd\. Semi log plots of the composition of unconfined waters, 

Sackville. 
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Figure 4 (cont'd). Semilog plots of the composition of unconfined waters, 

Sackville. 
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