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ABSTRACT 

More ihan 80% of the Smiths Cove area is  underlain by the high angle, t ightly folded slates of 
lower Ordovician age, which i s  in  turn overlain in the north by sandstones and shales of Triassic 
age. The entire area i s  blanketed with surficial deposits of sand, gravel and glacial t i l l  of P le i -  
stocene age which vary from less than one foot to over 200 feet thick. 

The vil lage of Smiths Cove depends for i t s  water supply entirely on individually owned wells. 
On a short term basis, wells dri l led into the slates may yield from '/2 to 6 igpm, whereas the well 
yields from Triassic sandstone and shale aquifers vary from 1 to 15 igpm. For wells constructed i n  
sand and gravel deposits, a wel l  yield in  the order of 5 to 10 igpm can be obtained at shallow depths. 
In the eastern part of the Smiths Cove area, where the occurrence of many mafic intrusives has re- 
duced at least in  half the permeability of the slate aquifers, many shallow wells have been construct- 
ed along steep slopes to take advantage of the act ive groundwater discharge. . 

A preliminary study of the groundwater flow patterns of the Smiths Cove area indicates the 
fol lowin8 ( A )  The small topographic relief coupled with the steeply folded slate bedrock strongly 
favours the development of local groundwater flow systems characterized by a series of recharge and 
discharge zones. (B) The groundwater flow systems of the Smiths Cove area receive l i t t le  recharge 
from the South Mountain Upland. Major groundwater recharge occurs along the margins of the upland 
adjacent to steep slopes. (C) An active groundwater seepage occurs along the northern steep slope 
of the South Mountain Upland, which i s  a favorable area for groundwater development in the slate 
terrain. (D) Exposures of permeable sand and gravel beds and fractured bedrocks along highway 101 
pose a potential pollution problem to the wells located below and adjacent to the highway by the 
de-icing road salt. 
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INTRODUCTION 

Purpose and Scope of the Investigation 

The Province of Nova Scotia initiated in June, 1971, the construction of a four-mile section of 
highway 101 and a new Bear River Bridge at Smiths Cove, Nova Scotia. The placement of the new 
highway resulted in the loss or interruption of about 20 domestic, water supply systems. The Water 
Planning and Management Division of the Nova Scotia Department of the Environment, formerly the 
Groundwater Section of the Nova Scotia Department of Mines, was called to investigate the situation 
and to assist the Nova Scotia Department of Highways in  locating an alternate satisfactory water 
supply for each of those affected by the construction of the new highway. 

More than 80% of the Smiths Cove area is directly underlain by hard, dense slates of Halifax 
Formation of Ordovician age where a thin cover of surficial deposits offers l i t t le  protection for the 
underlying bedrock aquifers. The situation i s  further complicated by the fact that the permeability 
and the water supply potential of the slate aquifers in the Smiths Cove area have been significantly 
reduced by the occurrence of many hard, dense mafic rocks which intrude into the slate formation. 
Consequently, we1 Is dri l led into slate bedrock often yield water sufficient only for domest7c require 
men ts. 

The construction of the new highway required several deep cuts, which exposed fractured bed- 
rock and permeable sand and gravel beds. Hydrogeologically, the placement of the highway cut or 
f i l l  interrupted the near surface groundwater flow and resulted in the diversion or reversal of local 
groundwater gradients. The loss or reduction of many well water supplies of the area in 1971 was 
directly attributable to these changes in the hydrological environment. 

.In addition to results of geological, hydrological and geotechnical data collected, compiled 
and evaluated intermittently during the summers of 1971, 1972 and 1973, this report includes the 
following considerat ions: 

(1) The water supply for domestic and industrial requirements of the area. 
(2) The engineering and environmental problems related to the manifestation of groundwater flow 

(3) The simulation of the groundwater flow system influenced by the complex permeable, imperme- 

systems and the construction of the new highway. 

able and hydraulic boundaries. 

, 
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General Description of the Area 
Location and Physiography 

The Smiths Cove area l ies between north latitudes 44’37’ 17.5” and 44’34’ 47.5”, and west 
longitudes 65’39’40’’ and 65”45’00”, covering an area of approximately 16 square miles .in Digby 
County, Nova Scotia (Fig. 1). 

5 4 3 2 1 0  5 
r - -  5t. MILES 

6.MCD. 

Fig. 1: Location of the Smiths Cove area, Nova Scotia. 

I t  i s  readily accessible by highways and the Dominion Atlantic Railway from Halifax and 
Yarmouth, and by a ferry service from Saint John, New Brunswick,, via the Digby Ferry Terminal. 
Many county, farm and logging roads provide access to most rural parts of the study area and to 
the adjacent communities such as Digby. Bear River, Clementsvale, Conway and Deep Brook. 

Physiographically, the Smiths Cove area i s  situated at the north end of the South Mountain 
Peneplain with a topographic relief of 475 feet. This landform was sl ightly modified by glaciation 
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during the Pleistocene age. The ancient Bear River valley i s  about 160 feet below the present 
mean sea level, whereas the bottom of a glaciated valley at Joggins i s  about 90 feet below sea 
level, The area i s  drained by three perennial ungraded bedrock brooks, the Roop, the Roach, and 
the Walsh. Over the highland area, where the relief is  small, the drainage i s  sluggish and the water 
table is high. Along the Annapolis Basin, where the land slope i s  steep, groundwater seepage is  
abundant. 

Agriculture and Soils 

the area (Table 1). Farming i s  not common in the Smiths Cove as most of the area i s  forested. 
Sandy clay loam, sandy loam, and gravelly sandy loam, constitute the three main soi l  types of 

TABLE 1 

SOILS AND THEIR SUITABILITY FOR AGRICULTURE 
IN THE SMITHS COVE AREA, 

DIGBY COUNTY, NOVA SCOTIA* 

Parent Material Soil Classes of Land L im i tations 
~~~~ ~ ~ 

Sandy Clay Topography, 
Red Brown Clay T i l l  Loam Good Crop Land Stoniness 

Topography, 
Stoniness, Rock 
Outcrop 

Good to Poor Occasionally 
Brown Sandy T i l l  Sandy Loam Crop Land Excessive Drainage 

Excessive Drainage 
Stoni ness Sand and Gravel Gravelly Sandy Loam Fai r  Crop Land 

Modified from Soil Map of Digby County, by Hilchey, J.D., D.B. Cann and J.I. MacDougall 
(1 962) 

The sandy clay loam, developed from underlying red brown clay t i l l ,  i s  a moderately fine tex-  
tured, stone-free soil, suitable for a fairly wide range of crops (Hilchey, Cann & MacDougall, 1962). 
The sandy loam i s  derived from the brown sandy t i l l  and i t s  usefulness as good crop land i s  l imited 
i n  places by bedrock outcrops and stoniness. The gravelly sandy loam developed mainly on the out- 
wash sand and gravel deposits i s  generally a fair cropland where the drainage i s  not excessive. 

Climate 

The climate of the Smiths Cove area i s  temperate and humid, typical of Nova Scotia. Ex- 
tremes of climate are prevented in part by the proximity of the Bay of Fundy and the Annapolis 
Basin. 

Although there i s  no weather station at the Smiths Cove area, longterm records exist for Anna- 
pol is Royal and Digby at Prim Point, and shorter records are available for Bear River, Clements- 
vale and Digby at CKDY Radio Station (Canada Dept. of Environment, 1971). Based on climatic 
records at Bear River, Clementsvale and Digby (Prim Point), the mean temperature at Smiths Cove 
area i s  about 43.5' F, with an annual precipitation of about 45 inches (Table 2). The following 
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TABLE 2 

MONTHLY NORMAL PRECIPITATION AND TEMPERATURE IN 

B 4  

5.68 
4.97 
3.87 
4.16 
3.51 
3.27 
2.79 
3.32 
3.71 
4.64 
5.72 
5.79 

51.43 

4.25 

BEAR RIVER, CLEMENTSVALE, AND DlGBY 

c3 

4.58 
3.91 
3.09 
3.72 
3.86 
3.66 
3.62 
3.92 
3.69 
4.27 
5.85 
4.25 

48.42 

4.03 

RECORDS 

Month 

JAN 

FEB 

MAR 

APR 

MAY 

JUNE 

JULY 

AUG 

SEPT 

OCT 

NOV 

DEC 

TOTAL 

AVERAGE 

PRECIPITATION, INCHES 

D 6  

4.49 
4.61 
3.22 
3.91 
3.08 
2.87 
2.64 
3.13 
3.54 
4.71 
5.57 
6.01 

47.78 

3.98 

TEMPERATURE, * F 

B c 3  
25.4 
26.2 
32.8 
41.5 
50.4 
58.4 
64.6 
63.5 
57.6 
49.7 
41.7 
31.2 

45.3 

D 8  

23.6 

22.3 
30.1 
39.6 
49.7 
58,9 
64.7 
63.3 
56.2 
47.9 
39.2 
28.0 

43.6 

NOTES: A. Gata taken from “Temperature and Precipitation 1941-1970, Atlantic 
Provinces”, Canada Department of Environment, Atmospheric Envir- 
onment Service, 1971, 55 pp. 

Record stations are designated by B: Bear River; C: Clementsvale; 
D: Digby. 

Subscripts: 3,4,6 & 8 denote type of normal; 3-20 to 24 years between 
1941 and 1970, 4-15 to 19 years between 1941 and 1970, 6-less than 10 
years, 8-adjusted. 

No temperature records are available for Bear River. 

B. 

C: 

D: 

climatic data are extrapolated from Chapman and Brown (1966): Actual evaporation, 22 inches; 
potential evaporation, 22 inches; moisture deficiency, 0 inches; mean frost period, 130 days. 

Population and Industry 
According to the Dominion Bureau of Statistics, the vil lage of Smiths Cove (Smiths Cove, 

Lansdowne and Joggins Bridge) had a population of 573 in  1966 and 509 in 1971. The vil lage 
stretches about four miles along the old highway trunk No. 1 between the Bear River and the Joggins 
Bridges. Strategically located for the fu l l  view of the scenic Annapolis Basin, the Smiths Cove 
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area i s  an ideal tourist attraction. Many restaurants, cabins, motels, cottages, trailer parks, and 
camping faci l i t ies provide an important income to the area. The recently completed pre-cast, post- 
tensioned Bear River Bridge, the first of i ts  type constructed in North America, w i l l  undoubtedly 
be an added attraction of the area (Fig. 2). 

Fig. 2: The Bear River Bridge, Nova Scotia 

F ie ld  Work, Maps and Grid System 

The f ie ld  work of this project was carried out intermittently during the summers of 1971, 1972 
and 1973. A total of 104 mechanical analyses of surficial samples, 83 well logs and 49 chemical 
analyses of water samples were collected and compiled to assist i n  the interpretation of hydro- 
geology of the area (Appendix A, 6, & C). Two pump tests of short duration were conducted at 
wells 53 and 77 in 1971. 

The bedrock and surficial geological maps accompanying this report are based on the topo- 
graphic maps of the Smiths Cove and the Bear River sections, prepared in 1960 by the Nova Scotia 
Department of Highways at a scale of one inch to 400 feet, with a contour interval of f ive feet. 
Black and white air photos at a scale of one inch to 1320 feet flown in 1955 were used extensively 
i n  the f ield mapping. On August 24, 1973, a remote sensing fl ight under Project 73-156 of the Can- 
adian Centre for Remote Sensing was flown over the Smiths Cove - Digby area. 
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The grid system used for locating wells and samples i n  th is study i s  adapted i n  part from the 
National Topographic System and the Nova Scotia Department of Mines, Mining Tract - Claim System 
(Fig. 3). The entire Smiths Cove area i s  covered by Reference Map A of Standard Topographic Map 

I Y ! ! ! ! i ! ! ! ! J  

Fig. 3: Grid system used for locating wells, soi l  and water 
samples, in  the Smiths Cove area, Nova' Scotia. 

21A 12 and includes the following mining tracts: 63, 82, 83, 84, 85, 86, 87, 105, 106, 107 and 108. 
According to the Nova Scotia Department of Mines System, each mining tract consists of sixteen 
40-acre claims. In this report, each claim i s  subdivided into 16 units and each unit contains four 
170' x 158' subareas. Therefore, a l l  reported locations in  this report are within an accuracy of 80 
feet in  the field. Figure 3 shows the location of a hypothetical well 37 at 21 A 12 A 107 A H 1. 

The writer i s  indebted to Mr. Harold Sulis, Sulis Plumbing and Heating Limited, Conway for 
his recollection of the location and construction details of many unrecorded dri l led wells i n  the 
Smiths Cove area and to Mr. George Kennedy for donating to  the Nova Scotia Department of the 
Environment four volumes of dri l l ing records of his late father, Mr. O.V. Kennedy. With their as- 
sistance, records of many missing dril led wells of the Smiths Cove area have been compiled and 
verified for permanent reference. 

To Mr. Bruce C. Fraser, Claims Agent, Mr. Robert Whitman, Resident Engineer for the con- 
struction of the Bear River Bridge and Mr. George Bell, Resident Engineer at the Provincial Mater- 
ials Laboratory of the Nova Scotia Department of Highways, many thanks for their co-operation, 
assistance and construcfive information rendered freely during the course of this study. A l l  maps 
and il lustrations i n  this report were prepared by Mr. D. Bernasconi and his staff of the Cartographic 
Section, Nova Scotia Department of Mines, The photos of the Bear River Bridge were provided by 
the Nova Scotia Communication and Information Centre. Valuable geotechnical data on the bridge 
foundations at the Bear River and the Joggins crossings have been kindly provided through the 
following engineers and consulting firms: Mr. T.J. Boyle, Engineer of Bridge Structures, Canadian 
Pacif ic Railways, Montreal , Quebec; Mr. J.A.B. Lovell, P. Eng., A.D. Margison Associates (1973) 

Acknow ledgernents 
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Ltd., Willowdale, Ontario; and Mr. U.F. MacCulloch, Urban F. McCulloch Consulting Engineering 
Services, Beaconsfield, Quebec. 

Many findings of Trescott (1969) and Smitheringale (1973) have been incorporated in this re- 
port. Of the material quoted, whenever a source is known, credit has been given. Any errors in the 
interpretations are, however, solely those of this writer. Preliminary results of a model study of 
groundwater flow patterns in the. Smiths Cove area were presented in San Francisco at the 1973 
Fal l  Annual Meeting of the American Geophysical Union. 

Fie:d assistance was provided during the summer of 1971 by Ivan Rafuse. From May 1972 to 
April 1974, very able assistance in  the field and laboratory was provided by John C. Fraser. With- 
out the co-operation and assistance of the residents of the area, and many others too numerous to 
l ist,  this study would not have been possible. 
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GEOLOGY AND ENGINEERING GEOLOGY 

I n trod uc t i on 

The simple general geology of the Smiths Cove area becomes more complicated when studied 
in detail (Table 3). More than 80% of the area is underlain by Meguma slates (Halifax Formation) 
of lower Ordovician age. In the northwestern portion of the map area Wolfville sandstones and shales 
of Triassic age are found (Map 1)). This entire bedrock terrain is  subsequently blanketed with surfi- 
cia1 deposits of sand, gravel, s i l t ,  clay, and glacial t i l l  of Pleistocene age. Over the upland region 
the unconsolidated deposits are thin; on the lowland area and glaciated valleys, i t  may vary from a 
few feet to over 200 feet thick (Map 2). Described below are the geotechnical properties of the bed- 
rock units and surficial deposits, which have a significant bearing on the hydrogeology and engineer- 
ing geology of the Smiths Cove area. For other geological details, readers are referred to the publi- 
cations of Taylor (1969) and Smitheringale (1973). 

Bedrock Units 

Hal ifax Formation 

The following descriptions of the Halifax Formation of Ordovician Age are taken mainly from 
Smitheringale (1973, p. 15-20, 66-68). The Halifax Formation is mainly dark grey to black, moder- 
ately s i l ty  to non-silty slates and phyll ites containing laminae of medium to l ight grey impure quart- 
zite. The thickness of the laminae ranges from less than 0.02 inch to over one inch. The laminae 
may be continuous, with a uniform thickness of over ten feet, or may be lenticular and discontinuous. 
The structural pattern of the area i s  part of a major Torbrook Syncline, located near the vil lage of 
Bear River, about 3.6 miles southwest of Roop Brook. The Halifax slates in  between Roop Brook 
and the mouth of Bear River contain numerous folds of unknown size. Interpretation of these struct- 
ures i s  hindered by a scarcity of continuous outcrops and the absence of horizon markers and fossils. 
Nevertheless, Smitheringale (1973, p. 19) recognizes a rather distinctive anticline crossing the 
Bear River about one mi le southwest of Roop Brook. This  study suggests a syncline between the 
Roop Brook and the new Bear River Bridge (Map 1). 

The axial traces of many folds can be projected precisely from one side of Bear River to the 
other, a distance of 1,500 feet. The axial planes of these folds plunge 0 to 20 degrees northeasterly 
and dip 75'SE to vertical, with few exceptions at the new Bear River Bridge that dip steeply north- 
west. 

Major faults are not common in the Smiths Cove area. However, Smitheringale (1973, p. 20) 
observed several high angle bedding plane displacements along the shore of Bear River and be- 
lieved that most of them are genetically related to the folding of the area. Most joints fal l  into 
one of the three sets: those striking northwesterly; approximately easterly: and N 25OE to N 35' E. 
A l l  have nearly vertical dips. The joints of approximate attitude N50 W /  vertical form the principal 
set of joints of the region. The slaty cleavages in Halifax slates consist of many short discontin- 
uous cleavage planes i n  an en echelon arrangement. These are well defined i n  thin sections by 
carbonaceous matter that has been smeared onto the cleavage surfaces. Movement along individual 
planes ranges from n i l  to over 0.1 inch. The spacing of the cleavage planes i s  about 0.001 inch 
in s i l ty  laminae containing rare quartzite and 0.02 inch to over 0.1 inch in quartzite laminae (Smith- 
eringale, 1973, p. 19). 

Mafic lntrusives 

In eastern Smiths Cove area, the Halifax slates contain numerous mafic s i l l s  of Devonian age. 
Both slates and the intrusives are tightly folded into a series of synclines and anticlines trending 
about 30 degrees northwest. In this report, modifications in  information on the occurrence and the 
distribution of the mafic intrusives of the area have been based on rock exposures along the new 
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PERIOD or 
EPOCH 

RECENT 

TABLE 3 

FORMATION 
or GROUP ERA 

TRIASSIC 

0 

0 
N 
0 
z 
W 
0 

- 

WOLFVILLE FM. 

0 
0 
N 
0 

W 
H 

- 

v) 

0 - 
0 
N 
0 
W 
-I 
Q: 
n 

STRATIGRAPHY OF THE SMITHS COVE AREA 
DIGBY COUNTY, NOVA SCOTIA 

PLEISTOCENE 

PI eistocene- 

,Triassic (?) 

1 
DEVONIAN- I 

CARBONIFEROUS (?) 

LOWER 

ORDOVICIAN MEGUMAGROUP 
HALIFAX FM. 

LITHOLOGY 

~ _ _  ~ 

Stream Alluvium: Silts and Sands 

Bar and Beach: Sands 

Peat and Moss: Organic Matters 

Glacio Fluvial 
Deposits: Sand and Gravel 
Glacial T i l l :  Red Brown Silty and 

Sandy, Brown Sandy 

Clean Sand or Gravel lnterbedded with 

Red Clay 

Sandstone: Red, White, Hard 

Shale: Red, Grey, Black; 
Soft to Hard 

Diorite, Gabbro 
Metadiori te: Greenish, Coarse, 

Crystal I ine, Both 
Mafic Minerals and 
Plag i ocl ase Severely 
Altered; Reaction to 
HC I 

Slate: Grey, Black, Fine- 
Grained 
Occasionally Red, Sandy, 
and Laminated; Hard 

Table 3: Stratigraphy of the Smiths Cove area, Digby County, Nova Scotia 
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WITH MINOR QUARTZITE 

SURFCLBL S A Y R E  LOCATIOW 1UWER.LOWERI ...... . . S 5  .. M S Z  
GEOLOGICAL BOWWRY 1DEFINEO.APPROXIMATE , bSSUYEOI------ 
CONTROL WELL 8 INDEX "UMBER .. . . . .  ...... ... . 5.3 

GEOLOGICAL SECTION AUJNG HIGHWAY No. 101 
BETWEEN BEAR RIVER BRIDGE eiND JOGGINS BRIDGE 

SMITHS C O V E .  DIGBY C O U N T Y .  NOVA SCOTIA 
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highway, drillers' well logs and f ield mapping (Fig. 4). Four major intrusives, varying in thickness 
from 100 to 200 feet and in color from dark greenish to olivine grey occur mainly as gabbro si l ls. 
Two of them seem to extend more than two miles. Without the aid of a thin section study, these in- 
trusives are easily mistaken for marble, because they are deeply weathered. 

The weak zones in  the gabbro intrusives are found along the fracture openings and the broken 
zone on the top. In general, the massive intrusives are dissedted by two sets of fractures. The f irst 
set, which i s  parallel to the bedding plane of the slate formation, is a tight fracture, spaced 6 inches 
to 12 inches apart. Present i n  between are some en echelon type short fractures spaced 1 inch to 3 
inches. All  these fractures are discontinuous. 

The second set of fractures dips vertically and intersects with the first set of fractures at 
small angles. Spaced 3 to 5 feet apart, they are discontinuous open fractures with curved surfaces. 
The second set of fractures appears to be more favorable for the movement of groundwater flow, i f  
they are interconnected. However, i t  i s  seldom that such a fracture cuts through the whole intrusive 
outcrop although most minor intrusives are often segmented. 

Wolfville Formation 

Occurrence of the Wolfville Formation of Triassic age in the Smiths Cove area was first re- 
ported by Trescott (1969) based on records of about 10 dril led wells. The contact between the Wolf- 
v i l le  Formation and the Meguma slates shown in Maps 1 and 2 has been modified according to  ad- 
ditional well logs and f ield mapping. The Wolfville formation i s  about 1700 feet thick in the Anna- 
polis-Cornwallis Valley and dips gently from 6 to 12 degrees to the northwest (Trescott, 1969, 
p. 13). I t  consists mainly of poorly cemented, fine grained sandstone, silt-stone and shale of red- 
dish brown or grey color. Occasionally, a thin layer of clean course grained sandstone may be en- 
countered. Based on data from a total footage of 2450 feet of Wolfville Formation encountered by 
wells dri l led at the Smiths Cove area, the ratio between shale and sandstone i s  about 2:3. 

Due to extensive t i l l  cover, outcrops of the Wolfville Formation are rare. Hence, a study of 
the structural relation and other geological details was not possible. However, available well logs 
suggest that in the Smiths Cove area the Wolfville Formation i s  thin, with the thickest deposits in 
the northwestern region. 

Surficial Deposits 

Sands, Gravels and Glacial Ti l ls  

\ 

The surficial deposits of the Smiths Cove area include (1) outwash sand and gravel, (2) gla- 
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cia1 t i l ls ,  and (3) organic marine clay interbedded with clean sand and gravel. In addition to the 
isopach map of the surficial deposits Map 2 shows the distribution of outwash sand and gravel, brown 
sandy t i l l ,  and red brown clayey t i l l .  The thickness of the surficial deposits i s  generally less than 
50 feet in central and eastern Smiths Cove, whereas i n  the northwestern region, i t  may vary from 
50 to ‘over 200 feet. At well 29, a total of 247 feet of surficial deposits was encountered in dri l l -  
ing. The well logs i n  Appendix B provide information on the local stratigraphy and lithology of the 
surficial deposits. 

f i l tration and permeability of the surficial .deposits of the map area (Appendix A). The s i l t  and 
clay content which relates directly to the permeability of the soi ls varies considerably among these 
surficial deposits (Fig. 5). In sand and gravel deposits, the s i l t  and clay content varies from 0% to 

Results of sieve analyses of 101 soil samples provide useful information on the surface in- 
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Fig. 5: Graphical results of Mechanical analyses of 
101 surficial samples taken from the Smiths 
Cove area, Nova Scotia 

26%, with most samples having a s i l t  and clay content less than 10%. Most brown sandy t i l l s  con- 
tain 7% to 52% of s i l t  and clay, with an average of 23%. The s i l t  and clay content in the red brown 
clayey t i l l  varies from 18% to 62% and averages at 37%, which i s  a t  least 10% higher than that re- 
ported i n  the Musquodoboit River Valley (Lin, 1970, p. 16-18). The areas with a s i l t  and clay con- 
tent i n  excess of 25% are outlined i n  Map 2. 

Figure 6 relates the effective grain size, D10, to the permeability of the soi l  samples, based 
on Hazen’s approximation (Hough, 1957, p. 75). Although the Hazen’s approximation assumes’wel I 
graded f i l ter sands, i t  provides a quantitative basis on the relative magnitudes of the permeability 
for various soi l  samples taken from the Sm’ths Cove’area. Acco ding to Figure 6 the permeabilities 
of the surficial deposits range: from lO-’to slightly over 10 imperial gallons per day per square 
foot. 

4 
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Fig. 6: Permeability of the surficial deposits based on Hazen's approximation 

Organic Marine Clays 

An organic marine clay was encountered at the bridge foundation of the Bear River and of the 
Joggins Crossings and at a highway cut i n  the vicinity of surficial sample No. l?. Presence of the 
soft s i l ty  organic marine clay generated considerable concern i n  the design and construction of the 
railway and highway bridges. At the Bear River Bridge foundation, the surficial deposits consist 
of three main strata. They are from top to bottom: (1) sand and gravel layer (east side) 60 feet, (2) 
soft s i l t  and clay layer, 90 feet, (3) sand and gravel layer,(west side), 75 feet (Fig. 7). According 
to the Unified Soil Classification System (Terzaghi and Peck, 1967) the soft s i l t  and clay i s  termed 
an organic marine clay (OL), whereas the sand and gravel deposits are classif ied as the s i l ty gravel- 
ly sand (SMD). The index properties of the organic marine clay are as follows: wet density: 106-112 
pounds per cubic foot or pcf, dry density, 80 pcf; water content, 24.5 - 37%; l iquid l imit, 34-47%; 
plastic l imit, 2528.5%; shear strength, 773-1810 pounds per square foot or psf (N.S. Dept. of High- 
ways, Materials Laboratory, 1970). 
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At the Joggins Bridge, the overburden i s  approximately 75 feet thick and can also be sub- 
divided into three substrata (from top to bottom): (1) soft s i l ty  clay, 30 feet;(2) alternate layers of 
dense, angular, sand, gravel and sandy clay, 15-20 feet; (3) small boulders, sand and gravel in a 
matrix of very st i f f  reddish clay, 20-30 feet (Fig. 8l.. According to Racey, MacCallum and Assoc- 

B 

I i 1 

16 - 

0 -  

-16 - 

L -32- 

5 -.n - 

-6.  - 

-80 - 

-96 - 
SCALE IN FEET 

,o T H 2 - TEST WLE "0 1 -112 1 
I 

NOTE 

I 
THE JOGGINS 

SMITHS COVE 

GEOLOGICAL SECTION AND PLAN 
JOGBlNS BRIDGE 

' ALONG JOGGINS BRIDGE. HIGHWAY NO 101 
SMITHS COVE, NOVA SCOTIA 

K E Y  PLAN 

0 100 ZOO 

Fig. 8: Geological section and plan along Joggins Bridge, Highway 101, Smiths Cove, N.S. 

iates Ltd., (1957), the s i l ty clay contains wood, roots, shel ls and other organic matter and has the 
following engineering properties: wet density, 91-117 pcf; water content, 30-65%; l iquid l imit, 27- 
62%; plastic l imit, 18-31%; plast ici ty index, 8.531%; shear strength, 280-800 psf. In the final de- 
sign, the cohesive strength of the organic marine clay was considered as 500 psf. I t  i s  also interest- 
ing to note that the bottom stratum i s  a very dense glacial t i l l ,  characterized by the following pro- 
perties: water content, 10-18.5%; dry density, 111 pcf; shear strength, 5530 psf (Spencer, White 
and Prentis of Canada, Ltd., 1952). 
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GROUNDWATER RESOURCES AND DEVELOPMENT 

GROUNDWATER RESOURCES POTENTIAL 

The vil lage of Smiths Cove has no central water supply system and depends for i ts water 
supply entirely on individually owned weIIs(Appendix6). Figure 9 relates well depth and well yield 
to the type of aquifers based on available well logs of the Smiths Cove area. 

No potential aquifers for large water supplies are present in the eastern part of the Smiths 
Cove village. Wells dri l led into the slates provide smaller yields because of the presence of many 
mafic intrusives in the slate aquifers (Lin, 1973b). Although the outcrops of most gabbro intrusives 
and the slates display distinctive fractures, well yields are consistently lower and have a depth 
greater than those wells dri l led into intrusive-free slate aquifers. To evaluate the difference in 
aquifer properties, two short term pump tests were conducted. At well 53 which i s  dri l led 412 feet 
deep into massive gabbro si l ls, the coefficient of transmissibility was found to be one (1) imperial 
gallon per day per foot. However, about 150 feet away, a coefficient of transmissibility of at least 
7.5 imperial gallons per day per foot was obtained from well  77 which i s  dri l led 102 feet deep main- 
ly into a slate aquifer. According to Figure 9, a minimum of 200 feet of well depth would be required 
to yield one igpm. As a matter of fact, none of the wells in this category yields more than one igpm 
and the well yield does not seem to increase with depth below 200 feet. A comparison between lines 
C and D suggests that the presence of the mafic intrusives at the eastern part of Smiths Cove has 
resulted in a reduction of at least 50% in the well yield and of the permeability of the slate aquifers 
(Lin, 1973b). This basically confirms with our experiences i n  Nova Scotia that in fracture media a 
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well is  not recommended to be dri l led deeper than 250 feet and 300 feet would be a maximum be- 
cause the fracture openings through which the groundwater moves close rapidly with depth (Tres- 
cott, 1969, p. 26). To cope with the situation, many dug wells have been constructed along the slop- 
ing area where groundwater seepage i s  prevalent, and have proved satisfactory to meet domestic re- 
quirements. Some of the shallow well systems are gravity fed into the houses. 

The north central part of the village i s  underlain by sandstone and shale of the Wolfville Form- 
ation, Except for two small areas, the sandstone and shale are close to the ground surface and a 
well of 40 to 50 feet deep i s  generally sufficient to provide a satisfactory water supply for domestic 
requirements. In sloping areas where the overburden is dense and thick, wells dri l led into the sand- 
stone and shale may encounter flowing artesian conditions. Six such wells have been reported in the 
vicinity of Well 39. Wells dri l led into sand and gravel deposits and some highly permeable sandstone 
aquifers are represented by line A. On an average, a well penetration of two feet w i l l  yield one im- 
perial gallon per minute (igpm). The highest recorded wel l  yield i s  60 igpm, with only 30 feet of pene. 
tration into the sandstone aquifer. For most wells dri l led into sandstone and shale, however, a mini- 
mum of 10 feet of aquifer penetration i s  required in order to yield one igpm of water (see l ine 6, 
Fig. 9). The scattering of the data points reflects the proportion of the sandstone and shale i n  the 
makeup of the Triassic aquifers. According to Trescott (1969, p. 22), the aquifer transmissibil i ty 
of the Wolfville Formation may be up to 2,600 gallons per day per foot (gpdlft)  with a coefficient of 
of storage in the order of 1.2 x and the average long term well yield in the Annapolis-Corn- 
wall is Valley i s  about 95 gpm per hundred foot of saturated section of the Wolfville Formation. In 
the Smiths Cove area, well yield i s  limited due to poor sorting and an insufficient saturated thick- 
ness of the sandstone and shale aquifer. L ine C represents most wells dri l led into.the less perme- 
able slates and shales. For a yield of one igpm, an aquifer penetration of 40 to 100 feet i s  neces- 
sary in these rocks. Salt water intrusion can be a problem i f  the well is  located too close to the sea. 
Adequate water supplies may also be obtained from dug wells constructed into outwash sand and 
gravel deposits, i f  there i s  a sufficient saturated thickness. 

In the western part of the village, the unconsolidated deposits vary i n  thickness from 50 to 
more than 200 feet, and consist of outwash sand and gravel, glacial t i l l s ,  and red clay and s i l t  inte’r- 
bedded with clean sands and gravels. To develop a water supply from the underlying bedrock aqui- 
fers, longer casing and deeper dri l l ing are required in these areas of thick overburden. The thick- 
ness of the surficial deposits therefore becomes an important factor to be considered in  well dri l l -  
ing. However, as indicated i n  the well togs in Appendix B, the presence of permeable sand and gra- 
vel lenses below and above the glacial t i l l  is  common. Higher well yields may be obtained from a 
properly designed screened well constructed in the sand and gravel beds. Although the outwash sand 
and gravel deposits above the glacial t i l l  are usually thin, their potential water supply for domestic 
requirements and small commercial ventures i s  high. The clean sand and gravel beds below the red 
brown glacial t i l l  appear to be quite extensive in the western part of the village. Although the water 
levels are low, larger well yields may be possible. The so-called “underground lake” or “under- 
ground river” encountered during dri l l ing in the vicinity of well 19 i s  indicative of such a ground- 
water occurrence. Efforts should be made to develop i t s  groundwater potential. 

In summary, the almost untapped groundwater resources in the permeable sand and gravel de- 
posits and the sandstone and shale bedrocks in the western part of the vil lage are prbbably the most 
valuable natural resources of the Smiths Cove area. 

WATER QUALITY AND USES 

Water Quality Criteria 

The groundwater chemistry depends upon the types of geological formations through which the 
water passes and the length of time the water i s  in contact with these environments (Trescott, 1969, 
p. 26). The quality of groundwater for various uses, is measured by chemical, physical and bacter- 
iological standards recommended by various health and regulatory authorities. 
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The complete analyses of 49 water samples including three surface water samples taken from 
the Smiths Cove area are summarized in  Appendix C. For domestic purposes, the Canadian Drink- 
ing Water Standards and Objectives, 1968, recommended by Canada Department of National Health 
and Welfare (1969) are used as the water quality criteria in the development and management of water 
resources (Table 4). For other uses, the readers are referred to publications by the Federal Water 

TABLE 4 

CANADIAN DRINKING WATER STANDARDS* 

Chemical Objective A ccep tab1 e Maximum 
Constituent PPm limit, ppm Permissible 

PPm 

Arsenic not detectable 0.01 0.05 
Chloride 250 250 - 
Copper co.01 1 .o 
Iron ~ 0 . 0 5  0.3 
Lead not detectable 0.05 0.05 
Manganese co.01 0.05 
Nitrate and ~ 4 5 . 0  ~ 4 5 . 0  - 
Nitr i te 
Sulfate e250 500 
Total dissolved (500 e1 000 - 

- 

Parameter 0 bject ive Acceptable limit 
~ 

Turbidity c1 5 (Jackson Turbidity Unit) 
Color (5 15 (PI at i num-Cobal t Scale) 
Odor 0 4 (Threshold Odor Number) 
Taste i nof fe ns i ve inoffensive 

- PH 6.5 - 8.3 

Grade MPN/100 ml Rating 

A c2 sat isfactory 
B 2 - 10 doubtful 
C >lo unsatisfactory 

*Modified from “Canadian Drinking Water Standards and Objectives 1968” by the Canada 

**Bacteriological standards used by the Nova Scotia Department of Pub1 ic Health. 

Department of National Health and Welfare, 1969. 

Pollution Control Administration (1968), and that by McKee and Wolf (1971). Local public health 
authorities should be contacted to determine the bacteriological quality of the water supply. 

Results of laboratory analyses of water samples taken during th is study indicate that the 
groundwater resources of the Smiths Cove area are of excellent chemical and physical quality and, 
according to Canadian Drinking Water Standards and Objectives, 1968, are suitable for domestic use 
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with l i t t l e  or no treatment. Of al l  dissolved solids present in groundwater, the constituents discuss- 
ed below have significant bearing on the domestic uses of the groundwater resources of the Smiths 
Cove area. 

Iron and Manganese 

Both iron and manganese when present in excessive amounts often result i n  a brownish stain 
in laundered goods and plumbing fixtures, and impairs the taste of beverages. The recommended 
limit of iron i s  0.3 ppm. High iron is usually associated with slate formation. The highest iron read- 
ing, 4.0 ppm, i s  from an abandoned well dri l led into slate and gabbro. A few manganese readings 
from shallow wells are slightly high. These wells are located in active discharge areas and in swam- 
py environments. The manganese content of the groundwater i s  usually less than the recommended 
limit of 0.05 ppm. Generally speaking, both iron and manganese contents are well below the l imits 
set forth in the Canadian Drinking Water Standards and Objectives, 1968. 

Total Hardness 

According to McKee and Wolf .(1971, p. 195), the term “hardness” refers to the soap neutral- 
izing power of water. Soap wi l l  not cleanse, or lather, unti l  a l l  of the hardness i s  precipitated as 
insoluable saltsof the fatty acids. In groundwater, hardness is attributable principally to calcium and 
magnesium ions. According to Swenson and Baldwin (1965, p. 17), the hardness of water may be 
rated according to the combined compounds of calcium and magnesium: 

0 - 60 Soft 
61 - 120 Moderately Hard 

121 - 180 Hard 

The hardest water encountered in the area i s  220 ppm from a dug well located in a discharge 
area underlain by a very dense t i l l .  With three exceptions, however, the groundwater hardness read- 
ings are less than 120 pprn and usually softening i s  not required in the Smiths Cove area. 

According to McKee and Wolf (1971, p. 196), although the causative factors remained unexplain- 
ed as of 1961, soft water has been shown to be associated with higher death rates from degenera- 
tive cardiovascular disease in  Japan, England, South Africa, the Canary Islands, Australia and the 
United States, Furthermore, contrary to common belief, there i s  no conclusive proof that hardness 
causes, stomach disorders, urinary concretions or other diseases of the kidney or bladder. 

Sulfate and Chloride 
The sulfate content ranges from a trace to 17 ppm, with an average of 12 ppm. Sulfate in ex- 

cess of the recommended l imit of 250 ppm in  drinking water may cause a laxative effect. Because 
both calcium and magnesium sulfates are very soluble, boil ing of water w i l l  not cause sulfates to 
precipitate. 

No chloride contents exceed the recommended l imit of 250 ppm. Except for two samples (Wells 
17 and 79), a l l  chloride readings are below 50 ppm. The higher chlorides are from wells located in 
active discharge areas close to the sea. It i s  also possible that salt water has found its way into 
local pumping wells close to the sea. 

Nitrate 

Nitrate concentration can be a sensitive indicator of groundwater contamination or pollution 
from sources such-as agricultural fertilizers, barn yards and septic tank effluent. The recommended 
health l imit for nitrate i s  45 ppm. Reduction of high NO3 to NO2 in the intestinal tract may be poison- 
ous to infants (0-3 months) and can be responsible for the methaemoglobinemia i n  new born babies 
(Swenson and Baldwin, 1965, p. 16). The nitrate content in groundwater generally decreases with 
the depth of well penetration so that high nitrate occurs mainly i n  shallow wells. The highest nit- 
rate observed in  the study area i s  14 ppm from a dug well, constructed i n  glacial t i l l .  At present, 
the groundwater resources at the Smiths Cove area are free from nitrate pollution. 

>180 Very Hard 
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Total Dissolved Solids 
The total dissolved solids include al l  chemical constituents in groundwater,.with the except- 

ion of suspended sediments, colloids or dissolved gases. The water may be classif ied according to 
i ts  total dissolved solids as follows: Fresh water (0-1,000 ppm), brackish water (1,000-10,000 ppm), 
salty water (10,000-100,000 ppm) or brine (>100,000 ppm) (Davis and Dewiest, 1966, p. 118). 

The acceptable l imit of the total dissolved solids in drinking water is  1,000 ppm according to 
the Canadian Drinking Water Standards and Objectives, 1968. However, a concentration in excess of 
500 ppm may result in undesirable taste and laxative effects. It i s  recommended by the Canada De- 
partment of National Health and Welfare (1969, p. 29) that the total dissolved sol ids of drinking 
water should be assessed in  terms of individual dissolved constituents which may have health, 
aesthetic and economic significance. No water sample taken from the Smiths Cove area has a total 
dissolved solids in excess of the acceptable l imit of 1,000 ppm. Only two water samples exceed 500 
ppm due to high sodium chloride. 

Color and Turbidity 
The color of water measured after the suspended matters have been removed i s  due to sub- 

stances of organic and inorganic origin in solution. The organic substances include humic materials, 
peat, plankton, rooted and floating aquatic plants and tannins. Inorganic substances consist of met- 
a l l ic  substances such as iron and manganese compounds and chemicals, and dyes (Federal Pollution 
Control Administration, 1968, p. 48). Except samples from two wells and two brooks, the color read- 
ings are less than the recommended l imit of 15 units. The highest reading i s  55 units from Roop 
Brook. 

Turbidity is  caused by the presence of suspended matter such as clay, s i l t ,  lime, organic mat- 
ter, bacteria, plankton, and other microscopic’ organisms (Federal Pol lut ion Control Administration, 
1968, p. 46). There are f ive water samples showing a turbidity value in  excess of the recommended 
limit of 5 units, and the highest reported concentration i s  12.2 units. 

Lead, Zinc and Copper 
Consumption of groundwater with lead in quantities in  excess of certain relatively low “nor- 

mal” l imits may result in  serious i l lness or death due to cumulative poisoning (U.S. Dept. of Public 
Health Service, 1962, p. 43). Both zinc and copper in small amounts are essential and beneficial 
elements i n  human metabolism. However, zinc in water produces undesirable aesthetic effects such 
as a milky appearance and a metallic taste to water (Canada Dept. of National Health and Welfare, 
1969, p. 30; U.S. Dept. of Public Health Service, 1962, p. 55). Copper wi l l  impart undesirable taste 
to water. Large doses of copper have been known to produce emesis and prolonged ingestion may 
result in l iver damage (Canada Dept. of National Health and Welfare, 1969, p. 26; U.S. Dept. of Pub- 
l ic  Health Service, 1962, p. 39). 

No water sample taken from the Smiths Cove area exceeds the recommended l imi ts of 0.05 ppm 
for lead, 5.0 ppm for zinc and 1.0 ppm for copper in  the Canadian Drinking Water Standards and Ob- 
jectives, 1968. The maximum recorded concentrations for these three elements are 0.04 ppm (lead) 
4.8 ppm (zinc) and 0.1 ppm (copper). Available information does not seem to indicate a definite re- 
lation between the metal contents and the type of aquifers. As many wells have been i n  existence 
for years, piping and plumbing fixtures i n  the water supply are probably the principal sources of these 
.elements in most well waters. 

REGIONAL GROUNDWATER CHEMISTRY 

Figure 10 i s  the tri l inear plot (after Piper, 1944) of the results of chemical analyses of a l l  
water samples. Plotted i n  the left  hand triangle are percents of the total equivalents per mil l ion of 
the cations whereas the anions are in  the right hand triangle. The combined chemistry i s  projected 
on the diamond shaped field. 



Fig. 10: Trilinear diagram for groundwater chemistry of the 
Smiths Cove area, Nova Scotia 
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The water samples taken from shallow wells located in active discharge areas and the dril led 
s i n  the regional flow f ield are scattered over the right hand side of the diamond shaped field. 
s located close to known recharge areas are concentrated i n  the left hand corner. In essence, de- 
? the complexity of the geology of the area, the chemistry of groundwater tends to vary from a 

calcium, magnesium, bicarbonate water in the recharge areas to magnesium, sodium chloride water 
in the discharge areas as demonstrated by Chebotarev (1955). Most waters are basically calcium, 
magnesium, sodium bicarbonate waters. Because most wells are concentrated i n  the north end of the 
Smiths Cove area, a comprehensive assessment of the groundwater chemistry i n  relation to the ground- 
water flow system i s  not possible at the present time. 
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GROUNDWATER FLOW SYSTEMS 

INTRODUCTION 

Groundwater i s  derived mainly from precipitation and is constantly in motion, with gravity as 
i ts driving force. Unlike surface water, groundwater exists almost everywhere below the water table 
in the zone of saturation. The groundwater flow system describes the movement of groundwater through 
earth materials from an area of recharge to an area of discharge and i s  an integral part of the hydro- 
logic cycle. 

The water table which defines the upper l imit of the groundwater flow f ield takes a subdued 
replica of the landform. Both Hubbert (1940) and Toth (1962) have eloquently demonstrated the im- 
portance of the topography on the groundwater flow pattern in an isotropic homogeneous medium. 
Under natural conditions, the stratigraphy and structure of the subsurface strata exert a great influ- 
ence over the details of the groundwater flow pattern (Freeze and Witherspoon 1967). The ground- 
water constantly carries, dissolves and precipitates mineral matters i n  solution or suspended form in 
equilibrium with changes in the chemical, physical and hydrogeological environments. The quality 
and quantity of groundwater at any point within the flow system reflect the combined effect of al l  
these factors. Hence, understanding of the local as well as the regional groundwater flow systems i s  
indispensable in the exploration, development and conservation of groundwater resources. Addition- 
ally, groundwater is a major engineering problem encountered during the design and construction 
stage of many projects. For example, ignorance of the presence of enormous pore water pressure ben- 
eath construction sites, the seriousness of subsurface erosion, and the occurrence of large quanti- 
ties of groundwater flow has led to  high costs, long delays, structural failures and sometimes even 
loss of I i fe in engineering works and construction projects. The development of modern computer 
technology has made possible the study of the three dimensional aspects of groundwater flow through 
earth materials. Aquifer modelling has become a useful tool in the management of complex water re- 
sources systems under various natural or man-made stresses in Nova Scotia (eg., Pinder and Brede- 
hoeft, 1968; Trescott, et all 1970; L in ,  1972, 1973 a,b). 

MODELLING O F  GROUNDWATER FLOW SYSTEMS 

The groundwater flow systems in a given flow f ie ld  can be obtained by numerical methods if 
the dimension of the flow field, the water table configuration, and the permeabilities of the hydro- 
stratigraphic units are known (Freeze 1969, p. 2). Four north-south vertical sections were construct- 
ed to study the influence of the complex permeable, impermeable and hydraulic boundaries on the 
groundwater flow patterns and the potential impact of the new highway on the water resources of the 
Smiths Cove area (Map 1). The two dimensional, steady state model developed for anisotropic, non- 
homogeneous flow f ield by Freeze (1967), was adapted with slight modification for use by the CDC 
6400 Computer at Dalhousie University, Halifax. 

The adoption of the flow model carries the implied assumptions as follows: 

(1) The three dimensional natural groundwater flow system can be adequately represented by a 
two dimensional groundwater flow f ield which i s  bounded on the bottom by a horizontal impermeable 
basement, on the top by the ground surface, and on both sides by impermeable vertical boundaries. 

(2) The upper boundary of the flow system i s  the water table, whose configuration coincides 
with the topographic surface. 

(3) A l l  hydrostratigraphic units above the horizontal basement are permeable and a reasonable 
estimate of permeability (contrasts. can be made. 

The implications of these assumptions and other details have been discussed at length by 
Freeze and Witherspoon (1966, p. 642-643). 

In numerical analysis, the principal components of permeability tensors are assumed to coin- 
cide with Cartesian coordinates. In regions of f latlying rocks, such as the Prairie region of Western 
Canada studied by Freeze (1969), the permeability along the horizontal coordinate direction (Kh) i s  
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I ' the greatest permeability, whereas the permeability along the vertical coordinate direction (Kv) is 
the smallest permeability. At  Smiths Cove, Nova Scotia, the slates and the mafic intrusives are char- 
acterized by high angle, tight folds. The bedding planes, the intrusive contacts and the major frac- 
tures which serve as the main conduits of the groundwater flow, are almost vertical. I t  is, therefore, 
necessary to  assume that the greatest permeability in the slates and intrusive bodies is along the 
vertical coordinate direction, whereas the smal lest permeabi I i ty i s  along the horizontal coordinate 
d i rec t ion. 

Under natural conditions, a hydrostratigraphic unit is  seldom isotropic or homogeneous. Tech- 
nically as well as economically, i t  is  not feasible to obtain the actual permeability variation i n  each 
unit. However, i n  tha absence of such measurements, each hydrostratigraphic unit i s  assumed to be 
homogeneous, but anisotropic. However, the anisotropy expressed as the ratio between the smallest 
permeability and the greatest permeability seldom exceeds 1:50 in the f ield (Maasland, 1967). In h is  
study of the Old Wives Lake Drainage Basin, Saskatchewan, Freeze (1969) employed the ratios of 
1:20 and 1:lOO in seven type areas. Near Berwick, Nova Scotia, Trescott (1970) found a ratio of 
1:25 provided reasonable results. A ratio of 1:25 was adopted for each hydrostratigraphic unit pre- 
sent in the Smiths Cove area because of i ts geological similarity with Berwick. In the final analysis, 
the permeability contrasts between adjacent units ranges from 1 for the least permeable glacial t i l l  
to 25,000 for the most permeable sand and gravel deposits. A l l  permeability contrasts used in this 
modelling study are l isted below: 

Unit Permeability Contrasts, Kv/Kh 

Glacial T i l l  1 /25 
Mafic intrusives 12515 
Slates 250/ 10 
Red clay, s i l t  & gravel 
Sandstone & shale 100/2500 
Sand & gravel 1000/25000 

50/ 1 250 

Discussed below are four regional groundwater flow patterns typical of the Smiths Cove area 
(Fig. 11). Many problems of engineering, hydrological and environmental significance which are re- 
lated to the manifestation of the groundwater flow systems are identified and elaborated for each 

feet below the mean sea level, because the fracture permeability decreases rapidly with depth. A 
relaxation factor of 1.85 was used in a l l  model sections. To avoid distortion, a l l  groundwater flow 
patterns are constructed on a 1:l basis in both vertical and horizontal scales. To further simplify 
the situation, no salt water intrusion was considered in this study. 

I model section (Maps 1&2). The groundwater flow i s  considered important only to a depth of 1000 

I 



V1103S VAON ' V 3 M V  3h03 S H I I W S  3 H l  4 0  SNt1311Vd Mol4 Y31VMONnOt13 



24 

groundwater flow through the entire flow f ield in Model Section MOP and that (2) the sloping area 
would be the more favourable one for groundwater development. As the groundwater resources pot- 
ential of the slates in the eastern Smiths Cove area has been significantly reduced by the presence 
of many mafic intrusives, many dug well systems located along the sloping area have proved to  be a 
practical solution. Some of such water supplies are piped by gravity to the houses. 

The specifications for the new highway construction in the eastern Smiths Cove area called 
for two deep cuts, one to 50 feet into the slates and their mafic intrusives (Fig. 5). The placement 
of the highway cut along the steep slope blocked off the near surface groundwater flow which result- 
ed i n  the reversal of the local groundwater gradients. During the excavation phase of the highway 
construction considerable rock blasting was involved. As discussed by Leet (1960, p. 38-39, and 
66) blasting would lead to the opening of the previously existing tight bedrock fractures. Hydrologic- 
ally, therefore, a higher permeability zone could be formed along the highway cut. Such a hydrolog- 
ical change would account for the lowering of the local water table adjacent to the highway and the 
resultant loss and failure of at least f ive shallow well water supplies in 1971. To replace the shal- 
low wells, deep dril led wells were constructed into the slate aquifer. However, because of the pre- 
sence of many mafic intrusives i n  the slates, the yields of these dri l led wells were very small, gen- 
erally less than one (1) igpm. A 412 foot well (Well 53) dri l led into massive intrusives was aband- 
oned due to an extremely low yield. 

From an environmental point of view, the expsoures of the fracture bedrock along the highway 
cut may pose an additional pollution hazard to the local groundwater flow systems because the de- 
icing road salt could get into the groundwater through fracture openings (Lin, 1974). Fortunately, 
only a few people l i ve  in the east end where the deep cut i s  located. 

Model Section MN 

Model Section MN, 11600 feet long by 1473 feet deep, consists of 30 x 60 nodes. A total of 
339 iterations were needed to obtain the model solution with a tolerance l imit of 0.01. The hydro- 
geology of the upland area i s  similar to that of Model Section MOP, except that the groundwater flow 
above the local depression i s  not totally discharged in the upland because the depression i s  shall- 
ower. Again, f ield evidence supports the belief that the area of steep slope would have active grou- 
ndwater seepage. 

In the lowland area, a sandstone and shale bedrock channel developed in the slates becomes 
the conftuence of local groundwater discharge. According to the model results, groundwater stagna- 
tion seems to occur at depth between highway trunk 1 and well 46. The groundwater flow system in  
the lowland i s  independent of the main flow system from the upland area, and l i t t le  recharge from 
the upland i s  contributing to the groundwater flow in  the lowland area. Although the new highway cut 
was located in a general recharge area, the disruption of local groundwater flow would be small be- 
cause the cut was small and located i n  glacial t i l l .  

Model Section CDF 
Model Section CDF, 10800 feet long by 1375 feet high, consists of 28 x 56 nodes. The ground- 

water f low pattern with a tolerance l imit of 0,001 was obtained after 920 iterations! The hydrogeo- 
logy of the section i s  characterized by (1) the exposure of sand and gravel interbedded with red clay 
and s i l t  along the new highway cut, (2) the presence of a thick dense t i l l  cover, (3) the occurrence 
of s ix  flowing artesian wells in the vicinity of well 39 and (4) the presence of permeable sand and 
gravel beds below the t i l l .  

The groundwater flow pattern over the upland region i s  similar to Section MN except that (1) 
there is no concentration of vertical equipotential lines, (2) heavy groundwater seepage is absent, 
and (3) there is no steep land slope. The digital model has correctly predicted the occurrence of the 
flowing artesian condition in the vicinity of well 39. Hydrogeologically, i t  i s  combination of a thick 
t i l l  cover and a gently sloping terrain. 
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The new highway cut exposes an outcrop of red clay and s i l t  interbedded with clean sand and 
gravel deposits, overlain by glacial t i l l .  Because the permeability of the sand and gravel i s  at least 
100 to 1000 times greater than that of clay, s i l t  and clay t i l l ,  the local groundwater flow is expected 
to converge at the permeable sand and gravel layers. Geotechnically, the placement of a highway 
cut would result in the washout of the fines and the loosening of the granular packing of the sand 
and gravel deposits and, ultimately, lead to slump and failure of the highway slopes. Today many 
local slope failures due to the beheading of the sand and gravel beds s t i l l  occur, especially after 
heavy rain. Hydrologically, the water table adjacent to the highway cut was re-established at a low- 
er level and local ly the groundwater gradient was reversed. Furthermore, 4he contaminated surface 
runoff from the highway could find i t s  way into the groundwater flow system through the permeable 
sand and gravel out-crops and the nearby fractured bedrocks. As the use of road salt for winter de- 
icing wi l l  l ikely be continued for some time on Nova Scotia highways, salt contamination w i l l  be a 
potential hazard for wells located adjacent to and downslope from the highway cut. The basic ground- 
water chemistry collected in th.is study, therefore, serves as an important reference i f  any future de- 
terioration of groundwater quality of the area occurs. Incidentally, well 13 i s  a replacement for a 
dug well water supply disrupted by the highway excavation. 

Model Section CDE 

Model Section CDE, 10,000feet long and 1375 feet deep, consists of 26 x 56 nodes. The ground- 
water flow pattern was obtained with 131 iterations and a tolerance limit of 0.10. The portion of the 
model section above the new highway i s  identical to that i n  model section CDF. The resultant ground. 
water flow patterns over the upland are in general agreement in both sections. Hydrogeologically, 
model section CDE i s  characterized by the presence of a thick sequence of three unconsolidated 
units and one sandstone and shale unit overlying the slates. Unlike model section CDF, there i s  no 
concentration of the horizontal equipotential lines to generate flowing artesian conditions. The equip- 
otentials i n  the unconsolidated deposits, as well as in the sandstone and shale unit, generally de- 
creases with depth, explaining the low static water level encountered in many dri l led wells of the 
region. 

The presence of highly permeable sand and gravel beds below the glacial t i l l  may account for 
the so called “underground river” encountered during dri l l ing in the vicinity of wel ls 19 and 20. The 
outwash sand and gravel deposits underlain by glacial t i l l ,  are very thin and restricted in areal ex- 
tension, and are located mainly in a recharge area. The near surface groundwater flow i s  deflected 
by the underlying less permeable glacial t i l l  and occurs as groundwater seepage along the shore l ine 
of the Annapolis Basin. The surface water sample station A7 i s  from one such occurrence. 

The foregoing discussions of the groundwater flow patterns typical of the Smiths Cove area and 
the potential impact of the new highway 101 may be summarized as follows: 

(1) The Smiths Cove area receives l i t t le groundwater recharge from the South Mountdn Upland. Act- 
ive regional groundwater flow i s  not l ikely to exist in the Smiths Cove area. 
(2) The presence of a small topographic depression in the upland region may result in total disrup- 
tion or discharge of the groundwater flow. Such a finding i s  particularly important because the South 
Mountain Upland i s  marked by a series of elongated ridges and grooves left  behind by Pleistocene 
glaciation. Hydrogeologically, such a small topographic re1 ief coupled with the steeply folded slate 
bedrock strongly favors the establishment of local groundwater flow systems characterized by a ser- 
ies of local recharge and discharge zones. 
(3) Active groundwater> seepage occurs along the northern steep slope of the South Mountain Upland, 
which i s  favourable for groundwater development in the slate terrain. The placement of the present 
highway 101 along the steep slope has altered the near surface groundwater flow, resulting i n  the 
failure of many shallow well water supplies in 1971. Furthermore, exposures of permeable sand and 
gravel beds and of the fractured bedrock along the highway pose a potential pollution hazard to the 
local groundwater resources of the Smiths Cove area. Wells located below and adjacent to the high- 
way cut may be contaminated by the de-icing road salts within a few years. Such an environmental 
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concern may be lessened somewhat by the steep drainage ditches which are found along both sides 
of the new highway. 
(4) The groundwater resources of the Smiths Cove area receive their major recharge from the margins 
of the upland adjacent to the steep slope. Before any major development such as a new highway is 
undertaken along the margins of the Upland, the potential environment impact should be thoroughly 
assessed. Any contamination originating from such a development poses a serious pollution threat 
to the groundwater resources along the steep slope and in  the lowland areas. 
(5) Hydrogeologically, there are two areas suitable for a new highway route: (a) the lowland along 
the shoreline, preferably in an area where a t i l l  cover i s  present, (b) the upland region at least one 
mile inland away from the edge of the northern steep slope. Because the lowland area is heavily pop- 
ulated and developed, various problems of social, cultural and financial concerns would be involved 
i f  the highway were routed through the lowland. Economically, as well as environmentally, the South 
Mountain Upland seems to be a feasible area for a highway route. Results of the model study tend 
to suggest that any potential contamination i n  the upland region would be confined within narrow 
zones adjacent to the highway and i t  i s  very unlikely that the entire groundwater resources of the 
Smiths Cove area would be seriously contaminated. The implication of this finding should be care- 
ful ly considered in  future selection of highway routes i n  areas with a similar hydrogeological envir- 
onment. 

I f  the slate and i ts mafic intrusives were not characterized by high angle fractures and tight 
folds, the major groundwater recharge would take place in the upland region and a larger quantity of 
groundwater flow would, therefore, be transmitted through the Smiths Cove area (Fig. 12). 
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G R O U N D W A T E R  F L O W  P A T T E R N S  OF T H E  S M I T H S  C O V E  A R E A .  NOVA S C O T I A  

Fig. 12: The would-be-regional groundwater flow patterns of the Smiths Cove 
area, Nova Scotia 
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SUMMARY AND RECOMMENDATIONS 

The geology of the Smiths Cove area i s  simple i n  general, but complicated when studied i n  de- 
tail. More than 80% of the area i s  directly underlain by high angle, folded slates of lower Ordovician 
age, which i s  in  turn overlain in  the north by sandstones and shales of Triassic age. The entire area 
i s  blanketed with surficial deposits of sand, gravel and glacial t i l l  of Pleistocene age, which vary 
from less than one foot to over 200 feet thick. 

The vil lage of Smiths Cove has no central water supply system and depends for i ts water supp- 
ly entirely on individually owned wells. The groundwater potential of the area varies according to 
local hydrogeological conditions. Wells dri l led into the slates may yield from 6 igpm with 50 feet of 
aquifer penetration to '/z igpm with 180 feet of aquifer penetration. However, i f  the slates are inter- 
bedded with mafic intrusives, the well yield i s  significantly reduced to less than '/2 igpm with a satu- 
rated thickness varying from 100 feet to 400 feet. In the sandstone and shale aquifers, well yields 
decrease considerably with increasing shale content. The maximum reported well y ie ld of 60 igpm i s  
found in  a well constructed in  the sandstone aquifer with only 30 feet of aquifer penetration. General- 
ly, the well yields from the sandstone and shale aquifers range from 15 igpm with 20 feet of aquifer 
penetration to 1% igpm with 100 feet of aquifer penetration. Most wells constructed in sandstones 
and shales are less than 150 feet deep. For wells tapping sand and gravel aquifers, well yields are 
more than sufficient to meet household requirements. Well yields of 6 igpm and 9 igpm are reported 
for well  81 and well 13, respectively. Pump test or bai l  test data on most shallow dug wells are not 
available for reference. 

With few exceptions, results of laboratory analyses of water samples taken during this study 
indicate that the groundwater resources of the Smiths Cove area are of excellent chemical and physi- 
cal qualities, and suitable for domestic purposes with l i t t le  or no treatment. Specifically, the iron 
and manganese contents in  the well waters are well below their respective l imits of 0.3 ppm and 
0.05 ppm in  the Canadian Drinking Water Standards and Objectives, 1968. A l l  hardness readings are 
less than 120 ppm and the sulfate ranges from a trace to 17 ppm. No chloride contents exceed the re- 
commended limit of 250 ppm. Except for two samples, a l l  chloride measurements are below 50 ppm. 
No water sample has a total dissolved solid in excess of the acceptable l imit of 1000 pprn. Only two 
water samples due to sodium chloride exceed 500 ppm. Except four samples, from two wells and two 
brooks, the color readings are less than the recommended limit of 15 units. The highest reading is  
55 ppm from the Roop Brook. There are f ive water samples showing a turbidity in  excess of the sug- 
gested l imit of 5 units; 12.2 units is  the highest recorded concentration. Nitrate can be a sensitive 
indicator of groundwater contamination or pollution from sources such as agricultural ferti l izers, 
barnyard and septic tank effluents. The highest nitrate is  14 ppm from a dug well constructed in gla- 
cial t i l l ,  and is  well below the recommended l imit of 45 ppm. It is, therefore, fair to state that at pre- 
sent the groundwater resources i n  the Smiths Cove area are usually free from manmade pollution. 

The groundwater in the Smiths Cove area i s  basically a calcium, magnesium, sodium bicarbon- 
ate water. Because most wells are located in  the north end of the Smiths Cove area, a comprehensive 
assessment of the groundwater chemistry in  relation to groundwater flow system i s  not possible at 
the present time. However, despite the complexity of the geology of the area, the chemistry of grou- 
ndwater tends to vary from a calcium, magnesium, bicarbonate water in  the recharge region to cal- 
cium, magnesium, sodium chloride water in  the discharge area. 

Four N-S vertical sections were constructed to study the influence of the complex permeable, 
impermeable, and hydraulic boundaries on the groundwater flow patterns and to assess the potential 
environmental impact of the new highway on the water resources of the Smith's Cove area. The two 
dimensional steady state digital model developed by Freeze (1967) was adopted with slight modifi- 
cation in the CDC 6400 computer at Dalhousie University, Halifax. Model study of the groundwater 
flow patterns of the Smiths Cove area resulted in  the following conclusions: 

(1) In areas underlain by slates, the equipotential l ines are nearly vertical. A concentration of the 
equipotential lines, hence the flow lines occurs under steep sloping areas. This accounts for the oc- 
currence of heavy seepage along the new highway route. Interpreted hydrologically, the sloping area 
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would be favourable for groundwater development i n  the slate terrain. 

(2) Over the upland, the presence of a local topographic depression, such as a highway cut, may re- 
sult in a total disruption, or discharge, of the groundwater flow. Under the hydrogeological framework 
of the Smiths Cove area, existence of an active regional groundwater flow system does not seem like- 
ly. In other words, the groundwater flow regime at the Smiths Cove area receives l i t t le  recharge from 
the upland region. 

(3) The placement of the highway cut perpendicular to the regional landslope has diverted the near 
surface groundwater flow and has resulted in the reversal of the local groundwater gradients. Furth- 
ermore, the use of dynamite during excavation has led to the opening of the previously existing tight 
fractures. Consequently, the permeability of the bedrock i s  higher and the water table is lower along 
the highway cut. Such hydrological changes cannot be accurately quantified without a detailed mon- 
itoring program. Nevertheless, exposures of the permeable sand and gravel beds and the fractured 
bedrocks, pose a potential pollution hazard to the local groundwater flow from the de-icing road salt 
and surface runoff from the highway. Well water supply systems located adjacent to and downslope 
from the highway may be subject to road salt contamination within a few years. The basic ground- 
water chemistry collected during this study would therefore serve as an important data base for any 
future deterioration of groundwater quality of the area. 

The groundwater resources are the valuable subsurface resources of the Smiths Cove area and 
are at present free from contamination and pollution. The almost untapped groundwater resources.in 
the permeable sand and gravel deposits, sandstone and shale bedrock in the western region of the 
vil lage are potential aquifers for large groundwater supplies for future needs of the Smiths Cove area. 
Any unplanned development of the region should be avoided. 

The effects of a new highway on the groundwater resources of a given region are complicated 
environmental problems and require a multi-disciplinary approach and team effort. At present, results 
from both long and short term research are urgently needed to make the public, the highway engineers, 
the planners, and the polit icians aware of the importance of hydrogeological factors in highway plan- 
ning. With more public awareness of these problems and more expert participation i n  the decision 
making process, groundwater problems due to highway construction and related act iv i t ies  can be mini- 
mized. 
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APPENDIX A 

SAMPLI  
NUMBER 

- 
s 5 7  
5 5 8  

s 59 

> 62 

5 6 3  
5 6 4  

5 6 5  
S M  
S 67 

5 6 8  
S 70 
S 71 

S 72 

s 73 

s 74 
s 75 

5 76 
s n  
S A  
5 7 9  

s 81 
5 82 

5 8 3  
5 8 4  

s m  

s m  
5 8 6  
s 87 

s 8 8  
5 8 9  
5 9 0  
5 91 

5 92 

5 93 
s 94 
5 95 

S 96 

5 97 
5 9 8  
5 9 9  

s 100 

s 101 

s 102 

5 103 

S I 0 4  

- 

GRID 
LOCATION 

107LH2 
107KF1 

107JD2 

63KK1 
63LF4 
630KI  

BZfF4 

82LL4 

87CG2 
86PA1 

868L2 
83PL4 
83KK3 
83GA4 

83LK4 

86M1 
8 6 m 4  

88LGl 

WN3 
8BDN4 

W K l  

W K 1  

84KP3 
M K K I  

84KKl 

Bu1L4 

88MM1 
88EM3 

8 7 " 4  
82H D2 

63QMI 
63LF2 

=A4 
83HG4 

83JQ1 . 
87DM2 

62PE1 

62oK1 
63KL1 

106B.R 

1068J2 

lWH82 

1 W 0 3  

W J 4  

85HF4 

M E C H A N I C A L  A N A L Y S E S  O F  S U R F I C I A L  DEPOSITS 
I N  T H E  S M I T H S  C O V E  A R E A ,  NOVA S C O T I A ,  CONT'D. 

GRAIN SIZE DISTRIBUTION , *A 

SILT B CLAY 

3.0 
50.0 
5.0 

9.0 

.4.0 
38.0 

25.0 

10.0. 
35.0 
32.0 

1 .o 
34.0 
22.0 

36.0 
25.0 

18.0 
35.0 

34.0 
18.0 
25.0 

2.0 
86.0 

28.0 
42.0 
23.0 

38.0 

13.0 

34.0 
12.0 
39.0 

48.0 
40.0 

4.0 

20.0 
25.0 
30.0 

54.0 

34.0 
50.0 
18.4 

9.0 

21.8 

4.3 

16.1 

28.8 

SAND 

22.9 

45.0 
28.8 
42.3 

32.9 
36.0 
20.0 
10.9 

32.4 

44.0 

27.0 
29.4 
27.0 
34.0 

15.0 
10.6 

41 .O 
42.1 
42.0 

41.0 

74.4 

13.7 

36.0 

36.4 
38.0 
32.0 

43.0 
24.0 

7.0 
42.0 

75.8. 
32.6 

27.2 

17.5 
16.1 
12.6 

24.6 

35.1 
33.6 
36.6 

36.0 

38.2 

25.7 

13.9 

46.2 

GRAVEL 

74.1 

5.0 
66.2 

48.7 

63.1 
26.0 

55.0 
79.1 

32.6 
24.0 

72.0 
36.6 

51.0 

30.0 

60.0 
71.4 
24.0 

23.9 

40.0 
31.0 

23.6 
0.3 

36.0 

21.6 

39.0 
33.0 
u . 0  
42.0 

81 .o 
19.0 

27.8 
27.4 

68.8 
62.5 

58.9 
57.4 

21.4 

30.9 
16.4 

45.0 

55.0 

40.0 

70.0 

70.0 

25.0 

GRAIN S I Z E  CHARACTERISTICS 

EFFECTIVE SIZE 
ID,,,Iram 

0.224 

0.0254 

0. w 
0.0865 
0.229 
O.Oo503 
0.0135 

o.oM1 
0.00458 
0.0267 

0.406 
0.0303 
0.0406 
0.0094 
0.0119 

0.0267 
0.0132 
0.0381 

0.0203 
0.127 
0.0254 

0.0183 
0.0127 
0.0432 

0.0127 
0.0254 

0.0102 

0.0254 
0.0229 

0.0084 
0.0142 

0.28 

0.0211 
0.0112 
0.00965 

0.0254 

0.0254 

0.0254 
0.0224 

U N I F O I Y 1 T V  
IEFFICIEYT. O.JO,. 

45.5 

3.2 
26.0 

38.2 
51.1 

150 

698 

31 6 

239 

13.3 

62.5 
36.7 

59.5 
156 

810 

720 
11.9 

23.7 
42.0 

52.5 

4.8 
1.7 

58.4 

20.0 
u . 0  
24.8 

125 
262 

>- 
8.6 

19.7 

21.4 

25.5 
402 
795 

1370 

7 1 0 0  

15.0 

5.0 

REMARKS 

Sand ond grovel 

Red bmwn clayey t i l l  

Sand m d  gmval 

Sand and g m w l  

Sand and gmvel 
B r a n  vlndy t i l l  

Brawn mndy t i l l  

O k n p  b m m  mdy t i l l  

Red b r a n  clayey till 
Sand ond gmvel 
Brawn sandy t i l l  

Omngs brawn mndy t i l l  

Brawn Iondy t i l l  

& a n  vlndy till 

Omnps brown mndy t i l l  

Omnge b r a n  mndy t i l l  
Red brawn clayey t i l l  

Red bmwn clayey t i l l  
Bmvn mndy t i l l  

B m m  mdy till 
Sand and gmvel 

Red b m m  clayey t i l l  
Brown mndy t i l l  

Red b m  clayey t i l l  

Sond and pmvel 

Red b m  clayey t i l l  

Omnge b m r n  mdy t i l l  

Omngs bmwn mndy t i l l  

Omngc b m m  vlndy t i l l  
Red b r o m  clayey t i l l  

Red b m r n  clayey t i l l  

Red brawn clayey t i l l  

Sand and -el 

Omnp bmrn mdy t i l l  
Omnge bmwr sandy t i l l  
Brown mndy t i l l  

Brown mndy till 

Rad b r m  clayey t f l l  

8 r m  mndy t i l l  (Now 
Scotia Deporhnent 
of Highways' Mater- 
ials Laboratory, ' 

1971) 

Brawn sandy till (Now 
Smtia Deportment 
of Highways' Motsr- 
i d s  L&otwy, 
1971) 

Bmm andy till 

Red b m  cloyey t i l l  
(Novo Scotia 

Highways' Mohrioli  
Department of 

Lobomtory, -1971) 
B m n  mndy till (Now 

Scotb Deportment 
of Highways' Mote,- 
ialr Labomtory, 
1971) 

Brown a n d y  t i l l  (Now 
Scotia Deportment 
of Highways' Mater- 
ials Labbomtory, 
19i-l) 

Rod bram gmrel ly 
sloyey ti l l  (Novo 
Scotia Deparhnsnt 
of Highways' Makr- 

i d s  Labomtory, 
1971) 
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SAMPLE 
NUMBER 

. 5  1 

5 2  

5 3  

5 4  
$ 5  

$ 6  

5 7  

5 8  

5 9  
5 IO 
5 11 
5 12 

S 13 
5 14 

5 I 5  

5 16 
5 17 

5 18 
5 19 

5 2 0  
5 21 

5 2 2  
5 2 3  
5 24 

5 2 5  
5 26 

5 - 2 7  
s 2 8  
5 2 9  
5 3 0  

5 31 
5 32 

5 3 3  

$ 3 4  
5 35 

5 3 6  
5 37 
5 38 

5 39 
5 4 0  

5 41 
S 42 
5 4 . 3  

GRID 
LOCATION 

11 A 1 2 A  - 
86QNI 

106HA1 

106HAI 

106ANI 
870G4 

87MP3 

WMP3 

87MO2' 

86JL2 

W Q 4  
8 f f K 3  

W L4 

W L 4  
W M 4  

M J I  
a c A 3  
a5HE4 

84PN2 
858E2 
WFC3 
85FMI 

a5GH2 

e 4  P3 
850EI  

WE1 
S G D Z  

85MH2 
W Q 3  
a5001 
a500 1 

108CGZ 

a5POl 

U P 0 1  

85Q L3 

86NKI 

85QQ 
E M F 2  

85QK4 

8 7 ~ 8 3  
838E3 

83GE4 
F F 2  

8 W G 3  
85AK3 

W O N 4  

WNLI  
87PMZ 

106GQI 
1 0 6 G M  
106CP3 

106DPl 

106DNI 

1078Cl 
107CGI 

107FF3 
1 0 7 ~ 4  

a 

A P P E N D I X  A M E C H A N I C A L  A N A L Y S E S  OF S U R F l C l A L  DEPOSITS 
I N  T H E  S M I T H S  C O V E  A R E A ,  N O V A  S C O T I A .  

GRAIN SIZE DISTRIBUTION , '1- 
SILT 6 CLAY 

2.0 

58.0 
16.0 

22.0 

29.0 

16.0 
7.0 

44.0 

40.0 

22.0 
8.0 

2.0 
46.0 

0.0 
0.0 

22.0 

20.0 

31 .O 
36.0 
I .o 
12.0 

I .o 
1 .o 
2.0 

1 .o 
8.0 

0.0 
23.0 
18.0 
20.0 

3.0 

I .o 
36.0 

8.0 

46.0 
2.0 

1 .o 
2.0 

26.0 
14.0 
23.0 
15.0 

26.0 
23.0 

14.0 

32.0 

11.0 
8.0 

18.0 
48.0 

24.0 

1 .o 
26.0 

2.0 

8.0 
28.0 

SAND 

47.2 

20.0 

45.2 

52.0 
33.0 

30.0 
32.5 

39.0 . 
40.8 
11.6 
34.0 
39.0 

92.6 
51 .o 

40.3 

44.5 

52.0 

32.0 

39.0 

80.0 
79.3 

24.0 

36.0 

48.3 

22.0 
87.1 

95.1 - 
52.7 
72.0 

70.5 

41.5 

41 .O 

45.5 
68.1 
35.9 

97.3 
59.2 

73.4 

28.6 
36.6 

25.7 
16.8 

24.0 
51.0 

29.4 

23.0 

45.0 
58.4 

36.9 
26.4 

39.0 
60.5 
26.4 
50.4 

65.2 
45.0 

GRAVEL 

9 . 8  

22.0 

38.8 

26.0 

38.0 

54.0 

60.5 
17.0 

19.2 

68.4 
44.0 
53.0 

5.4 
3.0 

59.7 

55.5 

26.0 

37.0 

25.0 
19.0 

8.7 

75.0 

6.3 
49.7 

77.0 
4.9 

4.9 
24.3 
10.0 
9.5 

55.5 

58.0 

18.5 

23.9 

18.1 
0.7 

39.8 
24.6 

45.4 
49.4 
51.3 

68.2 
50.0 
28.0 

56.6 

45.0 
44.0 
33.6 

45.1 
25.6 

37.0 

38.5 

47.6 
47.6 
26.8 
27.0 

UNlFORYlTV 
>EFFICIENT. D .dDlo  

EFFECTIVE 512E 
I D m ) m m  

0.182 

< 0.0254 

om81 

0.127 
O.UJ942 

0.028 
0.1M 
0.0124 

0.033 

0.0135 
0.1015 

0.2520 
0.0247 

-- 

0.0254 

0.737 

0.W 
0.0239 

0.0198 

0.0196 

0.33 
0.0515 

0,584 
0.445 
0.183 
0,0515 
0.W 
0.0384 
0.0369 
0.0432 

0.0584 

0.33 
0.584 
0.0215 

0.084 
0.0229 
0.1052 
0.254 
0.381 

0.01 14 
0.0534 
0.028 
0.04% 
0.0135 

0.0135 

0.028 

0.03965 

0.0534 
0.0788 

0.0356 
0.K-W 
0.0254 

0.458 

0.0208 
0.229 
0.0737 
0.0198 

17.4 

> loo0 
52.6 

5.6 
187 

209 
62.5 

12.0 

5.2 
690 
226 

40.0 
1.8 
3.8 

7.2 

3.8 
16.0 

35.6 

14.3 

1.9 
5.0 

12.6 
14.2 
19.5 

26.0 
3.3 

1.63 
6.1 
5.8 

3. I 
20.0 
7.2 

13.3 

5.0 

3.6 
2.1 

8.0 
3.5 

349 

61.0 
273 
178 

397 
94.4 

I77 
34.2 

47.6 
16.1 

78.5 

38.0 
3.1 

379 

189 
12.7 

9.7 
16.7 

REMARKS 

Sand and gmvel 

Red brown cloyey t i l l  

Red brown v v e l l y  
clayey t i l l  

Brown mndy t i l l  
Brown sandy t i l l  

Brown sandy t i l l  
Sand and gmvsl 

Red brown cloyey t i l l  

Rod brown cloyey till 
Brown mndy t i l l  
Brown andy t i l l  

Sand and gmvel 

Sand and gmvol 

Rad brown gravelly 
c10y.y t i l l  

Sand end gmvel 

Sand ond gmvel 
Red brown gravelly 

iloyey t i l l  

Red brown clayey t i l l  
Red brown clmyey till 
Sand and gmvel 
Sand and gravel 

Smd and grwsl  

Sand and gmvsl 
Sand and gmvsl 

Sand and gmvol 
Smd and gmvsl 

Sond and gravel 

Red brown cloyey t i l l  
Sand and gmvel 

Sand and grwal 

' Sandandgmvsl 

Sand and gmvsl 

Red brown clayey t i l l  
Sand and gmval 

Brown sandy t i l l  
Sand end gmvel 

Sand and gmwl 
Sand and gmvsl 

Brown sandy t i l l  
Omngc brown mndy t i l l  
Orongs bmwn andy t i l l  
Omngo brown smdy t i l l  

Brown mndy till 
Brown mndy t i l l  

Brown sandy t i l l  

Brown sandy till 
~ r o w n  sandy'tiII 
Sand and gmvsl 

Sand and grovel 
Brown sandy t i l l  

Red brown cioyay t i l l  

Sand and gm-I 

Brown sandy t i l l  
Sand ond gravel 

Sand and gravel 
Red b m r n  clayey t i l l  
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APPENDIX B 

SELECTEDWATERWELLRECORDS 

IN  T H E  SMITHS COVE AREA, NOVA SCOTIA 

Records of dri l led wells which have been verified in the field are l isted along with some dug 
wells in Appendix B. Some of the questionable well logs have been reinterpreted based on new in- 
formation obtained during this study. 

The following abbreviations are used in the table of Appendix B. 

Driller 

1. Kennedy, O.V. & Son Ltd. 
2. Fisher, John & Son Dri l l ing 
3. Trask, S.G. & Sons Ltd. 
4. Edwards, Herb and Jodrey, S.J. Well Dri l l ing Ltd. 
5. Fox, D.A. Well Dri l l ing 
6. Bowmaster, W.L. Well-Dril l ing 

Use 

D - domestic 
P - public 

Chemical Analysis 

X - chemical analysis available 

Well Yield 

igpm - imperial gallons per minute 
DD - drawdown 
Rec - recovered to 

Lithologic Log 

Adjectives 

W - White 
B - Black 
G - Grey 
R - Red 
H - Hard 
s - Soft 
F - Fine grained 
M - Medium grained 
C - Coarse grained 

Nouns 

clay 
sand 
gravel 
boulders 
sandstone 
siltstone 
gabbro 
slate 
shale 



INDEX 

YUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

P 

IO 

11 

I 2  

13 

14 

I5 

16 

17 

I 8  

I ?  

20 

21 

G R I D  

LOCATION 

2 1 A 1 2 A -  

1 W E 2  

870Q3 

106CF3 

mol 

1 W 4  

IMM3 

87" 

87MJ4 

106DBJ 

W L 3  

8 6 0 K 3  

86062 

8MPI 

84PN3 

86NJI 

86NJI 

W M 3  

W N 3  

8SJPl 

05JJ3 

05JG4 

APPENDIX B 

PRESENT OWNER 

Jdm W. T o m  

Mn. Hugh Ol i r r  

Mn. E. MosDorold 
Mn. H. MocWilliPns 
Mn. J . C-n 

Mn. W.n&ll RobinKm 

Tan Milnr 

Wallir Weir 

Arthur Hill 

Gcmld Yarn9 

Lawrence Canen" 

Rishord Turnhrll 
Mrs. J. Prince 

Hedley Harv  
(Mri. M. Gott) 

Welton Pulley 

:mnk Cmsby 

h. G. V. Turnbull 

Hn. F. Moy 

tichord Lynch 

Copt. J. I. MocPhemn 

Hesmr Pohier 

G.orpe Winchnter 

Momball Turner 

Gomld kanhd l  

SELECTED 

DRiLLEl 

- 
1 

1 

1 

I 

1 

I 

2 

2 

1 

I 

1 

1 

1 

I 

DEPTH 

I f e e l )  

I67 

245 

2% 

13 

im 

4 - 5 0  

418 

150 

43 

185 

200 

240 

170 

125 

m-180 

I54 

265 

200 

60 

88 I/? 

1 I 4  

WATER WELL RECORDS I N  THE SMITHS COVE 

WATER 
L E V C L  
( f e e t )  

0 

XI 

XI 

10 

22 

IO 

8 

IO 

Over f la  

Overflea 

23 

38 

47 

jwfoce 

O*erflo* 

Overflow 

3 

93 

- 
HOLE 

)IPMETEl 
( i n c h t i )  

IO h 6 

30 

6 

6 

6 

6 

6 

6 I/4 

5 

4 

6 

6 

6 

6 

6 

6 

6 

6 

- 
CASING 
LEkGTC. 
Ifeel) 

39 

132 

im 

05 

42 

67 

ea 

USE 

D 

D 

D 

D 

D 

D 

n 
D 

D 

D 

P 

D 

D 

D 

0 

D 

D 

P 

D 

D 

0 

WELL YIELD 

PUMP O R  BAIL 
TEST DATA 

1/2 (p @ 30' 
2 1/2 op @ 54' 
5ppl@im8 

1 4 / 5 ~ @ 9 0 '  

S g P @ X O  

1/2 P me 
I I/Z op @ i o 0 2  

I ]/aop 

5 - ~ O P  

2 - 3 p p l  

6 o p @ 7 5 '  

I l/?gFm 
DD 120' 1 hr 
Roc 38' 14 hr 

3 QP 
DO 7 1 I/? hr 
R.c 41' I 5 m i n  

1 O P  
)O 1' 3hr 
Iec 38' 2 m i n  

L p p @ 5 7 '  

1/2 - 3 O P  

SPECIFIC 

i:: EwT 

0.0167 
0.0161 
0.0500 

0.0251 

0.028 

0.0131 
0.0192 

0 . W 5  

0.261 

0.0173 

0 . W  

0.0125 

0.0152 

2.25 

0 . m  

0.0- 

A R E A ,  NOVA SCOTIA 

AOUIFEF LITHOLOGIC LOG 8 REMARKS 

0-74 51, P, b l h  74-167 u 

0-167 el, bldn; 167-245 SI 

0-13 d. 

0-132 51, b l b ;  132-180 d 

Sdficl.nt Supply 

0-208 SI; 208-412 SI  

0-2 51; 2-150 d (Gmvly F . 4  

(liltl. cl) 

0-130 cI, b l b ;  130-105 

0-46 51, bldn; 46-200 h, s 

0-26 cl, bldn; 2638 d, F p, 51; 38-78 cl, blCq 
78-105 G h; 105-140 I I; 140-240 11 

I I/? (p - f a  wII &pth of 218' 
3 o p  - fa well +th of 240' 

b12 51, d; 12-40M d, C 17; 40-43 b k ;  43-51 cI, or; 
il-55 cl; 55-58 F-C w; 58-77 R *I; 77-82 R u; 82-92 I h; 
?2-97 B d; P7-104 R 11; 104-107 G d; 107-170 tl 

M 7  cI, bldnj 67-125 d 

1-125 el, d, or; 125-154 I 

b150 51, w, bldn; 1%-200 h; 200-265 Y 



SELECTED WATER WELL RECORDS I N  THE SMITHS C O V E  A R E A ,  NOVA SCOTIA. CONT'D 

? 
INDEX 

IUMBER 

WELL YIELD 

22 

23 

24 

25 

26 

27 

28 

2Q 

30 

31 

32 

0 

Y 

35 

36 

37 

sa 
Jp 

' 40  

41 

42 

1952 

1956 

1971 

1928 

1- 

1947 

15'70 

1962 

1Q70 

1970 

GRID 

LDC4TIDN 

Mn. E .  Mo..hPrr 

Eric K i m n  

&en Hami- 

Le0nl.a" So,* 

a. W. C. Wemulh 

E. V. POT 

Neil A h ,  

Mwnmin t a p  Inn 

Llo@ Robinson 

Miu D. HcnLnn  

John Oickle 

h i m ,  Cow Trniln Court 

BR.103 

106Dc2 

BSGF2 

M a 4  

W G 1  

107KBJ 

BtQL4 

W L I  

1959 

1952 

1965 

1953 

1964 

I lMCN1 

1 W L 1  

W L 2  

1078E3 

m 4  

107AD1 

W A F 2  

107AHl 

W Q 2  

W M 4  

e4LP1 

W A 3  

m G 4  

L. SP-* 

S m i t h  Cow School 

Eornat Th- 

H a h r  Vier  Hour L 
Cottag- Ltd. 
([hrid Inin) 

Irving Sovice Sbt ion 

Capt. J. I. MocPhmn 

G-o Boll 

Jomio M. Rice 

H a a r d M .  O l im 

S Y  
'B 
u l  I PRESENT OWNER DRILLE 

1 

2 

I 

1 

2 

1 

2 

2 

3 

1 

1 

1 

3 

1 

4 

DEPTH 

I f e e l )  

65 

4 - 6 0  

208 

205 

m 
m 
12 

365 

im 

105 

175 

im 

175 

261 

220 

180 

I80 

194 

Po 

175 

98 

33 

ZASING 
LENGTH 
( fee l )  

(5' 10' 

im 

94 

247 

B1 

49 

40 1/2 

21 

0 6 75 

64 

1% 

I 

152 

47 

105 

43 

USE 

D 

D 

D 

0 

0 

D 

D 

P 

P 

D 

D 

P 

D 

P 

D 

0 

P 

D 

P 

D 

D 

PUMP OR BAIL 
TEST DATA 

10 I/? - @ 33' 

5 - 6 . p  

3 112 - @ Po* 

2 1/2 wn 
DD 85' 2hr 
R.c 4.5' 3 1/2 hr 

4 g p @ % '  
1 2 p p @ 7 5 '  

2 O P  
DD 105' 2 hr 
1.c 26' 5min 

l @ p @ 5 5 '  

3 m  
DD 35' 2hr 
Rec 17' 10rnin 

2 s -  
DD ma 4 hr 
1.c 51' 1 hr 

6gP@im1 

0.589 

0.111 

0.0778 

0.2Q4 

0.160 
0.240 

0.019 

0.0256 

0.0057 

0.0286 

O.M.51 

0.004 

0.043 

0.0611 
0.0625 

0.353 

0.266 
0.143 

0.029 

smdltta 

Sb l .  
and 
Slot9 

Son& 

Till  

sa"& 

%"&ton 
and 
S b l .  

Slat. 

Sbl., 
h n d r t a  
and Slot9 

h n & m  
m d  
Shah 

Slat9 

s a n & t a  
and Slab? 

Slot9 

S O n d l t a  

SoI3drtC.U 

Slot9 

SI.* 

S b t 9  

LlTUDLDGlC LOG 8 REMARKS 

c-im =I, W; 100-2138 u 

0.8 51, d; 8-10 bldn; 1&75 cI, d. I, b l h  75-90 cI, 
F s; 90423 B h; 123-1201 h; 128-1641 6 C h; 
164-205 B .I 

1-14 8-124n; d, 51, 124-1601h, bldn; 14-33 u cI, c; 3 3 4  I SI; 69-78 Y, h; 

C49 cI, bldw 49-105 d 

I-31 d. c, SI; 31-75 h; 75-135 F m; 13.5-175 .I 

M SI; 3-12 I; 12-36 n x-im SS, h 
Not in u-) 

l-95 51, bldn; 85-175 d 

k40 51; 40-220 ,I 

F152cl. I, b b ;  152-194s- 

)-42 51, blhi; 42-90 SI 

)-I03 51, bldn; 103-175 *I 

b12  61; 12-2Q I; 29-Qe ,I 

w 
(D 
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INDEX 

IUMBER 

- 
43 

45 

n 

47 

u1 

49 

Y) 

51 

52 

53 

% 

55 

56 

57 

58 

59 

m 

61 

62 

63 

64 

65 

M 

- 

SELECTED WATER WELL RECORDS IN THE SMITHS COVE AREA, NOVA SCOTIA. co N T'D 

W P 1  

87NN3 

i o n m  

1MDB4 

1MDG1 

106DH3 

106CM1 

W P 4  

1MDH1 

107EF3 

lMHH4 

1MGFZ 

8SAE4 

85GE1 

107EE4 

lO7EMZ 

IMGA3 

85KD1 

107A82 

106DB4 

8 M N 2  

W J 3  

I M W  

GRID 
LOCATION 

19% 

1965 

1957 

1952 

1952 

1951 

1952 

1952 

1971 

I971 

1972 

1972 

1972 

194  

I963 

1954 

1971 

PRESENT OWNER 

;Ion Poxton 

iarold Sulir 

E. Thmo, 

'rod Potter 

noyt craby 

John Wighhan 

Cloflar W d a n  

Kothnin Weir 

Lloyd Durlinp 

1r.m Smty 

1 

4 

1 

1 

I 

1 

1 

1 

6 

2 

1 

5 

5 

5 

1 

1 

1 

2 

120 

43 

m 

55 

39 

m 
180 

6 

62 

412 

In. 

11  

14 

12 

253 

254 

220 

45-50 

110 

m 

7 

I 2  

IO 

12 

Jo 

8 

4 

42 

19 
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17/7/73 

23/7/71 

I u6/73 

23/8/73 

lU6/73 

1 4 / 0 3  

lUW3 

15/6/73 

15/6/13 

15/6/73 

26/4/73 

26/6/13 

26/6/73 

29/6/13 

17/7/73 

17/7/73 

17/7/73 

17/7/73 

13/6/12 

1 o m 2  

CO - 
1.198 

1.138 

1.599 

I .  359 

).958 

1.672 

I.599 

I.898 

1.559 

1.239 

I .ta 

1.839 

1.539 

1.180 

1.5W 

I.289 

1.479 

1.719 

1.120 

1.240 

I.&-? 

1.779 

0.539 

3.180 

NO NO3 

- - 
2.81 

1.75 

Nil  

0.3 

3.21 

5.5 

2.9 

0.w 

14 

Nil 

4.8 

2.5 

2.21 

2.9 

5.32 

3.54 

2.97 

0.53 

3.01 

2.73 

1.91 

6.87 

7.0 

0.84 

SAR 

- - 
0.7@ 

0.519 

2.02 

0.868 

0.525 

0.358 

0.523 

12.15 

0.467 

0.814 

0.651 

0.435 

1.670 

0.669 

0.324 

0.411 

1.26 

0.989 

0 . k  

0.439 

0.455 

0.348 

0.454 

0.443 

ca 

- - 
'4.0 

I 
!2.8, 

2.0 

7.2 
, 

9.2 

U.5 

2.0 

18.0 

12.0 

4.8 

13.6 

16.8 

10.8 

3.6 

I2 

6.0 

9.6 

14.4 

2.4 

4.8 

6.0 

15.6 

10.8 

63.6 

Mg 

I 

7.2 

5.48 

1.04 

1.32 

3 . 6 4  

1.0 

2.16 

5.4 

3.64 

2.88 

5.76 

5.76 

5.04 

3.6 

2.88 

3.6 

5.76 

5.76 

2.16 

2.16 

2.16 

4.32 

1.5 

14.4 

K 

- - 
2.0: 

1.9! 

9.5: 

2.2 

5.0 

2.5 

I .3 

8.5 

O.S! 

0.7: 

7 .4  

0.6 

2.5 

I .a 

0.6 

0.u 

2.1 

0.3 

0.4 

0.4 

0.2 

5.31 

0.7 

0.0 

SSF - 
30. I 

23.9 

62.4 

i4.5 

26.7 

16.2 

31.6 

87.8 

23.0 

46.6 

28.7 

21.9 

56.0 

(6.6 

21.1 

28.6 

19.4 

39.2 

m.3 

u . 4  

12.2 

26.0 

29.6 

16.4 

- - 
16.5 

- - 
7.6 0.052 

O.OM 

0 . 2 u  

0.056; 

0.128 

0.064 

O.OJ3i 

0.218 

0.0141 

0.019; 

0.191 

0.0153 

0 . W  

0.0268 

0.015 

0.012 

0.054 

0.008 

0.010 

0.010 

0.005 

0.137 

0.018 

0.105 

10.9 

33.0 

11.9 

7.7 

7.2 

7.0 

11.0 7.4 

8.9 

7.5 6.9 

20.0 7.9 

8.7 

9.1 

6.P 

7.15 

15.5 6.9 

8.1 6.6 

26.5 6.4 

7.5 6.3 

4.8 6.7 

5.1 6.2 

2.0 7.0 

17.5 

4.4 

4.6 

5.1 

6.0 

6.15 

6.2 

6.75 

7.15 

6.55 

4.0 

15.0 



1 inch (in) 

1 foot (ft) - 12 in 

44 '  

CONVERSION FACTORS AND SYMBOLS 

1 mile - 5280 ft 
1 square mile (mile 1. 
1 acre - 43,560 ft 
1 cubic foot (ft ) 3 

- 7.4805 U.S. gallons (9) 
- 6.233 imperial gallon (ig) 

1 imperial gallon (ig) - 1.2 U.S. gallon (9) 

1 imperial gallon per minute (igpm) 

1 cubic foot per minute (ft /min) 
1 cubic foot per second (ft /sec or cfs) 
1 imperial gallon per day per foot (igpd/ft) 
1 imperial gallon per day per square foot ( igpd/ft  ) 
1 pound per square inch (Ib/ in2 or psi) 
1 pound per square foot (Ib/ft or psf) 

3 1 pound per cubic foot '( lb/ft or pcf) 

- 1.2 U.S. gallons per minute (gpm) - 
3 
3 - 

- 
2 - 

- 
2 

- 

0.254 metres (m) 
2.540 centimetres (cm) 
25.40 mi II imetres (mm) 
3.048 m 
30.48 cm 
304;8 mm 
1.609 k i  lometres (km) 
2.390 square kilometres (km2 ) 

3 2 4.047 x 10 square metres (m ) 
0.02832 cubic metres (m ) 

28.317 litres (C) 
28,317 cubic centimetres (cm ) 
0.00454 cubic metre (m ) 
4.5425 litres ( f )  
4542.5 cubic centimetres (cm ) 

3 

3 
3 

3 

4.5425 litres per minute (f/m) 
0.472 l i t re per second (P/sec) 
28.3 l itres per second (P/sec) 
0.0149 m2/day 
0.0488 m/day 
0.0703 kg /cm2 

2 4.882 kg/m 
16.02 kg/m3 


