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PREFACE 

T h e  Nova Scotia Department o f  M ines  i n i t i a t e d  i n  1964 an ex tens i ve  
program t o  evaluate the groundwater resources o f  the Prov ince o f  Nova 
Scotia. The f i r s t  deta i led study of t h i s  program was d i rected to  t h e  Annapo- 
l i s -Cornwa l l i s  V a l l e y  because o f  the immediate need for development o f  the 
groundwater resources i n  that area. T h i s  study was a j o i n t  undertaking be- 
tween the Canada Department o f  Forest ry  and Rura l  Development and the 
P rov ince  o f  Nova Scot ia (ARDA pro jec t  Nos. 3043 and 22042) w i t h  the f i e l d  
work carr ied out dur ing the summers of 1964 t o  1967 by the Groundwater 
Sect ion of the Nova Scot ia Department of Mines. 

A prel iminary report o f  t h i s  invest igat ion was submit ted as a thes i s  
by the author to  the Un ive rs i t y  o f  I l l i n o i s  i n  June, 1967 i n  p a r t i a l  f u l f i l l m e n t  
o f  the requirements for the degree o f  Doctor o f  Phi losophy.  The t e x t  o f  t h i s  
thes is  subsequent ly has been modified, par t i cu la r ly  the sect ion on water 
chemistry,  and inc ludes some addi t ional  informat ion obtained dur ing the 
1967 f i e l d  season. 

It should be  pointed out  tha t  many ind i v idua ls  and other government 
agencies cooperated i n  supply ing much va luable informat ion and ass is tance 
throughout the per iod o f  study. T o  l i s t  a few: Dr. J.D. Wright,Director, Geo- 
log ica l  D i v i s i o n  and t h e  s ta f f  on t h e  Minera l  Resources section, Nova Scot ia  
Department o f  Mines, t he  Nova Scot ia  Research Foundation, and the Nova 
Scot ia Agr i cu l tu ra l  Co l l ege  a t  Truro. 

I t  i s  hoped tha t  through t h i s  study, not o n l y  w i l l  de ta i l ed  informa- 
t i o n  be made ava i l ab le  for  agricultural,  industr ial,  munic ipa l  and ind iv idua l  
water needs, but a l s o  tha t  e x i s t i n g  suppl ies o f  t h i s  important resource w i l l  
be u t i l i z e d  more e f f i c ien t ly .  T h e  informat ion here in w i l l  serve as a gu ide 
for t he  future explorat ion,  development and use of the h i ther to  largely  un- 
developed groundwater resources o f  the Annapol is-Cornwal l is  Val ley.  

John F. Jones 
Chief ,  Groundwater Sect ion 
Nova Scot ia Department o f  M ines  

Hal i fax,  March , 1968 
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Groundwater Resources and Hydrogeology 
of the Annapolis - Cornwallis Valley, Nova Scotia 

ABSTRACT 

T h e  largest  resource of fresh water in the Annapolis-Cornwallis Valley i s  
that stored in the  ground. Major aquifers are  present in the T r i a s s i c  bedrock and in 
the overlying surficial deposi ts .  T h e  most extensive aquifers a re  the T r i a s s i c  Wolf- 
ville sandstones and conglomerates, which underlie the entire Valley. I t  i s  often 
possible  to construct wel ls  in these  aquifers  which will yield several  hundred im- 
perial gal lons per  minute. T h e  most important aquifers locally, however, ‘are the 
glacial  sand and gravel depos i t s  which are  found mostly in the eastern and central 
par t s  of the Valley. A well has  been constructed in one of these  aquifers which 
will yield over one  thousand imperial gal lons per minute. The  surf ic ia l  depos i t s  
and pertinent bedrock boundaries in the Valley have. been mapped a t  a s c a l e  of 1 
inch to 1 mile. A second map at  the same s c a l e  h a s  been made of the bedrock hydro- 
stratigraphic uni ts ,  the saturated thickness  of sand and gravel ,  and the depth to  the 
water-table. Information on the hydraulic properties of the aquifers was  obtained in 
se lec ted  a reas  with pump . tes ts .  

With the limited information avai lable ,  a general hydrologic budget w a s  cal- 
culated for the  Upper Annapolis River basin. Of 42 inches  of precipitation in this  
basin during a “normal” year, about 5 3  per cent i s  discharged a s  storm and snow- 
melt runoff, 17 per cent a s  groundwater runoff, and 30 per cent  a s  evapotranspiration. 
It is estimated that groundwater runoff during a “normal” year for the Annapolis- 
Cornwallis ‘Valley frorri Annapolis Royal to the Minas Basin i s  about 170,000 acre- 
feet of water. A s  a comparison, only 6,400 acre-feet o f  groundwater are currently 
being utilized by man each year in the Valley. 

Four piezometer n e s t s ,  used to  measure fluid potent ia ls  a t  different depths  
in the same location, were instal led in  a line perpendicular to  the Cornwallis River 
e a s t  of Berwick on the south s ide  of the Cornwallis Valley. From information obtain- 
ed on the groundwater flow sys tem in th i s  area,  it was observed that groundwater 
flow in the more permeable surf ic ia l  sand  and gravel depos i t s  i s  nearly independent 
of the flow system in the T r i a s s i c  bedrock. 

It is suggested that. Stein’s two-stage method be  used  to determine the  
number o f  water samples  needed in a regional survey of groundwater quality. A s ta-  
t is t ical  ana lys i s  was  used  to determine similarities and significant differences in 
the chemical qual i ty  of groundwater among the various hydrostratigraphic units. In 
general ,  groundwater chemistry in every unit i s  sui table  for irrigation, domestic u s e ,  
and many industrial u s e s .  Iron and calcium carbonate may be present  in some areas  
in objectionable amounts for cer ta in  domestic and industrial uses .  

Although groundwater pollution i s  not a se r ious  problem a t  this  time, care  
must be  taken,  particularly in the c a s e  of surf ic ia l  aquifers ,  not to impair the natural 
qual i ty  of groundwater. Several  potential or actual  sources  of groundwater pollution 
ex is t  in the Valley. T h e s e  sources  include poorly located and/or maintained indivi- 
dual sep t ic  tanks, abandoned dug wel ls  now used as sept ic  tanks o r  garbage recep- 
tac les ,  and poorly located garbage dumps. Several c a s e s  of groundwater pollution 
frorr m l i n e d  industr ia l  was te  disposal  p i t s  and corroded underground gasol ine  tanks  
are  cited. Pes t ic ides ,  however, were not found in three samples  of groundwater taken 
from areas  sprayed periodically with these  chemicals. 



GROUNDWATER RESOURCES, ANNAPOLIS-CORNWALLIS VALLEY 

INTRODUCTION 

Purpose and Scope of the  Investigation 

Water is the most important natural  resource required by man. Until 
recently,  l akes  on t h e  adjacent mountains and streams draining t h e  v a l l e y s  
have been adequate to  supply the fresh w a t e r  requirements of the Annapolis- 
Cornwallis  Valley. T h e  population and economy of the Valley, however, a r e  
expanding, and with th i s  expansion there a re  increasing demands for fresh 
water for domestic, agricultural (particularly for iriigation), and industrial  
use. With most of the  convenient mountain lakes  already developed a s  water 
suppl ies  and  many s t reams polluted by municipal and industrial  was t e s ,  de- 
velopment of more distant ,lakes and treatment of polluted surface wa te r s  will 
prove to be increasingly expensive. 

The  large supply of f resh.water  s tared in the ground h a s  been uti- 
l i zed  only to a minor extent because  l i t t le  was known of the availabil i ty and 
quality of th i s  supply. Consequently, an investigatian of the groundwater re- 
sources  of t h e  Annapolis-Cornwallis Valley was init iated in  1964. T h i s  study 
included mapping and test-drilling of waterbear ing formations (aquifers), and 
chemical a n a l y s i s  of groundwaters in the various geologic .uni t s  of the An- 
napolis-Cornwallis Valley area. T o  complement th i s  investigation it was 
deemed necessary t o  map surficial  deposi ts  and bedrock boundaries w h e x  
previous work was inadequate,  t o  study groundwater. movement by u s e  of 
piezometer nests ,and to  invest igate  potential  groundwater pollution pob lems .  

General Descriptioh of the Area . 

Location, Access ,  and Extent of the Area 

The  Annapolis-Cornwallis Valley is a long narrow lowland which 
paral le ls  t h e  Bay of Fundy in Annapolis, Kings,  and Digby count ies ,  Nova 
Scotia (Fig.  1). T h e  Valley proper is defined as the a rea  underlain by Trias- 
sic sedimentary rocks,  and is approximately 62 miles long between the  An- 
napolis Bas in  at Annapolis Royal and t h e  Minas Basin.  It. var ies  in width 
from 3 miles near Annapolis Royal to  8 miles near Wolfville. The Gaspereau 
Valley,  a n  adjacent lowland, was  a l s o  investigated. 

T h e  area of investigation lies between44'45 '  and 45' 15' north lati- 
tude, and between 64'  1 5  and 65' 30' west longitude. Withimthese l imits,  the  
Valley covers an  area of about 320 square miles. The VaIley is flanked on 
one  s i d e  by North Mountain and on t h e  other by South Mountain, both of which 
a r e  broad uplands. 

T h e  main a c c e s s  to the  .Annapolis-Cornwallis Valley is provided by 
Highway 1 from Halifax to .Yarmouth. In addition, three other trunk highways 
link Bridgetown, Middleton, and Kentvil le with the  south shore of t h e  pro- 
vince.  'Most of the  1,642 milks of roads in Annapolis and Kings count ies  are 
in  and adjacent to 'the Valley (Nova Scotia Dept. of Trade and  Industry, 1964, 
a and b). Along with county and provincial roads, numerous farm. and logging 
roads provide a c c e s s  to most par ts  of the  Valley. Rai l  se rv ice  to the  Valley 
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i s  provided by Canadian Pac i f i c  Railways and Canadian Naticmal Railways 
which h a s  a freight line between Middleton and Bridgewater. The  nearest  
commercial airports a re  the  Halifax International Airport and the Yarmouth 
Airport, but there is a la rge  military a i r  field a t  Canadian Forces  B a s e  (CFB) 
Greenwood. Por t  faci l i t ies  for small  ocean-going v e s s e l s  a re  provided a t  Port  
Williams on the Minas Bas in  and at Annapolis Royal. 

National Topographic System for Location 

Nova Scotia was  not surveyed in to  townships and sec t ions  because  
of its early settlement. The  Nova Scotia Department of Mines, therefore, 
adopted in part the  NatiQoal Topographic System for location of a reas  in  the  
province. Under th i s  system, Canada h a s  been divided into numbered primary 
quadrangles, each 4 '  lat i tude by 8' longitude. Larger scale maps a r e  obtained 
by subdivision of t h e  primary quadrangles using le t ters  and numbers. Fo r  
example, the primary quadrangle 21, which includes the study area,  is sub- 
divided into maps such as 21 H 2, and par t s  of maps such a s  21 H 2 C (Fig.  
2). Each of t h e s e  parts is subdivided into one  hundred and eight mining t r ac t s  
of approximately 1 square m i l e  each; mining tract  21 H 2 C 75 is shown in 
figure 2. Mining t rac ts  are further subdivided with le t ters  into sixteen claims, 
each containing about 40 acres.  Claim 21 H 2 C 22 K is i l lus t ra ted  i n  figure 
2. For  prec ise  location of test-holes, water samples,  etc., a square contain- 
ing the position of t he  item within the  claim is added to  the location. For the 
claim described above, a complete location would be 21 H 2 C 22 K O .  
Physiography 

The  area  of investigation can  be divided into three physiographic 
units: The  South Mountain highland, t he  Tr i a s s i c  lowland, and the  North 
Mountain highland (Fig.  1). Each of t hese  uni t s  is closely related to the  under- 
lying rock divisions and s t ruc twes .  

South Mountain Highland 

South Mountain is the  northern escarpment of a n  extensive highland 
which occupies much of southwestern Nova Scotia. This highland is underlain 
by early Pa laeozoic  slates and quartzites intruded by De;onian granite,  except 
near t h e  Minas Basin where Carboniferous sedimentary rocks overlie the  older 
rocks (Fig.  3). The  highest e leva t ions  occur near t he  escarpment because the  
surface of the  highland s lopes  gently south and west t o  the Atlantic Ocean 
(Goldthwait, 1924, p.6 ). Elevations near the  escarpment a re  chiefly between 
600 and 800 fee t  with isolated highs above a n  alt i tude of 950 feet. T h e  s u r  
face of this  highland is gently undulating with local relief commonly no great- 
er than 300 feet, except along the Gaspereau Valley where sca rps  r i s e  in 
p l aces  over 600 feet above the  valley floor. 
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FIGURE 2. National Topographic Sen'es maps which cover the area 
of study. 

Triassic  Lowland 

The  Tr iass ic  lowland is formed on sandstone and sha le  beds of 
Tr iass ic  age. The  extremities of the lowland a r e  below sea level forming St. 
Mary's Bay and the  Minas Basin. The Annapolis Basin at the  mouth of t h e  
Annapolis River i s  a similar depression with access to t h e  sea through a 
gap i n  North Mountain near  Digby. 

Topography in  the Valley i s  flat to gently rolling depending on !he 
nature of the mantling g lac ia l  debr i s  and the depth to which t h i s  material h a s  
filled in the  underlying bedrock topography ( s e e  Fig. 4). Triass ic  rocks have  
the greatest  influence on topography at the eastern end of the Valley where 
only a thin mantle of glacial  drift covers  broad, low, discontinuous sands tone  
ridges. Southwest of  Berwick, bedrock i s  generally exposed only along t h e  
bed of the  Annapolis River  and along the  flanks of the  Valley where tributary 
streams have cut through the overlying drift. 

The  Caribou Peat Bog, at the  divide between the Annapolis and Corn- 
wal l is  River watersheds, h a s  a n  alt i tude slightly over 120 feet. West of the 
bog, elevations gradually descend to sea level at t h e  Annapolis Basin.  Be- 
tween the  Caribou Bog and the  Minas Basin,  more rolling topography i s  en- 
countered, but maximum elevations seldom r i se  above 200 feet except along 
t h e  f lanks of the  Valley. 
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North Mountain Highland 

North Mountain, extending 123 miles from Brier Is land to Cape Blom- 
idon is capped by T r i a s s i c  basa l t  lava flows which dip 4 to IO towards t h e  
Bay of Fundy. North Mountain, therefore, i s  a cues ta  with the  s teep scarp- 
slope facing the  Annapolis-Cornwallis Valley and the gent le  d i p s l o p e  facing 
the Bay of Fundy ( s e e  Fig. 5). The  dip-slope is broken in several  paces by 
irregular and discontinuous ridges which a re  erosional remnants of t h e  several  
flows capping North Mountain. A number of lakes  occupy depressions between 
these ridges. Elevat ions near the crest  (commonly about one-half mile back 
from the scarp) a re  usually between 600 and 750 feet. The maximum al t i tude 
i s  over  900 feet. 

FIGURE 5. A view of the North Mountain Scarp north of Berwick. 

Drainage 

Surface water andgroundwater drainage in andadjacenr  t o  the  A n n a p  
olis-Cornwallis Valley discharges ultimately in to  t h e  Bay of Fundy. Drainage 
within the area of investigation can be resolved into three components: the 
Annapolis River draining into the Annapolis Basin; s t reams discharging into 
the  Minas Basin; and drainage directly to the Bay of Fundy. Watersheds of 
these  s t reams a r e  outlined in  figure 6. (The  Upper Annapolis River  bas in  is 
outlined because  a hydrologic budget i s  calculated for t h i s  watershed). Note 
that ,  whereas the  Annapolis River  drains two-thirds of the T r i a s s i c  lowland, 



F I G U R E  6. Watersheds within t h e  area of study. 
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FIGURE 7. A v iew eastward of the Cornwallis River dykeland near 
Port Williams (photo courtesy of N. S. Information Service). 

two-thirds of the Annapolis River watershed is within the South Mountain 
highland. T h i s  i s  important when considering the hydrology of the Annapolis 
River. In contrast ,  three-quarters of the  Cornwallis River watershed, which 
drains to  the Minas Basin,  is within the  Tr iass ic  lowland. Three smaller 
s t reams (Canard River, Habitant and Pereau Creeks) a l s o  drain the eastern 
end of the  Valley. T h e  watershed of the Gaspereau River, which drains to the  
Minas Basin, is entirely within the South Mountain highland. Because  of t h e  
shape  of t h e  North Mountain cues ta ,  most of the drainage on t h i s  highland 
descends  northward i n  short  s t reams to the Bay of Fundy. 

Surface and internal drainage conditions within the  Valley a re  gener- 
ally good. Drainage is excess ive  in some areas  of sand and gravel  deposi ts  
where the water-table is many feet below the surface.  Poor drainage condi- 
t ions ex is t  in coarse-textured so i l s  overlain by p e a t  and muck, as well as in 
fine-textured s o i l s  where conditions of low relief and a high water-table exist .  

T h e  major modification of natural drainage conditions h a s  been 
effected along t h e  t idal  es tuar ies  where many square miles  of s a l t  marsh have  
been reclaimed by dyking to produce rich pastureland (F ig .  7). 

Agriculture and Soils 

The exis tence and  nature of agriculture depends primarily on the 
character of the  soil avai lable  for farming. The  most important factor in- 
fluencing t h e  kind of soil  in  t h e  Valley and ad jacent  a r e a s  is the parent ma- 

/. 
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terial  from which the soil is derived. In most of the  a rea ,  the parent material 
is of g lac ia l  origin - either glacial  till or glacio-fluvial sand and gravel de- 
posits.  Glacial  till  is debris eroded from underlying s o i l  and bedrock and 
deposited a s  unsorted material by the glacier. Glacia-fluvial material con- 
s i s t s  of silt, sand, gravel, and boulders deposited by g lac ia l  meltwater. 

Most parent materials have been modified by vegetation and climate 
over a period of approximately 10,000 years  to produce mature soils. (The  
nature and productivity of so i l s  i s  taken from Harlow and Whiteside, 1943, 
and from Hilchey, Cann, and MacDougall, 1962). In these  so i l s ,  the top of the 
C horizon 01 slightly a l te red  parent material i s  generally less than three feet 
below the surface. The  original vegetative cover (coniferous forest and mixed 
coniferous and hardwood assoc ia t ions)  along with the climatic conditions 
(high precipitation; long, cold winters, and short, cool summers) have  pro- 
duced predominantly ppdzolic so i l s .  These  so i l s  are characterized by strong 
leaching of the A horizon which underlies the organic sur face  layer. Calcium, 
magnesium, potassium, iron, and aluminum a re  removed from the A horizon and 
deposited in the  B horizon, sometimes forming hardpans. In a reas  of poor 
drainage, soils may contain a thicker surface organic layer,  and the A and B 
horizons may contain grey reduced zones in a mottled pattern due to reduction 
of iron by organic matter. Soils containing these  reduced zones  a r e  termed 
gleyed podzols and g leysol ic  so i l s .  Organic depos i t s  of pea t ,  without the 
typical soi l  horizons, occupy many depressional a reas  where a high water- 
tab le  exists.  Finally, along the  floodplains and marshes of s t reams and es- 
tuaries,  recent alluvium forms rich soil with l i t t le  horizon development. 

On the South Mountain highland, approximately 10 per cent of the 
area is occupied by lakes  and swamps of g lac ia l  origin. Of the remaining area,  
that underlain by granite supports very little farming because  it is covered 
by boulders, thin sandy podzolic so i l s ,  and second-growth forest. Those  a reas  
underlain by quartzite a re  similar in nature to the granite terrains.  In many 
a r e a s  underlain by s l a t e ,  however, good clay-loam so i l s  have  been formed 
by g l ac i a l  action and weathering. These  are the only important arable areas 
on the South Mountain highland. 

The  Tr i a s s i c  IowIand is the most productive agricultural a rea  in the 
Province. Although only about one-half of the land in the Valley is in use ,  
m o s t  of it is arable. In about 50 per cent of the area,  the soil  is developed on 
g l ac i a l  till which is e i ther  a sandy- or a clay-loam depending on whether t he  
underlying bedrock is sands tone  or shale.  In about 30 per cent of the  area,  
soils a re  developed on  coarse  glacio-fluvial material. Of the  remaining so i l s ,  
most a r e  developed on estuarine depos i t s  and stream alluvium with some a reas  
of peat and muck.  , 

Soils on the North Mountain highland are  mostly derived from thin 
till containing a large percent3ge of partly weathered basalt  cobbles and 
boulders. A s  a result ,  m o s t  of the land is su i tab le  only for forest. Areas of 
thicker till are sometimes moderately productive farm lands, but the s ton iness  
of t h e  soil and occasional rock outcrops a r e  constant problems. 
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The nature of agricultural production in the Valley area is shown by 
data from the 1961 census  (Nova Scotia Dept. of Trade and Industry, 1964, 
a and b). Although production figures cited have been compiled on a county- 
wide bas is ,  probably 95 per cent of agricultural production in Annapolis and 
Kings counties comes from the Annapolis-Cornwallis and Gaspereau Valleys.  
T h e  important t ree  fruit industry includes about 12,000 acres  in orchard: 90 
per cent are  apple t rees ,  7 per cent  pear trees,  and the remaining 3 per cent  
peach and other  fruit  t rees .  Small fruit farminp includes about 550 acres ,  
mostly strawberries with s o m e  raspberries and blueberries. Two thousand 
four hundred acres  are in vegetable production, predominantly beans,  green 
p e a s ,  sweet corn, and cucumbers. Of 41,000 acres  in field crops,  most are  in  
tame hay, oa ts ,  and potatoes with some mixed grain and tobacco. Livestock 
includes about thirty eight thousand cat t le ,  e leven thousand hogs,  and six 
thousand sheep. More than one million hens and chickens are involved in the 
production of eggs and dressed poultry. Of the one thousand one hundred fifty 
two commercial farms (total  value of agricultural products sold on a commer- 
c ia l  farm is at least $1,200) in Annapolis and Kings counties,  25 per cent are  
cat t le ,  hog, and sheep  farms, 24 per cent  are dairy farms, 1 4  per cent  are fruit 
and vegetable farms,with most of the remainder producing a variety of products. 

Population and Industry 

Sixty-four thousand s i x  hundred people live in Annapolis and Kings 
counties;  forty-nine thousand seven hundred live in rural areas  and fourteen 
thousand nine hundred live in urban areas  (Nova Scotia Dept. of Trade and 
Industry, 1964, a and b). The economy of the two counties is based on the 
production and processing of agricultural and forest  products. The following 
information on the value of manufactured goods is based on the 1961 census 
data ,  except where noted. The value of food and beverage products w a s  
$19,966,000. Wood products production including sawmills, and s a s h ,  door, 
and planing mills amounted to $1,434,000. Other types of manufacturing 
(concrete products, e las t ic  products, can manufacturing, synthet ic  sc reens ,  
feeds and fert i l izers,  building stone and monuments, furniture manufacturing, 
boat building and machine shops)produced a total of $1,337,000 worth of goods. 

Mining and quarrying is a s m a l l  industry in Annapolis and Kings 
counties,  with m o s t  activity in the production of sand and gravel from numer- 
ous pits in glacio-fluvial deposits.  Harvesting of peat from the Caribou Bog 
is on the increase.  In addition, there are  a couple of small  granite quarries. 

The landings of three hundred eighty four fishermen, one hundred 
fifty s ix  of whom are  full t i m e  (ten months or more per year), yielded a total 
value of $287,000 in  1964. 

I t  should be noted that national defence is an important part of the  
economy. CFB Greenwood, the largest  Canadian air  base ,  includes about 
seven thousand a i r  force personnel and dependents. 
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Climate 

T h e  Nova Scot ia  Department of Trade and  Industry (1965) h a s  sum- 
marized general information on t h e  .climate of t h e  province. Nova Scotia,  be- 
c a u s e  of its proximity to  the continental land mass,  h a s  a humid, temperate, 
continental  climate. This  continental  climate is modified, however, by the 
Atlantic Ocean which almost completely surrounds the  province, and the  Gulf 
Stream which runs  northeasterly parallel  to the Atlantic coast .  The  modifying 
influence of the ocean  tends to  prevent extreme temperatures i n  the  summer 
and winter, and minimizes the  number of severe  atmospheric storms. The pre- 
s e n c e  of t h e  North and South Mountain highlands influences to some extent 
precipitation, temperatures ,  and winds in the  Valley. 

Detai led climatic data ,  including figures and t a b l e s  are presented in 
in  the  sect ion o n  hydrology. T h e  following summary of t h e  fifty year  weather 
records for Kentvil le will g i v e  a general  picture of climatic conditions in  the 
Valley (Canada Dept. of Agriculture, Research Station, Kentvil le,  1961, u p  
dated in  1964): Mean annual precipitation is 41.98 inches  with extremes of 
30.35 inches  (1915) and 59.56 inches  (1962). Total  snow fall for the  winter 
months averages 84.9 inches  with extremes of 44.8 inches  (1951-52) and 
162.8 inches  (1955-56). Precipitation i s  fairly well distributed during the 
year  with sl ightly higher precipitation occuring during the fall  and winter 
months than during t h e  spring and summer months. 

The  mean annual temperature is 43.6"F.; the  mean temperature in 
the coldest  month (February) i s  21.l.F.; and in  the warmest month (July) is 
66.2'F. Temperatures as cold or colder than -20-F. occured in 1 5  per cent  of 
the years ;  temperatures a s  warm or  warmer than 90 'F.  occured in 42 per  cent 
of the years.  

The average frost  f ree  period at Yentvil le i s  one  hundred twenty s i x  
days  with ninety five days  (1943) the  shortest  and one  hundred fifty two days 
(1937) t h e  longest on record. 

Wind velocity records for four years  at  CFB Greenwood show that 
the  most common ve loc i t ies  a re  in  t h e  ten to twenty miles per h o u r  range. Ve- 
loc i t ies  above thirty-nine miles per hour occur occasional ly  in November, De- 
cember, January, March and April. Prevai l ing wind directions a r e  from the  
southwest  in t h e  summer and t h e  northwest in the winter, with ga le  winds oc- 
casional ly  coming from the  northeast .  

Previous Investigations 

N o  work h a s  been done on the hydrogeology of the  Annapolis-Corn- 
wal l is  Valley prior to t h i s  report. In fact, it is only s i n c e  1960 that hydro- 
logic  information on the Valley, other than weather records,  h a s  become 
available.  T h i s  information includes:  A survey of pollution on the Annapolis 
and Cornwallis Rivers  (Dept. of National Health and Welfare, 1962 a and 
1962 b); stream discharge records for the  Annapolis River at Wilmot and the 
South Annapolis River at Millville (gauging s ta t ions  a r e  maintained by the  
Water Survey of  Canada,  Inland Waters Branch, Dept. of Energy, Mines and 
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Resources); and water well drilling records f i led with t h e  Nova Scotia De- 
partment of Mines mostly s ince the  Well Drilling Act of 1965. 

In contrast ,  a considerable amount of information i s  avai lable  on the 
bedrock geology within the area of investigation. The most interesting and 
important areas  geologically,  the Wolfville maparea  and the Nictaux-Torbrook 
map-area, have been re-mapped and d iscussed  in recent reports by Smitherin- 
gale (1960) and Crosby (1962). In t h e s e  reports, particularly Crosby (1962), 
there a re  comprehensive reviews of previous geological investigations.  Only 
the more important early geological reports will  be mentioned here. 

The first important and comprehensive geological report, including 
a map, of Nova Scotia was compiled by Sir William Dawson (1855). Additional 
information on the geology of t h e  Valley area and the rest  of the province was 
included in a supplementary chapter t o  later edit ions of t h e  first book. 

Southwestern Nova Scotia,  including the Valley area from Kingston 
westward, was mapped at a s c a l e  of 8 miles to 1 inch and d iscussed  in great- 
er  detail  by Bailey (1896). 

Fletcher  began mapping Nova Scotia a t  a sqa le  of 1 inch to  a mile 
in the 1870s (Crosby, 1962, p . 4 ) .  The first of Fletcher’s  published maps in 
the Valley area (Fletcher ,  1902), and the Kingsport sheet  (Fletcher ,  1911) 
cover approximately the area la ter  re-mapped by Crosby. Fletcher’s  published 
work includes a detai led map and discussion of the Nictaux-Torbrook iron 
dis t r ic t  (Fletcher ,  1904). Although Fletcher worked on the geology of several  
map s h e e t s  in and south of the central  part of the  Valley, it  remained for 
Hayes (1916) and Faribault  (1920) to complete work on a few of them. 

Comprehensive s t u d i e s  of the stratigraphy, structure, and palaeontol- 
o g y  of the Mississippian Horton and Windsor Groups have  been made by Bell  
(1929 and 1960). Bell (1929) reviewed the  previous publications on t h e s e  
rocks. 

T h e  Tr iass ic  a g e  of the rocks forming the  Annapolis-Cornwallis 
Valley was  suggested by Dawson (1848). Powers  (1916) made the f i rs t  region- 
a l  stratigraphic study of the  Triassic  rocks in  Nova Scotia and included a l l  
Tr iass ic  sedimentary strata underlying the North Mountain Basa l t  in the  An- 
napolis Formation. ’Ihe lower member of the Annapolis Formation was named 
the Wolfville sandstone, and t h e  upper member, the Blomidon shale .  Klein 
(1962) studied the  stratigraphy, depositional environments, and petrography 
of Tr iass ic  rocks in the Maritime Provinces, and proposed including a l l  of 
them in the Fundy Group and elevating the Wolfville and Blomidon members 
t o  formational s ta tus .  

Dawson (1893) made early observations on the g lac ia l  features  of 
Nova Scotia. The  “Physiography of Nova Scotia” by Goldthwait (1924) i s  an  
important general reference for physiographic features,  geomorphic evolution, 
and the effects of glaciation i n  Nova Scotia. A surf ic ia l  geology map h a s  
been published for the Central  Annapolis Valley from Middleton to Berwick 
(Hickox, 1962). The surficial  geology map in the present report differs only 
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in detail  in the a rea  covered by Hickox' map. Some unpublished mapping of 
surficial  deposits in the Valley has  been done by Professor R. MacNeill and 
his students at Acadia University, Wolfville, Nova Scotia.  Throughout the  
Valley, soi l  maps by Harlow and Whiteside (1943) were used  to provide a gen- 
eral, though not detailed,  guide t o  the distribution of sudic ia l  deposits.  

F ie ld  Work and Maps 

The Nova Scotia Department of Mines supplied a four-wheel drive 
vehicle,  aer ia l  photographs, topographic maps, and other field equipment d u r  
ing the field season  of 1964, when preliminary work was done, and during 
1765 and 1966, which the writer spent  in the field. 

Much of the  t i m e  in the field was spent mapping the bedrock and 
surficial geology. The  bedrock geological boundaries, except those  involving 
Tr iass ic  rocks, were taken from previous work (Smitheringale, 1960; Crosby, 
1962; Taylor, 1962; and Weeks, 1965). The  Pa laeozo icTr i a s s i c  boundary 
was  mapped between Kentville and Morristown and checked in several  other 
places. The  Wolfville Formation - Blomidon Formation boundary was  mapped. 
from outcrops exposed along streams at the eas te rn  end of the Valley, but 
was drawn in mostly a s  an assumed contact at t he  western end of t he  Valley 
where outcrops a re  infrequent. The  contact of the Blomidon Formation with 
the overlying basa l t  was drawn in from previous work and from aerial  photo- 
graph interpretation with some field checking. Locations of outcrops and tes t -  
ho les  used to modify or es tab l i sh  the  position of bedrock boundaries are 
shown on map 1. 

Mapping of surficial  depos i t s  was done in the  field on Royal Cana- 
dian Air Force  aer ia l  photographs (flown 1955) at  a s c a l e  of 1:24,000. Most 
information was obtained by examining unaltered surficial  depos i t s  in gravel 
pits ,  road cuts,  and road drainage ditches along public and  farm roads. Where 
necessary ,  the nature of surficial  depos i t s  and the  location of boundaries 
were determined in less access ib l e  areas. The surficial  geology map by 
Hickox (1962) and the s o i l  maps by Harlow and Whiteside (1943) were uti l ized 
a s  much a s  possible in mapping surficial  depos i t s .  In the laboratory, bound- 
a r i e s  were sketched using aerial  photographs in s te reo  pairs. This  mapping 
was transferred to topographic maps used a s  a base for map 1. 

To obtain subsurface informadon, a Department of Mines rotary drill- 
ing rig and crew were used  to drill stratigraphic test-holes, to instal l  piezo- 
meters, and to  install  wells for water-level recorders and pump tests. A power 
auger mounted on a jeep  supplied by the Nova Scotia Research Foundation 
was  used to  gather some stratigraphic information and to  dr i l l  holes 'for in- 
stallation of sand  points. The feasibil i ty of obtaining subsurface information 
in & e  Valley by u s e  of hammer seismic and gravimeter surveys  w a s  i n v e s  
t igated by the Nova Scotia Research Foundation. Sieve ana lyses  were run on 
some surficial  deposit samples and on granular test-hole samples  by techni- 
c ians  at  the Nova Scotia Department of Mines office at Stellarton and at 
Acadia University. 
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Water samples for chemical analysis  were analyzed at the Nova 
Scotia Agricultural College, Truro. Water samples  t o  be tes ted  for bacter ia l  
contamination were analyzed in the Laboratory of t h e  Nova Scotia Sanitorium, 
Kentville. 

Low flow stream discharge measurements on the Annapolis River 
were made with a Pr ice  current meter loaned by t h e  Water Survey of Canada, 
Inland Waters Branch, Department of Energy, Mines and Resources ,  Halifax,  
Atlantic Region office. 
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GEOLOGY 

In the description of the bedrock geologic uni ts ,  emphasis  i s  
placed on the Tr iass ic  sedimentary s t ra ta  which underlie the Annapolis- 
Cornwallis Valley.  Surficial deposi ts ,  consis t ing mostly of glacial  t i l l  and 
glacio-fluvial sand  and gravel along .with the l e s s  abundant es tuar ine de- 
posi ts  and stream alluvium, a re  described in detai l .  T h i s  sect ion i s  con- 
cluded with a summary of the .structural deformation and geomorphic evolu- 
tion which are  responsible for the present  distribution of geologic units.  

Rock Units  

Palaeozoic  

The  geology of Palaeozoic  rocks which form the South Mountain 
highland and the “basement” beneath Tr iass ic  rocks in the Valley i s  con- 
densed from information in Smitheringale (1960) a n d  Crosby (1962). General 
information concerning a l l  of the geology within the area of investigation i s  
given in table 1. Refer to map 1 or figure 3 for maps showing the distribution 
of these geologic units.  

Meguma Group 

The oldest ,  most widespread rocks with the greatest  stratigraphic 
thickness  are those of theMegurna Group. The  older formation of this  group, 
the Goldenville Formation (Lower Ordovician or earlier) ,  i s  present  in a few 
remote a reas  on the highland and i s ,  therefore, only of minor importance for 
th i s  report. !t i s  composed mostly of greywackes and impure quartzi tes .  The 
younger Halifax Formation (Lower Ordovician), covering a fairly large area 
adjacent  to the Valley,  is composed of interbedded s l a t e ,  s i l t s tone ,  and 
quartzite.  “The  Goldenville-Halifax contact  i s  probably comformable” 
(Smitheringale, 1960, p. 7). 

White Rock, Kentville, N e w  Canaan,’ and Torbrook Formations 

Overlying the Meguma Group and present in two syncl inal  struc- 
tures  c lose  to the Valley a re  four formations. The  first  i s  the m i t e  Rock 
Formation (Upper Silurian or earlier)  consis t ing of two mass ive  beds of 
quartzite separated by s l a t e s  near  Kentville. Near Nictaux F a l l s ,  however, 
the White Rock Formation h a s  a highly varied lithology including quartzi tes  ,, 
s i l t s tones ,  rhyolites,  and basal t .  The  lithology of the overlying Kentvil le 
Formation (Upper Silurian) i s  the same as  that of the  Halifax Formation. 
Overlying the Kentville Formation in the Wolfville a rea  a re  marine sed i -  
mentary breccias  (including many volcanic fragments) which a re  assoc ia ted  
with s i l t s tones ,  s l a t e s ,  and limestones. Crosby (1962) h a s  descr ibed this 
new unit, naming it the  New Canaan Formation (Upper Silurian). The  young- 
est rocks of the metamorphic sequence a re  present only in the  Nictaux- 
Torbrook area.  The  Torbrook Formation (Lower Devonian) is noted for its 
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FORMATION AND 
THICKNESS (feet) 

19 

LITHOLOGY E R A  

~ 

Horton Group 

4,000 

Cenozoic 

Grey and red shales, 

siltstone, sandstone, 

minor conglomerate 

, 

Mesozoic 

Table 1.  Table of Formatioqs* 

I I 
PERIOD OR 

EPOCH 

Zecent 

0.160 4 

Stream alluvium; peat and 
muck; dykeland; sa l t  marsh 
and t i da l  f lo t  

Pleistocene 

0-200 t 

Ti l l ;  strat i f ied sand 

and gravel; 

estuarine deposits 

Tr iass ic  

i ssi ssippian 

Palaeozoic 

Unconformity 

Scots Bay Arenaceous limestone; 

Format i on calcareous sandstone 

Disconformity 

North Mountain Basa l t  f lows 

Basa l t  

900 i - 1,200 f 

Conformable contact 

Blomidon S i  Itstone; claystone; 

Formation minor sandstone 

Facies chonge 

h'olfvil le Red and grey sandstone, 

Formati on s i  Itstone, conglomerate, 

Angular unconformity 

*Modified with a few additions from Smitheringale (1960), Crosby (1962), 
and the Geological Map of Nova Scotia, (Weeks, 1965). 
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PERIOD OR FORMATION AND 
EPOCH THICKNESS (feet) 

E R A  LITHOLOGY 

Pa loeoro ic  

Lower 

Middle 
Devonian 

Grani t ic  and Grani t ic  and o'l l ied 

a l l i ed  rocks rocks 

Intrusive contact 

Maf ic s i l l s  

and dykes 

Gabbroic rock 

Lower 

Devonian 

Kentvi  I le 

1,600 t 
Formation 

Intrusive contact 

Torbrook Foss i l i fe rous  quartzite, 

Formation morine shale and siltstone, 

4,800 t and iron formation I G radationa I contact 

Slate and minor 

s i  I tstone 
1 

Upper 

Si lur ian 

Lower 
Ordovic ian 

New Canaon 

1,000 t 
Formation 

Ha Ii fox Slate, schist, 

11,700 f 

Formati on minor quartz i te 

Marine breccia; minor 

s i l t s tone and s la te  

Lower 

3rdovi  c ion 
>r eur l ier  

C on forma b I e con t o c i I 

Goldenvi I l e  Greywack, quartzite, 

Formotion minor s la te  

Conformable contact 
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fossil iferous sedimentary iron formation. Also included in this  unit are 
sha les ,  s i l t s tones ,  quartzites,  and limestones. 

“ T h e  contacts  between the Halifax, White R o c k ,  Kentville, and 
Torbrook formations are  gradational.” T h e s e  formations “ ... re- 
present more or l e s s  continuous accumulation, from Ordovician 
through Lower Devonian time, of about 19,000 feet of marine- 
shelf sediments and minor volcanics” (Smitheringale, 1960, p. 7). 

1 Mafic Sills and Dykes ,  and Granite 

The ear ly  Pa laeozoic  metamorphic rocks were intruded by many 
mafic sills and dykes prior to intrusion of a large granite batholith during 
the Lower and/or Middle Devonian. Although several  different types  of 
granite are present, this  rock is typically a quartz-feldspar-biotite granite 
with large phenocrysts of feldspar. 1 

Horton Group 

An erosional surface was  formed on lower and middle Palaeozoic 
rocks before the deposition of Lower Mississippian Horton rocks. The lower 
one-third to one-half of the Horton Group cons is t s  of interbedded conglomer- 
a t e s ,  gri ts ,  sands tones  and minor amounts of si l tstone and shale.  These  
strata have abundant plant remains. The  middle one-quarter to one-third of 
the group is predominantly sha le ,  while the upper .one-fifth to  one-third of 
the group cons is t s  of sha le ,  with interbedded gr i ts  and sandstones.  

“The  lenticular nature of s t ra ta ,  current ripple-marking, cross-  
bedding, channelling phenomena, and other properties common .to 
the Horton Group are character is t ic  of fluviatile depos i t s”  
(Crosby, 1962, p. 35). 

Crossbedding, current ripple-marks, and provenance of coarse  consti tuents 
indicate that their source was to the south. 

Mesozoic 

Fundy Group 
I 

Underlying the Annapolis-Cornwallis Valley and forming the North 
Mountain highland are several  of the formatians (The  Wolfville and Blornidon 
formations, the North Mountain Basa l t  and the Scots Bay Formation) in- 
cluded in the Tr i a s s i c  Fundy Group (Klein, 1962). These  Tr iass ic  rocks dip 
4 to 1 2  degrees to the northwest towards the Bay of Fundy and overlie with 
angular unconformity the deformed Palaeozoic rocks forming the South Moun- 
tain highland. 

Wolfuille and BIomidon Formations. The Wolfville Formation underlies 
the Annapolis-Cornwallis Valley and increases  in thickness northward across  

I 
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the outcrop belt t o  a maximum of over 3,000 fee t  in p laces  a t  t h e  base of t he  
North Mountain scarp  (Smitheringale, 1960). This formation is composed of 
interbedded red and grey conglomerates, sandstones,  s i l t s tones ,  and clay- 
s tones .  The  sands tones  and conglomerates are poorly sorted, cross-stratified, 
contain intraformational claystone and s i l t s tone ,  and show lateral changes 
in stratif ication, composition, and thickness.  

The  composition of the Wolfville Formation may vary widely from 
place  to place ( s e e  Table  2). Although the formatian h a s  been described a s  
being composed almost entirely of coarse  c l a s t i c s  (Klein, 1962, p. 1130), 
the majority of the section in some p laces  is made up of si l ty sandstone, 
arenaceous s i l t s tone ,  s i l t s tone  and claystone. 

Logs  of surficial  deposit  test-holes also provide s o m e  information 
on Tr i a s s i c  rocks because they a re  dril led through the surficial  depos i t s  and 
10 to 15  feet  into bedrock. Of one  hundred a n d  s ix  surficial  test-holes which 
penetrated bedrock within the Wolfville Formation, 55 per cent  penetrated 
relatively clean sandstone and conglomerate first; and 45 per cent pene- 
trated sil ty sandstone, arenaceous s i l t s tone ,  s i l t s tone  and  c lays tone  first. 
The  probable explanation for the fac t  that the finer-grained rocks  do  not 
appear often in outcrop is that these  rocks a re  more eas i ly  eroded, and the  
result ing depressians have been filled with surficial  depos i t s .  

Tab le  2. Information from test-holes in Tr i a s s i c  rocks, Annapolis- 
Cornwallis Valley 

~ ~ 

TEST- TOTAL COMPOSITION OF BEDROCK (per cent) 

NO. DEPTH PENETRATED SANDSTONE AND ARENACEOUS SILTSTONE, 
AREA HOLE TOTAL BEDROCK SILTY SANDSTONE, 

(feet) (feet) CONGLOMERATE SILTSTONE AND 
CLAYSTONE 

Canning 250 711 68 1 85 . 15 

Sheffield 
Mills 135 301 276 58 

Village 211 280 2 72 28 
Steam Mill 

42 

72 

Kentville 216 435 423 55 45 

Berwick 200 ,705 6 75 41 5 9  

Digby 99 255 242 66 34 
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T h e  Blomidon Formation, which overlies t h e  Wolfville Formation, 
forms the flank of North Mountain and may be over 1,600 feet thick i n  p laces  
(Smitheringale, 1960). The  Blomidon Formation cons is t s  of even-bedded, poor- 
ly sorted sandstone,  thinly laminated claystone, and thin- t o  medium-bedded 
s i l ts tone.  Two fac ies  are  designated within t h e  Blomidon Formation: a Del 
Haven Facies for t h e  even-bedded Blomidon (along t h e  west  s i d e  of t h e  Minas 
Basin,  Fig. 8) -and a Digby F a c i e s  (found within the Valley a t  Central Clar- 
ence) “where t h e  Blomidon is characterized by channel  stratif ication and a 
larger variety of primary structures” (Klein, 1962, p. 11 33). 

FIGURE 8. Del Haven Facies  of the Blomidon Formation, Cape 
Blornidon (photo courtesy of N. S. In/ormation Service). 

Sandstones within the  Wolfville and Blomidon Formations can b e  
classif ied into a variety of rock types.  These  include arkose,  low-and high- 
rank greywacke, and ortho-quartzite in Krynine’s classification. Klein (1962) 
h a s  explained th i s  diversity a s  result ing from the  variety of rock types  in 
t h e  provenance - t h e  South Mountain highland. 

Coarse- to  medium-grained c las t ic  rocks  of the Wolfville and Blomi- 
don Formations represent alluvial fan, transit ion zone alluvial  fan-flood plain,  
and some d e l t a i c .  deposit ion; t h e  even-bedded s i l t s tones  a n d  claystones 
represent lacustr ine deposi t ion (Klein, 1962). 
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Although now c lass i f ied  as two formations, this  entire sedimentary 
section could be described as one  formation with two t ime  equivalent facies - 
a coarse  c las t ic  fac ies  more prevalent in the  lower part of the sec t ion  and  
an  even-bedded, s i l t s tone  and claystone facies more prevalent in the upper 
part of the section. A complete separation of fac ies ,  however, would re- 
quire many contac ts  which would include numerous l enses  and wedge-outs 
along the Tr iass ic  outcrop belt. With the limited information available at 
the present t ime,  it seems more reasonable to draw a boundary at the strati-  
graphic horizon which represents the  major shift  in fac ies ,  continuing to  
call the upper unit the Blomidon Formatian and the lower unit the Wolfville 
Formation. Separation of the units in th i s  manner a l so  h a s  practical  value 
when attempting to evaluate hydrostratigraphic units. 

North Mountain Basalt .  Capping North Mountain and conformably 
overlying the Blomidon Formation a re  a se r i e s  of basalt  flows known as the 
North Mountain Basa l t  (Powers ,  1916). Klein (1957) h a s  shown that t h e s e  
are tho1eiiti.c basa l t s .  The number of flows varies from seven  near Middleton 
(Smitheringale, 1960) to  s ix t een  near the  Minas Basin (Klein,  1962). Columnar 
jointing is well developed in  many p laces ,  and seve ra l  o f  the  flows are abun- 
dantly amygdalicdal. A large variety of minerals a re  present in the amygdal- 
oidal part of t he  basa l t  and as joint f i l l ings.  Zeo l i t e s  and various forms of 
quar tz  a re  commonly found. 

Scots Bay Formation. Disconformably overlying the  basa l t ,  and pre- 
s e n t  only in smal l  a reas  near Scots Bay, is the Scots Bay Formation. Th i s  
f0rmati.m “cons i s t s  of fine-grained c las t ic  . rocks  interbedded with l imestone, 
jasperoid, and chert” .(Klein, 1962, p. 1134. The Sco t s  Bay Formation is 
menti,oned he re  only to complete the stratigraphic sec t ion  within the area of 
investigation. 

I 
Surficial Deposits 

Surficial depos i t s  have been mapped in the Annapolis-Cornwallis 
Valley,  in the  Gaspereau Valley,  and-  on North Mountain in the vicinity of 
Port George and Margaretsville (Map l ) . .  These  depos i t s  may be over 200 
feet thick in some bedrock depressions,  but .are generally thin and  may be 
missing along bedrock highs. Most of the surficial  debris,  including s o m e  
estuarine depos i t s ,  were deposited during the P les tocene  Glaciations.  Till 
is the most wide-spread g lac ia l  deposit ,  but the la rges t  m a s s  of g lac ia l  
materials are of glacia-fluvial origin. Recent depos i t s  a r e  generally con- 
fined to streams and  es tuar ies .  

P le i s tocene  

Glacio- Fluvial Deposi ts  

Glacio-fluvial depos i t s  may be classified into two main groups: 
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ice-contact stratified drift, and outwash. I ce  -contact stratified drift em- 
braces  a group of depos i t s  ... built ice’‘ 
(Flint ,  1957, p. 137). Included in this group of depos i t s  a re  kames, kame 
fields,  kame te r races ,  ice-dammed lake deposits;  and  eskers.  Outwash is 
“stratif ied drift that is stream built beyond the glacier i t se l f”  (Fl int ,  1957, 
p. 136). In the Annapolis-Cornwallis Valley outwash was deposited in ex- 
tensive outwash plains,  in some linear bedrock valleys,  and a s  de l t a i c  fans  
in bodies of water which .existed during deglaciation. 

in immediate contac t  with wasting 

Kames and Kame Fields. Kames are  indieidual h i l l s  or mounds of 
sorted silt, sand and  gravel. Groups of such hi l ls  a r e  termed a kame field or 
Kame complex. A kame complex occupies much of t he  eas te rn  and central 
Annapolis-Cornwallis Valley. Kame material is  also present along secondary 
depress ions  in  the  Valley near the Minas Basin,  in  many of t h e  tributary 
valleys along South Mountain, sca t te red  along North Mountain, and along 
the south s ide  of the  Gaspereau Valley. 

The  composition and internal structural of kame material depends 
on the nature of the material carried by the glacier and on the amount of 
reworking by running water. Along the flank of South Mountain, kames in- 
clude a wide range of materials from silt and c lay  to boulders many feet in 
diameter (Fig. 9) .  Poorly sorted and weakly stratified material a l te rna tes  
with sorted beds  of sand and  gravel. Good examples of this type of kame 
deposit can be seen  in gravel p i t s  a t  Eas t  Tremont (Fig.  10). 

Near the center of the Valley, the bulk of kame material con- 
sists of well sorted arid stratif ied sand. Gravel l enses  a re  much less com- 
mon and boulders very rare. An example of a well sorted and s t ra t i f ied  de- 
posit can be seen  in sand  p i t s  along a discontinuous ridge of sand  and 
gravel (possibly an “open channel” esker deposit)  which extends from 
Aylesford to North Kingston (Fig. 11). Statist ical  measures for a sample 
from th i s  deposit (21 A 15 C 107 K a ) are reported in table 13. Test- 
hole  48, sec t ion  N-0, figure 12, and test-hole 58, sec t ion  I-J, f igure 1 2  were 
drilled through this deposit. Other examples of the nature of kame materials 
can  be s e e n  in  the logs of test-holes 31, 24, and 25, .section E-F, figure 13. 

Kame Terraces. A kame terrace is composed of sand  and gravel de- 
posited between a melting mass of ice and the s ide  of a valley. A s  a result ,  
the  deposit  commonly h a s  a relatively flat  sur face  and is slumped where i t  
bordered the  i ce  m a s s .  If t he  sand  and gravel were deposited partly over  ice,  
a kame and  ke t t le  topography would result ,  and the  typical form of a te r race  
would b e  obscured. P a r t s  of the kame fields along the  flank of South Mountain 
probably had  this origin. T h e  only well defined kame terrace within the  a rea  
of investigation, however, has  a maximum width of about 1,000 feet and  ex- 
tends  for four m i l e s  southwest of Port  George along the Bay of Fundy (see 
Map 1). 
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FIGURE 9. Granite boulder in kame near Bridgetown 
(21 A 14 B 73 F).  

FIGURE 10. Poorly sorted kame deposit at East  Tremont 
(21 A 15 C 65 L). 
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FIGURE 11. Open channel ( t )  esker deposit at North 
Kingston (21 A 15 C 106 0). 

Ice-Dammed Lake Deposits.  At Melvern Square, a temporary lake, 
dammed by stratif ied drift and ice,  existed during ablation of the las t  ice 
sheet. Deposits in t h i s  lake are typically reddish brown, thinly laminated beds  
of very fine sand and silt. Because  these  deposits have different hydrologic 
properties than  other stratif ied drift deposits,  t he  approximate area of the  
lake  is shown on map 1. At the  boundaries of the lake, t he  lacustrine sedi-  
ments interfinger and grade into coarser c las t ics .  The  main source o f  sedi-  
ment for the  lake probably came from the same meltwaters which depos i ted  
the ridge of stratif ied drift east of Melvern Square (Hickox, 1962). 

Eskers.  Eskers ,  which are usually the depos i t s  of sub-glacial 
channels, are i cecon tac t  depos i t s ,  but have  been mapped separately because 
of their dist inctive form. Eskers are abundant at  several  p laces  in the  Anna- 
polis-Cornwallis Valley. The trend of most of them parallels the present 
drainage, suggesting that drainage along the Valley was established soon 
after dissolution of the  i c e  mass began. 

Eskers  generally a re  influenced more by running water than kames, 
and so usually exhibit. better sorted beds than other ice-contact stratif ied 
drift. The  composition of eskers ,  as kames, is influenced by the material 
available. Gravel and boulders a re  common components of e ske r s  along the  
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(Sectlonr arc locoled on Mopl )  

FlGlJRE 12. Surficial deposit test-bole cross-sections 1-1 and N-0. 

flank of South Mountain (e.g.,, the  e s k e r s  east of Nictaux F a l l s ,  21 A 14 D 
47 and 48). In contrast ,  eskers  in  the  center  of t h e  Valley may cons is t  
almost entirely of wel l  sorted sand with only occasional  l e n s e s  of pebbles. 
T h i s  is particularly character is t ic .  of the e s k e r s  between Auburn and  King- 
ston. 

Outwash Plain. An extensive outwash plain occupies  much of t h e  
cent ra l  part  of t h e  .Annapol isCarnwall is  Valley between Berwick and Law- 
tencetown. Dther  areas of outwash a r e  found scat tered through t h i s  Valley 
and t h e  Gaspereau Valley. Outwash is usually assoc ia ted  with and may over- 
lap the  kame f ie lds  from which g lac ia l  meltwater discharged. Outwash of ten 
overl ies  till o r  bedrock a s  shown i n  sec t ion  1-3 and N-O, figure 12. From 
Wilmot westward, outwash commonly overl ies  es tuar ine  deposi ts .  of silt and 
c lay  (Sec.  P-Q, Fig. 1 4  and Fig. 15). 
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FlGURE 13. Surficial deposit tes t -bole  cross-sect ions E - F  and L-M. 

Outwash usually c o n s i s t s  of well stratif ied and cross-bedded 
fine to coarse  sand. F i n e  to medium sand  predominates near the late glac- 
ial estuary at the western end of the Valley. Where the  outwash was  tem- 
porarily submerged, it was  sometimes reworked into offshore sand bars  
(Fig.  16). Near the headwaters of meltwater discharge,  gravel is often inter- 
bedded with sand. Gravel may a l so  be found in the subsurface beneath an 
outwash plain which i s  sandy at .the surface,  indicating that the volume and  
velocity of water aggarding the  plain decreased with time. Outwash, com- 
posed predominantly of cobble gravel,  spread a s  a fan northward from Nict  
.taux Falls (test-holes 65 to 67, Sec. P-Q, Fig. 14 and Fig. 17). 

Outwash V a l l e y s .  Meltwater discharge i n  some kame f ie lds  followed 
linear bedrock val leys .  In  t h e s e  val leys  (outlined in  Map l ) ,  a considerable  
th ickness  of outwash accumulated. Test-holes dril led in outwash val leys  re- 
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F I G U R E  14. Surficial deposit  tes t -bole  cross-sect ions P-Q and R-S. 

vea l  t he  greater than average accumulation of stratif ied drift ( test-hole 5 2 ,  
Sec. 1-J, Fig. 1 2 ;  test-hole 41, Sec. N-0,  Fig. 12; test-hole 79, Sec. G H ,  
Fig. 28 and Sec. L-My Fig. 13). In some outwash va l leys  surface drainage 
d o e s  not exist a t  t he  present t i m e  (e.g., Tremont); in others only underfit 
s t reams remain (e.g., Rockland Brook). Outwash probably ex tends  beyond 
these  val leys  beneath recent alluvium. 

Outwash Deltas.  Deltaic fans of outwash were deposi ted by glac ia l  
meltwaters in a few p laces  along the  b a s e  of South Mountain. The  approximate 
depth of the  late g lac ia l  submergence is indicated by the  flat  surface of t h e s e  
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FIGURE 16. Parallel sand bars over  till  and estuarine depos i t s  at 
Brickton (21 A 14 D 31 F). 
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FIGURE 17. Sand and gravel outwash at Nictaux (21 A 14 D 46 K). 

FIGURE 18. V i e w  eastward of outwash delta ut Walbrook 
(21 H 1 B 74) .  
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deposits.  In gravel pits ,  long foreset bedding is exposed with beds  generally 
extending severa l  t e n s  of feet (Fig. 18). The  de l tas  were  deposited rapidly 
because  they include many beds of sand and gravel which a re  only moder- 
ately well sorted. With t h e  disappearance of t h e  body of water, s t reams which 
formerly aggraded the  de l t a s  became incised. Good examples of outwash 
de l t a s  can be seen  a t  Walbrook in the  Gaspereau Valley, and at Round Hill 
e a s t  o f  Annapolis Royal. 

Till  

Ti l l  mantles much of the remainder of the Valley and underlies 
stratified drift in places.  It var ies  in thickness from a few feet to severa l  
t ens  of feet (Sec. N - 0 ,  Fig. 1 2  and Sec. R-S, Fig. 14). Ti l l  rarely overlies 
significant th icknesses  of stratified drift, although inclusions of stratified 
drift are found occasionally.  Where till and estuarine depos i t s  are present 
in the same section, t i l l  is always subjacent the bedded silt and clay. 

The composition of t i l l  depends on the nature of the subjacent 
bedrock because  most till is reworked bedrock with an admixture of material 
from more distant sources.  For example, the  till overlying the Blomidon 
Formation is of a heavier texture than till  overlying the Wolfville Formation. 
The  difference in composition i s  reflected in grain s i z e  ana lyses  of the 
Pelton Clay loam, typical of a till soil mantling the Blomidon Formation, 
and the Woodville sandy loam, typical of a till so i l  mantling the  Wolfville 
Formation (Tab le  3). (These  ana lyses  and those  f o r  other soils in the  An- 
napolis-Cornwallis Valley a re  given in Harlow and Whiteside, 1 9 4 3 , ~ .  75-88.) 

Table  3. Grain Size Analyses for  Two Till Soils 

P E L T O N  CLAY WOODVILLE SANDY 

LOAM LOAM 
(C-Horizon) (C-Hor i zon) 

% > 1  .O mm. 

% sand (1.0 - 0.05 rnm.) 

% silt (0.05 - 0.002 mrn.) 

% c lay  (<0.002 mm.) 

4 

34 

45 

17 

10 

5 9  

21 

10  
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Abundant basa l t  boulders a re  common in till a t  the base  of North 
Mountain; abundant granite and quartzite boulders are usually present in 
t i l l  along the flank of South Mountain. 

Estuarine Deposi ts  

Estuarine silt and clay a re  present a t  the western end of the Valley. 
Bailey (1896, p. 21) has  reported bands of marine she l l s  and star-fishes 
(Ophiopholis) in the c lay  at Middleton, establishing the  estuarine origin of 
these  deposits.  These  depos i t s ,  however, do not uniformly mantle the floor 
of the Valley west of Wilmot. In fact , .  they often a l te rna te  in a patch work 
with till deposits.  

A considerable thickness of estuarine depos i t s  is present in some 
p laces  with 64 feet recorded in test-hole 68 a t  Nictaux and 90 feet in the 
log of a water well at Tupperville. Th i s  large volume of sediment can  be 
accounted for by considering that the estuary was the  se t t l ing  basin for 
the large volume of fine material carried in suspens ion  by g lac ia l  meltwater. 
Th i s  type of sedimentation is recorded a l so  in the Gaspereau Valley in 
test-holes 224-227 (Appendix A). 

Estuarine depos i t s  a r e  almost always red or reddish-brown in 
colour. A moderately stiff c lay  is the dominant component in most .places.  
For example, the C-Horizon of the Fash  Clay is typically 13 per cent sand ,  
28 per cent s i l t ,  and 59 per cent clay (Harlow and Whiteside, 1943, p. 87). 
Near the boundaries of the es tuar ine  depos i t s ,  silt and very fine sand  are 
often more abundant a s  thin laminations. A good example of th i s .  can  b e  
seen  a t  Nictaux West (21 A 1 4  D 28 G ). 

Recent 

Weathered Sandstone 

Weathered sands tone  is present as  the  surficial  material in some 
parts of the Valley where g lac ia l  depos i t s  are thin or missing. The weathered 
sands tone  residuum is more poorly sorted than typical glacio-fluvial mater- 
ial ( s e e  Table 13), and grades downward within a few feet into unweathered 
rock. 

Weathered sands tone  cannot be distinguished from sandy till on  
aer ia l  photographs. Therefore, t hese  depos i t s  could be mapped only on the 
b a s i s  of a reconnaissance survey on the ground, and some of the  a rea  mapped 
as weathered sands tone  undoubtedly conta ins  some sandy till. P l a c e s  
where the  presence of sands tone  can  eas i ly  be determined have been marked 
with a n  X on map 1. 
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Peat and Muck 

35 

Following deglaciation, many flat or sl ightly depressional a r eas  
with.poor drainage began to fill with peat and/or muck. T h e  most extensive 
a reas  of peat and muck accumulated in  the  central part of t he  Valley, com- 
monly over outwash sand and gravel. They are  important for two reasons: 
commercial quantit ies of peat may be present, as in  the  c a s e  of t he  Caribou 
Bog, and the  accumulation of vegetable matter may give a “boggy” taste 
and smell to groundwater in adjacent surficial aquifers. 

Aeolian Deposi ts  

Hickox (1962) has  mapped several  irregular sand hi l ls  and several  
long, sinuous sand ridges in the central  Annapolis Valley as sand  dunes. 
However, considering the shape  of the sand bodies, their internal structure 
(which includes pebble lenses),  and their textural characterist ics ( s e e  
discussion, Appendix B), they a re  not likely aeolian in origin. The  long 
sinuous sand ridges a re  probably e ske r s  and the irregular shaped sand 
hi l ls  are probably kames. Wind action h a s  m o s t  likely been confined to 
p laces  where vegetation h a s  been stripped from sand and gravel recently 
by man’s activit ies.  Th i s  has  been the cause  of dune formation in south- 
western Maine (Bloom, 1960), and has resulted in the formation of venti- 
facts in a sand pit north of Kingston in the Annapolis Valley (Hickox, 1959). 

Hickox (1962) has reported that up to 6 feet of l oes s  i s  present on  
the southeast  s ide  of the Annapolis Valley. The  writer was unsuccessful 
in locating these  depos i t s  of loess .  Some wind deposited material is un- 
doubtedly present in p laces ,  but most likely i t  has been altered by soil  
forming processes.  

Stream Alluvium, Dykeland, Salt Marsh and Tidal Flat 

Recent alluvium occupies the flood p la ins  of major s t reams and 
their tributaries in the Valley. The  -nature of alluvium depends primarily 
on the composition of the material through which the streams have cut. 
Alluvium is composed of silt and clay where streams have eroded through 
till end estuarine deposits.  Alluvium includes sand  and gravel where strati-. 
fied drift h a s  been eroded. For example, test-hole 80 (Appendix A )  is in 
point-bar depos i t s  of the Annapolis River flood plain. In the center of the  
Valley, recent alluvium may overlie coarser and better sorted beds  of out- 
wash (test-hole 76, Sec. G-H, Fig. 28, and test-hole 56, Sec. I-J, Fig.  12). 

The  tidal e s tua r i e s  of the larger streams draining the Annapolis- 
Cornwallis Valley have been dyked to form rich pastureland (Map 1). Dyke- 
land cons i s t s  of clay, silt, and sand deposited under the influence of both 
stream and tidal currents. Tes t -hqles  38, 136, 138, and 223 (Appendix A) 
have been dril led in dykeland. Note tha t  in s a n e  cases (test-holes 38 and 
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138). outwash: may b e  present beneath heavy textured dykeland deposi ts .  

Active deposition is s t i l l  taking place on the present sa l t  marsh 
and t idal  f lat  beyond the protection of dykes.  

Structure 

T h e  Acadian orogeny created tight, .northeast  trending folds and 
a near ver t ical  c leavage  in Lower Devonian and younger rocks (Smitheringale, 
1960). Then,  mafic sills and dykes intruded t h e s e  rocks; th i s  event was 
followed by faulting and intrusion of the granite batholith in the la te  Lower 
or Middle Devonian. 

Rocks  of the Horton Group were deposited on an erosional sur- 
face and subsequently folded but not metamorphased. 

Following the uplift and erosion of the Pa laeozoic  rocks,  T r i a s s i c  
rocks were deposited and subsequently deformed into a broad structural  
basin which is faulted in several  places.  For  example,, several  large faul ts  
have displaced North Mountain where wind g a p s  and water g a p s  now exist  
southwest of the map area.  

Near Kentville, Klein (1957) has  described the New Ross Road 
fault  which h a s  juxtaposed Tr i a s s i c  rocks and Halifax s l a t e s  along Dodge 
Brook. T h e  fault  plane is not visible,  but Crosby (1962) estimates a d is -  
placement of 400 feet neaf Kentville and 1,000 feet at the continuation of 
the fault at Kingsport (his  evidence there is repetition of beds) 

An outcrop of  T r i a s s i c  rocks h a s  been discovered (21 H 1 B 61 
C ) in  an area assumed to be  s la te  by Klein (1960) and Crosby (1962). 
T h i s  reduces  but d o e s  not e r a se  the stratigraphic displacement. However, 
the juxtaposition of s l a t e  and sandstone does  not necessar i ly  mean a faul t  
exis ts .  The  pre-Triassic erosional surface most likely had some relief. Per- 
haps,  therefore, Dodge Brook now closely follows a pre-Triassic valley,  
and the dip of sands tone  beds to the east (observed by Klein, 1960) may 
reflect  the original dip. There is not enough evidence, however, to prove 
either hypothesis.  

Geomorphology 

Following the formation of the Tr i a s s i c  structural  basin,  there 
was  a period of erosion which produced a peneplain in t h e  Cre taceous  
throughout eastern North America (Goldthwait, 1924, p. 40). Since then, 
a second cycle  of erosion, init iated by regional uplift, h a s  produced low- 
lands in  belts of weaker rocks and left the more resis tant  rocks as uplands. 
Early in the second cycle  of erosion, drainage was  establ ished along the 
present Bay of Fundy (Goldthwait, 1924, p. 44) but some s t reams probably 
flowed across  the present  Annapolis-Cornwallis Valley and  through North 



NOVA SCOTIA DEPARTMENT OF MINES MEMOIR 6 37 

Mountain where there are now wind gaps  and water gaps.  Subsequent streams 
have s ince  eroded the relatively weak rocks of the Wolfville and Blomidon 
Formations and have captured the drainage which formerly c rossed  the  
Valley. Relative sea level sometime during the second cycle of erosion was  
more than 100 feet below i ts  present leve l  because the bedrock depress ions  
near the Minas Bas in  a re  now mote than 100  feet below s e a  leve l  (Fig. 4). 

In New England, the bedrock topography today is essent ia l ly  the 
same a s  it was  prim to the Pleistocene epoch (Shafer and Hartshorn, 1965), 
and the same is probably true in western Nova Scotia. T h e  pre-Pleistocene 
relief, however, h a s  been decreased by glacio-fluvial and recent es tuar ine  
depos i t s  which have aggraded the floors of the valleys in response  to the 
r ise  in s e a  level.  

A. case of stream capture by Dodge Brook south of Kentville and 
several  cases of drainage chahges due to g l ac i a l  depos i t s  in the Annapolis- 
Cornwallis Valley are cited in Trescott  (1.967). 
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HYDROLOGY 

Hydrostratigraphic Units 

Introduction 

A hydrostratigraphic unit is defined as a graup of geologic mate- 
rials which have s imi l a r  water-bearing properties. In many c a s e s ,  a forma- 
tion, such a< the Blomidon Formation, is a l so  a hydrostratigraphic unit. In 
other c a s e s ,  several  formations, such a s  those including the early Palaeo-  
zoic  metamorphic rocks, have been grouped together into one hydrostrati- 
graphic unit. 

In this  sect ion the occurrence of groundwater in each  hydrostrati- 
graphic unit will be d iscussed  along with the  yields  which may be expected 
from wells  constructed in  these units. 

Hydraulic Properties of Aquilers 

Several pump tests were run to determine the hydraulic properties 
of some surficial  and bedrock aquifers. Analyses  of three of the pump tests 
are given in Appendix D. Pump test procedures and  various formulas for 
determining hydraulic properties of aquifers are descr ibed elsewhere ( s e e ,  
for example, Walton, 1962, and Jones ,  1963). 

T h e  hydraulic properties commonIy determined from pump tests a re  
the coefficients of transmissibility and storage. The coefficient of trans- 
missibil i ty (often shortened to transmissibility T )  of an aquifer is defined 
a s  the rate of flow of water in gallons per day through a vertical s t r ip  of 
aquifer 1 foot wide under unit hydraulic gradient (Fer r i s  e t  al. 1962). In th i s  
report it has  the units of imperial gal lons per day per foot (igpd/ft). The 
transmissibility is equivalent to the saturated thickness  of the aquifer in 
feet t i m e s  the permeability P. Permeability is defined as  the rate of flow of 
water through a 1 square foot cross-sect ion of aquifer under a gradient of one 
foot per foot. 

The coefficient of storage S is defined a s  the volume of water the 
aquifer re leases  from or takes  into s torage per unit surface area of the aqui- 
fer per unit change in the component of head normal to that surface (Theis ,  
1935). Under water-table conditions where water is re leased  from storage by 
partial drainage of the aquifer in the vicinity of the well, the coefficient of 
s torage eventually becomes equal to the specific yield of the aquifer. The 
spec i f ic  yield is defined a s  the ratio of the volume of water that  can be ob- 
tained by gravity drainage of a material to the total  volume of the material. 
Under artesian conditions, where the aquifer is not actually drained, water 
re leased  from storage is derived chiefly from compression of the aquifer ske l -  
e ton and  to a l e s se r  degree from expansion of the water i tself .  

Discussion of the Aquifer Map 

The aquifer map (Map 2) was prepared to accompany the discussion 
of hydrostratigraphic units.  The boundaries of the bedrock hydrostratigraphic 
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uni ts  a re  the same a s  the corresponding geologic boundaries on map 1 except  
for the Wolfville-Blomidon boundary. T h i s  boundary was  drawn where the 
surface elevation is about 200 feet above the  uppermost sands tones  of the 
Wolfville Formatian. Thus ,  a well drilled near  th i s  l ine should encounter 
fairly good sandstone aquifers a t  a depth of about 200 feet. South of this  
l ine,  sandstone aquifers will be found increasingly c lose  to the surface.  
North of th i s  l ine the depth to good aquifers will increase  rapidly as  the to- 
pography r i s e s  along the North Mountain scarp. Elsewhere in the  outcrop belt  
of the Wolfville Formation, bedrock may be found anywhere from the surface 
to a depth of almost 200 feet, depending on the thickness  of surficial  de- 
posi ts .  The  first  bedrock encountered, however, may be s i l ts tone and clay- 
s tone,  but interbedded sandstones and conglomerates should be present  at 
greater depth. 

Isopachs of the probable thickness  of saturated sand and gravel are  
given on map 2. The  true thickness  of saturated sand  and gravel is often un- 
known because all of the control is from limited test-hole information, and 
interpolations between test-hole values  a re  based  on judgment and on the 
distribution of surf ic ia l  deposi ts .  The zero isopach is the  only one which can  
be taken as  approximately correct s ince  th i s  l ine generally represents  the  
boundary of the  surficial  sand  and gravel deposits.  Some small i so la ted  
kames are not shown on the map because  they have almost no potential  as 
aquifers. T h e  reader should refer to the Summary, Recommendations and  Con- 
clusions for recommendations concerning use  of information on t h e  saturated 
thickness  of sand  and gravel. 

On map 2, t h e  depth to the water-table, in feet, is given for numer- 
ous  p laces  in the Annapolis-Cornwallis Valley and along the adjacent  moun- 
tains. Most of the information is from dug wells,  irrigation pi ts ,  and test- 
holes  which were measured in t h e  middle to late summer during t h e  course 
of field work. T h e  water-table generally follows the topography and is usual-  
ly  c lose  to the surface in mater ia ls  of low permeability because  s t e e p  ground- 
water gradients a re  possible.  T h e  w a t e r t a b l e  often d o e s  not follow the  
topography c lose ly  in mater ia ls  of high permeability because  groundwater 
gradients are  more gentle. Thus,  some general s ta tements  can b e  made con- 
cerning the depth of the water-table in  various p laces  in  the a rea  under 
study. 

The  water-table is seldom greater than 1s feet and is commonly 
less than 10 feet below the surface under the following circumstances: along 
North and  South Mountains where bedrock of low permeability is overlain by 
till and where there is no extreme local  relief;  along the  Annapolis-Corn- 
Wallis Valley in a reas  underlain by t i l l ;  and in outwash sand and gravel 
where nearby s t reams have cut  only a few feet below the general land sur- 
face. T h e  depth to water may vary considerable,  and be as great  as 40 or 
more feet, where the topography is highly d issec ted  by-streams along the  
South a n d  North Mountain scarps .  Depths to water from 15 to 30 feet a r e  
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common beneath low sandstone ridges,  and in outwash where s t reams have 
cut  20 or more feet below the surface of the outwash plain.  The  grea tes t  
depths  to water a re  encountered in large kames which a re  usual ly  unsat-  
urated where they extend above the regional land surface.  

Bedrock Hydrostratigraphic Units 

Slates and Quartzzt es  
All of  the early Palaeozoic  rocks from the Goldenville Formation 

through the Torbrook Formation a r e  included in  th i s  hydrostratigraphic unit. 
These  formations include a variety of rock types  ( s e e  Table  1) which have 
been subjected to varying degrees  of metamorphism. They are  similar,  how- 
ever,  because they a r e  a l l  dense ,  and as a resul t ,  the  unfractured rock h a s  
a very low permeability and will  yield no significant amount of water to 
wel ls .  Fracture sys tems,  therefore, contribute the only important permeabil- 
ity in these  metamorphic rocks.  Metamorphic rocks a re  generally fractured 
or jointed in  at l e a s t  three different directions with usual ly  one or two joint 
directions more prominently developed than the  others.  T h e  openings between 
joints  tend to b e  small  except near the surface where weathering may have 
enlarged some of them. 

In slates, the most numerous joints  a r e  paral le l  to the  cleavage 
which is commonly near ver t ical  along the South Mountain highland. A s  a 
result ,  vertical  wel l s  will  penetrate relatively few of t h e  c leavage  joints 
and will  receive water predominantly from directions parallel  to the  s t r ike  of 
the  cleavage. 

In massive quartzi tes ,  joints  a re  less numerous but more evenly 
distributed in  various directions.  Vertical  wells,  therefore, will penetrate  
more of the avai lable  water-bearing fractures in massive quartzi te  than in  
s la te ,  but the total number of joints cut by a well may be similar in  both 
cases. In quartzi te ,  however, there will  b e  more tendency for water to move 
from all  directions towards a pumping well. 

In the nature of their jointing, probably all of the early Palaeozoic 
metamorphic rocks fall somewhere between the two end members, slate and 
massive quartzite.  Occasionally wel ls  may penetrate exceptional numbers of 
fractures in  fault zones  and in  the c r e s t s  of folds. If these  fractures have 
not been fi l led by secondary minerals,  greater than average water y ie lds  
from wells  may b e  expected. 

Yields  (based  on dril lers’ tes t s )  of thirty-six wel l s  in  the early 
Pa laeozoic  metamorphic rocks averaged about 3 1 / 2  imperial gal lons per  
minute (igpm) and range from less than 1 to 1 2  igpm. T h i s  is typical of 
yields  from wel l s  constructed in slate and  quartzi te  (Meinzer, 1923). It 
should be emphasized, however, that  drillers’ tests do  not necessar i ly  re- 
present  the maximum well yields.  Another consideration i s  that  most of these  
wel ls  a r e  for domestic u s e ,  and  for economic reasons they a r e  usual ly  not 
drilled deeper after a domestic supply ( a t  least 1 to 2 igpm) h a s  been as- 
sured. Meinzer (1923) s ta ted  that the nature of jointing in slates and quart- 
zites may justify dril l ing to a depth of 400 o r  500 feet (depending-on local  
experience) i n  a n  attempt to obtain a n  adequate  domestic supply.  
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Granite 
Permeability in granite is found almost entirely in  joints  except  

near  the present  bedrock. surface or in an.  ancient weathered zone where some 
intergranular permeability may exis t .  Weathered granite residuum at  the pre- 
sen t  bedrock surface h a s  commonly been reworked by glacial  act ion and i s  
considered in  the sect ion on till .  T h e  most common joints in granite a r e  near- 
ly parallel  to the regional surface.  Since these joints have resulted from re- 
l e a s e  of pressure on the granite,  they decrease in number with depth. 

The  yield of seven wel l s  in granite on South.Mountain ( a s  report- 
e d  by dril lers) averaged 9 igpm. In general ,  y ie lds  greater than those for 
slate and quartzite should not be expected, but exceptional yields  will b e  
encountered in places. For  example a well 86 feet deep in granit.e (21 A 
1 4  A 89 N ) was tes ted  at 45 igpm (probably not i t s  maximum yield). In 
contrast ,  a neighbour’s well in granite yields  barely enough for a domestic 
supply. This  si tuation i l lus t ra tes  the fact that a second well dri l ledseveral  
hundred feet from a “dry” well in granite may often be a s u c c e s s .  Several 
workers (summarized in  Meinzer, 1923) recommend that a well dri l led 200 
to 250 feet in granite without s u c c e s s  should be abandoned and another drill- 
e d  a 100 or more feet away with a good chance of obtaining a n  adequate  
supply. 
Horton Group 

The  Horton Group was  not investigated extensively because  i t  
underlies only a small  part of the area under study. Consequently, it i s  con- 
sidered a hydrostratigraphic .unit for this  report even though i t  contains rocks 
with different water-bearing properties. 

Though not metamorphosed, fine-grained s t ra ta  in  the H,orton Group 
(sha le  and s i l ts tone)  yield water to wel ls  through.joint systems in a manner 
similar to slate. The  coarser-grained strata (sandstone,  grit, and  conglom- 
erate) generally transmit water through. the original inters t ices  as  well a s  
through joints.  A s  a result ,  wel ls  in these rocks yield greater  quant i t ies  of 
water than if. the permeability were confined to fractures.  In some cases the 
coarser rocks have been s i l ic i f ied to quartzi tes  (Crosby, 1962, P. 311, con- 
siderably reducing their. effective porosity and permeability. 

The  lower beds of t h e  Horton Group underlie the Gaspereau Valley,  
and cons is t  mainly of coarse-grained water-bearing s t ra ta .  Water in  these  
aquifers i s  under enough .artesian pressure s o  . that  flowing wells a r e  common. 
Wells in these  Horton aquifers can b e  expected to yield from 10 to 100  igpm 
(Syd Trask,  personal communication). Wells penetrating only fine-grained 
Horton rocks probably will not yield much more than domestic suppl ies .  

Wolfville Formation 

The Wolfville Formation includes the most important bedrock aqui- 
fers  in the Annapolis-Cornwallis Valley. Although. containing many inter- 
bedded s i l t s tones  and claystones,  the Wolfville Formation is considered as  
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one hydrostratigraphic unit because  good water-bearing sands tones  and/or 
conglomerates may be penetrated almost anywhere within the boundaries of 
the formation. The  interbedded claystones and s i l t s tones  insure that water 
in the coarser c l a s t i c s  is under a r tes ian  pressure in  ,most of the formation. 

Movement of water in Wolfville sandstones and conglomerates is 
primarily through intergranular pore s p a c e s  and only secondarily through 
joints. The  transmissian of water through the rock, however, is limited be- 
cause  the rocks often cons is t  of poorly sorted sediments,  and the grains a re  
commonly cemented by secondary minerals. The  large range of particle s i z e s  
reduces the overall rock porosity and permeability because  pore s p a c e s  be- 
tween large par t ic les  a re  fi l led in by smaller grains. Of the remaining pore 
space ,  an average of 17  per cent is filled in by matrix minerals. Of th i s  17 
per cent,  an  average of 3 per cen t  is quartz and muscovite-sericite, and 1 4  
per cent is sparry ca lc i te  cement (Klein,  1962, p. 1137). Department of Mines 
dril lers have reported kaolinite,  an alteration of feldspar,  in  the matrix of 
severa l  Wolfville sands tone  samples.  

The  coefficients of transmissibil i ty (T)  and storage (S) for severa l  
aquifers in the Wolfville Formation a re  given in tab le  4. As an  example of 
the determination of T and S for an  aqui fe r  in the Wolfville Formation, a pump 
test ana lys i s  of  a well a t  M.W. Graves  Co. Ltd., Berwick is given in Appen- 
d ix  D. Note that the coefficient of storage h a s  nearly the same value for the 
three tests where an  observation well was available (an observation well is 
necessary  for an accura te  determination of S). From these  three tests at the 
eas te rn ,  central ,  and western par t s  of the Valley, i t  would appear s a fe  to 
predict that S for T r i a s s i c  aquifers anywhere in the Annapolis-Cornwallis 
Valley would be in the s a m e  order of magnitude a s  those  given in table 4. 

Table  4. Hydraulic Properties of 
Wolfville Forination aquifers 

COEFFICIENT OF 
OWNER OR TRANSMISSIBILITY COEFFICIENT OF 

AREA TEST-HOLE NO. T in(igpd/ft) STORAGE S 

Ca nri i ng 

Sheffie Id 
Mi l ls  

Berw i c k 

M.W. Graves 6,400 1.5 x l o 4  
Co. Ltd. 

135 5,200 

M.W. Graves 
Co. Ltd. 3,700 2.0 x 10 -4 

Bridgetown Acadion Distil lers 2,000 1.8 x l o 4  
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The  transmissibil i t ies,  however, a r e  more variable.  T h i s  should 
b e  expected because the coefficient of transmissibil i ty depends on the sat- 
urated thickness  of the aquifer penetrated by a well. In some cases open 
holes  were pumped so that  a l l  avai lable  zones with higher permeability were 
yielding water to the well. In other cases the holes  were cased  to prevent 
caving and only the better producing zones yielded water t o  the well through 
screens.  The  permeabili t ies of the producing zones ,  therefore, may be more 
similar in value than the transmissibil i t ies in table  4 would suggest .  

Where large volumes of water a r e  required, wel ls  200 to 400 feet 
deep  in  the Wolfville Formation should produce at least 100 igpm. Under 
ideal circumstances wel ls  with yields  of 500 or more igpm might be con- 
structed.  

Blomidon Formation 

The Blomidon Formation is a hydrostratigraphic unit  composed pre- 
dominantly of fine-grained rocks (s i l ts tone and claystone) which yield only 
small amounts of water, primarily through joints. Occasionally, thin,  inter- 
bedded sandstones a re  encountered which will  yield more water to drilled 
wells.  T h e s e  interbedded sandstones a r e  also important because groundwater 
moving down through t h e  Blomidon s t ra ta  is refracted along them to appear  
as springs. Springs a r e  not confined to one zone, but may be found at  almost 
any stratigraphic horizon somewhere along the North Mountain scarp.  

Near the boundary of the  Wolfville a n d  Blomidon Formations, most 
wel ls  a r e  drilled through the fine-grained rocks to the  more productive sand-  
s tones  of the Wolfville Formation. Most other  water suppl ies  from the Blomi- 
don Formation a r e  obtained by gravity feed from springs along the North 
Mountain scarp. Spring suppl ies  a r e  generally adequate for domestic and 
some farm needs ,  but they rarely yield enough water for irrigation. 

North Mountain Basal t  

Porosity a n d  permeability in the  lava flows of the North Mountain 
Basa l t  a r e  in joints and  the upper vesicular  part  of each flow. The  original 
openings, however, have been filled in to some extent with zeolite and quartz  
minerals. In many p laces ,  there i s  apparently poor hydraulic connection be- 
tween groundwater in  different zones in  the basa l t  because natural  water 
levels  may change many feet as  a well i s  dri l led deeper. For  example, during 
early drilling of  test-hole 133 (21 H 3 A 27 M ) near  Margaretsville, the 
natural  water level  was  very close to the  surface.  After completing the hole 
at a total  depth of 275 feet ,  the  natural  water potential  was  about 90 feet be- 
low the  surface. Test-hole  134,  dril led less than 100  feet away from tes t -  
hole 133, is 50 feet deep  and h a s  a water potential  only 5 feet below the 
surface.  (See a l s o  discussion in  sect ion on groundwater movement). 

Information on water yields  from basa l t  i s  based on wel l s  for do- 
mest ic  use.  Of sixty-seven tests reported in drillers’ records,  t h e  average 
yield was  5 1/2 igpm, ranging from less than 1 to 40 igprn. Test-hole  133  
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proved to be one of the best  wel ls  completed in basal t .  The  transmissibil-  
i t y ,  of the  185 feet of saturated basa l t  is 680 igpd/ft. The  average per- 
meability, therefore, i s  about 4 imperial gal lons per day per square foot 
(igpd/sq. ft.). The  safe pumping rate for this  well was  calculated to b e  40 
igpm. 

Surficial  Hydrostratigraphic Units 

Ice-Contact Stratified Drill 

Although composed predominantly of sand  a n d  gravel,  ice-contact  
s t ra t i f ied drift may not b e  a good aquifer because  of poor sorting a n d  lack 
of a n  adequate  saturated thickness.  T h e  poor sorting, which reduces the 
overal l  permeability from that of a uniform sand  or gravel,  resu l ted  from de- 
posit ion by g lac ia l  meltwater s t reams which fluctuated rapidly in direction 
a n d  in tens i ty .  T h e  more poorly sor ted deposi ts  a r e  found along the flank of  
South Mountain. 

The  major limiting factor to using ice-contact s t ra t i f ied drift a s  a n  
aquifer, however, is the limited saturated thickness.  For  example, i t  i s  
common along the flank of South Mountain to find that the  water-table i s  
actual ly  i n  bedrock beneath the kames  ( s e e  Fig.  19). It is likely,  therefore, 
that  no extensive sand  and  gravel aquifers  e x i s t  along the  flank of South 
Mountain. Local ly ,  however, sand  and  gravel may yield moderate suppl ies  
to dug wel ls .  

In t h e  Valley proper, it is generally safe to assume that t h e  water- 
table  beneath kames is approximately a t  the same elevation a s  nearby marsh- 
es and  streams. In South Berwick, for example, the  water-table may be 50 
or more feet beneath the  surface,  leaving from zero to a few tens  of feet sat- 
urated s a n d  a n d  gravel above bedrock. In s u c h  cir.cumstances, uti l ization of 
the  s a n d  and  gravel for wel ls  is restricted by the small avai lable  drawdown. 

T h e  only large depos i t s  of saturated s a n d  a n d  gravel a r e  found in 
bedrock valleys.  Comparison of the bedrock topography map (Fig.  4) with the  
saturated thickness  of s a n d  and gravel (Map 2) shows the  c l o s e  relation be- 
tween the  important surficial  aquifers and  the bedrock valleys.  The  main 
bedrock valley between Kentvil le and Waterville i s  f i l led with ice-contact  
s t ra t i f ied drift. T h i s  material i s  similar to outwash because stream act ion 
h a s  produced better sorted and  s t ra t i f ied depos i t s  than commonly found along 
the  flank of South Mountain. Aquifer character is t ics  of th i s  ice-contact 
stratif ied driff, therefore, will b e  t reated in  the  sec t ion  on outwash. 

0 u twas h 
Outwash generally contains  the best  sor ted sand  a n d  gravel aqui- 

fers. T h i s  resul ts  in  higher permeabilities than commonly found in ice-  
contact  s t ra t i f ied drift. Addi thna l ly ,  s i n c e  outwash s t reams were not con- 
f ined by g l a c i a l  i ce ,  outwash was  spread over  t h e  low parts  of the Valley 
where t h e  water-table is now generally within 10  feet of the surface.  There-  
fore, outwash a n d  the  ice-contact s t ra t i f ied drift filling bedrock val leys  
const i tute  the most important surf ic ia l  hydrostratigraphic unit. 
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FIGURE 19. Hypothetical example showing why sand and gravel 
aquifers are limited in thickness and areal extent 
along the flank of South Mountain. 
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Aquifer character is t ics  of several  sand and gravel aquifer$ a re  
given in table 5 .  The aquifer a t  Coldbrook is in a kame complex filling a 
bedrock valley.  The coefficient of s torage is typical of  unconfined aquifers.  
The  high transmissibil i ty indicates  that this  aquifer contains unusually well 
sorted gravel. In fact ,  this aquifer is the best  one tes ted in the Valley to the 
present  t ime. One well in the aquifer can  be pumped safely a t  about 1,400 
igpm or 2,000,000 imperial gal lons per day. 

T h e  gravel outwash aquifer a t  Greenwood is a l s o  a n  excel lent  one,  
but the saturated thickness  is only 18 feet. T h i s  rules out the use  of large 
production wel ls ,  but a ser ies  of individual low yield wel ls  could be spaced 
fairly c l o s e  together and their yields  combined to produce a large volume of 
water. For example, it was  determined 'that individual s a n d  points pumped a t  
30 igpm could be spaced only 50 feet apart  at Greenwood with no s ignif icant  
interference. In the future, large s c a l e  uti l izatian of groundwater in the out- 
wash plain will probably be confined to th i s  method of production because  
of the limited saturated thickness  of t h i s  aquifer (see Map 2). 

Table  5 .  Hydraulic properties of several  
sand and gravel aquifers 

OWNER OR 
A R E A  T E S T - H O L E  T P S 

Coldbrook Scotian Gold 85,000 1,400 2.7 x 1 OS2 

Greenwood Munic ipal i ty  of 

I NO. (igpd/ft.) (igpd/sq. ft.) 

Kings Co. 35,000 2,000 3.6 x I 

South 

Berwick 

Trernont 

Middleton 

89 12,000 1,200 1.9 10-3 

91 52,000 1,000 3.1 x 10 -4 

80  50,000 2,000 1.9 x 10 -3 

Pump tests were conducted on aquifers in outwash val leys  a t  South 
Berwick and Tremont. Note that in both c a s e s  the coefficient of s torage is 
smaller  than the values  for Coldbrook and Greenwood. T h i s  is a resul t  of 
s i l t  and  clay beds which create  leaky ar tes ian conditions io  these  two aqui- 
fers. The  gravel aquifer a t  South Berwick is better sorted and, therefore, 
has  a higher permeability than the aquifer at Tremont. Th i s  i s  explained by 
the fact  that  the outwash at Tremont is very c lose  to the source of meltwater 
discharge in the heart  of a kame field. The  main disadvantage of outwash 
valley aquifers is that barrier boundaries a r e  likely to  be encountered within 
a few hundred fee t  of a pumping well ( s e e  ana lys i s  of Tremont pump tes t ,  
Appendix D). 
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Stream Alluvium 

Where s t reams cut  through glacial sand and gravel,  stream alluvium 
should be considered a potential  aquifer. T h e  thickness  of stream alluvium 
depends on the depth to bedrock. Along the Annapolis River,  for example, 
bedrock appears  in  many places .  T h i s  bedrock commonly underlies the ad- 
jacent  flood plain at a shallow depth leaving only a thin alluvial  cover. In 
other p laces ,  stream alluvium may b e  several  t ens  of feet thick ( s e e  the 
ana lys i s  of the pump test a t  Middleton, Appendix D). 

Another consideration i s  that  s t reams may not have cut through 
the earlier outwash deposi ts ,  particularly in the  east-central  part  of the 
Valley near  the divide between the Annapolis and  Cornwallis Rivers. For  
example, in tes t -hole  56 (21 H 2 B 6 IC a ), about 20 feet of outwash sand 
and gravel underlie the  Annapolis River alluvium. In test-hole 76(21 H 2 A 
39 N ) near Berwick 10 feet of outwash sand and gravel underlie the Corn- 
wal l is  River alluvium. 

Wells a r e  sometimes constructed in alluvium near a river in order 
to improve the well yield by induced infiltration. In order for th i s  to occur,  
the natural groundwater gradient toward the river must be reversed. Although 
th is  was at tempted during the Middleton pump test ( s e e  Appendix D), the 
pumping ra te  was  not great  enough to reverse the  gradient. One concern when 
planning t o  derive some well water by infiltration from a river is that pol- 
lution in  t h e  river may b e  drawn into the  well. Alluvium will usual ly  a c t  
as  an  effective filter (Cal.  State Watet Pollution Control Board, 1954), but 
it would b e  desirable  to monitor the quality of water during a pump test to 
see if any undesirable materials p a s s  through the natural filter. 

Ti l l ,  Estuarine Deposi ts ,  Dykeland, and Weathered Sandstone 

Til l ,  estuarine clay and s i l t ,  dykeland, and  weathered sands tones  
a r e  considered a s  a s ingle  hydrostratigraphic unit. Only small  quant i t ies  of 
water may be obtained from these  deposits.  4 s  previously d iscussed ,  the 
compositian of t i l l  depends primarily on the  nature of the underlying bedrock. 
Over sandstones and granite, till is likely to be sandy, and water will move 
mostly through intergranular pore spaces .  Where till is composed predomin- 
antly of silt and  clay,  water is transmitted primarily through sandy l e n s e s  
and  joints in the till. In any c a s e ,  water suppl ies  from ti l l  a r e  adequate only 
for domestic u s e ,  a n d  generally must b e  obtained from dug wel ls  which pro- 
vide a large a rea  for infiltratian and adequate  s torage for peak demands. 
Some water suppl ies  a r e  obtained from springs which appear where the till- 
bedrock contact is near the surface.  

Except  where very f ine  sand  and silt a r e  interbedded, the only 
permeability in estuarine deposi ts  i s  in joints,  but even the joints yield 
almost  no water to dug wells.  Thin outwash sand  commonly overlies the 
almost impermeable es tuar ine depos i t s  at the western end  of the Valley. Some 
domestic water suppl ies  a r e  obtained from shallow dug wells constructed 
in  the outwash, but it is difficult  to keep  t h e s e  suppl ies  sanitary.  
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Dykeland, like the estuarine deposits,  is composed of fine-grained 
material of low permeability and cannot be considered a potential source of  
groundwater. At the eas te rn  end of the Valley, however, dykeland materials 
may overlie g lac ia l  sand  and gravel depos i t s  ( s e e  Map 2). Th i s  is more com- 
monly the c a s e  where glacio-fluvial material mantles the valley above the 
dykeland. 

There is the possibil i ty,  however, that these  sand  and gravel aqui- 
fe rs  contain s a l t  water. Between Port  Wil l iams  and  Kentville there is a good 
chance  that salt water is present in the  aquifer because  t ides  still extend 
to Kenmille. The  Habitant Creek dykeland h a s  been i so la ted  from the  sea 
for many years  so that  there is a chance that fresh water is present  in sand  
and gravel beneath th i s  dykeland. Even i f  fresh water is found, however, 
there is a possibil i ty that  pumping will c a u s e  s a l t  water intrusion if. the 
aquifer is close to  the  present estuary.  

Weathered sandstone, though fairly permeable, is generally only a 
few feet thick. Because  of the relatively high permeability of t h i s  material 
t he  water-table may actually be  in the underlying bedrock. Dug wells in  
weathered sands tone  provide a few domestic water suppl ies ,  but i t  is better 
to drill a well into the  sandstone where i t  is eas i e r  to provide a sanitary 
supply. 

General Hydrologic Budget for the 

Upper Annapolis River Basin 

Introduction 

It  is often useful to determine how much annual groundwater re- 
charge there is in a n  area so that an upper l imit  can  be placed on the ulti- 
mate groundwater development in that area. The  easiest way to  determine 
groundwater recharge is to ca lcu la te  the natural groundwater discharge be- 
c a u s e  the two quantit ies will  equal each  other over a period of t ime  if there 
has been  no ne t  change in groundwater storage. Groundwater discharge in- 
c ludes  groundwater runoff to the streams and evapotranspiratian of ground- 
water from the soil. Groundwater runoff to s t reams ( b a s e  flow and  under- 
ground feeding of rivers a r e  synonymous terms) maintains dry weather flow 
and  en ters  the streams from the main groundwater reservoir. In this  report, 
interflow is considered to b e  a part of groundwater runoff. Interflow can  be 
defined a s  

“the runoff due t o  that  part of the  p r e c i p i t a t i o n  which  in-  
f i l trates  the  s u r f a c e  s o i l  and m o v e s  l a t e r a l l y  through the 
upper s o i l  hor izons  toward the s t r e a m s  a s  ephemera l ,  s h a l -  
l ow,  p e r c h e d  groundwater a b o v e  t h e  main groundwater l e v -  
e l ”  ( C h o w ,  1964, p .  14-2). 
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Bank storage discharge is a l s o  included in groundwater runoff. 
River water introduced to alluvial  sediments and groundwater s tored  in these 
sediments during floods and other high water s t ages  of a river consti tute 
bank storage. T h i s  water is released from storage slowly when the river 
s t age  falls below the adjacent flood plain water-table. The  volume of water 
in bank storage can be computed in the following factors a re  known: the a rea  
of alluvial  sediments affected by bank storage, the mean change in water 
leve ls  in the  sediments,  and the mean gravity yield of the sediments. The  
gravity yield of a sediment is defined by Rasmussen and Andreasen (1959, 
p. 83) a s  “ the  ratio of (1) the  volume of water it will yield by gravity to (2) 
i t s  own volume, during the periad of groundwater recessian”.  

Evapotranspiratian is water lost to the atmosphere by evaporatian 
from soi l  and water surfaces,  and by transpiration from plants during the 
growing season .  Potential  evapotranspiratian is that amount of water that  
would be evaporated and transpired i f  continuously available. . 

Groundwater storage is defined a s  the volume of groundwater with- 
in a drainage basin. Any change in mean groundwater l eve l s  in a basin over 
a period of t ime  reflects a change i n  groundwater storage. 

A quantitative estimate of groundwater discharge from a basin can  
be made if the  hydrologic budget for the basin is computed. A hydrologic 
budget may be defined a s :  

* *  . . . a q u a n t i t a t i v e  s t a t e m e n t  of t h e  b a l a n c e  b e t w e e n  t h e  
t o t a l  w a t e r  g a i n s  a n d  l o s s e s  of a b a s i n  for  a p e r i o d  of t i m e .  
T h e  budget cons iders  a l l  waters ,  surface and  sub-surface, 
e n t e r i n g  a n d  l e a v i n g  o r  s t o r e d  w i t h i n  a b a s i n .  Water  e n t e r -  
ing  a b a s i n  is  e q u a t e d  t o  w a t e r  l e a v i n g  a b a s i n ,  p l u s  o r  
m i n u s  c h a n g e s  in  b a s i n  s t o r a g e ”  ( S c h i c h t  a n d  Wal ton ,  1961, 
P. 8). 

Certain information, namely precipitatian records and records of 
discharge for the stream draining the basin,  must be available before even 
a general hydrologic budget can be estimated. Long term precipitation re- 
cords a re  available for several  p laces  in the Annapolis-Cornwallis Valley, 
but discharge records a re  available only for the Annapolis River a t  Wilmot 
( s ince  October, 1963) and  for the South Annapolis River at Millville ( s ince  
1965). Therefore, a hydrologic budget can be computed only for the Annapolis 
River basin above Wilmot. The location of t h i s  basin,  here named the Upper 
Annapolis River basin,  is shown in figure 6. Th i s  bas in  h a s  an a rea  of 211 
square miles and includes the South Annapolis River basin which is located 
mostly on the South Mountain highland. The  Upper Annapolis River bas in  is 
similar in many respec ts  to the remainder of the Annapolis-Cornwallis Valley. 
Thus ,  the proportional value of items in the  hydrologic budget for t he  Upper 
Annapolis River bas in  may be applied to the whole Valley. 

T h e  hydrologic budget is calculated on the b a s i s  of t h e  water year  
(October 1 to September 30) because surface water discharge and  groundwater 
storage a r e  generally at a minimum at the  beginning and end of this periad. 
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When stated a s  a n  equatian including all of the i t .ems that may b e  involved, 
t h e  hydrologic budget .is: I 

(1) Pr + SurI + SubI + Imp .= (1) 

R t E T t U t  Exp iASoi l tASs iASg  

where: 

Pr 
SurI 
SubI 

Imp 
R 
E T  
U 

EXP 
A Soil 
A Ss 

ASg  

= precipitation 

= surface inflow 
= subsurface inflow 
= imported water 
= stream flow ( inc ludes  sur face  and groundwater runoff) 
= evapotranspiration 
= subsurface flow 
= exported water 
= change in soil moisture s torage 

= change in surface water storage 
= change i n  groundwater s torage 

Of t h e  many factors  that may introduce water to a basin,  only pre- 
cipitation contributes water to the Upper Annapolis River  basin.  Natural 
surface water inflow is prevented by the  surface water divides  which bound 
the basin; and  natural  groundwater inflow is insignificant because  ground- 
water divides within the basin a r e  essent ia l ly  coincident with surface water 
divides.  Final ly ,  no water is imported to operate hydroelectric p lan ts ,  for 
municipal and industrial  use ,  or for irrigation. 

Of the items on the right s i d e  of equatian 1, runoff, evapotranspir- 
ation, and change  in groundwater s torage a r e  by fa r  the most important. These 
i tems will be d i s c u s s e d  a t  length in  la ter  paragraphs. Subsurface outflow is 
present  only in  t h e  vicinity of the gauging s ta t ion in the  flood plain of the 
Annapolis River. Elsewhere, groundwater moves toward the  Annapolis River  
or toward tributaries to the  river. The  amount of subsurface outflow in the 
flood plain can be est imated with Darcy’s  law, commonly used in  the follow- 
ing form: 

Q = T I L  (21 

where Q is the outflow in imperial gal lons per day (igpd), T is the  trans- 
missibil i ty of the materials through which underflow takes  place,  I is the 
hydraulic gradient of the water-table in  feet per mile,  and L is the width 
of the cross-section through which flow takes  p lace  in  miles. By using avail-  
able  information and making severa l  assumptions, T tescot t  (1967) est imated 
Q to be 19,000 igpd or about  0.03 cubic  feet per second (cfs). This flow is 
insignificant when compared to t h e  total discharge and can  be ignored in  
calculation of the  hydrologic budget. 
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Exported water is not a factor in  the Upper ,Annapolis River basin.  
Change in soil. moisture storage,  however, may b e  an  important factor  in the  
water budget, particularly if the  budget is calculated on a monthly or sea- 
sonal  basis .  The  soil i s  generally near or above field capacity ( the amount 
of water retained in  the soi l .af ter  gravity drainage of a saturated soil)  in  the  
late winter and  ear ly  spring months, and h a s  the greatest  soil  moisture de- 
ficiency (difference in the amount of water actually in the soi l  and field ca- 
pacity) in  the late summer. On an annual bas i s ,  however, the change in soil  
moisture storage should be small except between wet  and dry years .  The  
last two water years  considered in  this  sect ion (1964-1966) were unusually 
dry, and there may be a significant error i n  the  budget due to the  lack  of 
so i l  moisture data. 

- 

About 1.2 per cent of the Upper Annapolis River basin is covered 
by surface water,  almost all i n  the form of lakes  on t h e  South Mountain high- 
land. Records of uncontrolled lake  levels  a r e  not .kept, but this  does  not 
introduce ser ious errors in the water budget because  a relat ive change in  
lake  leve ls  of 2 feet from one year to the next would amount to  less than 1 
per cent  of the total volume of water accounted for on the right s i d e  of equa- 
tion l. 

By eliminating those  i tems of the  hydrologic budget which do not 
apply to the Upper Annapolis River basin or which a re  generally insignifi- 
cant  in t h e  calculat ions,  t h e  equation f o r  the hydrologic budget reduces to 
the following form: 

Pr = R + E T  + A s g  (3) 

where the terms a r e  as  defined previously. T h e  hydrologic budget for the  
Upper Annapolis River basin for the water years  1963-1966 is given in  table 
6. Each of  the i tems in  the budget is d iscussed  i n  de ta i l  below.. 

Precipitation 

Variation in Distribution 

Climatic informati0.n for Kentvil le was  presented in the  Introduction. 
In th i s  sect ion some detai led comparisons a r e  made, particularly with regard 
to precipitation. Mean monthly and  mean annual temperature and  precipita- 
tion for those climatic s ta t ions  with the longest records in the  Valley a r e  
given in  table  7. Locat ions of these  s ta t ions and those  with shorter records 
a r e  shown in figure 20. A s  might be expected, the mean annual temperature 
decreases  in t h e  Valley a degree and a half between Annapolis Royal and 
Kentville. T h e  largest  contrasts  in temperature, however, would b e  expect- 
ed between the adjacent  mountains and the Valley. Little information is 
avai lable  on mean temperatures on North and South Mountains, but for 1965 
and 1966, Garland on North Mountain had a mean temperature 3 degrees  l e s s  
than Sheffield Mills and Kentville. 

In figure 20 precipitation data a r e  given only for climatic s ta t ions  
with long term records because  information for s ta t ions  with short  term re- 



1963 - 1964 

PRECIP ITATION 

acre- 

inches.* fee t * *  

42 470,000 

32 360,000 1964 - 1965 

1965 - 1966 

SURFACE WATER.AND GROUNDWATER RUNOFF 
INCLUDING INTERFLOW SNOWMELT 

% of % of 
inches acre-feet  precip. inches acre-feet precip. 

22 250,000 53  7 80,000 17 

20 230,000 64 4 40,000 1 1  

Table 6. Hydrologic Budget for the Upper Annapolis River Basin 

STREAM FLOW I 

~ 

31 340,000 I 14 160,000 4 7  1 3  30,000 9 

EVA POT RANSPl RATION 

% of 

inches acre-feet precip. 

13 140,000 30 

a 90,000 25 

150,000 44 14 

* inches  of  water  over the ent i re  bas in  

* * 1  acre-foot is  the volume of water 1 foot deep  over an  ore0 of  one acre 
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cords h a s  not been adjusted to the  long term normals. I t  appears  from t h e  
data given that a fairly uniform decrease  in annual  precipitation takes  place 
from southwest to northeast  in the Valley,  but study of avai lable  records for 
al l  s ta t ions indicates that  precipitation patterns a r e  much more complicated. 
For  example, for the months of May to September, 1963 to 1965, Clarence on 
the north s ide  o f  the Valley received a n  average of an inch and a half  more 
rain than Lawrencetown on the south s i d e  of the Valley.  In contrast ,  during 
1964, Greenwood in  the center  of the Valley received 3 more inches  of pre- 
cipitation than Aylesford in the north-central part of the Valley. The  largest  
disparity i s  between the climatic s ta t ions  a t  Sheffield Mills in the  north- 
central  part  of the Valley and  Kentvil le on the south s i d e  of the Valley. For 
the years  1962 through 1966, Sheffield Mills averaged 7 inches  l e s s  precip- 
itation than Kentville. 

. 

Another indication of the variability of precipitation i s  shown in 
comparisons of daily precipitation records for several  climatic s ta t ions in 
the  Valley. Such a comparison i s  presented in tab le  8 where the daily pre- 
cipitation records for the months of January and July,  1965 a r e  given for five 

.stations.  It can b e  s e e n  at  a glance that fairly uniform precipitation, such a s  
January 1 7 ,  1965, i s  the  exception rather than the rule both in the winter and  
in the summer. Heavy precipitation in  particular (such as  January 24 and July 
24,  1965) i s  likely to be irregularly distributed. 

It i s  apparent from the  above discussion that precipitation distribu- 
tion is irregular. Consequently, in the  computation of the hydrologic budget 
of a watershed, i t  i s  desirable  to have a fairly high densi ty  of precipitation 
gauges in order to get a good picture of the amount and distribution of pre- 
cipitation. Rasmussen and Andreasen (1961, p. 9 9 )  s ta ted  that a precipitation 
gauge  density of 0.62 per  square mile was  adequate for their hydrologic budg- 
et study. Using t h i s  figure for t h e  Upper Annapolis River basin, adequate  
coverage would mean about one hundred thirty precipitation gauges.  In fact, 
precipitation records a re '  avai lable  only for Greenwood and Aylesford, and 
onIy the  records for Greenwood have been used- because the  records for 
Aylesford a re  discontinuous between 1963 and 1966. Greenwood is located 
near  the  center of the Valley part  of the-basin,  and consequently, i s  probably 
as representative of climatic conditions in the Valley a s  one station can be. 
Records at Greenwood, however, probably do not accurately depict  climatic 
conditions on the South Mountain highland where about half of the Upper 
Annapolis River basin i s  located.  For example, snowfall averages 20 per 
cent of precipitation in the  Valley,  but i t  probably averages  more .than 20 
per cent  of precipitation on highland areas .  Further, the snow cover would 
l a s t  longer than it.  d o e s  in the Valley because of the greater accumulation, 
higher density of vegetation, and slightly lower temperatures. 

Precipitation /or 1963-1966 

Precipitation for the 3 water years  in  inches and  acre-feet  of water 
over t h e  bas in  i s  summarized in  table  6. Prior to t h e  first  water year,  pre- 
cipitation during the water year  1962-1963 was near  normal at Annapolis 
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Table 7 .  Temperature and Precipitation Normals for Climatic 
Stations in the Ann,apolis-Cornwallis Valley * 

Station 

Annapolis Royal 

Greenwood A 

Kentvi Ile CDA 

Station 

Annapolis Royal 

Paradise 

Midd leton 

MONTHLY AND A'NNUAL A V E R A G E S  OF TEMPERATURE ( ' F )  

L ,  . Type of 

Normal Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. 

1 25.5 25.1 32.0 41.6 51.4 59.4 65.3 64.8 58.3 49.6 
1 33.0 32.7 39.6 50.5 61.7 69.6 75.9 74.8 67.5 58.1 
1 18.0 17.5 24.3 32.7 41.0 49.1 54.6 54.8 49.1 41.0 

2 23.0 23.0 30.3 41.4 52.0 60.8 67.4 65.9 58.3 48.2 
2 30.1 30.4 37.1 50.1 62.4 71.5 78.7 76.3 68.6 57.1 
2 15.8 15.5 23.5 32.6 41.6 50.1 56.1 55.4 47.9 39.3 

1 22.5 22.2 29.6 40,4 50.9 59.7 66.6 65.3 58.3 48.1 
1 29.7 29.8 37.2 49.4 61.8 70.6 78.0 76.4 68.3 57.2 
1 15.3 14.5 21.9 31.4 40.0 48.8 55.2 54.1 48.2 39.0 

Type of 
Normal  Jan. 

1 2.87 
1 23.2 
1 5.1 9 

3 3.79 
3 24.2 
3 6.21 

4 1.93 
4 23.5 
4 4.28 

MONTHLY AND,  ANNUAL PRECIPITATI 'ON IN INCHES 

Feb. Mar. Apr. May June July Aug. Sept. 

2.19 2.30 2.66 3.04 3.44 2.98 3.75 3.81 

4.05 3.44 2.90 3.04 3.44 2.98 3.75 3.81 

2.64 1.92 3.19 3.17 2.87 2.48 4.13 3.38 

4.57 3.56 3.40 3.17 2.87 2.48 4.13 3.38 

1.63 2.10 2.35 3.17 3.19 2.82 3.21 3.87 

3.66 3.55 3.08 3.17 3.19 2.82 3.21 3.87 

18.6 11.4 2.4 T 0.0 0.0 0.0 0.0 

19.3 16.4 2.1 0.0 0.0 0.0 0.0 0.0 

20.3 14.5 7.3 T 0.0 0.0 0.0 0.0 

Oct. 

3.77 
T 

3.77 

3.71 
T 

3.71 

3.87 
0.2 
3.89 

Nov.  Dec. 

40.6 29.8 
47.7 36.3 
33.5 23.3 

39.1 27.5 
46.0 34.3 
32.2 20.6 

39.0 27.0 
46.0 33.3 
31.9 20.6 

Nov. Dec. 

4.49 2.73 
3.2 17.0 
4.81 4.43 

4.34 3.06 
4.4 15.7 
4.78 4.63 

4.25 2.83 
6.9 20.3 
4.94 4.86 

Year Element 

45.3 M T  
54.0 MX 
36.6 MN 

44.8 M T  
53.6 MX 
35.9 MN 

44.1 MT 
53.1 MX 
35.1 MN 

Year Element 

38.03 R 
75.8 S 
45.61 P 

38.68 R 
82.1 S 
46.89 P 

35.22 R 
93.0 S 
44.52 P 
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0 
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Greenwood A 4 
4 
4 

Kentvi  I le CDA 1 
1 
1 

Wolfvi I le 4 
4 
4 

2.41 1.85 

5.19 4.20 

2.39 1.64 

4.69 3.66 

2.00 1.60 
0.9 16.9 
4.09 3.29 

27.8 23.5 

23.0 20.2 

1.66 

3.23 

1.89 

3.62 

1.99 

3.44 

15.7 

17.3 

14.5 

2.63 3.03 2.96 
4.7 0.1 0.0 
3.10 3.04 2.96 

2.36 2.87 2.87 
4.2 0.1 0.0 
2.78 2.88 2.87 

2.37 3.03 3.04 
6.5 0.1 0.0 
3.02 3.04 3.04 

2.36 3.83 2.87 3.01 
0.0 0.0 T 0.5 
2.36 3.83 2.87 3.06 

2.54 3.52 3.78 3.59 
0.0 0.0 0.0 0.3 
2.54 3.52 3.78 3.62 

2.64 3.15 4.17 3.69 
0.0 0.0 0.0 0.1 
2.64 3.15 4.17 3.70 

3.99 
5.7 
4.56 

3.96 
4.5 
4.41 

3.94 
5.2 
4.46 

2.85 

4.90 

2.37 

4.1 4 

2.27 

4.13 

20.5 

17.7 

18.6 

33.45 
98.5 
43.30 

33.78 
87.3 
42.51 

33.89 
82.8 
42.1 7 

Code 

T Y P E  OF NORMAL 

Descr ip t ion  

1 Normals were computed d i rec t l y  from a ,period of record o f  25 t o  30 
years w i th in  the per iod 1931 - 1960. In  most cases the record ex is ted  
over the f u l l  30 years. 

The data for these normals were from the f u l l  ten-year per iod 1951 - 
1960 adjusted to the standard normal period 1931 - 1960. 

1951 to 1960. No adjustment factor was used. 

These averages are based on the period of record o f  10 t o  24 years 
during the period 1931 t o  1960. No adjustment factor has been used. 

2 

3 These averages are based on the  complete ten years of record from 

4 

z 
0 c 

4 z 
z 
4 
m 

0 
.rl 

5 
m 
z 
v, 

T = less than 0.1 inch of snow 

* Adopted from Canada Department of Transport, Climatology Division, Meteorological Branch, 
1965, Temperature and precipitation normals, preliminary listing. 
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FIGURE 20. Climatic s tat ions in t he  Annapolis-Cornwallis  Val ley .  
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Table 8. Daily precipitation records for Five Annapolis-Cornwallis 
Valley climatic Stations for January and July,  1965 

W 

> 
c 
W 
Y 

- - .- 
c 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Januo ry. 

0.05 0.31 
T 

0.05 0.02 
0.03 

0.10 0.05 0.03 

0.20' 0.14 T 
0.39 0.35 0.49 
0.10 0.07 0.01 
0.10 0.07 

0.03 0.01 
0.10 0.16 0.16 
0.10 0.13 
0.40 0.55 0.38 
0.10 0.06 0.07 
0.40 0.50 0.03 
0.40 0.40 0.57 
0.40 0.16 0.13 

0.02 0.01 

7 

T 
T 

0.40 0.40 0.10 
0.20 0.30 0.65 
0.50 0.50 0.04 

0.05 0.41 
0.05 0.10 0.17 
0.35 0.10 0.14 
0.25 0.10 T 

0.05 

T* 

0.08 

0.11 0.02 
0.02 0.02 
0.08 0.02 
0.23 0.26 
0.09 0.07 

0.01 

0.09 0.12 

0.46 0.59 
0.07 0.09 
0.55 0.30 
0.34 0.26 
0.08 0.10 

0.55 0.41 
0.14 0.41 
0.41 0.56 
0.14 0.14 
0.44 0.14 
0.11 0.09 
0.02 T 

Toto Is 
4.57 4.12 4.00 3.93 5.67 

* Less  than 0.01 inch 

-0 
0 
0 

W a 
5, 

(5 

W 

> 
C 
0, 

Y 

- - .- 
c 

0.04 0.05 0.04 0.05 

T 
0.01 

0.50 0.72 0.73 0.38 

0.23 0.06 0.03 

T 
0.65 0.09 T 0.03 

0.28 0.03 

T T T 
0.01 0.13 0.02 0.35 

0.11 0.03 

T 0.02 
0.82 0.40 T 0.16 

0.36 
T 

0.12 0.08 T 0.11 
0.31 0.53 0.57 0.18 

2.69 2.34 1.89 1.31 

0.01 

0.22 

0.03 

0.21 
0.05 

0.17 
0.24 

T 
0.19 
0.50 

1.62 
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Royal and Greenwood, but considerably above normal at Kentville. Conse- 
quently, groundwater storage and stream runoff were probably normal or 
sl ightly above normal a t  the beginning of water year 1963-1964. Precipitation 
during 1963-1964 was near  normal a t  Greenwood, but precipitation during the  
2 water years  1964-1966 was far  below normal. It is apparent from table 6 
that the deficiency of  precipitation during the l a s t  2 water years  consider- 
ably altered the value of many other i tems in  the hydrologic budget. 

Runoff 

Daily discharge of the Annapolis River at Wilmot and pertinent cli-  
matic data from Greenwood a r e  shown in figure 21 for the 3 water yea r s  1963- 
1966. In order to compare annual  river discharge for these  3 years  with the 
estimated “normal” discharge,  u s e  was made of long term records for the 
L a  Have River at West Northfield, 42 miles south-southeast  of Wilmot (infor- 
mation is from “Runoff Conditions in Canada”, published monthly by the 
Dept. of Energy, Mines and Resources).  I t  was  assumed that the per cent  of 
normal discharge a t  Wilmot for each  water y e a r  was  the same a s  the per cent  
of normal discharge a t  West Northfield for those years .  Using this  method, 
normal annual discharge for the Annapolis River at Wilmot was est imated to 
b e  about 334,000 acre-feet .  Therefore,  the water year  1963-1 964 discharge 
o f  332,000 acre-feet  was nea r  normal, but the  discharge for the water year 
1964-1965 was below normal (270,000 acre-feet)  and discharge for the water 
year 1965-1 366 was considerably below normal (191,000 acre-feet). I t  can 
b e  seen from table  6 that  river discharge responds closely to changes in 
annual precipitation. 

Snowmelt and Storm RunofJ 

In addition to various forms of groundwater runoff, stream discharge 
includes surface runoff due to rain and  melted snow. T h e  greatest  discharges 
during the year occur between November and  April a n d  often include a great  
dea l  of snowmelt. T o  help correlate discharge with snowmelt, mean d’aily 
temperatures for the period including mean daily temperatures below freezing 
have been plotted above discharge in figure 21. It can b e  s e e n  that  peak dis-  
charges  from November to April correlate wel l  with rises i n  temperature. In- 
cluded i n  these discharges,  however, in rain runoff s i n c e  increases  in tem- 
perature are  usually associated with a frontal system and storms. In some 
c a s e s ,  however, very l i t t le  rain is assoc ia t ed  with snowmelt (March, 1964, 
and April, 1965, Fig. 21). Because  of l o s s e s  to evaporation, sublimation, 
and to groundwater and soil moisture storage,  only part  of the snow cover 
is discharged through the streams. A s  a rough estimate,  probably 10 to 20 
per cent  of annual stream discharge can be attributed to snowmelt. After 
groundwater runoff is subtracted,  the remaining stream discharge may be 
attributed to  storm runoff. 

Base  Flow or Groundwater Runoff 

Backwater and Descending T y p e s  of Groundwater Discharge. The 
mos t  important component of stream discharge with respect  t o  this report 
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1963 - 1964 

I . A  

1964-I965 

I 

1965- 1966 

FIGURE 21. Mean daily discharge for the Annapolis River at Wilmot, 
and pertinent climatic data, including mean daily temperature 
and daily precipitation, for CFB GTeenwood. 
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is base  flow. Before d iscuss ing  the method used  for determining the quantity 
of h s e  flow in the  Annapolis River, it is important t o  emphasize that t he  
sec t ion  of t he  Annapolis River in the Valley is hydraulically connected to  
the  aquifers which discharge water into it. Th i s  is the  “back water type” of 
underground feeding of rivers where the fluid potential of water in  bank 
s torage  during periods of high flow dec reases  o r  eliminates groundwater dis- 
charge into the  stream (Chernaya, 1964, p. 455). The  fluid potential is  the  
height of t he  water surface above s e a  level. Zektser (1963) s t a t e s  that the  
artesian component of groundwater discharge may not cease  but only decrease  
during periods of flood. Whether t h i s  is actually the c a s e  depends  on whether 
the artesian head  is above the  river flood s tage .  In any c a s e ,  groundwater 
discharge is at  least reduced during floods when the river is hydraulically 
connected to the  groundwater source. Groundwater runoff is at a maximum 
following the  return of the river to low water conditions because bank storage 
discharge is added to groundwater discharge from the  regional flow system. 

In contrast ,  the “descending type” of groundwater discharge occurs 
primarily in mountainous a reas  where much of the  groundwater discharge is 
from springs above the stream water l ine  (Chemaya, 1964, p. 455). Instead 
of decreasing during periads of flood, the descending type of groundwater 
discharge follows a smoothed form of the river hydrograph and is a t  a peak 
during the flood peak. (Interflow as defined by Chow (1964, p. 14-2) is a 
type of descending groundwater discharge but it occurs only during and im- 
mediately a f te r  storms). Some of the groundwater discharge into streams on 
the South Mountain highland is probably of the descending type. Th i s  would 
make groundwater discharge in the Upper Annapolis River basin a combina- 
tion of t h e  backwater and descending types. 

Methods for Determining the Quantity of Base Flow. The most accu- 
rate method of determining groundwater runoff is to have  ex tens ive  knowl- 
edge of groundwater levels,  hydraulic gradients, and permeabili t ies so that 
ac tua l  groundwater drainage can  be computed by equation 2. As in most 
groundwater s tud ies ,  adequate information is not available for direct compu- 
tation of groundwater runoff, and indirect methods m u s t  be employed. 

One method inc ludes  correlating groundwater l eve l s  in severa l  wells 
with base  flow in stream discharge records (Rasmussen and Andreasen, 1959, 
and Schicht and Walton, 1961), o r  correlating water leve ls  from one well  in 
the principal aquifer supplying the stream with river s t age  (Dement’yev, 
1963). Such methods cannot be used  a t  present in the Upper Annapolis River 
basin because of the lack of  water level records for the sand  and gravel aq- 
uifers which make the major groundwater contribution to the river. 

Other methods employ graphical means of separating base  flow from 
stream flow hydrographs. 

“ T h e  p r i n c i p a l  d i f f i c u l t i e s  in  t h e  a p p l i c a t i o n  of a l l  g r a p h -  
i c a l  m e t h o d s  of s e p a r a t i o n  of h y d r o g r a p h s  l i e  i n  t h e  s e p a r a -  
t i o n  of t h e  v a l u e s  of u n d e r g r o u n d  f l o w  d u r i n g  p e r i o d s  of 
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h i g h  w a t e r  a n d  f l o o d s ,  s i n c e  in t h e  m a j o r i t y  of c a s e s  d i r e c t  
d e t e r m i n a t i o n  of v o l u m e s  of s t r e a m  f low d u r i n g  t h e  p e r i o d  
o f  s t a b l e  l o w  w a t e r ,  w h e n  i t  i s  n o t  d i s t o r t e d  in  a n y  w a y  a n d  
w h e n  t h e r e  a r e  n o  r a i n  f l o o d s ,  g i v e s  t h e  v a l u e  of u n d e r -  
g r o u n d  f e e d i n g  of r i v e r s ”  ( C h e r n a y a ,  1964, p. 455). 

Methods for separating groundwater discharge from surface water 
runoff under individual storms are cited,  for example, in Walton (1965, p. 36) 
and in Kudelin (1949, 1960). On an  annual bas i s ,  however, the separation of 
discharge components under each storm is not a s  important a s  a fairly pre- 
c i s e  estimation of the total  annual base  flow discharge.  

Low Flow Cutoff Method. Because of insufficient information, t h e  
type of hydrograph separation used in t h i s  report must be more schematic than 
those considering the dynamics of groundwater flow into a river Chernaya 
(1964) h a s  compared several  schematic methods with t h o s e  considered to b e  
the most accura te  t o  see which of t h e  general  methods most nearly predicts  
the ac tua l  groundwater runoff. He concludes: 

“ T h e  c u t o f f  m e t h o d  o n  s t a b l e  l o w - w a t e r  d i s c h a r g e s  i n  w h i c h  
t h e  h i g h  w a t e r  a n d  f l o o d s  a r e  c u t  off o n  t h e  h y d r o g r a p h  b y  
s t r a i g h t  l i n e s ,  c a n  b e  a p p l i e d  a s  a s c h e m a t i c ,  s i m p l i f i e d  
m e t h o d  of a p p r o x i m a t e  d e t e r m i n a t i o n  of t h e  t o t a l  v o l u m e  of 
a n n u a l  u n d e r g r o u n d  f low w i t h o u t  t a k i n g  i n t o  a c c o u n t  i t s  
d i s t r i b u t i o n  w i t h i n  p e r i o d s  of h i g h  w a t e r  a n d  f l o o d s .  T h e  a p -  
p l i c a t i o n  of t h i s  m e t h o d  i s  p o s s i b l e  a n d  i t  g i v e s  r e l a t i v e l y  
c o r r e c t  r e s u l t s  for  r i v e r s  w i t h  t h e  b a c k w a t e r  t y p e  of f e e d -  
i n g  f o r  g e n e r a l i z e d  a n d  s m a l l s c a l e  s o l u t i o n s  of f e e d i n g  a n d  
a l s o  o n  r i v e r  r e a c h e s  w i t h  m i x e d  t y p e s  of f e e d i n g  of under -  
g r o u n d  w a t e r ”  ( C h e r n a y a ,  1964, p. 464). 

It s eems  logical,  therefore,  to apply this method to the Annapolis River hy- 
drographs. T h e  result ing straight line separat ions a r e  shown in figure 21. 
Kunkle (1962) a l s o  separa tes  basin storage (water that  falls  a s  precipitation 
and moves in some path through the ground t o - t h e  river) from other stream 
discharge components by the straight l ine cutoff method. 

It is apparent from figure 2 1  that the cutoff method, though simple 
enough in principle, i s  not necessar i ly  easy  to  apply. T h e  l ine for the water 
year 1963-1964 was drawn from the estimated low flows of the summer of 
1963 to the  low flows of the summer of 1964. T h e  low flows for 1963 were 
estimated by assuming that  they occured in  September and  that  they were 
about 20 per cent less than the low flows in October ( a s  was  the  c a s e  in  
1964). By assuming that  low flow in October, 1963 was 200 cfs ,  the cutoff 
l ine was drawn from 160 cfs  on October 1, 1963. 

Total  base  flow (Table  6)  in the water year  1963-1964 was greater 
in amount (80,000 acre-feet ,  17  per  cent of precipitation) than for the next 
2 water years.  Precipitation was near normal during 1963-1964, but there was 
an  apparent decrease in  general  groundwater leve ls  over the  water year  a s  
indicated by the downward sloping cutoff line. Thus,  groundwater storage 
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was apparently greater  a t  the beginning of this  water year,  but the  reasons 
for this cannot b e  determined with avai lable  information. 

Discharges during the summers of 1965 and 1966 were greatly in- 
fluenced by the control of the South Annapolis River. Several  l akes  on the 
South Mountain highland are used to s tore  water during t h e  spring for u s e  
during the dry par ts  of the summer. Thus,  the mean daily discharge from the 
South Annapolis River i s  relatively constant during dry summers (thereby 
keeping the discharge at Wilmot fairly constant)  a s  the storage in the lakes  
is depleted.  The contribution from lake storage can be i l lustrated by com- 
paring the discharge a t  Millville with that  a t  Wilmot. T h e  discharge at Mil l -  
v i l le  was 26 per cent of the discharge at  Wilmot for the water year  1965-1966 
but for the months of June through September, 1966, discharge a t  Millville 
increased to  44 per cent  of the  discharge a t  Wilmot. In 1965 all of the storage 
had been used by August 29, and in  1966 by September 1 6 ,  causing sharp 
drops in  discharge after those dates. Th i s  made i t  particularly difficult t o  
draw meaningful cutoff l ines  for base flow discharge in water years 1964- 
1966. With the separation that was made, base  flow discharge for 1964-1966 
was 40,000 acre-feet  (11 per cent  of precipitation) and b a s e  flow discharge 
for 1965-1966 was 30,000 acre-feet (9 per cent  of precipitation). 

The m o s t  convenient cutoff l ine for 1965-1966 h a s  n o  s lope ,  s u g  
gest ing no change in groundwater discharge over  the  water  year.  Pe rhaps  it 
only took a year  for groundwater leve ls  and  gradients to  .adjust to the abnor- 
mally low precipitation during t h e  two water  years  1964-1966. 

Groundwater Runoff for the Annapolis-Cornwallis Val ley .  Part  of 
the groundwater runoff given in tab le  6 has  been derived from t h e  South 
Mountain highland. An attempt w a s  made to separate  t h i s  contribution by 
considering discharges in August, 1966, a month of low precipitation (0.8 
inch) and essent ia l ly  no storm runoff ( refer  to Fig. 21). From the to ta l  August 
discharge at  Wilmot were subtracted t h e  total  discharge of the South Annap- 
ol is  River a t  Millville and the est imated total  discharge of t h e  F a l e s  River 
and an  unnamed stream which together drain almost a l l  of t h e  South Mountain 
highland in t h e  Upper Annapolis River basin. The estimates for t h e  F a l e s  
River and the unnamed s t ream were based on measurements of discharge o n  
August 17 and 19, 1965 during a similar dry period. The  remaining discharge,  
1,300 acre-feet, c a n  be attr ibuted t o  b a s e  flow discharge in t h e  Valley p r t  
of the Upper Annapolis River basin. 

Assuming that 1 ,300 acre-feet  was the b a s e  flow contribution every 
month of water year 1965-1966 ( the cutoff l ine  h a s  no slope,)  16,000 acre- 
feet was  the  base flow discharge for the water year. B a s e d  on  the  fact  that  
the Valley part of the Upper Annapolis River basin is about one-quarter of 
the Annapolis-Cornwallis Valley,  an est imate  of the total base flow discharge 
of the  Annapolis-Cornwallis Valley from Annapolis Royal t o  the Minas Bas in  
would be 64,000 acre-feet .  Assuming further that  the nea r  normal year  1963- 
1964 groundwater runoff for the entire Annapolis-Cornwallis Valley was great-  
er than that for 1965-1966 by the same percentage a s  in the  Upper Annapolis 
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River  Basin,  a "normal" b a s e  flow discharge for the entire Valley would b e  
170,000 acre-feet. T h i s  is only a rough est imate  of groundwater runoff be- 
c a u s e  of t h e  many assumptions involved, a n d  should b e  less than ground- 
water recharge because  groundwater evapotranspiration losses have  not been 
considered. 

As a comparison, it is est imated that about 6,400 acre-feet of 
groundwater are being u s e d  i n  t h e  Valley per year. T h i s  figure was calculated 
from town water well consumpion  records (700 acre-feet); by assuming that 
t h e  remaining population of  t h e  Valley on w e l l s  are  u s i n g  100 igpd/person 
(4,100 acre-feet); and by adding a n  estimated industrial consumpti,on of 1,600 
acre-feet outside of town water supplies.  

Bank Storage. A short term record of bank storage is avai lable  for 
the Cornwallis River flood plain near  Berwick (Fig.  22). There,  water  l e v e l s  
in two piezometers (narrow diameter wells) about 10 feet from the river have  
been measured daily s ince June,  1966. One piezometer (76-a) is set at a 
depth of  8 feet and is u s e d  t o  measure fluctuations in the water-table; t h e  
other (76-b) is u s e d  to measure the water potential f luctuations at a depth o f  
2 6  feet, 6 feet below the surface of the bedrock. A record of river s t a g e  w a s  
kept s tar t ing in November, 1966. Note that t h e  daily readings were all instan- 
taneous and do not represent daily averages or extremes. In addition, r iver  
stage and groundwater levels in figure 22 d o  not a lways show a consis tent  
relationship because of ice conditions. 

1966 I 1967 
I L 

FIGURE 22. Water leve l  records for two piezometers  10 feet from the 
Cornwallis River. 
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Creation and discharge of bank storage can b e  observed in the hy- 
drographs in figure 22. The  bank storage effect ,  however, is obscured to some 
extent by t h e  response of groundwater po ten t ia l s  near the river t o  the  variable 
load created by the changing river s tage .  The  same effect was observed in 
alluvial sediments of t h e  Annapolis River flood plain during the  Middleton 
pump test  (Appendix D). Nevertheless,  i t  can be  observed that the  river was 
effluent during low river s tages  because the vertical  component of the ground- 
water gradient was upward and the  flood plain water-table was above the  
.river stage.  

During some intermediate and high water s t a g e s  the river was in- 
fluent because  t h e  river s t age  was above the  flood plain water-table, but a t  
the same time, t he  vertical  component of the groundwater gradient remained 
upward due to the  loading effect. The vertical  gradient reversed, however, 
on the three occas ions  when the river almost spil led over its banks (October 
6 and December 9 and 31, 1966). Although the decrease  in groundwater po- 
ten t ia l s  with river s t age  was due partly to the  decreased  load on the aquifer, 
some of the  groundwater discharge during falling river s t age  was bank stor- 
age  discharge. 

Kunkle (1962) u s e s  the  straight l ine  cutoff method to separa te  basin 
storage,  but he  sepa ra t e s  bank storage as a distinct runoff component on 
river hydrographs. A s  an  example, one period of bank storage recess ion  
(March 24 to May 28, 1966, Fig. 21) is separa ted  according to Kunkle’s meth- 
od. T h e  volume of water released from bank storage during this  recession of 
river s t age  (35,000 acre-feet) is given by the a rea  under the recess ion  l ine 
and above basin storage discharge. In order to determine whether this  volume 
of water could conceivably come from bank storage,  a calculation was made 
of the probable volume of water that  could be stored in sediments adjacent 
to the  river during a flood. It w a s  assumed that bank storage i s  confined to 
flood plain sediments because  the river flood plain i s  generally depressed 
several  to ten or more feet below the adjacent Valley lowland, and because  
the  water-table in  adjacent sediments does  not usually descend below the 
altitude of the flood plain. The  length of the flood plain is 19.5 m i l e s  from 
Wilmot to Rockland Brook (south of Berwick) and inc ludes  the South Annapo- 
l is  River flood plain. The average width of the flood plain is 0.2 mile. 
Throughout the length of the flood plain,  probably no more than an average 
of  5 feet  of flood plain sediments a re  ava i lab le  to be  saturated by flood 
waters. Assuming a gravity y ie ld  of  0.10, 1,300 acre-feet  of water could b e  
stored during a flood and  re leased  a s  bank storage. Even i f  the actual amount 
of bank storage were double th i s  figure, t he  volume is a n  order of magnitude 
smaller than 35,000 acre-feet. Indeed, it would seem that t h e  cutoff method 
would allow for s o m e  bank s torage  s ince  the straight l ine is an  average of 
decrease  in groundwater discharge during a flood and the increase  in ground- 
water discharge following the lowering of river s tage .  Perhaps  the r eces s ions  
in the Annapolis River hydrographs, such a s  the one d i scussed  above, a re  
more related to  snowmelt on the South Mountain highland than bank storage. 
Th i s  is one subjec t  that  certainly needs  more investigation. 
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B a s e  Flow Between Auburn and Wilmot. O n e  way to  determine b a s e  
flow contribution to a river is t o  gauge the river at several  different p laces  
when there is no storm runoff. I t  was  easy to find extended per iods without 
precipitation, but the control of the South Annapolis River proved to be too 
much of a problem Water was  stored overnight and re leased  during t h e  J a y  
to  meet power demands. This resul ted in daily s l u g s  of water moving down 
the river at a rate of slightly under 1 mile per hour. Without keeping a con- 
t inous record of river stage at the  gauging sect ions,  it was  not poss ib le  to 
know whether a high, low, rising, o f  fall ing stage was  being gauged. 

It was  thought that the  problem could b e  solved by using mean daily 
discharges for the reach of the Annapolis River between Auburn and Wilmot. 
Each  uncontrolled tributary to t h e  river was  gauged in  the middle of August, 
1965 assuming that the instantaneous discharge would represent the  mean 
for the day. This effort was  of no avai l  because  records for  t h e  gauging sta- 
t ion o n  the South Annapolis River at Millville were unreliable for that  period. 
If th is  project is attempted again in t h e  future, provision should b e  made 
to measure evaporation from the  river because  evaporation l o s s  during low 
flow in  t h e  summer may b e  considerable (Dement’yev, 1963). 

Basin Groundwater Storage 

Changes in Storage During the Water Years 1963-1966 

To determine the change in  groundwater s torage from one year  to 
the next, i t  is necessary to have  records of groundwater levels .  Water level  
records are  avai lable  only for two bedrock wel l s  outside the Upper Annapo- 
l i s  River  bas in  for 1965-1966. T h e  well at Canning is influenced by a near- 
by pumping well, but there does not seem to have  been a significant change 
in the  water level from October 1 ,  1965 to September 30, 1966. A t  Berwick, 
the water level  in a bedrock well 700 feet deep was 2.6 feet lower on Sep- 
tember 30, 1966 than it was  on October 1 ,  1965. Assuming a coefficient of 
storage of 2 x lo-*, this  represents  a drop in groundwater s torage in  the bed- 
rock in this  area of less than one one-hundredth inch. All that  can  b e s a i d  
from avai lable  information, therefore, is that there does not appear to have 
been a significant change in groundwater s torage in bedrock aquifers. 

The  surficial  sand  and gravel aquifers, however, probably contri- 
bute m o s t  of the b a s e  flow to the Annapolis River. Records of water leve ls  
in s a n d  and gravel aquifers were not avai lable  until 1966, and i t  can only 
be speculated that some decrease  in groundwater s torage took place from 
1963 to 1966 because  of the abnormally low precipitation during the l a s t  
two years  and because  base  flow contribution to the  river decreased during 
that t i m e .  

Seasonal Changes in Groundwater Storage - Piezometer Records , 
Records of piezometers east of Berwick and  of water  leve ls  in  a 

well near  Auburn are  good examples of changes in groundwater s torage s ince  
June,  1966. Water leve ls  in  surficial  deposi ts  and a few feet below the bed- 
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rock surface (piezometers 77-a and -b, Fig. 24; piezometers 79-a, -b, and 
-c, Fig.  26; and well  88, Fig.  23) receded almost uninteruptedly from J u n e  
to October during the growing season  when evaporation and transpiration 
were greatest .  T h e  recession followed a parabolic curve that decreased in  
s lope with t i m e .  The total  amount of groundwater recession var ies  consid- 
erably from p lace  to p l ace  depending primarily on soil. permeability and . 
groundwater gradients (compare well 88, Fig.  23, i n  a flat outwash plain with 
piezometers 77-a and -b, Fig.  24, along a gent le  slope).  

In contrast to groundwater recession under water-table conditions,  
water under ar tes ian pressure in  the bedrock (well 78-b, F ig .  25,  and well  
79-d, Fig.  26) followed a nearly straight l ine recession during the summer. 
Very little fluctuation is observed in the recessian of well  79-d until la te  
September when there seems to have been some response to precipitation. 
T h e  occasional  sharp r i s e s  in water potential  in well 78-b, however, a re  not 
clearly related to precipitation and an explanation is needed. Test-hole  7 8  
is in  a sand  and gravel kame to a depth of 5 1  feet and in  red T r i a s s i c  silt- 
s tone and claystone from 51 to 75 feet. Piezometer 78-a extends to a depth 
of 48  feet, but unfortunately the water-table is generally below that  level 
jus t  above bedrock. Piezometer 78-b is used  to measure water potent ia ls  
about 15 feet into the bedrock. The  ho le  in  the  bedrock was  back fi l led with 
sand  a n d  gravel,  much more permeable than the bedrock. Therefore, when 
s l u g s  of water from rains  moved down through the kame and temporarily ra i sed  
the water-table, the  pressure w a s  easi ly  transmitted through the permeable 
backfill to ra ise  t h e  potential  in  well 78-b. The  actual  ar tes ian potential  in  
the bedrock was not affected,  however, a n d  t h e  potential  of each slug of 
water was rapidly dissipated.  T h i s  phenomenon was  much more common af te r  
October when the true water level  f luctuatians in the  bedrock were probably 
similar to those  in well 79-d. 

Groundwater recovery in the surficial  deposi ts  and  a few feet below 
the  bedrock surface was  more immediate than the recovery of ar tes ian water 
potent ia ls  in the  bedrock. T h e  summer rain on June  10, 1966 brought the  soi l  
moisture up to field capacity a n d  recharged the  water-table. T h i s  recharge is 
reflected in  the recession curves (Figs. 24 and 26) which were offset  by t h i s  
rain. The recession curves were not again affected significantly until Oc- 
tober 6, 1966 when, after a total  of 4 inches  of rain from September 29 toOc- 
tober 5,  the water leve ls  in the outwash valley rose  about 2 feet in  2 days.  
Assuming a specif ic  yield of 0.10, 2 inches  of water would ra i se  the water- 
table about 2 feet. The other 2 inches  of precipitation were used  in  overcom- 
ing soil moisture deficiency. A soil moisture deficiency of 2 inches  explains  
why the 1 inch rains  of July 13 and September 22, I966 did not ra i se  water 
levels .  Perhaps even 2 inch rains,  such a s  those  i n  July and August, 1964 
(Fig.  21) would not have caused  any significant groundwater recharge. Con- 
sequently,  i t  can be concluded that, except for summers with heavy rains ,  
the  summer groundwater recession probably follows a similar pattern every 
year. 
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F I G U R E  23. Groundwater l eve l s  in outwash at Auburn. 

I FIGURE 24. Water level  records for two piezometers along a gentle slope. 
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FIGURE 25. Water leve l  records for a piezometer in  a kame (78-a), 
and a piezometer in the underlying bedrock (78-b). 

1966 I 1967 
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FIGURE 26. Water leve l  records for two piezometers  in outwash sand 
and gravel (79-a and -b)  and for two piezometers in the 
underlying bedrock (79-c and -d). 
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Water leve ls  in  well 77-a and -b rose more slowly than those i n  79-a, 
-b, and -c with t h e  advent of fall rains. It i s  inte.resting to note that water 
leve ls  continued to r i se  during December and January when the  mean daily 
temperature was  generally below freezing. Evidently the  frozen ground dur- 
ing t h e s e  months was  not deep enough nor the ice continuous enough to pre- 
vent  groundwater recharge from rain and melting snow.As the water-table rose 
within a few feet of t h e  ground surface from December through March, the 
magnitude of water level  f luctuations increased. Water level dec l ines  were 
probably related to t h e  formation of i c e  in t h e  soi l  with water being drawn 
by capillary forces into ice lenses .  Melting snow and possibly partial  mel t -  
ing of ice l e n s e s  during thaws released water to ra ise  groundwater levels .  

In the  two bedrock piezometers which represent ar tes ian conditions,  
it c a n  be seen  that there was  no sudden r ise  in  water potential with,  the ad- 
vent of fall rains. In well 79-d, the  gradual r i se  in  water potential  was  al-  
most a mirror image of the recession in  potential  during the summer months. 
The  gradual r i se  i n  ar tes ian potential  in  well 78-b was  masked by the intro- 
duction of s lugs  of water, but the r i se  appears  to have  been gradual through 
December, increasing more i n  January and February. 

It is clear  from comparison of water level  changes that ar tes ian 
water potential  changes i n  bedrock correspond only in  a general  way to the  
fluctuations of the water-table in  surficial  deposits.  T h i s  supports  the  con- 
tention that i t  is unwise to u s e  water level data from bedrock wel l s  as an  
indication of mean groundwater s tage.  

Evapotranspiration 

Evaporation directly attr ibutable to man’s ac t iv i t ies  is very small 
in  the Upper Annapolis River basin.  Irrigation is not widely pract iced and 
there i s  no important industrial  consumption of water. The  largest  population 
center,  CFB Greenwood,apparently consumed 120,000 igpd during the  water 
year  1964-1965 (calculated from records of water pumpage and t reated sew- 
age’discharge). T h i s  apparent loss  to evaporation, however, amounted to less 
than 0.05 per cent of the water accounted for on the right s i d e  of equation 1. 

Evapotranspiration can b e  computed on an annual b a s i s  by solving 
equation 3 for E T ,  if the change in  groundwater s torage (ASg) is known. Al- 
though groundwater level  da ta  a re  not available,  i t  is suspec ted  that reduc- 
tion in groundwater s torage occurred in the water years  1963-1966. Conse- 
quently,  t h e  values  for E T  given in  tab le  6 for 1963-1966 are  too small by 
the  value of A Sg. 

An estimation of the distribution of E T  during the  year  can  b e  made 
by solving equation 3 on a monthly b a s i s  (Fig.  27). Values  of E T  for the 
months of October and November a re  too high because incceases  in s torage 
have not been considered. T h e  quantity (Precipitation - Runoff) for December 
through April h a s  been averaged because  snow accumulation and snowmelt 
during t h e s e  months caused large fIuctuations i n  runoff which were not in- 
dicat ive of actual E T .  Note that t h e  average value for this  f ive month period 



70 GROUNDWATER RESOURCES, ANNAPOLIS-CORNWALLIS VALLEY l 

i s  negative. The  negat ive va lues  indicate  that precipitation records at  Green- 
wood do not reflect  the larger amounts of rain and snow that fall on t h e  South 
Mountain highland. 

Direct calculations of potential  evapotranspiration ( P E )  have been 
made for the months of June,  July,  and August at Kentvil le and Sheffield 
Mills based on measurements made with a black Bellani plate  atmometer by 
the Canada Dept. o f  Agriculture, Kentville. T h i s  instrument,  as  descr ibed 
by Robertson (1953), c o n s i s t s  of a 

t (  t h i n  p o r o u s  b l a c k  c e r a m i c  d i s c ,  7.5 cm in d i a m e t e r ,  f u s e d  
to t h e  l a r g e  e n d  of a g l a z e d  c e r a m i c  f u n n e l .  Wate r  i s  c o n -  
d u c t e d  th rough  t h e  l o w e r  o p e n  e n d  of t h e  f u n n e l  from a bur -  
e t t e  w h i c h  a c t s  a s  a r e s e r v o i r  a n d  m e a s u r i n g  d e v i c e . ”  

T h e  Bellani plate i s  mounted horizontally i n  the open 4 feet above the  ground. 

Information obtained with t h e  Bellani plate  i s  useful,  but the cal- 
culat ions do not necessar i ly  indicate  t rue PE.  Mukammal and Bruce (1960, 
p. 13) have  shown that,  whereas the  dominant factor i n  E T  is insolation, 
“ the  energy for observed evaporation from the  Bellani instrument must come 

I t  I t 
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FlGUR E 27. Evapotranspiration, Upper Annapolis River basin, 
1963-1 966. 
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in large part from sources  other than insolation.” Therefore, because Bel lani  
plate  data a r e  avai lable  for only three months of t h e  year  and because  th i s  
information may not indicate t rue P E ,  the  P E  given in  figure 27 h a s  been 
computed from Thornthwaite’s formulas. T h e s e  formulas are based  on mean 
monthly temperature and have  been solved by u s e  of a simplified scheme 
(Turner, 1958). A s  a comparison, P E  for the months of June,  July,  and August 
by Thornthwaite’s formulas totaled 12.3 inches in  1964 and 13.2 inches  in  
1965. Evaporation from the Bellani plate  totaled 6.7 inches and 11.7 inches  
for those months in  1964 and 1965, respectively.  

For the water years  1963-1966, P E  averaged 21.3 inches  annually 
whereas E T  averaged 12.1 inches  annually. T h e  difference is explained by 
the fact that P E  for the  months of May through September commonly exceeds  
precipitation. Th i s  explains why there is a moisture deficiency and why the  
average rain during those months does not recharge the water-table. 

It is not apparent from table  6 why E T  for 1965-1966 w a s  more than 
5 inches  greater than E T  for 1964-1965 even though total  precipitation was  
nearly the  same. The distribution of precipitation during the two years ,  how- 
ever,  was different. Almose 5 i nches  more rain fell  from May through Sep- 
tember in 1966 than in 1965. Most of the additional rain in 1966 was evapo- 
transpired because,  as  already noted, no groundwater recharge took place 
from June  10 to October 6 ,  1966. 

T h e  total E T  d i scussed  above cons is t s  of E T  from the groundwater 
reservoir and E T  of moisture that  h a s  reached the water-table. For the lack 
of information, the relative importance of these two components h a s  not been 
determined in t h i s  report. In other a reas ,  groundwater E T  h a s  been calculated 
to be from 5 per cent  (Schicht and Walton, 1961) to 39 per cent (Rasmussen 
and Andreasen, 1959) of the  total  ET.  Relatively,  groundwater E T  i s  less 
important during dry yea r s  when the water-table is farther beneath the  ground 
surface.  

Conclusions 

T h e  objective of determining annual groundwater recharge h a s  not 
been realized because  the values  for base flow discharge a re  only an approx- 
imation, and groundwater evapotranspiration could not be determined a t  all. 
Even if the values for these  i t e m s  were known precisely,  however, their sum 
would be merely a theoretical l imi t  for groundwater development because only 
a fraction of natural groundwater discharge can b e  diverted to  well f ields.  In 
practice,  the effects  of existing and future groundwater development can  b e  
predicted only by using pump test  information and pumping records (Brede- 
hoeft, personal communication). Nevertheless ,  the hydrologic budget present- 
e d  in th i s  chapter is useful because.  it provides some insight  into various 
aspec ts  of the hydrology of the Upper Annapolis River h s i n  and the Annap- 
olis -Canwa  11 is Valley. 
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Movement of Groundwater in the 

Annapolis-Cornwallis Valley 

Introduction 

Groundwater moves regionally from the  North and South Mountains 
towards the Annapolis-Cornwallis Valley a s  indicated by the  fact that the  
water-table and artesian water potentials follow the regional topography. 
Superposed on the regional flow a re  loca l  flow sys tems which a r e  most prom- 
inently developed i n  the more highly d issec ted  eas te rn  end of the  Valley. 

Groundwater does  not move in an isotropic and homogeneous medi- 
um because  geologic materials vary considerably in average permeability 
and in  directional permeability due to joints,  stratif ication, etc. In order to 
obtain detailed information on  the  movement of groundwater and the  effects 
of geologic materials of different permeabilities, it was  necessary  to measure 
the water potential at various depths in the same location. T h i s  was done 
with a piezometer nes t ,  which is made of severa l  tubes of different lengths 
with perforated ends ins ta l led  in  one hole or in several  nearby holes .  Four 
piezometer nes t s  were ins ta l led  in  a line e a s t  of Berwick between the  base 
of South Mountain and the Cornwallis River ( s e e  Map 1,  and Sec. G-H, Fig. 
28). The  section east of Berwick was chosen for several  r easons :  firstly, it 
was thought that there would be a local flow system in the outwash valley 
at the  base  of South Mountain superposed on the  regional flow system from 
South Mountain to  the Cornwallis River; secondly, a piezometer nes t  could 
be ins ta l led  on a long gent le  s lope  from the kame on the north s ide  of the 
outwash valley to the Cornwallis River to test some hypotheses concerning 
groundwater flow beneath a regional slope; and thirdly, something could be 
learned about groundwater discharge near the Cornwallis River. 

Installation of Piezometers and Data Collection 

The  piezometers in  a given nes t  were ins ta l led  in  separa te  holes  
spaced  2 or 3 feet apart ,  except for piezometers 78-a and -b,  which were in- 
s ta l led  in the same hole  because  of the  difficulty i n  drilling through the cob- 
ble gravel in the kame. The  piezometers were made of continuous, one inch 
diameter, flexible, p l a s t i c  tubing with one-eighth inch holes  drilled in the 
bottom 3 feet. After a four and three-quarter inch hole was drilled with a ro- 
tary rig to the desired depth, a piezometer was ins ta l led  by pumping water 
through i t  a s  it was pushed down the hole. If water was not pumped down the  
piezometer, the perforations tended to clog up before the tube was  in  place.  
After the tube was in  place,  the bottom 3 feet of the hole  was back-filled 
with gravel and the remainder of the hole with material removed during drill- 
ing. The  tops of the tubes were protected with short lengths of iron pipe and 
p ipe  caps  (Fig.  29). The  tops of the  iron p ipes  were leveled within one  one- 
hundredth of a foot so  that  comparisons of water l eve l s  between piezometers 
in  the same nes t  could be  made easily.  

In general, readings of water levels in  the piezometers were made 
daily with a chalked s t e e l  tape. Readings were usually made during the early 
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morning except in the winter when the readings were made (weather permit- 
ting) la ter  in the day to take advantage of higher temperatures. Although wa- 
level f luctuations during the  day could not be measured this  way, it was felt 
that the once daily readings were adequate for the  purpose of this  study. 

, 

F I G U R E  29. Piezometer nes t  7 9  in the  outwash valley. 

The  measurements made with the  chalked s t e e l  tape represent the 
difference in feet between the water level  in the  piezometers and the tops  of 
the  iron pipe. (The  depths  to water shown on the hydrographs of the pie- 
zometers a re  from ground level). Measurements were made to the ne a res t  hun- 
dredth of a foot s o  that  small  differences in water potent ia l  could be defined 
accurately.  T h e  depth at which the water potential  was measured is the depth 
below ground to the mid-point of the perforations in  the  p las t ic  tube. 

Vertical  Potent ia l  Differences in  the Piezometer N e s t s  

Piezometers  76-a and -6, (Fig.  22)  

The differences in water potential  represented by the piezometers 
10 feet from the Comwall is  River have been d i scussed  gt length in t h e  c h a p  
ter on the hydrologic budget. To summarize briefly, the vertical  component of 
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groundwater movement was upward during most low and intermediate river 
stages. During the highest river s tages ,  groundwater movement was  tempor- 
arily reversed as water from the river moved into the  flood plain sediments. 
T h i s  i s  commonly the case for perennial s t reams where the  low flow is main- 
tained by groundwater discharge. 

Piezometers 77-a and -b (Fig. 24) 

Piezometers  77-a and - b  were instal led along a gent le  regional 
slope; well 77-a represents  the potential  8 feet below ground level  in  sur- 
ficial sand  and gravel deposi ts ,  and well 77-b represents  the potential  32 
feet  below ground level,  1 4  feet  below the surface of the bedrock. The  water 
potential  i n  the  deeper  piezometer (77-b) was consis tent ly  higher than the po- 
tential  in well 77-a, particularly during the period of summer groundwater re- 
cession.  During the winter, the difference in potential was  not a s  consis tent  
i n  magnitude, and on occasion reversed i n  direction with the potential  in well 
77-a exceeding that in  well 77-b. In s p i t e  of the variations during the winter, 
the dominant vertical  component of groundwater movement was  upward during 
the period of record. T h i s  is due to the fact that groundwater recession and 
recovery a r e  taking place throughout the  flow system a n d  not just  at the site 
of the piezometer nest .  Occasional  reversal  of the groundwater potential  dur- 
ing the  winter may have been related to the formation of ice i n  the  soil and 
to  t h e  periods when t h e  so i l  was  completely saturated.  

Piezomeiers 78-a and -b (Fig.  2.5) 

The problems with piezometers 78-a and -b have been d i s c u s s e d  to 
some extent in the sect ion on the hydrologic budget. Firs t ly ,  well 78-a was  
instal led in kame material just  above t h e  general water-table s o  that th i s  pie- 
zometer i s  dry most of the time. Secondly, piezometer 78-b was  ins ta l led  in  
fine-grained bedrock and  back-filled with kame material so that on occasion 
s lugs  of water  were introduced which did not represent actual  water poten- , 
t ial  increases  in the  formation. To have  properly completed this  piezometer 
in c laystone and s i l ts tone,  the hole should have been cement grouted above 
t h e  bottom 3 feet of t h e  piezometer. Even though th is  was  not done, some 
useful information on water potentials in  bedrock h a s  been obtained. 

From those times when there was water in piezometer 78-a, it ap- 
pears that  a downward gradient was  present between the water-table in  the  
kame and the water potential 16 feet in to  bedrock. T h i s  is logical because 
the kame i s  not in a si tuation typical of a discharge a rea  ( s e e  Sec.  G-H, Fig.  
28). Firm conclusions concerning the direction of groundwater movement, 
however, shouId not be drawn from these  piezometer hydrographs because 
groundwater in  surficial  sand and gravel  deposi ts  may be nearly independent 
of the ar tes ian system in the Wolfville Formation ( s e e  d iscuss ion  of pie- 
zometers 79-a, -b, -c and -d). 

Piezometers 79-a, -6. -c and -d  (Fig. 26) 

Piezometers  79-a and -b were instal led at two different depths in 
outwash sand and gravel ,  a n d  piezometers 79-c and -d were ins ta l led  1 2  feet 
and 1 1 2  feet ,  respectively,  below the surface of the underlying interbedded 
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sandstones and s h a l e s  of the Wolfville Formation ( s e e  Fig. 28). A s  dis- 
cussed  earlier,  i t  is apparent from the  hydrographs that  the water potential  
112 feet  into the bedrock was nearly independent of water level  f luctuations 
in the  overlying surficial  depos i t s  for the period of these records. 

The vertical components of groundwater movement in  piezometers 
7 9 a ,  -b and -c proved to be interesting. Throughout the  summer groundwater 
recession,  the vertical  component between 8 and 21 feet  was consistently 
downward. The  vertical component of the gradient between 21 and 44 feet ,  
however, was almost always upward. From the first  of October t o  the f i f -  
teenth of January,  the vertical  components of the groundwater gradient were 
generally the same as during the summer recession although greater fluctua- 
t ions in the magnitude of these  components occurred during the fall  and win- 
ter months. From January 15 to  March 2, 1967 the potential  a t  21 feet  was  
higher than a t  8 and 44 feet, indicating that there was  a tendency for ground- 
water to move away from the central  part of the outwash. After March 2, 1967 
the  ver t ical  components of groundwater movement generally reverted to the 
former si tuation in which movement was towards the  central  part of the out- 
wash. 

Flow System in the Vicinity of the Piezometer N e s t s  

It is evident from the observed potent ia ls  that  the outwash valley 
is not a discharge area for a local  flow sys t em in the vicinity of piezometer 
nes t  No. 79, Further evidence for th i s  is the fact  that no surface stream 
e x i s t s  in this  section'of the outwash valley (permanent surface s t reams ap- 
pear in the valley about 4,000 feet to the east and 1,000 feet to the west  of 
this  section),  and the  fact  that the water-table does  not r ise  beneath the 
kame on the north s i d e  of the valley. A similar si tuation ex is t s  a t  the Tre- 
mont pump test site where no surface stream is present  in the valley and 
downward vertical  gradients were noted in  observation wel ls  in the outwash. 
Outwash val leys  are  discharge areas ,  however, where the water-table r i s e s  
on both s i d e s  of the valley and perennial  s t reams are  present in  them. 

T h e  movement of groundwater (during most of the year) both down- 
ward from the water-table and upward from the bedrock towards the center of 
the outwash h a s  a logical explanation. The  log of test-hole 79-d shows that  
the outwash is not homogeneous but cons is t s  of coarse  sand  to 9 feet, inter- 
bedded red clay and gravel from 9 to 15  feet ,  coarse  sand from 16 to 21 feet, 
and fine to coarse  gravel  from 21 to 32 feet. Beneath the outwash, the bed- 
rock is interbedded sandstone, s i l ts tone and claystone. There is a zone of 
higher Permeability, therefore, between 1 5  and 32 feet with zones of lower 
permeability both above and below. Toth (1962) has  indicated that ground- 
water flow may be refracted from materials of lower permeability toward an 
enclosed geologic unit of higher permeability as i n  this  outwash valley ( s e e  
Fig. 30). 

T h e  reversal  of the vertical  component of groundwater movement 
from the middle of January to the first  of March indicates  that th i s  sect ion 
of the outwash valley was temporarily a discharge area during that t ime. T h e  
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upward movement m a y  have represented the transfer of groundwater to form 
ice l e n s e s  i n  the soil. During the same time, there is a recession in  ground- 
water levels  which ref lects  a lack of recharge a s  water was  incorporated into 
ice. T h i s  hypothesis  i s  supported by the  fact that the mean daily temperature 
was  almost always below freezing and almost a l l  precipitation was in the 
form of snow during this  period. ,An equilibrium between the ice and ground- 
water seems to have  been reached i n  the early part of March as  the  potent ia ls  
reverted to  the  “normal” si tuation. Groundwater leve ls  rose  over  2 feet i n  5 
days  after nearly 2 inches  of rain fell on March.13 and 14. Evidently the  rain 
and melted snow easi ly  penetrated the frozen soi l  to  recharge the water-table. 

T h e  direction of la teral  movement of groundwater i n  t h i s  outwash 
valley is probably dominantly westward toward Rockland Brook and not north 
to the  Cotnwallis River. T h e  outwash is s i tuated in  a bedrock trough a s  
shown by Section G-H, figure 28, and much of the bedrock cons is t s  of fine- 
grained materials of low permeability .Because of the pronounced difference 
in  permeability between the  bedrock and t h e  out wash, the  bedrock ridge acts 
as  a barrier to any significant movement of groundwater northward toward the 
Cornwal l i s  River. 

On the other  hand, there is a gradient of about 18 feet per mile west- 
ward along t h e  outwash valley between test-holes 79 and 90. Groundwater, 

77 
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therefore, is very likely moving westward along the outwash valley because  
of the gradient and the relatively high permeability of t h e  outwash materials. 
T h i s  hypothesis  of the movement of groundwater in the outwash valley is 
shown schematically in  figure 30. 

From the kame northward to  the  Cornwallis River there is a shal low 
flow sys t em in  the surficial  deposi ts  which are only a few feet t o  a few t e n s  
of feet thick. T h e  piezometers at test-hole 77 were placed along the s lope to 
see if flow is actually parallel  t o  t h e  surface.  The  vertical  component of the 
groundwater gradient, however, was consis tent ly  upward at this  point along 
the  regional slope.  At first it was thought that  th i s  demonstratedToth’s (1962) 
conclusion that groundwater discharge takes  place along t h e  lower half of a 
basin and not just  in the vicinity of the stream. Further study, however, 
turned up another explanation. An earlier test-hole (No. 34) was drilled about 
100 feet to  the  north and down s lope  from t h e  piezometers at test-hole 77. 
Bedrock in  test-hole 34 is only 11 feet below the  surface,  but i n  test-hole 77, 
bedrock is 18 feet below the surface. Groundwater in the surficial  deposi ts ,  
therefore, is moving toward a low bedrock ridge. In order to continue moving 
predominantly in the more permeable surf ic ia l  deposi ts ,  the  deeper ground- 
water must be refracted upwards a s  it approaches this  r idge (Fig.  31). F reeze  
and Witherspoon (1967) have shown that  t h e  anisotropic and nonhomogeneous 
nature of a porous medium can  easi ly  cause  apparently anomalous potential  
differences such a s  th i s  one. 
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Generalizations Concerning Groundwater 
Flow in  the Annapolis-Cornwallis Valley 

Water potent ia ls  follow different patterns of  recession and recovery 
in t h e  surficial  sand  and gravel depos i t s  than they do under ar tes ian condi- 
t ions in  the bedrock. These  different water level  patterns a r e  poss ib le  b e  
c a u s e  of the confining s i l t s tones  and claystones in the  Tr iass ic  rocks which 
restrict  vertical  groundwater movement between sand  and gravel  depos i t s  and 
the  bedrock. A s  a consequence, much of the precipitation that enters  sand 
and gravel  aquifers appears  in s t reams a s  b a s e  flow without having p a s s e d  
through the  bedrock. T h i s  fact, however, does  not necessar i ly  limit the de- 
velopment of bedrock aquifers because  a bedrock well field would change the 
natural groundwater gradients and considerably increase leakage from sur- 
f icial  deposits.  T h e  amount of leakage which might be induced through con- 
fining beds could b e  determined from pump tests and records of pumpage. 

Where the  permeability of the  finer-grained surficial  deposi ts  (such 
a s  t i l l  and estuar ine deposits)  i s  more nearly the same a s  that of the  bedrock 
s i l t s tones  and claystones,  a more uniform flow system probably dominates 
groundwater movement. T h i s  idea,  however, cannot be demonstrated from the 
piezometer records because none of the piezometer n e s t s  are  completed in 
fine-grained surficial  materials. 

Under natural  conditions wat er en ters  the Wolfville Formation most- 
ly through rock outcrops and through surficial  deposi ts  where the  water po- 
tential  is downward. Some water enters  the  formation from the underlying Pa-  
laeozoic  rocks although the  rate  of movement i s  probably very slow. Most of 
the  water in the  Blomidon Formation h a s  probably come through the basal t  
because there is little opportunity for infiltration along the s teep  scarp  s lope  
of North Mountain. Movement of water downward in the  basal t  was  demon- 
s t ra ted in test-hole 133 south of Margaretsville. However, l i t t le  other i n f o r  
mation concerning gradients in the North Mountain basa l t  i s  available at t h e  
present t ime.  

Groundwater movement within the Wolfville and Blomidon Formations 
is concentrated in the  sandstones and conglomerates for the same reason that 
water in the outwash valley south of Berwick tends  to move towards the beds 
of  higher permeability. In a r e a s  where there must b e  vertical  circulation (such 
as the upward movement beneath the  major s t reams)  the rate of movement 
across  the  s i l t s tones  and claystones is probably very slow. 
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CHEMICAL QUALITY OF GROUNDWATER 

Introduction 

Water is relatively free of mineral matter when it falls as precipi- 
tation. As  it moves slowly through the ground it d i sso lves  mineral matter 
from the surf ic ia l  deposi ts  and rocks through which it passes. The composi- 
tion of the geologic materials through which groundwater moves, therefore, 
is important in determining the chemistry of the water. This  factor is empha- 
s ized  in  this report. Other factors influencing the water chemistry are  the 
length of time the water h a s  been in the ground and the d is tance  i t  h a s  gone 
s ince  .entering the ground. Thus,  water which h a s  travelled only a short  dis-  
tance in a shal low groundwater flow system may have considerably different 
chemistry from water found d e e p  within a regional groundwater flow system. 
T h e s e  factors wil l  be examined in de ta i l  in another paper. 

Expression of Water Analyses  

Chemical ana lyses  of water a r e  commonly reported in par t s  per 
million by weight (ppm). One part  per million represents  1 milligram of 
solute  in  1 kilogram of solution. Water quali ty s tandards a r e  generally c i ted  
in ppm, and  therefore, the ana lyses  tabulated at the end of t h i s  sect ion a re  
presented in  ppm. 

To faci l i ta te  comparison of ions in  the ana lyses  ( s u c h  a s  in table  9 
or on the tr i l inear diagrams), i t  is best  t o  report  the ions in terms which 
consider not only the weight but the chemical  equivalence. If the concentra- 
tion of an  ion in parts per million is divided by the combining weight of that  
ion (combining weight = atomic or molecular weight of the ion divided by the 
ionic charge),  the concentration is converted t o  milligram equivalents  per 
kilogram (epm). 

Discussion of Chemical Const i tuents  

Determined in the Water Analyses  

Before d iscuss ing  the influence which the various hydrostratigraphic 
units of the Annapolis-Cornwallis Valley have on the groundwater chemistry, 
a brief discussion of the const i tuents  determined in the chemical  a n a l y s e s  is 
given below.Most of the  d iscuss ion  is a summary of material from Hem(1959). 

Calcium 

Calcium is commonly present  in groundwater .because it i s  a cat ion 
in  many soluble  minerals (e.g. calcite, dolomite, gypsum, and anhydrite), and 
may b e  dissolved during the weathering of other common minerals such as 
many of the silicates. Where it is present  in the form of calcium bicarbonate, 
it is in equilibrium with the dissolved carbon dioxide in the water. Thus ,  if 
carbon dioxide is driven off when the water is boiled or when it en ters  a zone 
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of re,duced pressure around a pumping well, calcium carbonate may be pre- 
c ipi ta ted as  an  encrustation. 

Magnesium 

Magnesium is common in groundwater because it is a component 
in  many s i l ica te  minerals, and, along with calcium and carbonate, forms the 
soluble mineral dolomite. Although the amount of magnesium carbonate in  
solution depends on the p r t i a l  pressure of carbon dioxide, magnesium car- 
bonate does not precipitate from solution as readily a s  does  calcium carbon- 
ate. Variation in the rat io  of calcium t o  magnesium ions  (in epm) may indi- 
cate tha t  two groundwaters are from different hydrostratigraphic units. The 
calcium/magnesiurn rat io  ranges between 2 and 6 for groundwaters d i s c u s s e d  
in  t h i s  report. 

Sodium 

Groundwater obtains  sodium mostly from weathered feldspars ,  from 
some evaporite sediments, and from recirculation of sodium in the ocean by 
precipitation and by salt water intrusian. In the  laboratory, sodium was  cal-  
culated from the value for chloride in most of the samples  analyzed. T h i s  
assumption - that all chloride is combined with sodium - i s  justif iable for 
waters  with low salt concentrations ( Gerry Byers, personal  communication). 
In  some of the earlier water ana lyses ,  however, particularly from the meta- 
morphic and Horton units,  sodium was  determined with a flame photometer. 
In these cases the rat io  of sodium to chloride is not 1.00 but 0.78 in  che 
metamorphic rocks and 0.71 in the Horton Group. Thus ,  some chloride is 
combined with other cat ions and the  reported value for sodium is greater than 
the actual  value. The  Piper  a i l inear  plots misrepresent the value of sodium 
plus potassium because of this  error and because potassium was  not deter- 
mined i n  the analyses .  Potassium is often present i n  concentrations equal  
to or less than tha t  of sodium in waters  of low dissolved so l ids  (Hem, 1959). 

Iron 

Iron is a common consti tuent of rocks and so i l s ,  .but .it is normally 
present in the groundwater only in small  amounts (usually less than 0.3 ppm 
in groundwaters of the Annapofis-Cornwallis Valley). T h e  reliabil i ty of iron 
determinations in chemical ana lyses  depends on the care  taken in  sampling 
because rust  from well  cas ings  and plumbing fixtures may contaminate the 
the sample if the water which h a s  been standing in the wel l  h a s  not been 
f lushed out first. It was  found, however, that  t h e  time lapse between sam 
pling and l a b r a t o r y  analysis  does  not affect the accuracy of t h e  laboratory 
determination ( s e e  appendix C). 

The  chemistry of iron in water i s  complex, but t h e  precipitation of 
iron in the form of ferric hydroxide often occus  when groundwater c o m e s  in  
contact  with the oxygen in air. Micro-organisms may a lso  precipitate iron and 
c a u s e  problems, one of which is the encrustation of wel l  screens.  
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Manganese 

Manganese behaves chemically l ike iron, but i t  i s  much l e s s  abun- 
dant in rocks than iron, and most of it in groundwater h a s  probably been dis- 
solved from s o i l  and sediments. A precipitation reaction yielding manganese 
hydroxide occurs when water containing manganous bicarbonate under re- 
ducing conditions comes in contact with oxygen. Micro-organisms may a lso  
precipitate manganese. The concentration of manganese in solution may be 
nearly a s  great  a s  iron in ac id  water but it is normally present  in  quant i t ies  
much l e s s  than iron in alkaline waters. In the Annapolis-Cornwallis Valley, 
manganese usually is present  in  groundwater in  concentrations of 0.01 ppm 
or l e s s ,  and is seldom present in  amounts greater than 0.03 pprn. 

Sulfate 

Sulfates  a re  commonly produced by the weathering of heavy miner- 
a l  sulfides.  Sha les  may contain pyrite,  for example, which c a n  be oxidized 
to su l fa tes  by circulation of groundwater. Few of the ca t ions  in groundwater 
form insoluble  precipi ta tes  with sulfate,  and  therefore, sulfate  may occur 
in high concentrations in groundwater. In the Annapolis-Cornwallis Valley, 
high conciamations of su l fa tes  most often resul t  from dissolut ion of gypsum 
and/or anhydrite lenses  in shale .  

Chloride 

Chlorides in groundwater may come from a variety of s o u r c e s  in- 
cluding precipitation near  the ocean ,  decomposition of organic material  in  
the  soi l ,  weathering of some igneous rock minerals, incomplete flushing of 
sea water from aquifers recently covered by the sea, and concentration of 
sa l t  in confined aquifers by the  clay membrane effect (Bredehoeft, et. at., 
1963). In t h e  l a s t  case, the clay content of s h a l e s  re tards  the passage of 
ions a s  groundwater moves upward through the confining beds in discharge 
areas .  T h i s  mechanism may be partly responsible  for the increase in sodium 
chloride with depth in the Wolfville Formation. Chlorides, l ike sulfates ,  tend 
to s tay  in  solution. Consequently, it is possible  for groundwater to  contain 
large concentrations of chlocides. 

Alkalinity 

The  alkalinity of water is its property to neutralize acid. Alkalinity 
may be due t o  a number of const i tuents  in  groundwater, but in most ground- 
waters, alkalinity is due to carbonate and bicarbonate ions.  The alkalinity of 
groundwaters considered in this  report c a n  b e  assumed t o  be due t o  bicar- 
bonate ions because the pH of the waters is commonly l e s s  than 8.2. Alka- 
linity, reported a s  calcium carbonate (ppm) in  the ana lyses  h a s  been con- 
verted to an  equivalent amount of bicarbonate i n  epm for the Piper  tr i l inear 
diagrams. 
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Hardness  

The minerals causing hardness  in water form insoluble res idues  
with soap  and contribute to encrustations.  Temporary hardness or hardness  
that can  be removed by boiling water is due to the  carbonates of magnesium 
and calcium. Permanent hardness, due to calcium and magnesium sulfates, 
cannot be removed by boiling water. Since the hardness  of water for domes- 
tic purposes d o e s  not become particularly objectionable until it e x c e e d s  100 
parts  per million (Hem, 1959), waters  with a hardness  of l e s s  than 100 pprn 
arbitrarily can  be considered “soft” and those  above 100 pprn “hard”. 

Specific Conductance 

The  specific conductance of water is its property to conduct a n  
electr ical  current. Although the specific conductance of water increases  with 
increasing total  dissolved sol ids ,  there is no simple relat ionship between 
the two. Considering the range of concentration of total dissolved sol ids  
and the ions typically found in groundwaters of the Annapolis-Cornwallis 
Valley, specif ic  conductance is approximately related to total dissolved 
in  organic so l ids  in  the  following manner: 

Specific conductance ( p mhos) x 0.55 = 
total d i sso lves  so l ids  (ppm) , 

where a p mho is one millionth of a mho which is the reciprocal of the  unit  
of e lectr ical  res is tance,  the ohm (Gerry Byers, personal communication). 

Nitrate 

Nitrate in groundwater may come from several  sources  including 
plants  which fix nitrogen in h e  soil, fert i l izers,  and organic pollution. L o c a l  
occurrences of nitrate in groundwater may indicate organic pollution and an 
unsanitary condition exis t ing in the water supply. 

“The pH value of a water represents  t h e  overal l  balance o f  a 
ser ies  of equilibria exis t ing in solution” (Hem, 1959, p. 46) .  T h e  pH de- 
pends to a large extent  on the alkalinity and ranges in m o s t  groundwaters 
from about 5.5 to sl ightly over 8.  T h e  pH of a water sample should be de- 
termined in the field as soon after sampling as  possible  because there is 
a significant tendency for the sample to become more neutcal with time 
(see  appendix C). T h i s  happens because loss of g a s e s  and changing temp- 
eratures c a n  al ter  chemical equilibria, particularly the alkalinity,  and thus  
change the pH. 

Chemical Quality of Groundwater in .the Hydrostratigraphic Units 

Numerous samples  of groundwater were taken for chemical  a n a l y s i s  
from all of the hydro’stratigraphic uni ts  in a n d  adjacent  to t h e  Annapolis- 
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Cornwallis Valley ( t h e  complete a n a l y s e s  a r e  g iven  i n  Appendix E). The 
following d iscuss ion  of the chemical quality of groundwater in  each hydro- 
stratigraphic unit  is based on mean va lues  for each  chemical consti tuent 
in each unit given in table 9 and on tri l inear plots of the major cat ions and 
anions in the  ana lyses .  I t  is apparent from an examination of t a b l e  9 that 
mean va lues  for some of the const i tuents  in  several  of the u n i t s  a r e  nearly 
t h e  same;  mean va lues  for other i tems  differ considerably among some of the 
uni ts .  In  order to show where there a r e  s imilar i t ies  in water chemistry and 
where there  a re  significant differences,  statistical a n a l y s e s  were made ( s e e  
Appendix C). Many of the s ta tements  in t h i s  sect ion a r e  based  on t h e  resu l t s  
of t h e s e  analyses .  

T h e  trilinear plcts  (after Piper,  1944) of the water ana lyses  a r e  
given in  figures 3 2  t o  35. In t h e s e  diagrams, t h e  major cat ions in groundwater 
(calcium, magnesium and sodium plus  potassium) are  given a s  per  c e n t s  of  
total  equivalents  p e r  million in one triangular field; i n  the other, the major 
anions (carbonate plus  bicarbonate, chloride,  and sulfate) a r e  given a s  p e r  
cents  of total equivalents  per  million; and t h e  combined chemistry is plotted 
in the diamond-shaped field. The second tri l inear diagram of figure 35 is a 
plot of the  mean per cent  of to ta l  equivalents per  million for the major ions 
in each unit. It can b e  s e e n  i n  figure 35 that there  are no  large differences in 
the relat ive composition of the major ions among the various uni ts  and that 
they a l l  c a n  be considered predominantly calcium bicarbonate waters. F u r  
ther, the mean value of to ta l  dissolved so l ids  in groundwaters of all units 
except  the Rloiiidon Formation and the Horton Group is less than 200 ppm 
( s e e  Table  11). 

In general, 'waters in t h e  uni ts  forming t h e  North and South Mountain 
highlands a re  lower in hardness  and contain fewer d isso lved  solids than do 
t h e  waters in the lowland uni ts .  This i s  due to t h e  fact that the  lowlands a r e  
predominantly discharge a reas  where groundwaters h a v e  been in contact  with 
so luble  minerals longer than they have in  the highland recharge areas. 

I t  should be noted that some of t h e  samples from t h e  Blomidon For- 
mation, granite,  till overlying the North Mountain Basa l t  (and a l s o  possibly 
some samples from the  sand and gravel depos i t s  and Wolfville Formation) 
may h a v e  been contaminated by rusty cas ing  and/or plumbing fixtures. A s  a 
resul t ,  the  mean va lues  for iron given for t h e s e  uni ts  i n  t a b l e  9 could b e  mis- 
leading. For  more representat ive va lues ,  s c a n  the  a n a l y s e s  g i v e n  in  Appen- 
dix E. 

North Mountain Basa l t  

The North Mountain Basa l t  is an upland unit  containing waters  o f  
excellent chemical quali ty (i.e. low in to ta l  dissolved s o l i d s ,  hardness  and 
iron). Note in figure 32 tha t  the waters are  predominantly calcium bicarbonate 
in composition. 

Blomidon Formation 

The Blomidon Formation i s  a lowland unit along the b a s e  of the 
North Mountain scarp where most of  the  samples  from drilled w e l l s  were  o b  



Bedrock Uni ts  
North Mountoin 
B a s a l t  

B lomi don F ormat i on 

Wolfvi l le Formation 

Metomorphi c Rocks 

Granite 

Horton Group 

Surficiol  Uni ts  

Sand and,Gravel  
Deposits 

A l l  t i l l  deposits 

Basal t  t i  I I 
Blomidon t i l l  

Wolfvi l le t i l l  

Metamorphic t i  I I 
Horton t i l l  

c o  
(epm) 

1.01 
5.1 9 
2.07 
0.78 
1.88 
1.99 

0.93 

0.89 

0.85 
1.59 
1 .42 
0.71 
1.16 

Table 9. Mean Values for the Chemical Constituents in the 
Hydrostratigraphic Units 

Mg 
(epm) 

0.30 
0.74 
0.33 
0.30 
0.30 
0.97 

0.30 

0.33 

0.32 
0.46 
0.45 
0.28 
0.53 

N o  
(epm) 

0.42 
0.78 
0.95 
0.36 
0.21 
0.88 

0.53 

0.47 

0.45 
0.54 
1.85 
0.29 
0.42 

F e  
(epm) 

0.003 

0.021 
0.01 2 
0.01 8 
0.050 
0.003 

0.01 6 

0.01 9 

0.044 
0.003 
0.002 
0.01 7 
0.003 

Mn 
(epm) 

0.001 0 

0.0050 
0.001 6 
0.0068 
0.0000 
0.001 1 

0.0027 

0.0022 
0.001 2 
0.0005 
0.001 2 
0.0030 
0.001 3 

so 
(epm) 

0.1 7 
2.86 
0.42 
0.1 3 
0.33 
0.28 

0.24 

0.22 

0.1 7 
0.67 
0.81 
0.1 6 
0.06 

CI NO 
( e p d  (epm) 

0.44 0.17 
0.79 0.18 
0.95 0.16 
0.50 0.09 
0.21 0.05 
1.24 0.05 

0.54 0.12 

0.53 0.10 
0.46 0.09 
0.56 0.31 
1.86 0.24 
0.36 0.06 
0.74 0.09 

Alka-  Hard- Spec. 
l in i ty  ness Cond. 

(ppm) (ppm) (pmhos) PH 

52 66 20 7.1 
105 268 56 7.4 
79 117 35 7.4 
41 57 19 6.6 
79 109 28 6.9 
93 149 38 7.6 

41 62 21 6.8 

47 62 21 6.8 
53 59 20 6.8 
53 103 29 6.4 
91 94 40 7.3 

6.6 52 17 45 
6.9 92 25 50 
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Per cent of total equiwlents per million 

Per cent of totol'equiwleits pel million 

FIGURE 32. Trilinear plots  of water analyses  for the North 
Mountain Basalt ,  and for the  Blomidon Formation. 
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tained. These waters  contain more dissolved so l ids  and  hardness  than are 
commonly found in waters  from any other unit considered in  t h i s  report. In a 
few cases t h i s  i s  d u e  to large amounts of calcium su l fa te  dissolved from 
gypsum lenses  in t h e  formation (note  the high sulfate waters  plotted in Fig.  
32). Of the other dissolved consti tuents which affect  t h e  quality of Blomidon 
Formation waters, calcium bicarbonate is the most important because  it in- 
c reases  the value for alkalinity,  hardness ,  total  dissolved so l ids  and t h e  
buffering action tends to keep the pH above 7 (calcium carbonate is probably 
one of  the cementing materials in the  formation). 

The relatively high mean values  for iron and manganese given in  
tables  9 and 11 are  due to the inclusion of one sample containing 5 ppm iron 
and 1 ppm manganese. The  mean concentration for manganese in the other 
fourteen samples  is less than 0.01 pprn and for iron only 0.07 ppm. 

Waters from most of t h e  spr ings along the North Mountain scarp  con- 
ta in  fewer  dissolved solids than waters from the drilled wells and often ap- 
proximate t h e  composition of water from t h e  till overlying the  Blomidon F o r  
mation ( s e e  Table  9) .  

~ 

~ Wolfville Formation 

The  Wolfville Formation i s  a lowland unit which usual ly  contains  
good quality waters  even though t h e s e  waters  have more d isso lved  s o l i d s  
than d o  waters  in the upland units. The  most important dissolved ions i n  this  
unit are calcium and bicarbonate (calcium carbonate is a common cementing 
agent in this formation). The  bicarbonate i s  an  important contributor t o  the 
total  dissolved so l ids ,  and const i tutes  most of the hardness  and alkalinity 
(which t e n d s  to keep  the  waters sl ightly basic).  A few Wolfville Formation 
waters  from deeper wells near es tuar ies  are predominantly sodium chloride 
in  composition (note the  high chloride waters  in Fig.  33). It is apparent, 
therefore, that  the proximity of the sea may adversely affect  groundwater 
quali ty particularly where wells are  drilled in low-lying areas .  Salty water, 
however, should not be a problem near the coas t  where the land and the 
water-table r i se  rapidly away from the shore (unless  high production wel ls  
are  contemplated). 

87 

M et amorp hi c Rocks 

The metamorphic rocks a r e  a n  upland unit  containing waters low in 
hardness  and dissolved s o l i d s  similar in composition to waters in t h e  North 
Mountain Basal t  ( s e e  Table  9 and Fig.  34). Waters in the metamorphic rocks,  
however, a r e  more acid than waters  in  t h e  basalt. A s  a resu l t ,  iron and man- 
ganese  a r e  often present i n  objectionable amounts ( s e e  Tables  9 and 11). 

Granite 

Only four water supplies were sampled in granite areas because  
there  are s o  few people living in  t h e s e  areas.  Note in table 9 and in f igures  
34 and 35 that  t h e s e  samples  contain m r e  calcium bicarbonate than do 
waters  in the  metamorphic rocks  and basalt. This  g i v e s  t h e  granite waters 
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- 
Per cent of total equiwlents per million 

Surficial Sand and Gravel 
(5C Samples) 

Per cent of total equiwlents per million 

FIGURE 33. Trilinear plots  of water analyses  for the 
Wolfville Formation, and for the surficial 
sand and gravel deposits. 
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higher alkalinity,  hardness  and dissolved sol ids  than  is common for waters  
in  other upland units. 

Horton Group 

The Horton Group is a lowland unit  in t h e  Gaspereau Valley where 
most of t h e  samples from dril led wel ls  were obtained.  As  a lowland unit ,  
note the similarity between t h e  composition of waters  in  this  unit  and waters 
in h e  Wolfville Formation (Table  9 and Fig. 35). Comments made about the 
quali ty of waters  in  t h e  Wolfville Formation also apply to waters  in the 
Horton rocks except ha t  some waters  in t h e  Horton rocks contain signifi- 
cantly more magnesium than does  the  average groundwater in the  Wolfville 
For mation. 

Glacial  Till Deposi ts  

Waters from dug wel ls  in  t i l l  overlying t h e  basa l t  and metamorphic 
rocks h a v e  essent ia l ly  the same composition as waters  in the underlying 
bedrock. This is due partly t o  the influence that  the  underlying bedrock h a s  
on the composition of the till  and partly t o  the  fact that th.ese a r e  upland 
areas.  Waters in t h e  lowland t i l l  deposi ts  have more dissolved so l ids  than 
do  the waters in the upland till depos i t s ,  but waters  i n  t h e  lowland till de-  
pos i t s  a r e  often of better quality than waters  in  the  underlying bedrock. This 
is true of waters  in t i l l  overlying the Rlomidon and Horton uni t s ,  but most of 
t h e  differences do not show up i n  the s ta t is t ical  a n a l y s e s  because  of t h e  
lack of an  adequate number of samples. For the f ive  samples  of water avail- 
able from ti l l  overlying the VolfviIle Formation, the chemical composition 
does  not seem to differ significantly from the  composition of waters in t h e  
underlying bedrock. 

In  figure 35, note  that a l l  of the surf ic ia l  deposi ts  plot within a 
smal l  a r e a  in the diamond-shaped field and that  there  is a tendency for the 
s u d i c i a l  deposit  waters  to c A t a i n  a higher percentage of sodium chloride 
than is commonly found in the bedrock waters. The larger relative concen- 
t ra t ions of sodium chloride in t h e  surf ic ia l  deposit waters  may come p a d y  
from pecipi ta t ion because salt introduced to the air by breakers along t h e  
coas t  may act as nuclei  in rain drops. 

Surficial Sand and  Gravel Deposi ts  

S u d i c i a l  sand and gravel deposits generally contain waters  of ex- 
cellent quali ty similar in composition to waters in the  upland uni ts  (Table  9 
and Fig.  33). Although these  depos i t s  mantle t h e  lowland areas  and overly 
the Wolfville Formation, h e y  a r e  often recharge a r e a s  for  shallow local flow 
systems because of their relatively high permeability. I n  re la t ion to waters  
in the Wolfville Formation, waters  in t h e  sand and gravel  deposi ts  contain 
less calcium bicarbonate. Thus ,  these  waters  have lower alkalinity,  pH, 
hardness  and fewer dissolved solids than d o  waters  in the Wolfville For- 
mation. 
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Rr cent of total equiwlents per million 

FIGURE 34. Trilinear plots  o/  water analyses  for granite, 
and for metamorphic rocks. 
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A 

Wr cent of total equimlents per rnillim 

W r  cent of total equivalents per rnillim 

FIGURE 35. Trilinear plots  of water analyses  for the Horton 
Group, and trilinear plot of the mean per cent of 
total equivalents per million for  each hydro- 
stratigraphic unit. 
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FlGURE 36.  Trilinear plot o f  water analyses  for United Elast ic  Ltd., 
Bridgetown, N.S. 

Variations in  Groundwater Quality with Time 

Groundwater does  not vary in  quali ty nearly as much as surface 
water, but it should not b e  assumed that there is n o  variation in groundwater 
quali ty with t ime. For example, the water supply of the  Bridgetown plant of 
United Elast ic  Limited has  been analyzed periodically since 1960. Some of 
these  ana lyses  are  p e s e n t e d  in table  10. It c a n  be s e e n  that most of t h e  
major i o n s ,  e x c e p  sulfate,  have varied over 100 per cent  in  value over the 
seven year  period represented. 

The observed variations are probably due t o  some combination of 
factors.  One factor may be that water is pumped alternately from two w e l l s  
about 1,000 feet  apar t  in  the  WoIfville Formation, but there is no indication 
in the trilinear plot (Fig.  36) that two distinctly different groundwaters a r e  
present. Other factors  may be the sampling procedure (e.g. contamination 
from iron in the casing) ,  the time lag between sampling and ana lys i s  ( this  
probably affects  the pH), and normal analyt ical  error although the same lab- 
oratory analyzed all samples .  In addition t o  the combined effect of the fac- 
tors mentioned above,  some of the variation may bk due to natural  fluctu- 
a t ions in water qual i ty  even though seasonal  f luctuations a re  not apparent 
and  there does  not seem to b e  a long term trend. Although the  quant i ta t ive 
importance of the various poss ib le  factors affecting quali ty i s  not known, 
this  example shows that  one chemical ana lys i s  does not def ine the  ground- 
water chemistry at a particular location. 
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Table 10. Chemical Analyses of Well Water, United 
Elast ic  Limited, Bridgetown, Nova Scotia 

Sept. 

Apri I 

June 

Nov. 

Apri I 

July 

Oct. 

July 

Oct. 

Jan. 

Apri l  

July 

Jan. 

April 

Aug. 

Nov. 

Jon. 

Apri I 
Oct. 

22/60 

12/61 

2 6/61 

21/61 

2/62 

21/62 

8/62 

23/63 

29/63 

2 0/64 

24/64 

17/64 

25/65 

20/65 

10/65 
2/65 

26/66 
18/66 
25/66 

Ca 
(epm) 

0.96 

1.10 

1.06 

1.30 

0.79 

1.13 

1.10 

1 .oo 
0.96 

1.06 

1.06 

1.03 

1.06 

1.03 
1.10 
0.96 
1.03 
0.89 

Mg 
(epm) 

0.14 

0.1 7 

0.58 

0.86 

0.51 

0.31 

0.1 7 

0.1 0 

0.34 

0.21 

0.1 4 

0.20 

0.21 

0.24 

0.30 
0.20 
0.1 7 
0.21 

Na* 
(epm) 

0.38 

0.54 

0.40 

0.39 

0.39 

0.34 

0.39 

0.37 

0.48 

0.37 

0.3 1 

0.79 

0.42 

0.42 

0.28 

0.34 
0.42 

0.34 

so 4 
(epm) 

0.08 

0.09 

0.07 

0.10 

0.1 0 

0.1 0 

0.1 0 

0.1 0 

0.10 

0.1 0 

0.1 0 

0.1 0 

0.1 0 

0.1 0 

0.1 0 

0.1 0 
0.1 0 

0.1 0 

0.42 0.1 0 

CI 
(epm) 

0.38 

0.40 

0.54 

0.39 

0.39 

0.34 

0.39 

0.37 

0.48 

0.37 

0.31 

0.79 

0.42 

0.42 

0.28 
0.34 
0.42 

0.34 
0.42 

H C O ~  
(epm) 

1 .oo 
1.27 

1.20 

1.33 

1.27 

1.27 

1.20 

1.60 

1.16 

1.20 

1.10 

0.80 

0.80 

1.07 

1.13 

1.23 
1.13 

0.60 
1.07 

F e  
( P P d  

0.02 

0.05 

0.00 

0.05 

0.05 

0.02 

0.03 

0.02 

0.03 

0.04 

0.08 

0.01 

0.03 

0.02 

0.01 
0.02 
0.02 
0.02 

Hard- 
ness  

( P P d  

55 

63 

a2 

58 

65 

72 

63 

56 

55 

65 

62 

60 

62 

63 

63 
70 
58 
60 
55 

PH 

7.1 

6.9 

7.6 

7.4 

7.9 

8.2 

8.2 

8.1 

8.1 

8.2 

8.1 

7.3 

6.7 

7.4 

8.0 
8.0 
8.0 

8.0 
8.1 

* ca lcu la ted  from chlor ide 
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The water quality of sand and gravel  aquifers in the Annapolis- 
Cornwallis Valley h a s  not yet been monitored in t h i s  manner. When t h i s  is 
done, some significant changes  in quality with time will probably show up. 
?he lack of recharge during the summer a n d  the proximity of t h e  water-table 
t o ' t h e  surface in many places during the winter probably c a u s e  s e a s o n a l  
f luctuations in water quality in  surficial aquifers. 

Relationship of Groundwater Quality to U s e  
Domestic Use  

The  principal domestic u s e  of water is for drinking purposes. In 
table 11 the  chemical const i tuents  important in drinking water a re  tabulated 
along with the  recommended l imits  of the  U.S. Publ ic  Health Service Drink- 
ing Water Standards (1962). Iron and manganese a re  limited because,  even in 
small amounts, they can impair the  taste of water and beverages and they may 
precipitate to s ta in  c lothes  and plumbing fixtures. Objectionable amounts of 
iron and manganese a re  commonly present  only in  metamorphic rock ground- 
waters. Other water suppl ies  with excess ive  amounts of iron often have been 
contaminated by rusty casing and/or plumbing fixtures. 

Sulfates are  limited in drinking water because they may have a laxa- 
t ive effect in high concentrations. Chlorides contribute t o  total  dissolved 
so l ids  which, in high concentrations, give bad taste to water and may b e  
harmful to p lan ts  and animals. T h e  mean values  for sulfate  and chloride a r e  
far below the United States Publ ic  Heal th  Service recommended limits. 
Gypsum l e n s e s  in the Rlomidon Formation, however, make a few ground- 
waters  in  this unit  unpalatable. In addition, deep well waters  in t h e  Wolfville 
Formation and the Horton Group, particularly near es tuar ies ,  may contain 
objectionable quant i t ies  of chlorides. ,Total  dissolved so l ids  will not exceed 
the recommended limits except in  the unusual cases mentioned above  where 
large amounts of sulfates and/or chlorides a r e  present.  

There  is a recommended limit on the amount of nitrate i n  water 
suppl ies  because  high nitrate waters  a r e  poisonous to children. Although 
mean va lues  for nitrate reported in  table  11 are  far below the  recommended 
limit, waters  from some wells  have excess ive  concentrations of nitrate that  
may be due to pollution. Par t icular  care  should b e  taken to provide sanitary 
protection for shallow wells  in  surf ic ia l  deposi ts  and to properly case dril led 
wel ls  in  the  bedrock. 

In relation to the  chemical const i tuents  given in table  11, most 
groundwaters in  the Annapolis-Cornwallis Valley a re  acceptab le  as  drinking 
water. Many other ions,  however, particularly those  which may b e  present  in 
small a m o u n t s ,  have no t  been determined i n  the  routine chemical analysis .  
Some of these  ions,  such as  arsenic,  lead, hexavalent chromium, etc., may 
make a water supply unsatisfactory for drinking purposes  when present  in 
small amounts. If the presence of t h e s e  other i o n s  is suspec ted  i n  a partic- 
ular case, they should be determined in the water analysis .  In addition, a l l  
drinking water suppl ies  should a l s o  b e  tes ted  for bacteriological contami- 
nation. 



Table 11.  Mean Values of Chemical Constituents 
Related to Drinking Water Standards 

TDS 
( , m h o s  Hard- 

ness F e  Mn so4 CI x 0.55= NO 3 
( P P d  ( P P d  (PPm) ( P P d  PPm) (PPm) (PPm) 

North Mountain Basa It 0.06 0.01 8.4 15.7 110 10.8 66 

Blomidon Formation 0.39 0.07 137. 27.9 31 0 10.8 268 

Wolfvi l le  Formation 0.22 0.02 20.0 33.7 190 9.6 117 

Metamorphic rocks 0.34 0.09 6.3 23.8 100 5.6 57 

Granite 0.93 <0.01 15.7 7.5 160 ; 3.1 109 

Horton Group 0.06 0.02 13.4 59.7 21 0 3.3 149 

Sand and Gravel  Deposits 0.30 0.04 11.7 19.2 120 7.7 62 

A l l  t i l l  deposits together 0.36 0.03 10.5 18.6 110 6.5 62 

Drinking water l imits' 0.3 0.05 250. 250. 500 45. 

*Recommended l imits,  U.S. Publ ic  H e a l t h  
Service Dr ink ing  Water Standards (1962). W 

vl 
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Groundwater seldom contains impurit ies in amounts which a re  offen- 
s i v e  to taste, s ight  and smell (i.e. aesthet ical ly  offensive), but there a re  oc- 
casional  reports of turbid groundwater due to pollution from surface water or 
to formation col lapse in  a dril led well. Some groundwaters in  surficial  aq- 
uifers may be coloured and have “boggy” odors (often due  to  hydrogen sul- 
fide) if the aquifers a r e  connected to swampy areas ,  but better quali ty water 
i s  often found in  deeper  zones. 

Though water hardness  is not res t r ic ted in drinking water, it i s  in- 
cluded i n  table  11 because hard waters  a r e  objectionable for laundry, cook- 
ing, and heating purposes. The  mean values  for hardness  in  the  Wolfville 
Formation, Blomidon Formation, Horton Group, and Granite a re  above l o 0  
ppm. Some groundwaters in  t h e s e  units,  therefore, a re  “hard”, and water 
sof teners  may b e  necessary to make t h e  water sat isfactory for use.  

Agricultural U s e  

T h e  major agricultural u s e s  of water a r e  for watering l ivestock and 
for irrigation. There a re  limits to the tolerance of l ivestock to d isso lved  
minerals, but generally these  l imits  a r e  much higher than those  for human 
consumption. Thus,  only a very few groundwaters in  the Annapolis-Cornwallis 
Valley (such a s  the  high sulfate  Spa Spring waters) should not be u s e d  for 
watering l ivestock if better quali ty water is available.  

For  irrigation water the  most important factors  t o  b e  considered a r e  
the total dissolved sol ids ,  the concentration of some individual const i tuents ,  
and t h e  relative concentration of sodium. 

‘‘Salts may harm plant  growth physical ly  by limiting t h e  uptake of 
water through modification of osmotic processes ,  or chemically 
by metabolic react ions s u c h  a s  c a u s e d  by toxic const i tuents .  
Effects  of s a l t s  on so i l s ,  caus ing  changes  i n  s o i l  s t ructure ,  
permeability, and aerat ion,  indirectly affect  plant  growth” (Todd, 
1959, p. 190). 

There a re  two common methods of c lass i fying irrigation waters ,  and 
both u s e  specif ic  conductance a s  an indication of total  dissolved solids.  One 
method (Wilcox, 1748) u s e s  per cent  sodium (or soluble  sodium percentage) 
as  a n  indication of the sodium or alkal i  hazard. Soluble sodium percentage 
(SSP) i s  defined ‘by 

The  other method, recommended by the Salinity Laboratory of the  U.S. De- 
partment of Agriculture (Richards, 1954), u s e s  the sodium adsorption ratio 

SSP = 100 (Na + K) / (Ca + Mg + Na + K). 

(SAR) a s  a n  indication of the sodium hazard. The  SAR is defined by 
SAR = Na /J(Ca + Mg) /2. 

All ions  are expressed in epm both in the calculation of the SSP and the 
SAR. In table 12,  waters from the various hydrostratigraphic uni ts  have been 
classif ied as  t o  their  suitabil i ty for u s e  as irrigation water. 

It i s  apparent that  the average groundwater in every unit  can b e  
classif ied as  excel lent  to good for irrigation. Since mean va lues  have been 



Table 12. Groundwaters in Relation to Irrigation Water Quality Classifications 

Mean values far 

Speci f ic  

Conduc- 

tance 

SSP SA R ( p mhos) 

North Mountain 
Basal t  

B lomidon 
F ormati on 

Wolfvi I l e  
Formati on 

24 

12 

28 

0.52 

0.45 

0.86 

20 

56 

35 

Metamorphic 
Rocks  25 0.49 19 

Granite 9 0.20 28 

Horton Group 23 0.73 38 

Sand and 
Gravel 

A l l  t i l l  
deposits 
tog et her 

30 0.67 21 

28 0.60 21 

W i lcox (1 948) Richards (1954) 

Water C l a s s  Sal ini ty 
'Odium (A Ika Ii) I Low Hazard 

(SSP< 20, (SSP 20-40, H a z a r d  Med i um 

< 250 2 5 0 -75 0 Low (< 250 (250-750 

prnhos) prnhos) (SAR< 10) pmhos) prnhos) 

I I 

X t o  x X X 

X X X 

X to x X X 

X 

X 

X 

to x 

to  x 

X X 

X X 

X X 

X to  X X X 

X to X X X 
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used in the calculat ions,  however, there will be some groundwaters, particu- 
larly in the Blomidon and Wolfville Formations and in the  Horton Group, 
which may be of poorer quali ty for irrigation. 

Boron was  not determined in the chemical ana lyses ,  but it is impor  
tant in determining the quali ty of irrigation waters. Boron in very small quan- 
t i t i e s  i s  essent ia l  for normal plant growth, but when i t  e x c e e d s  cer ta in  l imits,  
depending on the particular crop, it becomes toxic. The  major crops grown in 
the Annapolis-Cornwallis Valley a re  sens i t ive  to semitolerant to  Boron, which 
means tha t  Boron should not exceed  about 1.3 ppm and should ideal ly  b e  
l e s s  than 0.3 ppm for these  crops (Wilcox, 1948). 

In some a r e a s  of the Annapolis-Cornwallis Valley, the major problem 
with groundwater irrigation will not be the init ial  water quali ty,  but the  lack  
of proper drainage in the  fields being irrigated. P l a n t s  ut i l ize  only a small 
proportion of the dissolved minerals in irrigation water (Hem, 1959). The  re- 
maining salts a r e  either precipitated in the soi l  or dissolved in  the residual  
water. If poor drainage conditions do not permit these  residual  s a l t s  to b e  
I emoved, the accumulation of salts may gradually deteriorate the  soil .  

Industrial  Use 

Industrial  water quality s tandards vary widely depending o n  t h e  use.  
For many u s e s ,  particularly in  food processing plants ,  groundwater must meet 
drinking water standards.  For many other purposes, such as cooling water, 
water quali ty specif icat ions a r e  not as rigid, requiring only that the  waters  
not b e  excessively corrosive or encrusting. 

In some cases, such as the  manufacture of high grade paper or for 
u s e  as  boiler feed water, almost no natural  groundwater is sat isfactory with- 
out treatment because quality approaching or exceeding that of commercial 
dis t i l led water is required. 

No attempt will b e  made here  to list water quali ty cri teria for vari- 
o u s  industr ies  because  there a re  so many varying requirements ( s e e  McKee 
and Wolf, 1963, for a comprehensive d iscuss ion  of industrial  water quali ty 
criteria). Any groundwater can  be treated for a particular case, but t h e  cost 
of the  treatment of a particu1,ar water in relation to treatment of other possi-  
ble  water suppl ies  should b e  s tudied  thoroughly. Fortunately,  most ground- 
waters in the major surficial  aquifers  and in t h e  Wolfville Formation require 
l i t t le ,  if any, treatment for many industrial  purposes. 



NOVA SCOTIA DEPARTMENT OF MINES MEMOIR 6 99 

GROUNDWATER POLLUTION 

Introduction 

One aspec t  of groundwater quali ty,  the  natural  water chemistry, was 
examined in t h e  preceding section. In t h i s  sect ion,  another important aspec t  
of groundwater quality - undesirable materials introduced by man’s act ivi t ies  
- will  b e  discussed.  Because  of varying usage, pollution and contamination 
will  be defined. The following definit ions have been modified from those 
given in McKee and Wolf (1963, p. 5 and 6). “Pollution” is defined as a n  
impairment of water quali ty by sewage,  industrial was tes ,  and other sources  
which adversely affects any beneficial  u s e  of the  water even though a health 
hazard may not b e  involved. “Contamination” is defined as a n  impairment of 
of wate; quali ty by sewage ,  industrial  wastes ,  and other sources  which c rea tes  
an ac tua l  hazard t o  public heal th  through.poisoning or through spread of 
disease.  

Pollution of unconfined surficial  aquifers is more likely to be a 
problem than pollution of aquifers in t h e  bedrock because potential  pollutants 
have only a short d i s tance  to  travel before reaching the saturated zone in t h e  
surficial  aquifers.  After reaching the  saturated zone, many pollutants a re  
easi ly  transported in the  relatively large inters t i t ia l  openings of t h e  sand and 
gravel. In contrast ,  many of the  aquifers in  the  Wolfville Formation a r e  pro- 
tec ted  by confining beds of claystone and sil tstone.  

No attempt will  b e  made in th i s  chapter to present a comprehensive 
discussion of groundwater pollution hazards  in the  Anna poli s-Cor nwa lli s 
Valley. Instead, some of t h e  more important potential  pollution problems are  
examined along with some ac tua l  cases of groundwater pollution. 

Sources of Pol lutants  

Municipal and Domestic Sewage 

Most of t h e  larger towns i n  the  Annapolis-Cornwallis Valley are 
located near t h e  Annapolis and Cornwallis Rivers. Many of t h e s e  towns have 
sewerage systems but few towns treat  their  sewage in any way. With the ex- 
ception of C F B  Greenwood, which h a s  complete sewage  treatment facil i t ies,  
all towns a re  now discharging raw or only partly t reated sewage into the 
rivers. Because  of t h i s  si tuation, 1961 water quality surveys concluded that 
both r ivers  a r e  grossly contaminated by sewage  w a s t e s  (Dept. of National 
Health and Welfare, 1962a, and 1962b). 

Normally the condition of these  rivers p o s e s  l i t t le  threat to ground- 
water because the rivers a r e  natural groundwater discharge areas.  ,During 
floods, however, there  is a chance that some pollutants may not b e  fi l tered 
out as  river waters  enter  the flood plain sediments. Also during floods, pol- 
luted water might enter poorly completed wel ls  constructed in flood plain 
sediments. 

Municipal sewage may endanger grbundwater more in &e  future if 
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oxidation and set t l ing ponds are bulldozed in sand  and gravel deposi ts  out- 
s ide natural groundwater discharge areas. Provision should be made to seal 
such  pi ts  to prevent seepage into groundwater reservoirs ,  or to  locate  them 
where it can  be demonstrated that the possibil i ty of polluting exis t ing and 
future groundwater suppl ies  i s  low. 

Aside from the town sewer systems,  there a re  numerous individual 
sep t ic  tanks scat tered around the Valley. Many of  t h e s e  are not adequate 
for the job or are not pFoperly maintained, and thus represent potent ia l  
sources  of pollution. Pollution from septic tanks  or from barn yards and 
manure p i l e s  is often indicated when high concentrations of nitrate a re  
found in water analyses .  Other objectionable subs tances  may be present in 
a polluted water supply along with nitrate. For example, it is not uncommon 
to d ispose  of unwanted poisons  by dumping them down t h e  drain. Also, de- 
tergents,  which a re  not f i l tered out  by the  soil, may appear in water supplies.  
Although not harmful to  health,  detergents  are aesthet ical ly  objectionable 
when foam comes out of a water tap. 

In  some cases, particularly if surface runoff can penetrate improper- 
ly completed wells,  there will  a l s o  be bacter ia l  contamination of t h e  water 
supply, However, if the  drainage from septic tanks and manure p i les  c a n  
filter even a short  dis tance through the soil before entering a well ,  there. 
i s  commonly no bacter ia l  contamination. A comprehensive study in Cali- 
fornia (Cal. State Water Pollution Control Board, 1954) demonstrated that 
bacteria are  confined to  a zone within a few feet of the source of pollution 
in s a n d  and gravel. 

In the future, new housing developments should be connected to  a 
common sewer and sewage treatment system t o  protect the surficial  aquifers. 
In addition, all exis t ing sep t ic  tanks located close to or u p h i l l  from water 
suppl ies  should be relocated at least 100 feet down-hill from water suppl ies  
to minimize the chance  of local pollution. I t  should be obvious tha t  shal low 
sand points  and dug wel ls  should not be located close to barn yards  and 
pa ths  followed by farm animals, but this  si tuation was noted in many p l a c e s  
during the course of f ie ld  work in the  Annapolis-Cornwallis Valley. 

Industrial  Waste Disposal  Pits 

At t h e  time of the  1961 water quali ty surveys  of t h e  Annapolis and 
Cornwallis Rivers,  most industr ies  in the Valley discharged their  l iquid and 
solid was tes  into the  rivers. Since that time many industr ies  have taken 
measures to reduce their pollution of the rivers. In some cases the sol id  
was tes  were found to b e  useful  a s  feed for l ivestock. Liquid was tes  have 
usually been pumped to set t l ing and oxidation ponds before being discharged 
into streams. 

The  major potential  pollution hazard arises when unlined d isposa l  
p i t s  are  located in sand  and gravel  away from discharge a reas  or where the 
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groundwater gradient is toward. pumping wells. When t h e s e  p i t s  are  fi l led,  
they act, although sometimes inefficiently, as groundwater recharge pits.  
If there are any objectionable subs tances  in the was te  which are  not f i l tered 
out by the soi l ,  they will enter  the groundwater reservoir and pollute water 
supplies.  

There is a case of groundwater pollution of this  nature at  an apple 
processing plant at Coldbrook, Kings County. Initially the groundwater 
pumped from an  unconfined sand and gravel aquifer contained iron in con- 
centrations of 0.2 ppm or less. No hydrogen sulphide g a s  w a s  reported. 

Apple processing was tes  were pumped t o  a leaching pond bull- 
dozed in sand and gravel only 300 feet  from the well. Because it was  feared 
that  the leaching pond might pollute the aquifer, organic and inorganic 
chemical ana lys i s  were made of a groundwater sample taken 15 feet from the 
leaching pond in the  summer of 1965. Apple was te  products, waste  degrada- 
tion products, and bacteria were found in this  sample. At that  time the water 
quality in the production wel l  had  not been affected. Poss ib ly  clay l e n s e s  
had retarded movement of polluted water to the well. 

Later  in 1965 during production and in 1966,  t h e  wel l  water deter- 
iorated in quality. Iron was  present in concentrations of 3 to 4 ppm and 
hydrogen sulphide g a s  was  reported. Reaction of the apple  was tes  with the 
groundwater could e a s i l y  account for t h i s  change in water quali ty.  Hydrogen 
sulphide would resul t  from the anaerobic decoqposi t ion of the organic was tes ,  
and the solubility of iron would be increased by the decrease  in dissolved 
oxygen and by the decrease  in pH (due to malic, butyric, ,and other organic 
acid s )  . 

Although not demonstrated i n  th i s  case, butyric ac id  increases  the 
solubility of minerals such as the carbonates, and the  bacteria producing 
butyric ac id  a l s o  at tack carbonates (Paul i ,  1966). Thus,  the danger from an 
organic waste  comes not only from the substances in  the waste itself, but 
a l so  from the effects  these  subs tances  may have on the inorganic water 
chemistry of the aquifer. 

Garbage Dumps 

The  d isposa l  of garbage is a problem anywhere there is civil ization. 
Aside from municipal dumps, there are  numerous private and i l legal dumps 
marring the landscape of the Annapolis-Cornwallis Valley. Most of the  
official municipal dumps are in abandoned gravel p i t s  or in relatively un- 
productive sandy areas.  These  are often groundwater recharge a reas  and 
consequently there is a potential  danger of groundwater pollution. At the  
Kentvil le dump, for example, it was  noted that pits, excavated to rece ive  
garbage, extended to the water-table. 
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Several unsuccessful  attempts were made to  obtain groundwater 
samples in sand and gravel near garbage dumps. In a few c a s e s  the con- 
centration of garbage was not large enough in any one place to  warrant 
taking a water sample. In other c a s e s  the  geology was unsatisfactory for 
obtaining water samples  from sand  p i n t s .  It is not known what would have 
been found if water samples  had been obtained, but certainly there is the 
opportunity for numerous organic and inorganic subs tances  to  move into the  
groundwater reservoir with infiltrating precipitation. 

The population of the Annapolis-Cornwallis Valley i s  not large 
enough at  the present  time to  make the d isposa l  of garbage a major problem. 
It is recommended, however, that  garbage dumps be located in or near ground- 
water discharge a reas  (but not on river flood plains)  so that  the potential 
pollution of aquifers is minimized. I t  is a l so  recommended that  a campaign 
be conducted t o  eliminate the private and i l legal  dumps scat tered about the 
Valley. 

Pes t ic ides  

Since 1945 when DDT became avai lable  for general  use,  there h a s  
been widespread u s e  of synthet ic  pest ic ides  i n  agricultural and other areas .  
The use of pest ic ides  wi l l  continue t o  increase because 

“our affluent Canadian society has  es tabl ished social  and eco- 
nomic at t i tudes that  have reduced our tolerance to p e s t s  and the 
damage they do to  our environment” (Hurtig and Harris, 1966, 
p. 2 ) .  

The general group of pest ic ides  most widely used in agriculture 
to the present time have been the synthet ic  organic chlorinated hydrocarbons 
(e.g. DDT, dieldrin, aldrin, heptachlor). Ccmmonly such pes t ic ides  a re  
applied to orchards and  crops such as tobacco a n d  potatoes several  t i m e s  
a year. There is ample opportunity for these  pest ic ides  to be  carried into 
t h e  soil by precipitation, by the  u s e  of large volumes of waterpes t ic ide  
solution in orchards, and by direct application t o  the so i l  (in fer t i l izers)  
to  a t tack so i l  insects .  

Most of the synthet ic  organic chlorinated hydrocarbons pers i s t  for 
long periods of time in soi l .  Biodegradation is often slow and conversion 
products may or may not be toxic. For example, 

“small  amounts of aldrin are converted to  dieldrin and heptachlor 
to heptachlor epoxide. Both of these  metabodies are toxic and con- 
siderably more pers is tent  than the parent materials” (Hurtig and  
Harris, 1966, p. 9). 

In British Columbia, a ldr iddieldr in  and heptachlor/heptachlor epoxide 
residues have persisted in the s o i l  a t  least 9 years  after initial treatment 
(Wilkenson, et al., 1964). In Nova Scotia, chlorinated hydrocarbons have 
been known to persist at l ea s t  6 years in soi ls  (Stewart, et al., 1965). 
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Because of their pers is tence and their continued application year 
after year,  the possibility ex is t s  that some of the chlorinated hydrocarbons 
may be leached from the soil .  to  pollute groundwater. If these  pes t ic ides  ge t  
into the groundwater, the concentrations may not be toxic because available 
da ta  indicate 

, 

“that there is no evidence of risk t o  human populations from the  
leve ls  of pest ic ide res idues  currently being detected in water or 
in commercial suppl ies  of f ish consumed by man” (Hurtig, 1966, 
P. 5 ) .  

Nevertheless, there is a possibility of greatly increased toxicity (synergistic 
effects) where several  pesticide; are used in combination (McKee and Wolf, 
1963, p. 356). T h e  toxic effects,  however, are not the only pollution hazard 
because some synthetic organic pest ic ides  cause  objectionable t a s t e s  and 
odors in water suppl ies  (McKee and Wolf, 1963, p. 356). 

In an attempt to  determine if any significant amounts of chlorin- 
a ted hydrocarbons are present i n  groundwater beneath orchards and crops 
commonly sprayed with pesticides,  groundwater samples were taken from 
two different orchards (21 H 2 B 28 B , and 21 H 2 B 26 H a) and a 
potato field (21 H 2 B 8 EO). These locations were chosen because the 
water tab le  was c lose  to the surface (between 5 and 1 3  feet) and the sandy 
soi l  made the collection of water samples from sand points  fairly easy .  

Briefly, the procedure followed was to shovel away the top foot 
of s o i l  (where most of the pesticide residues are found) to  minimize the 
possibility of contamination of the water sample. A power auger was used 
to dril l  a 4 inch hole to a depth severa l  feet below the watec-table. After a 
1% inch sand point was inserted in the hole, the point was developed and 
pumped for 1 5  minutes with a small  gasol ine powered centrifugal pump 
(Fig.  37). Then,  a 5 gallon sample of water was taken for ma lys i s  a t  the 
Agricultural Research Station, Ke ntvi lle. 

Analysis for the presence of chlorinated hydrocarbons was  made 
by g a s  chromatography, a particularly good method for separating complex 
organic mixtures (Morley, 1966). Preliminary indications are that no chlo- 
rinated hydrocarbons are present in any of the samples, (D.K.R. Stewart, 
personal communication). T h e s e  three samples, however, should be con- \ 

sidered a s  only a s tar t  i n  the investigation of t h i s  problem. More work should 
be done, particularly in  areas where there is intensive application of pes- 
t icides.  

It can be tentatively concluded, however, that the soi l  ac t s  a s  a 
good filter preventing significant amounts of pesticide ( a s  normally applied 
in agriculture) from reaching the water-table. Thus ,  it appears  that t he  
major danger from pesticide res idues  in the so i l  is that they may be incorpor- 
a ted in surface runoff and in agricultural products. 
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FIGURE 37. Power auger and p u m p  used to obtain water 
samples  for p e s t i c i d e  analysis .  

Miscellaneous Sources 

Water Wells 

Numerous actual  or potential  souces  of groundwater pollution a r e  
t h e  many dug wel ls  in  the Annapolis-Cornwallis Valley area.  T h e  trend is 
away from using dug wel l s  a s  water suppl ies  because  it is more difficult  to 
keep  them sanitary and many of them are  not dependable  during dry summers. 
I t  is certainly poss ib le  to construct sanitary dug  wel ls ,  but i n  many cases 
little effort h a s  been made to keep sur face  runoff out of t h e  wells. 

Few of the  abandoned dug wel l s  have been f i l led in. Some of them 
have become a physical  hazard as they were left covered with rotten boards. 
Others  a r e  now u s e d  as  receptacles  for garbage or have been converted to 
sep t ic  tanks. Needless  to say ,  this  is an undesirable  s i tuat ion because ,  e v e n  
in a r e a s  where the surficial  deposi t  is a clay till, it may b e  poss ib le  for pol- 
lutants  to penetrate bedrock aquifers. The  hazard is greater  in sand  and 
gravel because  many water suppl ies  come from shal low sand  points. 

The  Well Drilling Act, which appl ies  to wel l s  dril led or dug s i n c e  
January 1, 1965, h a s  regulations prescribing among other  th ings  1. That  aban- 
doned wel ls  be cement grouted back to the surface, 2 .  that  wel ls  should not 
be used  for was te  d isposa l  without special permission, and 3. that  wel ls  
should be located certain minimum dis tances  from various souces of pol- 
lution. A campaign should b e  conducted to enforce t h e s e  regulations,  and 
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' 
1 prior to 1965. 

measures  should b e  taken to apply such regulations to wel ls  drilled or dug 

Drilled wel l s  may also be sources of pollution where they penetrate  
severa l  water-bearing zones including one which h a s  water  of poor quality. 
If such a zone is not sea led  off, the poor quality water in  it may pollute other 
aquifers with better quality water. The  Well Drilling Act requires tha t  aquifers 
with relatively poor quali ty water be sea led  off, but if there is any appreci- 
ab le  time lag before th i s  is done, the result ing deterioration in water quali ty 
in good aquifers may last for years.  

Gasoline Pollution 

Leaking gasol ine tanks c a n  seriously pollute surf ic ia l  aquifers.  A 
small  amount of gasol ine may spread a s  a th in  film over  a large area and  p e r  
sist for y e a r s  i f  t h e  natural groundwater movement is slow. Gasol ine tanks 
in  use a r e  a lways  a potential  source of pollution, but abandoned t a n k s  are  a 
more ser ious hazard because they will  eventually corrode and r e l e a s e  any 
remaining gasoline.  

There have been two reported cases of gasol ine  pollution in  the  
Valley. At Greenwood Village,  gasol ine tanks in u s e  sprung l e a k s  and pol- 
luted the sur f ic ia l  aquifer. At least one  water supply was  affected,  and there 
is t h e  possibil i ty that  many more will b e  as the  zone of pollution spreads  
with the natural  groundwater movement. In  a case such  as th is  where a local- 
ized  source of pollution threatens many water suppl ies ,  a well might b e  com- 
pleted near  t h e  source of pollution a n d  pumped t o  offset natural  groundwater 
movement away from t h e  source. This case emphasizes  t h e  need  for regular 
inspection of gasoline tanks (by pressurizing them) s o  that  l e a k s  can be 
caught and corrected before t h e  gasol ine turns up in a water supply. 

In t h e  second case, a t  Nictaux Falls, t h e  sale of gaso l ine  from a 
small g a s  station-genera1 s tore  was  discontinued in 1956 (?). The  gasol ine  
tanks ( located uriderground) were pumped as  nearly dry as possible  and then 
abandoned. In t h e  winter of 1965, the first odor of gasol ine was  noted i n  
water coming from two dug wells and a spring within about 200 feet of the  
tanks.  The gasol ine  taste and odor had pers is ted for six months by t h e  time 
this  case was  noted in  September, 1966. Fortunately, in  t h i s  case, the  a rea  
polluted is small .  However, th i s  is only one of many abandoned gas s ta t ions  
i n  the Annapolis-Cornwallis Valley and the  problem of corroding tanks may 
become much more ser ious in  the future. 

Accidental and Indiscriminate Dumping o/ Hannlul Materials 

Although no cases were noted during t h e  course of f ie ld  work, there  
is always the possibi l i ty  of accidental  or deliberate spi l lage of poisons,  pes- 
t ic ides ,  etc. In the case of pest ic ides ,  t h e  so i l  may f i l ter  normal applica- 
t ions,  but will probably not filter out a spil led tank of water-pesticide solu- 
tion. When such sp i l lage  occurs, care  should be taken to monitor the quali ty 
of groundwater suppl ies  which may be affected. 
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SUMMAKY, RECOMMENDATIONS AND CONCLUSIONS* 

T h e  Annapolis-Cornwallis Valley is one of t h e  most ideally sui ted 
areas in t h e  province for further groundwater development. T h e  Wolfville Fo r  
mation underlies most of the  Valley and  contains  many good sandstone and  
conglomerate aquifers. Within t h e  practical  l imits  of t h i s  formation shown o n  
map 2, wells  yielding from 100 to 500 or  more igpm may b e  completed, depend- 
ing on t h e  depth of the  well and on t h e  number of productive t o n e s  penetrated. 
Within about one-half m i l e  of the  southern boundary of t h e  Wolfville Formation 
t h e  praducing zones  may be inadequate for high yield wel l s  b e c a u s e  t h e  for- 
mation wedges out over  t h e  underlying Palaeozoic  rocks. Along the scarp of 
North Mountain, a few hundred feet of the  Blomidon Formation may have to  
be penetrated before good aquifers i n  the Wolfville Formation a r e  encountered. 

I n  addition to bedrock aquifers,  there  are  good surf ic ia l  s a n d  and  
gravel  aquifers  located mostly in t h e  eastern half of t h e  Valley. T h e  thick- 
n e s s  of saturated sand  and gravel  is shown on map 2. Only limited water 
suppl ies  may b e  found where the  saturated thickness  is between zero and  20 
feet. This is especial ly  true at t h e  western end of t h e  Valley because  t h e  
outwash is usually only a few feet thick over es tuar ine clay,  and along t h e  
flank of South Mountain because  of a combination of d e e p  water-table, poor 
size sorting, and  poss ib le  exis tence of nearby barrier-boundary conditions. 
Where t h e s e  a r e a s  overlie the Wolfville Formatian, large water suppl ies  wil l  
pobab ly  be limited to the bedrock. Nevertheless ,  careful samples  of sucficial 
deposi ts  should b e  taken in case th is  material proves to be thick enough for 
a s a n d  point well system. The  optimum spacing of sand  points will have  to  
b e  determined from pump tests. 

Where saturated sand  and gravel is shown as greater  than  20 feet 
thick, the possibil i ty of using surf ic ia l  aquifers should definitely b e  ex- 
ploied. If local surficial  aquifers prove to b e  unsatisfactory,  wel ls  in bedrock 
will  be necessary.  Along bedrock depressions where the  saturated th ickness  
of sand  and gravel is shown a s  greater  than 40 feet,  the  b e s t  and most eco- 
nomical water suppl ies  will probably be in the surficial  deposits.  In t h e s e  de- 
posi ts ,  it should b e  poss ib le  to obtain y ie lds  from 100 to 1,000 or more igpm 
from one  well. If o n e  or two tes t -holes  g ive  poor resu l t s ,  it would pay to ex- 
plore further because t h e  character of surficial  depos i t s  can  change rapidly. 
The s a f e  production ra te  of a well, however, may be decreased  by nearby re- 
duct ions in permeability i n  s u d i c i a l  deposits and/or the  proximity of bedrock 
ridges. To estimate,  the amount of additional drawdown in a production well 
due to such permeability reductions (barrierboundaries), a carefully con- 
trolled pump test of several  days duration should be made. 

Outside t h e  Valley proper, t h e  geology is not a s  su i tab le  for ground- 
water development. For  example, the  permeability in rocks forming North and 
South Mountain is primarily in joints. Wells in t h e s e  rocks c a n  seldom be 

* Summaries a n d  conclusions on the  hydrologic budget and groundwater move- 
ment a r e  made at t h e  end of t h o s e  sect ions.  
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counted on to meet more than domestic needs,  although in places ,  there  a re  
wells in granite and basa l t  which will yield 40 to  50 igpm. (Rocks in  t h e  l o w  
er Hoaon  Group underlying t h e  Gaspereau Valley, however, contain moder- 
ately good aquifers that  may y ie ld  up to 100 or  more igpm to wells). 

Though good aquifers underlie most  of t h e  Annapol isCornwall is  
Valley, t h e  demand for groundwater will vary considerably from place to 
place. At t h e  present s tage  of development there  a r e  no a reas  of ser ious 
groundwater depletion. However, t h e  consequences of any planned new devel- 
opment should be studied thoroughly. Predict ions of future groundwater levels  
due  t o  an  assumed development a re  most accurately made with a n  analog 
model which incorporates all available information on the  hydraulic p r o p e r  
ties of the aquifers and all available records of wel l  pumpage in the area. 
An analog model is useful not only for planning t h e  mos t  economical well 
f ie ld ,  but a l s o  fa predicting how t h i s  new well f ield would interfere with 
existing wells. i t  is eas ie r  to ant ic ipate  the effects of a new cone of depres- 
sion and take remedial measures than it is to handle the practical  and lega l  
problems after the  damage is done. 

Groundwater quality in  the surficial  sand and gravel aquifers and in  
the Wolfville Formation is usually good enough so that  little or no treatment 
is required for agricultural, domestic, and many industrial  uses. Waters in 
the  Wolfville Formation, however, have  larger amounts of calcium carbonate 
than waters  in surficial  sand a n d  gravel. T h i s  c a u s e s  higher alkalinity,  hard- 
n e s s ,  and pH in waters from Wolfville aquifers. In places ,  dissolved iron in 
the waters  of both uni ts  may b e  preseht in objectionable quantit ies.  

One restrictiBn to increasing t h e  capacity of wells in  the Wolfville 
Formation by drilling them deeper is that the  quali ty of water may decrease 
with depth,  particularly near  es tuar ies .  Th i s  problem and the  companion one 
of salt water  intrusion near  es tuar ies  may limit some of t h e  future develop- 
ment o f  groundwater in th i s  hydrostratigraphic unit. Further investigation of 
t h e s e  two problems needs t o  b e  made. 

Several pollution hazards  and cases of groundwater pollution a r e  
c i ted and recommendations for minimizing pollution were made in t h e  l a s t  
section. Although t h e  problem is not ser ious a t  t h e  present  t ime,  care must 
b e  taken to  protect th i s  valuable resource. Much is to be lost and nothing to  
b e  gained by using groundwater a s  a waste  d isposa l  medium with utter dis-  
regard for other beneficial  u s e s  a s  h a s  happened with t h e  surface waters of 
t h e  Annapolis and Cornwallis Rivers. 

Most of t h e  towns in t h e  Valley now u s e  surface water suppl ies  from 
t h e  adjacent  mountains. In  many c a s e s  these  suppl ies  are barely adequate for 
present  needs,  and the quality of the water may f luctuate  from season  to  
season.  Commonly there is  l i t t le  prospect of adding other  lakes  to  the  system. 
Thus,  these  towns must turn t o  groundwater if they wish to grow and at t ract  
more business  and industry. 

Where good aquifers a r e  avai lable ,  there  are  many advantages to 
using groundwater: no long transmission l ines  need to b e  installed and main- 
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tained; t h e  water quality and temperature are  relatively constant,  and, a s  
demand grows, t h e  well field can b e  expanded t o  meet any forseeable  needs. 

T h e  poss ib i l i t i es  of groundwater for each  town will  not b e  l i s ted  
because  essent ia l ly  a l l  towns in t h e  Valley a re  s i tuated above aquifers i n  
the  Wolfville Formation. The possibi l i t ies  for sand and gravel aquifers  a re  
shown on map 2.In any c a s e  where there  is not adequate  test-hole information 
in th i s  report, towns should init iate their  own test-drilling program so that  
knowledge of potential  aquifers will b e  avai lable  when needed. 

T h e  variability o f  precipitation during the  growing season  is appar- 
ent  from the records for 1963-1966 given in figure 21. As a resul t ,  supple- 
mental irr igation is becoming more widespread in t h e  Valley. The  benefits  
in increased crop yields  a re  often well worth the expense  of install ing an 
irrigation system. 
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Table 1 3 .  Statistical Measures for 14 Samples 

Locat ion 

Type of deposit 
Hickox Th is  

X I1 962) Report - S Skl Kg 

2 1 H  2 A  6 1 Q Q  

2 1 H  2 A  6 2 G a  

2 1 H  2 8  S O B 0  

2 1 H  1 C  3 6 G m  

2 1 H  2 B  3 C a  

2 1 H  2 6  4 N D  

2 1 H  2 6  6 A n  

2 1 H  2 6  7 M n  

21 A 1 5 C  82 Q 0 
21 A 15 C 102 0 

21 A 15 C 102 M a 
21 A 15 C 102 M 

21 A 15 C 107 G 0 
'21 A 15 C 107 K 0 

dune 

dune 

outwash 

dune 

dune 

dune 

dune 

dune 

dune 

I-CSD 

wt. sst.* 

wt. sst. 

wt. sst. 

I-CSD * *  
I-CSD 

I-CSD 

I-CSD 
esker 

I-CSD 

esker 

I-CSD 

I-CSD 

I-CSD 

I-CSD 

1.61 0 
1 .E70 

1.230 

2.680 

2.260 

2.01 0 
1.920 

1.420 

1.880 

1 .850 

1.920 

1.830 

2.41 0 
2.020 

1.760 

1.1 70 

2.520 

0.760 

0.61 0 
0.720 

0.650 

0.850 

0.830 

0.820 

0.660 

0.950 

0.706' 

0.500 

0.1 8 

-0.1 1 

0.1 0 

- 0.19 

0.1 7 

- 0.14 

0.07 

- 0.01 

- 0.03 

0.03 

0.06 

- 0.06 

0.1 4 

0.25 

1 .oo 
1.20 

1.03 

1.02 

1.05 

1.20 

1.11 

0.99 

1 .oo 
1.13 

1.11 

1.10 

1.23 

1.16 

Weathered Sandstone 
**Ice-Contact Stratified Drif t  

c 
c 
0 
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APPENDIX B. 

TEXTURAL CHARACTERISTICS OF SOME SURFICIAL DEPOSITS 

Textural characterist ics are sometimes helpful in identifying deposi- 
tional environments of  sand bodies. Samples of several  questionable depos i t s  
were taken for s ieve  analysis.  The locations from which these samples were 
taken  are shown on map 1 and described in table 13. Cumulative weight per- 
centages were plotted aga ins t  phi diameter on  arithmetic probability paper a s  
recommended by Folk and Ward (1957). The  following s ta t is t ical  measures 
were then computed: skewness ,  which descr ibes  the symmetry of the grain- 
s i z e  distribution curve; kurtosis, which measures the peakedness  of the 
grain-size distribution curve; standard deviation, a measure of sorting, and 
mean size.  Formulas from Folk and Ward (1957) were used (Table 14). These  
formulas are eas i e r  to use ,  but less precise than the method of moments em- 
ployed by Friedman (1961). 

Of all  the s ta t i s t ica l  parameters, the standard deviation is the bes t  
for distinguishing between fluvial and dune environments (Friedman, 1961). 
He s t a t e s  that  standard deviation values for inland dunes are commonly l e s s  
than 0.50 g; the standard deviation of fluvial sands is commonly greater than 
0.50 fl . A more definite indentification can  be  made by plotting the mean 
grain-size ratio of a heavy mineral t o  a light one against  the standard devia- 
tion ratio of t he  heavy to  light material (Friedman, 1961). Although th i s  was 
not done, t h e  fact  that a l l  of the samples in table 13  have standard deviations 
equal to or greater than 0.50 fl would suggest that they were deposited in  a 
fluvial environment. 

Table  14. Formulas Used in Textural Analysis 

S t a t  i s t i c a  I M e a s  ure Formulas from F o l k  and Ward (1957) 

mean s ize  

standard deviat ion S = (084 - 01 6) / 4 + (095 - 85) / 6.6 
I 
I 

skewness S k l  = L ( 0 1 6 + 0 8 4  - 2 0 5 0 ) / 2  (084 - 0 1 6 ) l  
+ 05 + 095 - 2050 / 2 (095 - 05) 

kurtosis K g  = (095 - 05) / 2.44 (075 - 025) 

I 
* 016 stands for the phi diameter a t  the 16th percentile of the distribution, etc. 



11 2 GRO'UNDWATER RESOURCES, ANNAPOLIS-CORNWALLIS VALLEY 

APPENDIX C. 

GROUNDWATER CHEMISTRY-STATISTICAL ANALYSES 

Introduction 

Commonly several  days  and sometimes a few weeks l apse  before a 
water sample is analyzed in a laboratory. During this  t i m e  the  water sample 
is subjec ted  to a different physical  environment than that of t h e  aquifer from 
which the sample was taken. The  new physical environment may alter the  
value of some of the chemical properties of the  water (e.g. t he  amount of 
dissolved g a s  and the pH). Consequently, it may be des i rab le  to do a partial  
chemical ana lys i s  in the  field immediately after the  water sample is taken. 
During the  summer of 1966 a l l  water samples were analyzed for pH and to ta l  
iron in the field with a portable Hach kit* and again in the  laboratory along 
with the remainder of the analysis.  In the first  part of this  appendix, the  hy- 
pothesis that there is no significant difference in the field and laboratory 
va lues  for pH and total  iron is t e s t ed  statist ically.  

T h e  second part of t h i s  appendix is a brief description of Stein 's  
t wo-stage method for determining the  minimum number of water samples which 
need  to  be collected in  a regional water sampling program. 

The third part of t h i s  appendix is an  ana lys i s  of the variance of each 
chemical consti tuent among the various hydrostratigraphic units. T h i s  anal- 
y s i s  is used  to show where there are similari t ies and where there a re  signifi- 
cant differences in the water chemistry among the  variaus hydrostratigraphic 
units. 

F ie ld  and Laboratory pH Determinations 

In this  ana lys i s  it has  been assumed that the field determinations 
of pH represent the  formation water pH (although the field procedure permits 
determination at best  to the neares t  0.1 pH). The initially ac id  waters  were 
analyzed separately from those  which were init ially bas i c  because  there ap- 
peared to  be  a tendency for both types of water to become more neutral be- 
fore ana lys i s  in the laboratory. 

For initially ac id  waters, is there reason  to believe at the  1 per cent  
level of significance that the  laboratory determinations a re  different from the 
field determinations for which the  mean value = 6.0? The  following procedure 
was used  ( s e e  Appendix F for definit ions of t he  symbols): 

1. Hypothesis: p = 6.0 

2 .  a =0.01 

3. X -6.0 t =  
S /m 

~~~ ~~~~~ 

* portable field kit DR-EL, Hach Chemical Co., Ames, Iowa. 
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w!ier e: 

S Z  
N - 

N- 1 

(296. 2)2 
1,916 - 7 

45 
0.2 

and: s = 0.4 

4. 

5. Reject  if t <-2.69 or i f  t > 2.69. 

Assume t h i s  statistic has  a t distribution with 45 degrees  of freedom. 

and so t h e  hypothesis  is rejected. 

For  initially bas ic  waters,  is there any reason t o  believe at t h e  1 
per cent  level of significance that the  laboratory determinations are different 
from t h e  field determinations for which the  mean value 8.0? The following 
procedure w a s  used: 

1. Hypothesis: p = 8.0 

2. a =0.01 
- 

3.  X - 8.0 
t =- 

S /m 
where: 

2 
N 
xxi2- (;!:i) 
i =1 (393.6)' 2,978 - 

N 5 2  - 
N - 1  51 0.2 

and:s  =0.4 

4. Assume t h i s  statistic h a s  a t distribution with 51 degrees  of freedom. 

5 .  Reject  i f  t<-2.68 or i f  t>2.68. 
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and so the hypothesis is rejected. Thus ,  i t  is important to determine the pH 
of a water sample a s  soon after sampling a s  possible because there is P 
significant tendency ( a t = =  0.01) €or the sample to become more neutral with 
t ime. 

F ie ld  and Laboratory Tota l  Iron Determinations 

The  total  amount of iron in  a water sample may change with t ime 
only in tha t  some of t he  iron may precipitate in  the  container. There was 
concern that t he  procedure for redissolving the precipitated iron in the  lab- 
oratory is not adequate for accurate determination of total  iron. I s  there any 
reason to  believe at the  1 per cent level of significance that t h e  laboratory 
total  iron determinations a r e  different from the  field determinations for which 
the mean value = 0.47 ppm (assuming the  field determinations a re  correct)? 
The  following procedure was used: 

1. Hypothesis: p 0.47 
2. Q =0.01 

- 
3. X - 0.47 

t =  
s /m 

where: 

( 41.2)2 1 1 2 -  - 
83 = 1.1 

8 2  

and: s = 1.0 

4. Assume this s t a t i s t i c  has  a t distribution with 8 2  degrees  of freedom. 

5.  Rejec t  if t <- 2.64 or if t >  2.64 

- 
6. t X - 0.47 - - 0'50 -0.47 = 0.3 which is not greater than 

s /m 1.0 /Jsl 
2.64 and so t he  hypothesis is accepted. It can  be argued, however, that  only 
the samples with.high concentrations of iron would be  affected by the  p r e c i p  
itation problem. T o  check th i s  contention, only the  samples with init ial  total  
iron values of 1.0 ppm or greater were analyzed according to the  above  proce- 
dure. The  calculated t 1 which is not significant at e i t h e r a  = 0.01 or 0.05. 
Further, it can be argued that the  field method of determining total  iron is not 
a s  a c c u a t e  (disregarding the precipitation problem) as  the laboratory method 
and tha t  an ana lys i s  of variance would be the appropriate s t a t i s t i ca l  proce- 
dure. T h i s  was done according to the procedure described on page 116. 
T h e  calculated F = 0.1 which is not significant when compared to the  tabu- 
lated F . 9 9 ( l , 1 6 4 )  = 6.7. Thus, i t  is not necessary to  determine the value for 
total  iron in  the field. 
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Stein's Two-Stage Method 

The number of water samples taken in each hydrostratigraphic unit  
originally was  based  on t h e  area of each unit. In the  populated regions under 
study, one water sample was  taken per  mining tract .  For economic r e a s o m  
( the  time involved in sampling and analysis ,  and the cost of chemical anal- 
yses) ,  another method of choosing the number of samples ,  based on the  known 
variations in water chemistry, was employed during the summer of 1966. 

The method used,  S t e i n s  two-stage method (Stein, 1945), required 
that some water ana lyses  were already available from each  hydrostratigraphic 
unit. These  samples  were used to  es t imate  the variance,  s 2 , for each  i tem 
in  the ana lys i s  for each unit. Then a confidence interval, 2d, within which 
it was  desired to have an est imate  of the  mean va lue  of a particular item in 
t h e  ana lys i s ,  was  chosen. The  confidence interval was  the  same for a par- 
t icular consti tuent in every hydrostratigraphic unit. The  number of samples ,  
n l ,  required to est imate  t h e  mean within t h i s  confidence interval i s  given as 

2 n 1  = ( t ,  s : )  / d 2  

where t is t h e  tabulated t value for the  desired confidence level and the  de- 
grees  of freedom of t h e  init ial  sample. The chemical  consti tuent with the 
largest  n in e a c h  hydrostratigraphic unit determined the number of samples  
to b e  collected in that unit. If t h e  number of samples already col lected in  a 
particular unit  equalled or exceeded n r ,  then no more samples  had to be col- 
lected.  If more samples had been needed, they would have been col lected a t  
random and a new mean would have been calculated using all  of the samples. 
This mean would have  fallen within d of the population mean ( a t  t h e  s t a t e d  
confidence level) un less  the procedure had resul ted in a n  unusual sample. 
In th i s  case s2 would have exceeded s1 and it would have been necessary 
to  col lect  mare samples. 

2 2 

For the  Annapolis-Cornwallis Valley, the  number of samples collect- 
e d  considerably exceeded  n l  in  every hydrostratigraphic unit. All of these  
samples ,  however, were in the eastern two-thirds of the Valley, a n d ' i t  was  
considered des i rab le  to get some samples  at the  western end of the  Va'lley. 
Therefore, the n 1  values  were used  to determine the number of samples  col- 
lected at the western end of the Valley. The  ninety-two samples 'col lected,  
however, were only one-third of those  which would have  been col lected under 
t h e  s y s t e m  of one per mining tract. 

In future groundwater sampling programs, it i s  recommended that 
only a few random samples  becol lected first, and that Stein 's  two-stage meth- 
o d  be used t o  determine the number of samples  needed so  that the desired in-  
formation can b e  obtained with a minimum of time and expense. 
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Variance of Each  Chemical Constituent 
Among the Various Hydrostratigraphic Units  

In order to d i s c u s s  the water chemistry of each  hydrostratigraphic 
unit in relation to that of other uni ts ,  an ana lys i s  of variance was  made of 
each  item in the chemical analysis:  1. by considering the  bedrock hydro- 
stratigraphic uni ts  as a group of treatments,  2. by considering the till de- 
p o s i t s  overlying each  bedrock unit and the  sand  and gravel  depos i t s  as a 
group of treatments,  and 3. by considering each  bedrock unit  and its o v e r  
lying surf ic ia l  deposi t  as a group of treatments. In addition, the  general  treat- 
ment comparisons were subdivided into single-degree of freedom compari- 
sons.  T h e  following procedure was  used: 

1. Hypothesis: p,  = p2 . . . =pk.  T h e  means of the k treatments in  each 
group a r e  all equal. 

2. a = 0.05. T h e  confidence level  of 95 per cent  is val id  for the general  
treatment comparisons and  would b e  va l id  for t h e  single-degree of free- 
dom comparisons if they were independent or orthogonal (Steel  and  Torrie, 
1 SO). Orthogonal comparisons, however, a r e  not  necessar i ly  meaningful 
comparisons. If th i s  is the  case ( a s  it is here), i t  is better to have mean- 
ingful comparisons with a confidence level  less than 95 per cent.  

3. T h e  s t a t i s t i c  used  is F ,  the  ratio of the treatment mean square to  the  
error mean square.  

4. Assuming the observations are randomly se lec ted  from normal populations 
with homogeneous variance and that the hypothesis is true, t h i s  statistic 
has a n  F (k-1, n i  -k)distribution. 

5 .  T h e  cr i t ical  region i s  F >Fl,=(k-l, Eni -k). 

6. The  calculation of F was done on a computer. An ana lys i s  of variance for 
calcium considering the bedrock uni t s  as a group of treatments is given 
in table  15. Eleven more such ana lys i s  of variance tab les  may be prepared 
for the  remaining i t e m s  in the chemical anaIys is ( for  t h i s  group of treat- 
ments). T h e s e  tables, however, have been shortened by combining them 
into one  table  for each group of treatments where only the calculated F 
va lues  a r e  given (Tables  16 to 18). Those  comparisons for which the  
hypothesis  of no difference in  treatment means h a s  been rejected ( a t  
a = 0.05) are  underlined. 

Many of the resu l t s  given i n t a b l e s 1 6  to 18 have been u s e d  in the 
sect ion on the chemical quali ty of groundwater in the  hydrostratigraphic 
units. In this  appendix, therefore, the F values  will not be d i s c u s s e d  further 
except  to  point out that  in a given comparison where a s ignif icant  difference 
is indicated (e.g. sulfate  concentration, Blomidon Formation versus  Wolfville 
Formation, Table  16) the  unit with the significantly larger va lues  can b e  de- 
termined by comparing the mean va lues  in table  9. 
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Treatment 

Basa l t  versus Meta- 
morphic rocks 

Blornidon Formation 
versus Wolfvi I l e  
Formation 

117 

Sum of Squares df Mean Square F Rat io  

21 2.40 5 42.48 9.34* 

0.62 1 0.62 0.1 4 

128.25 1 128.25 28.1 9* 

Table 15. Analysis of Variance for Calcium in 
Bedrock Groundwaters 

Wolfvi l le  Formation 
versus Horton rocks 

Basa l t  t Metamorphic 
versus Blomidon t 
Wolfvi l le  t Horton 

Error 

I I I I 

0.05 1 0.05 0.01 

82.08 1 82.08 18.04* 

823.54 181 4.55 

T o t a  I I 1,035.94 I 186 I I 
*Signif icant  F values (see T a b l e  16 for c r i t i ca l  F values)  



Table 16. Values for F for the Analysis of Variance of Groundwater 
Chemical Constituents (Bedrock Units) 

F .g5 (1,181) 

= 3.89 

A l k a -  Hard-  Spec. 
NO3 l in i ty  ness Cond. p H  C a  Mg No F e  SO4 CI 

Basal t  vers.us 

Metamorphic rocks 0.14 <1.0 0.02 2.14 0.01 0.01 2.25 0.73 0.10 0.06 7.09 

Blamidon Formation 
versus Wal fv i l le  
Formation 

Wolfvi I le Formation 

versus Harton rocks 0.01 20.40 0.01 <1.0 0.03 0.20 1.87 0.67 0.79 0.11 0.67 

Basal t  + Metamorphic 
versus Blomidon t 

0.14 <1.0 20.60 0.13 0.14 4.66 36.18 7.54 0.00 - - - -  28.19 16.21 -- 

.Wolfvi l le + Horton 18.04 3.51 3.54 <1.0 2.69 3.06 0.08 23.01 23.96 14.32 15.53 

Genera I Treatment Comparisons 
0.83 1.49 4.73 0.78 1.09 5.78 12.09 4.41 4.95 - - - -  - F 95 (5,181 ) = 2.26 9.34* 7.52 - -  

9 z 
Z 



Table 17. Values for F for the Analysis of Variance of Groundwater 
Chemical Constituents (Surficial Units) 

F .95 (1,145) 

= 3.90 

Alko-  Hord- Spec. 
c o  Mg No Fe  SO4 C I  NO3 l i n i t y  ness Cond. pH 

A l l  t i l l  deposi ts versus 
Sand and Gravel  
deposits 0.17 0.68 0.99 <1.0 1.56 0.06 1.54 1.86 

Basa l t  t i l l  versus 
Metamorphic t i l l  + 
Horton t i l l  0.11 <1.0 1.11 6.3 0.59 0.03 0.46 0.50 0.00 0.19 1.42 

Basa l t  t i l l  t Meta- 
morphic t i l l  t Horton til l 
versus Blomidon t i l l  + 
Wol fv i l le  t i l l  6.20 2.48 23.47 1.2 -- 92.09 18.07 1.41 3.36 - -  5.74 17.31 0.97 
Blomidon t i l l  versus 
Wol fv i l le  ti II 0.10 <1.0 13.01 <1.0 1.44 11.62 0.54 1.91 0.08 1.95 4.01 

Metamorphic t i l l  versus ' 

Horton t i l l  3.30 10.52 0.51 0.8 3.03 4.39 0.27 0.18 - 7.52 - 4.70 1.36 

0.01 0.05 0.43 

- - 

General Treatment Comparisons 

F .95 (5,145) = 2.28 1.98 2.74* 7.82 1.74 19.69 fl 3.34 1.56 - 2.67 - 4.83 1.64 - -  

z 
0 < 
9 

*S ign i f i can t  F values ore underlined 
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APPENDIX D. PUMP TEST ANALYSES 

Introduction 

Several pump tests were run t o  determine the hydraulic character-  
i s t i c s  of various aquifers. The  coeff ic ients  of transmissibil i ty and s torage 
a r e  given in tab les  4 and 5 .  A s  examples of the  determination of T and S and 
other hydraulic properties,  three of the pump tests are  d iscussed  i n  this  Ap- 
pendix. T h e  various formulas and procedures have been taken almost entirely 
from Walton (1962). Only the  formulas and variables used in t h i s  Appendix 
a r e  given below. The  reader is referred to Walton (1962) for a complete dis- 
c u s s  ion. 

Adjustment of Drawdown Data 

During a pump test ,  water leve ls  in  t h e  pumping well and observa- 
tion wel ls  a r e  measured periodically according to a prescribed schedule  ( s e e ,  
for example, Jones ,  1963). Drawdowns are  obtained by subtracting the water 
levels obtained during t h e  pumping test from water levels  that  would have  
been observed if the well had not been pumped. Drawdowns are  not measured 
from t h e  “stat ic”  level  measured just  before t h e  s tar t  of t h e  tes t  but from 
water level  trends extrapolated from measurements made for at leas t  24 hours 
prior t o  t h e  test, and  preferably for a longer period. These measurements are  
made most conveniently with an automatic water level recorder instal led on 
one  of t h e  wells a few days  prior to  t h e  test. 

In t h e  case of t h e  Middleton pump test,drawdown data  were adjusted 
for t h e  diurnal fluctuation of t h e  nearby Annapolis River. T h i s  fluctuation 
caused  a loading effect on t h e  aquifer with water l e v e l s  in t h e  wel ls  c l o s e  
t o  the  river fluctuating in response to t h i s  loading. The ratio of the  water 
level  change in the well to the change in river s tage  i s  cal led the t idal  ef- 
ficiency (T.E.) and i s  given as: 

T.E. = ( AW/AR) 100 

where AW is t h e  change in  water level  result ing from a change in river s tage ,  
in feet, and A R  i s  t h e  change in river stage, in feet. 

Wells, particularly those in  surficial  aquifers,  often do not penetrate 
the full  thickness  of an aquifer. In such cases,  drawdowns in the  pumping 
well and in nearby observation wells a re  greater than they would have  been if 
the well were fully penetrating. Drawdowns, therefore, must be adjusted for 
the  effects of par t ia l  penetration. This  c a n  be done for observation wel l s  by 
using the following equation from Butler (19 57): 

= c  s 
fP  PO PP 

where: 

(4) 

s fp  

C 

= drawdown in observation well for fully penetrating conditions,  
in feet 

= partial penetration constant for observation well, fraction 

= observed drawdown for partial  penetrating conditions,  in feet. 
PP 
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For a pumping well, Butler’s (1957) formula is :  

s = c  s 
fP PP PP 

where: 

s fp = drawdown for pumped wel l  for  fully penetrating conditions, in 
feet 

= partial  penetration constant  for pumped well, fraction 
PP 

PP 
S = observed drawdown for partial  penetrating conditions,  in  feet. 

The  va lues  of Cpo and C can b e  obtained from tables  in Butler (1957) or 
Walton (1962, p. 8). T o  obtain t h e s e  constants ,  one must know or assume 
va lues  for 1. t h e  dis tance from t h e  pumped well to the observation well, 2. 
t h e  saturated th ickness  of the  aquifer, 3. the  fractional penetration, 4. the 
rat io  of t h e  ver t ical  to  horizontal permeability of the  aquifer, 5. t h e  virtual 
radius of t h e  cone of depression, and 6. t h e  nominal radius of t h e  well. 

PP 

If t h e  surf ic ia l  aquifers  tes ted  had not been confined by s i l t  and 
clay,  drawdown data  a l s o  would have been adjusted for dewatering of the  
aquifer. 

Formulas for Determining Aquifer Character is t ics  

According to  Hantush and  J a c o b  (1955), drawdown data from a leaky 
ar tes ian  aquifer (e.g. Middleton and Tremont), where some water i s  derived 
from a confining bed, may be analyzed with the following formulas: 

s = (114.6 Q/T) W (u, r/B) 
where: 

u = 2246 r 2  S/Tt ( 7 )  

and: 
r/B = r// T/(?’ / m’) 

s = drawdown in observation well, i n  feet 
r = distance from pumped well to observation well ,  i n  feet 
Q = discharge,  in igpm 
t = time after pumping s tar ted,  in minutes 
T = coefficient of transmissibil i ty,  in  igpd/ft 
S = coefficient of s torage of aquifer, fraction 
P = coefficient of vertical  permeability of confining bed, 

rn’ = thickness  of confining bed through which leakage  occurs ,  
in igpd/ sq.  ft. 

in  feet ,  

W ( u ,  dJ3) i s  read a s  the  “well function for leaky ar tes ian aquifers” (Hantush, 
1956). Where there i s  no leakage through confining beds (r/B is zero), equa- 
tion 6 reduces to: 

s = (114.6 Q/T) W ( u )  (9) 

where W(u) i s  the “well function for non-leaky ar tes ian aquifers” ( s e e  
Wenzel, 1942). 
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T o  solve these  formulas, drawdowns a r e  plotted on logarithmic paper 
aga ins t  va lues  of t. .In addition, if data from more than one  observation well 
a r e  avai lable ,  va lues  of s for a particular t ime are  plotted against  r 2. These  
field data curves  a r e  then matched to type curves supplied in  Walton (1962). 
A convenient point on t h e  superposed curves  (match point) is then selected 
a n d . t h e  values  o n  the type curve plot and field data plot (W(u,, r/B), l / u ,  s ,  
and t for the  time-drawdown plot) are  subst i tuted into equations 6, 7, and 8 
to obtain T, S, and P' (or in equations 7 and 9 to  obtain just  T and S). 

The  nonequilibrium formulas d iscussed  above can be used to cal- 
culate  the hydraulic properties of water-table aquifers  if t h e  early drawdown, 
da ta ,  which a r e  affected by gravity drainage, a r e  not used. T h e  approximate 
time af ter  pumping s tar ts ,  i n  days ,  when t h e  application of the  nonequilibrium 
formula to  the resu l t s  of pumping tests under water-table conditions is justi- 
f ied,  tWt, is given by the following formula modified from Boulton (1954) by 
Walton (1962): 

twt  = 37.4 Sy m/P (10) 

where: 

S = s p e c i f i c  yield, fraction 
P = coefficient of permeability, in igpd/ sq. ft.  
m = saturated thickness  of aquifer, in feet. 

Y 

This  equation is valid for observation wells which a r e  greater than 0.2m and 
less than  about 6 m from the  pumping well. 

J a c o b  (1946) h a s  shown tha t  equation 9 can be shortened to  the 
following form where r is small and t is large: 

T = 264 Q / A s  (1 1 )  

where T and  Q are  a s  defined above  and A s  is t h e  drawdown difference per  
log cycle  of time when drawdown data a r e  plotted on an acithmetic s c a l e  ver- 
s u s  time on a logarithmic scale .  T h i s  formula is particularly convenient for 
determining T from pumping well drawdown data.  

A s  a check on the  T obtained with drawdown data on a pumping well, 
the  T h e i s  recovery formula (J.acob, 1946) c a n  be used:  

T = 264 Q / A s '  (12) 

where A s '  is the  residual drawdown per log cycle  of t / t '  where t is the time 
s i n c e  pumping started and t '  is t h e  t i m e  s ince  pumping stopped, in minutes. 

Boundary Conditions 

The  drawdown data for the Tremont pump test a re  complicated by 
t h e  presence of a barrier boundary ( a  large decrease  in lateral permeability). 
When t h e  c o n e  of depression reached t h e  barrier boundary, drawdowns in  t h e  
observation wells began to  increase at an  accelerated rate. The effect is the 
s a m e  as  if n o  boundary were present  and a second (image) well had  been  
pumped at  t h e  same rate at a d i s t a n c e  equal t o  twice  t h e  dis tance from t h e  
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real  pumping well t o  the  barrier boundary. The  dis tance from an  observation 
well to t h e  image can be calculated by t h e  law of times: 

where: 

r '  
rp = 
t p  = 

t i  = 

1 

' i  = r  J = =  

dis tance  from image well to  observation well, in  feet 
d is tance  from pumped well to observation well ,  in feet 
time af ter  pumping s tar ted,  before t h e  boundary becomes ef- 
fective,  for a particular drawdown to  b e  observed, in  minutes 
time after pumping s tar ted,  a f te r  the boundary becomes effec- 
t ive,  when the divergence of the  time-drawdown curve from the  
type curve, under t h e  influence of t h e  image well, i s  equal to 
the  particular value of drawdown at tp, in minutes. 

T o  loca te  t h e  image well ,  a c i rc le  is drawn about e a c h  observation well using 
t h e  calculated ri as  t h e  radius. T h e  common point at  t h e  intersection of the 
a r c s  from three wel ls  determines t h e  posit ion of the image well. T h e  barrier 
boundary is located perpendicular to  t h e  l ine joining t h e  image and real  wel l s  
and midway between them. 

Well Loss 

I n  a pumping well, drawdown i s  d u e  to aquifer l o s s  as t h e  water 
moves through t h e  aquifer toward the  well, t o  the effects of partial  penetra- 
t ion,  to t h e  effects of barrier boundaries, and a l s o  t o  turbulent flow through 
screens  and inside t h e  casing (wel l  loss) .  T h e  a m w n t  of well l o s s  can b e  
est imated if a s tepdrawdown pump test i s  run or if drawdowns due  to  other 
factors  a r e  known. 

Berwick Pump Test 

A pump t e s t  was  conducted a t  t h e  M.W. Graves plant, Berwick (21H 
2 A 38 C) in May, 1966. T h e  aquifers a r e  sands tones  and conglomerates in  
t h e  Wolfville Formation. T h e  pumping wel l  is screened between 204 and 214 
feet and between 220 and 235 feet with a 2 inch gravel pack surrounding t h e  
s c r e e n s  . 

During t h e  2 4  hour pump tes t ,  the  pumping ra te  w a s  160  igpm. T h e  
one  observation well w a s  264 feet away. Drawdown and recovery d a t a  for the 
pumping wel l ,  and drawdown da ta  for t h e  observation well are given i n  tab le  
19. Drawdowns were measured from the  top of the  casing in each well be- 
cause both wel ls  flow when there i s  no pumping. 

Time-drawdown and -recovery data for the pumping well a r e  plotted 
in figure 39, and T is calculated for each case with equations 11 and 12 .  T h e  
s c a t t e r  i n  t h e  drawdown data was probably caused by slight variations in t h e  
pumping rate.  These  variations,  however, d id  not affect t h e  recovery data with 
t h e  result  that  the slope of t h e  recovery curve i s  well defined. Time-draw- 
down da ta  for the  observation well a r e  given in  figure 40 along with t h e  cal- 
culat ions of T and S. Variations i n  pumping ra te  made t h e  match with t h e  
type  curve less reliable. There is apparently a small  amount of leakage from 
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Table 19. Time-Drawdown Data* for Berwick Pump Test 

Pumping We I I 

Time after 
Pumping started Drawdowr 

(minutes) (feet) - 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
25 
30 
40 
50 
60 
75 

105 
120 
150 

210 
240 
300 

90 

180 

360 
4x1 

6no 

480 
540 

660 
720 
840 
960 
1080 
1205 
1320 
1 440 

0 
118.39 
128.33 
125.44 
129.73 

125.79 
125.14 
125.01 
125.18 
126.75 
128.34 
127.93 
127.23 
127.92 
128.80 
128.1 1 
130.40 
122.50 
138.40 
136.98 
137.65 
136.86 
136.38 
137.1 0 
136.99 
137.16 
140.42 
141.10 
141.50 
145.00 

144.13 
145.20 
145.75 
146.40 
146.30 
147.20 
147.70 
147.50 

125.78 

144.28 

Pumping Well  (Recovery) 

Time after Time After Residual 
umping started Pumping stopped Drawdow 

(minutes) (minutes) (feet) 

1440 
1441 
1442 
1443 
1444 
1445 
1446 
1447 
1448 
1449 
1450 
1455 
1460 
1465 
1470 
1480 
1490 
1500 
1515 
1530 
1545 
1560 
1590 
1620 
1640 

on 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
15 
20 
25 
30 
40 
50 
60 
75 
90 

1 05 
120 
150 
180 
2 00 

147.51 

40.00 
31.54 
25.55 
23.1 5 
20.67 
19.05 
19.77 
17.29 
16.32 
13.78 
12.22 
10.94 
10.00 
8.30 

6.25 
5.1 0 
4.1 5 
3.39 
2.67 
1.44 
0.49 
0.00 

7.28 

Observation We I I 

Time after 
Pump. std. Drawdown 
(minutes) (feet) 

n 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 

25 
30 
40 
50 
60 
75 
90 

1 05 
120 
150 
180 
21 0 
240 
2 70 
300 
330 
360 
420 

540 
600 
660 
720 
780 
840 
955 
1080 
1200 
1320 
1440 

20 

480 

0 
0.1 0 
0.20 
0.1 3 
0.34 
0.43 
0.54 
0.63 
0.83 
1.16 
1.54 
3.21 
4.10 
4.90 
5.41 
5.69 
6.36 
6.99 
7.64 
8.32 
9.20 
9.71 
10.65 
11.39 
12.02 
12.53 
12.05 
13.36 
13.75 
14.16 

15.36 
15.82 
16.36 
16.69 
17.00 
17.51 
17.49 
17.81 
18.41 
18.72 
18.78 
18,93 

14.85 

*Drawdowns were measured from the top of the casing of each w e l l  
because both wel ls  normally f low when there is  no pumping. 
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Time after pumping started,in minutes 

FlGLlRE 39. Time-drawdown and -recovery graphs for the 
pumping wel l  at Berwick. 
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T h e  average T from the three  determinations i s  3,700 igpd/ft. The  
permeability, therefore, i s  about 150 igpd/ sq .  f t .  Using t h e  average T i n  
equation 7 ,  S i s  2 x This  information can be used, for example, to de- 
termine a safe pumping rate for the well. Assuming that i t  is desired to pump 
the wel l  continuously for 20 years ,  that  t h e  drawdown should not be allowed 
to  exceed  180 feet, and  that the  effective radius of the well i s  0.33 feet 
(same radius a s  tha t  of the screen),  t h e  safe pumping rate i s  215 igpm using 
equations 7 and 9 ,  and values for-W(u) and 11 from Walton (1962) .  This  cal-  
culation, however, h a s  not allowed for well l o s s  which accounts  for a con- 
s iderable  amount of the  drawdown i n  t h i s  well. For  example, the  drawdown 
in this  well a f te r  1 minute of pumping at 160 igpm was  about 112  feet (by ex- 
trapolating the straight line in figure 39 back to 1 minute). Using T and S, 
t h e  drawdown ins ide  the  casing should have been only 5 2  feet, leaving about 
60 feet of drawdown due  to well loss .  With t h i s  much well loss, t h e  safe 
pumping rate i s  reduced to about 150 igpm if the maximum drawdown i s  not 
to exceed 180 feet over a pumping period of 20 years .  Note that  there  is a 
factor of safety i n  these  calculat ions because leakage from the confining 
b e d s  h a s  not been considered. 

If it  i s  des i red  to  pump both wel ls ,  the  interference between wel ls  
a t  different pumping rates and different lengths of time can b e  calculated 
using equat ions 7 a n d  9. For  example, if both of the  wells in  this  pump test 
were pumped a t  150 igpm for 3 months, there  would be an additional drawdown 
in each well of 42 feet d u e  to the  pumping of t h e  other well. 

Middleton Pump Test 

A pump tes t  was  conducted at Middleton in  a well instal led i n  test- 
hole 80 (21 A 14 D 5 2  D )  in June,  1966. T h e  objectives of t h i s  pump test  
were to determine the  feasibil i ty of using Annapolis River flood plain allu- 
vium a s  an aquifer and to see if water quality would be adversely affected if 
river water were induced into t h e  well. The  arrangement of observation wel ls  
and the l o g s  of several  of the observation wel ls  a r e  shown in figures 41 and 
42. The  aquifer i s  27 feet thick and c o n s i s t s  mostly of sand semi-confined 
by about 9 feet of s i l t  and clay. 

During t h e  26 hour pump test t h e  pumping rate  was  6 4  igpm. Draw- 
down da ta  a r e  given in table 20 for observation wel ls  Nos. 2 ,  3 ,  and 4.  Di- 
urnal f luctuations of the Annapolis River (due to a power s ta t ion on the  Nic- 
tuax River a t  Nictaux Fa l l s )  caused a loading effect on the  aquifer near  the 
river. Water leve ls  in observation wel ls  Nos.  2 ,  3 ,  and 4 ,  and the river s tage  
were measured periodically for 2 days  prior to the  pump test. T h e s e  obser- 
vations a r e  given in  figure 43 along with t h e  calculation of t idal  efficiency 
which was the  same for a l l  the  wells within 100 feet of the river. T h e  tidal 
efficiency and t h e  river s tage  hydrograph.during the pump test (F ig .  43) were 
used to  adjust  drawdown data  for t h e  wel ls  near  t h e  river. Observation wel l  
No. 5 was  600 feet from the river and was  not noticeably affected by the  
change in river s tage  (Fig.  44). 
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Obs. Well No. 5 
0 

N 

Obs. Well No.6 
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Obs Well No.2 
0 
Obs. Well No. 3 

Pumping Well 0 0 
Obs. Well No.4 
0 

Obs. Well No.? 
0 

0 100 200 300 400 500 Ft. 

FlGURE 41 .  Arrangement of wel ls  for the Middleton 
pump t es t .  

The apparent groundwater recession noted during the days prior to 
t h e  pump test w a s  about 0.10 feet per day (Fig.  44) .  If this  factor had been 
used to  extrapolate the non-pumping water levels ,  the final res idual  draw- 
downs would have returned t o  a level above that at  the s tar t  of the pump test. 
To avoid th i s ,  a groundwater recession of 0.04 foot per day was  assumed. 

The drawdown data  were adjusted for partial  penetration using equa- 
t ions 4 and 5 .  T h e  major assumption made was that the rat io  of the ver t ical  
to horizontal .permeability is 1/10, The pumping wel l  drawdown data were 
multiplied by 0.56, and the drawdown data in observauon wel ls  2 ,  3 ,  and 4 
were multiplied by 0.90 to ad jus t  for the  effects of partial  penetration. The 
more dis tant  observation wells were not affected by partial  penetration. 
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Table 20. Time-Drawdown Data* for Middleton Pump Test  

Drawdown in  F e e t  

T i m e  after  O b s .  Obs. Obs. 
Pumping started Well Well Wel l  

(minutes) No.2 No.3 Na.4 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
15 
20 
25 
30 
40 
50 
60 
75 
90 

105 
120 
150 
180 
21 0 
240 
3 00 
360 
420 
480 
540 
600 
660 
720 
84 0 
960 

1080 
1200 
1320 
1440 
1560 

0.0 
0.37 
0.47 
0.52 
0.53 
0.55 
0.59 
0.58 
0.63 
0.61 
0.63 
0.63 
0.69 
0.72 
0.74 
0.75 
0.73 
0.78 
0.79 
0.78 
0.79 
0.79 
0.81 
0.79 
0.81 
0.79 
0.67 
0.74 
0.78 
0.72 

0.74 
0.75 
0.81 
0.95 
1.04 
1.13 
1.06 
0.91 
0.87 
0.78 

. 0.68 

0.0 
0.49 
0.59 
0.64 
0.66 
0.69 
0.71 
0.73 
0.75 
0.76 
0.76 
0.80 
0.82 
0.84 
0.85 
0.86 
0.87 
0.87 
0.88 
0.87 
0.91 
0.95 
0.92 
0.93 
0.92 
0.95 
0.80 
0.90 
0.91 
.0.83 
0.85 
0.82 
0.86 
0.90 

1.23(@995) 
1.22 
1.21 
1.06 
0.98 

0.0 
0.01 
0.1 1 
0.1 3 
0.25 
0.33 
0.38 
0.43 
0.49 
0.53 
0.59 
0.76 
0.85 
0.91 
0.97 
1.01 
1.04 
1.06 
1.07 
1.08 
1.09 
1.09 
1.09 
1.09 
1.10 
1.10 
0.66 
1.07 
1.10 
1.01 
1.03 
1.01 
1.01 
1.09 
1.26 
1.36 
1.43 
1.40 
1.26 
1.16 

*Drawdown data have not been adjusted for groundwater recession, 
the effects of part ia l  penetration, or for the river stage. 
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FIGURE 43. Calculation of tidal efficiency, Middleton 
pump test. 

During the plmp.test ,  water levels in observation wel l  No. 5 appar- 
ently were not affected by the pumping (Fig.  44). There is probably not a good 
hydraulic connection between this  wel l  and the prnping well because  it is 
located across  t h e  trend of t h e  point-bar accretions of the flood plain. Obser- 
vation well No. 6, located along t h e  trend of the point-bars from the pumping 
well, was affected by the pumping (F ig .  44). The hydrograph of observation 
well  NO. 7 (Fig. 44) does not seem to  have been related ei ther  to  the pumping 
or t o  t he  river stage.  A s  a result ,  water level  data in t h i s  wel l  could not be 
used  in th i s  analysis .  

T h e  drawdown and recovery data for the pumping well a r e  so scat- 
tered on a semi-logarithmic plot that they were not used  i n  this  analysis .  
Timedrawdown data for observation wel ls  No. 2, 3, and 4 a re  given in figure 
45. Time-drawdown data for observation well  No. 4 are  considerably different 
from data  for observation wel ls  Nos. 2 and 3. T h i s  is possibly due  to the 
inhomogeniety of the aquifer although no boundaries were readily apparent 
during th i s  2 6  hour test. Distancedrawdown data for observation wel ls  Nos. 
3 and 6 a r e  a l s o  given in  figure 45. 

Except for the T based on data from observation wel l  No. 4, the  T 
is high and averages 50,000 i g p d f t .  The permeability, therefore, is about 
2,000 igpd/ sq. ft. S a l s o  var ies  considerably, averaging 1.9 x The  ver- 
t ical  permeability of the confining bed by equation 8 is small  except  for the 
value obtained with the data for observation well No. 4. Of the 1 2  feet of 
drawdown in the pumping well after 2 6  hours of pumping, about  2.5 feet  are  
a c c m n t e d  for using the average T and  S, about 5.5 feet  are due t o  partial  
penetration of the aquifer,  and t h e  remaining 4 feet a r e  probably due to  well  
loss.  
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F I G U R E  44. Hydrographs of observation wel l s  Nos. 5 ,  
6, and 7 during the Middleton pump tes t .  

. A s  can b e  s e e n  in  figure 42,  the  cone of depression did 

day 
I 

not inter- 
cep t  a n y  river water. If the  screen had been set  at the  bottom of the aquifer 
and a higher pumping rate had been used,  some water from the river might 
have been induced into the  well. To be an effective recharge boundary, how- 
ever ,  a river should penetrate t h e  ent i re  thickness  of an aquifer. I n  th i s  case, 
the r iver  penetrates very l i t t le of the aquifer. 

* 

This p m p  test demonstrates that  r iver alluvium and outwash sand 
and gravel  that  may underlie river alluvium are  sometimes good aquifers  which 
should be explored when considering new water suppl ies .  

Tremont Pump Test 

A pump test  w a s  conducted i n  a small  outwash valley at Tremont 
(21 A 15 B 64 E). The location of wel l s  in  the val ley and logs of t h e s e  wel ls  
are shown in  figures 46 and 47. The aquifer is about 50 feet thick and is corn 
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FIGURE 45. Time-drawdown graphs /or observation w e l l s  Nos. 2,  3, and 4,  and 
distance-drawdown graph for observation w e l l s  Nos. 3 and 6 ,  Middleton. 
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posed predominantly of gravel with some sand ,  and is semi-confined by about 
11 feet of silt and clay. The effect of the confining beds was demonstrated 
by water leve ls  measured in observation wel l s  Nos. 1 and 2. After s and  points 
were installed in these  holes ,  they were not back filled. Sil t  and clay,  how- 
ever, squeezed in around the casing because the  wa te r t ab le  at the surface 
outside the cas ing  of well No. 1 was 2 feet above the water level ins ide  the 
casing; in  observation well No. 2, the  water-table was about 1 foot above 
the water leve l  in t h e  casing. 

0 200 400 600 800 1000 - - f e e t  

FIGURE 46. Arrangement of w e l l s  for the Tremont pump 
test;  and location of the barrier boundary. 
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After 24 hours  of pumping, t h e  wateptable in observation well  No. 1 
was essent ia l ly  unchanged s o  that  there was a vertical gradient of about 5 
feet across  the  confining bed. In observation wel l  No. 2 the water-table de- 
c l ined about 0.6 feet af ter  24 hours of p m p i n g ,  b t  there was  still a vertical 
gradient of about 2.8 feet. This  infarmation a l so  demonstrates that th i s  cut- 
wash valley is a recharge area (supported by the fact  that  there is no peren- 
nial stream in the valley. 

The pumping rate  (with a few minor adjustments) w a s  189 igpm for 
24 hours (Fig. 48). Drawdown data for observation wel ls  Nos. 1, 2, and 3 a re  
given in table 21. The drawdowns were adjusted for groundwater recession 
which was determined t o  average 0.03 foot per day from continuous water level 
records for t he  8 days  prior t o  the pump test. 

Drawdown data in  the pumping well and  observation well No. 1 were 
adjusted for partial-penetration of the aquifer using equations 4 and 5.  The 
rat io  of vertical to  horizontal permeability in  the aquifer w a s  assumed t o  be 
1/3. T o  adjust  for the effects  of partial penetration, the drawdowns in the 
pumping wel l  were multiplied by 0.64, and those in observation well  No. 1 
were multiplied by 0.97. Observation wells Nos. 2 and 3 were t o o  far away t o  
have been affected by partial penetration. 

Drawdown data for the pumping well were not plotted because the  
pumping rate was adjusted several  t imes to avoid breaking suction. Recovery 
data  for the pumping well were affected by the barrier boundary and leaky 
artesian conditions and were not used  t o  determine T. 

Timedrawdown data for observation wel ls  Nos. 1, 2, and 3, and t h e  
calculat ions of T, S and P' from these data a r e  shown in figure 49. Values of 
T and S based on data for observation wells Nos. 2 and 3 are nearly the same,  
but they do not agree with values obtained from data for observation wel l  No. 
1. A s  a check,  T and S have been calcuiated from distance-drawdown data 
shown in figure 50. Using data for observation wells Nos. 2 and 3 only, T and 
S a re  similar to  the values  obtained with time-drawdown data for the same 
wells. Using a l l  of the wel ls ,  however, values of T and S do not agree with 
the other calculat ions ( s e e  Fig. 50). It would appear that the best  values  for 
T and S would be obtained by averaging data  for wel l s  Nos. 2 and 3 alone. 
The average T is 52,000 igpd/ft and the average S is 3.1 x The permea- 
bility (about 1,000 igpd/sq. ft) is not a s  great as that  calculated for the aqui- 
fer a t  Middleton. Sand in the inters t ices  of the gravel  probably is primarily re- 
sponsible for reducing the permeability from that  expected in a clean gravel. 

Drawdown da ta  for observation well No. 1 are not greater ( t o  be ex- 
pected from partial penetration effects)  but less than what should have been 
observed using the average T and S given above (see Fig. 50). The explana- 
tion for t h i s  is not readily apparent. Possibly ver t ical  movement of ground- 
water in the  vicinity of the wel l  and/or leakage from the confining bed near 
the well have affected the  observed drawdown in w e l l  No. 1. In any case,  to  
avoid some combination of effects (including those  due to partial penetra- 
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tion) which may al ter  the observed drawdown from the theoretical, the  f i rs t  
observation well should be at least twice the saturated th ickness  of  the 
aquifer from the pumping well ( s e e  Butler, 1957). 

FIGURE 48. Tremont pump tes t .  

After about 100 m i n d t e s  of pumping, drawdown in all observation 
wells began to increase  again. T h i s  may have been due either to the pres- 
ence of a barrier boundary or to the ex is tence  of water-table conditions.  
If it were due  t o  water-table conditions, then early time-drawdown data would 
have been affected by gravity drainage and the type curve should have  been 
matched to  the later time-drawdown data. By equation 10, t w t  is 135  minutes ,  
assuming the specific yield is 0.10. The coefficient of storage ca lcu la ted  
from the later time-drawdown data for wells Nos. 2 and 3 is about 2 x 
which is not in the  wateptab le  range. Th i s  fact ,  along with evidence of con- 
fining conditions from the lithologic logs  and water l eve l  observations,  sug- 
ges t s  tha t  water-table conditions are not present and tha t  the la te r  increases  
in drawdown were d u e  to a barrier boundary. 

Assuming barrier boundary conditions,  the  respec t ive  type  curves  
were matched to later time-drawdown data in figure 49. Using equation 13, 

' the radius t o  the image well was  ca lcu la ted  for observatio'n wells Nos. 2 and 
3. A s  can be seen  in figure 46, the r e s u l t s  a r e  not good. Th i s  is p r o h b l y  due 
in  part to the complex geology (sugges ted  by the  well logs  in figure 47) and 
in part to the adjustments made in the pumping rate.  The barrier boundary 
probably parallels the south side of the outwash valley because  the valley 



NOVA SCOTIA DEPARTMENT OF MINES MEMOIR 6 139 

Table 21. Time-Drawdown Data for Tremont Pump Test  

,Drawdown in F e e t  

T i m e  after 
Pumping Obs. Obs. 
Started Well Well  

(minutes) No.1 No.2 

No. 1 - 
0 
0.35 
0.73 
1.08 

2 
3 
4 
5 
6 
7 
8 
9 

10 
15 
20 
25 
30 
40 
50 
60 
75 
90 

105 
120 
150 
180 
21 0 
24 0 
300 
360 
42 0 
480 
54 0 
600 
660 
720 
84 0 
960 

1080 
1200 
1320 
1440 

No. 2 - 
0 0 
0.33 0.29 
0.67 0.53 
1.00 0.77 

1.08 
1.22 
1.34 
1.43 
1.49 
1.55 
1.54 
1.62 
1.66 
1.75 
1.80 
1.77 
1.79 
1.84 
1.86 
1.88 
1.94 
1.98 
1.97 
1.98 
2.01 
2.05 
2.1 2 
2.20 
2.22 
2.29 
2.35 
2.43 
2.40 
2.45 
2.55 
2.54 
2.61 
2.44 
2.68 
2.73 
2.84 
2.88 

0 
0.1 5 
0.26 
0.38 
0.65 
0.75 
0.86 
0.94 
1.01 
1.07 
1.12 
1.16 
1.19 
1.29 
1.34 
1.35 
1.36 
1.42 
1.44 
1.51 
1.55 
1.60 
1.62 
1.63 
1.68 
1.72 
1.76 

1.89 
1.92 
2.01 
2.06 
2.10 
2.14 
2.17 
2.1 9 
2.26 
2.27 
2.33 
2.37 
2.45 
2.47 

1 .a3 

Observation Well  No. 3 

T i m e  after 
Pumping Draw- 
Started down 
(minutes) (feet)  

1 .5 
3.0 
4.5 
6.0 
7.5 
9.0 

10.5 
12.0 
13.5 
15.0 
21 .o 
27.0 
30.0 
37.0 
45.0 
53.0 
60.0 
75.0 
90.0 

105 
120 
150 
180 
21 0 
24 0 
3 00 
360 
420 
480 
540 
600 
660 
74 0 
840 
960 

1040 
1200 
1320 
1440 

0.1 2 
0.24 
0.44 
0.52 
0.58 
0.62 
0.66 
0.69 
0.72 
0.74 
0.82 
0.85 
0.86 
0.92 
0.94 
0.98 
0.97 
1 .os 
1.09 
1.12 
1.15 
1.20 
1.25 
1.31 
1.34 
1.42 
1.49 
1.56 
1.58 
1.62 
1.69 
1.74 
1.76 
1.84 
1.85 
1.93 
1.98 
2.06 
2.09 

*Drawdown data have been adjusted for the groundwater recession 
(0.03 ft/day) but have not been adjusted for the effects of partial  
penetration. 
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fol lows the flank of South Mountain. Therefore, it was  p laced  south of t h e  
pumping well and midway between t h e  a rcs  drawn from w e l l s  Nos. 2 and 3. 

After 24 hours  of pumping, about 8 feet of drawdown in the  pumping 
wel l  c a n  be considered aquifer loss;  another 15 feet are due to  the  effects of 
par t ia l  penetration; about 2 feet are due to t h e  barrier boundary; and t h e  re- 
maining 1 5  feet are  probably due to well loss. 
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The outwash valley aquifer at Tremont is a promising one for future 
development, but more test-drilling for better definition of geologic conditions 
and a pump test of a t  least three  d a y s  duration should be conducted before a 
major development is undertaken. 
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APPENDIX E. CHEMICAL ANALYSES OF GROUNDWATERS I N  THE ANNAPOLIS - CORNWALLIS V A L L E Y  
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APPENDIX F. 
NOTATION 

Dimensions 
T = time 
L = length 

sT/ P*/ m'> L 

partial  penetration constant  for observation 
well dimensionless 
partial  penetration constant  for pumped well dimensionless 

one-half of a cbnfidence intervaI 
degrees  of freedom 
evapotranspiration 

exported water 

L 
dimensionless 

L 3  

L 3  

ratio of the  treatment mean square to  the 
error mean square dimensionless 
hydraulic gradient dimensionless 
imported water L 3  

kurtosis 

number of treatments 
width of flow cross-section 
saturated thickness  of aquifer 
thickness  of confining bed through which 
leakage occurs  

total  number of samples  
number of samples  in a treatment 
coefficient of permeability 
coefficient of vertical  permeability of 
confining bed 
potential  evapotranspiration 

precipitation 

dimensionless 

dimensionless  
L 
L 

L 
dimensionless 
dimensionless 

L / T  

L I T  
L 3  

L 3  

discharge L 3/T  

stream flow L 3  

distance from pumped well to observation well L 

r. dis tance from image well to observation well L 
1 

dim en s ionles  s 
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SAR 
Skl  
SSP 
Sub I 
sur I 
S 

Y 

S' 

S2 

S 

S 

sfP 

S 
PP 

T 
T.E. 
t 

t 

t '  

t i  

t 
P 

twt 

U 

sodium adsorption ratio 
skewness  
soluble  sodium percentage 
subsurface inflow 
surface inflow 
specif ic  yield 

drawdown in an  observation well 
res idual  drawdown 
standard deviation 
var iance 

drawdown in observation or  pumped well for 
fully penetrating conditions 
observed drawdown for partial  penetrating 
conditions 

coefficient of transmissibil i ty 

tidal efficiency 

time s i n c e  pumping s tar ted 
time s i n c e  pumping s topped 

time after pumping s tar ted af ter  a boundary 
becomes effective when t h e  divergence of the  

time-drawdown curve from the type curve, under 
the  influence of the image well, is equal to the  
particular value of drawdown at t 

time after pumping s tar ted,  before a boundary 
becomes effective,  for a particular drawdown to 

b e  observed 

approximate time after pumping s ta r t s  when t h e  
application of the  nonequilibrium formula to the 
resu l t s  of pumping tests under water-table con- 
di t ions is justif ied 

subsurface outflow 

2246 r2S/Tt 

well function for non-leaky ar tes ian aquifers 

(5 IJ) / ( s / m  

P 

W (u,r/B)well function for leaky ar tes ian aquifers 

Dimensions 
T = time 
L = length 

dimensionless 
dimensionless  
dimen s ionless  

L 3  
L 3  

dimensionless  

L 
L 
L 
L 2  

L 

L 
L ' / T  

dimensionless  
dimensionless  

T 
T 

T 

T 

T 
L 3  

dimensionless  

dimensionless  
dimensionless  



X 
x 
Q 

A R  

ASg 
A Soil  

ASS 

A s  

A s' 

AW 

P 

0 
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value of a n  individual item 
mean value 
chance of concluding that a true hypothesis 
is fa l se  

change in river stage 

change in groundwater s torage 

change in so i l  moisture s torage 

change in surface water storage 

drawdown difference per log cycle  of time 
when drawdown da ta  are plotted on an  arith- 
metic scale versus  time on a logarithmic scale 
residual drawdown per log cyc le  of t/t' 

change in groundwater level  resulting from 
change in river stage 
population mean 

phi diameter 

Dimensions 
T = time 
L =length 

dimensionless  
dimensionless 

dimensionless 
L 

L 3  

L 3  
L 3  

L 

L 

L 
dimensionless 

L 
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