
of  i  n f l  uence

resul  ts  woul  d

no change i  n

l ^ l e l  I  s ,  
. 1975  

)  .

( o r  d e p r e s s i o n )  w i l l  c o v e r  a  l a r g e

occur  i n  the  same aqu i fe r  hav ing

o the r  fac to rs  wh ich  can  in f l uence

E x a m p l e s  o f  t h e s e  c o n d i l i o n s  a r e

sur face area.  The oppos i  te

a I  o lv  va l  ue for  T,  assumi  ng

drawdown,  (Groundwater  and

s h o w n  i n  F ' i g u r e  9 .

F i  gu re

Aqu i fe r  D rawdown in  Genera l

Upon  w i thd rawa l  o f  wa te r  f rom an  aqu i fe r ,  i n ' i t i a l  d rawdown o f  t he

wa te r  t ab le  occu rs  nea r  the  we l l  as  wa te r  i s  removed  f rom s to rage .  The

5oundary  be tween  the  sa tu ra ted  zone  and  dewa te red  zone  deve lops  i n to  a  ccne

s h a p e  w i t h  i l s  a p e x  p o i n t i n g  d o u r n .  T h e  f o r m  a n c j  s i z e  o f  t h e  c o n e  d i f f e r s

d e p e n d i  n g  o n  t h e  p u m p i  n g  r a t e ,  d u r a t i o n  a n d  a q u i  f e r "  c h a r a c t e r i  s t ' i c s  w i t h i  n

lhe  a rea  o f  i n f l uence  o f  t he  we ' l l .  ' , ^ l i t h  con t i nued  pump ing  the  cone  o r

i n f l u e n c e  ( o r  d e p r e s s i o n )  e x o a n d s  t o  a  w i d e r  a r e a  a n d . i n c r e a s e s  i n  d e p t h ,

t h u s  i t  i s  a b l e  t o  i n t e r c e p t  a  g r e a t e r  v o l u m e  o f ' w a t e r  w i t h  e a c h  i n c r e m e n t

o f  e n ' l a r g e m e n t .  T h e  e x p a n s ' i o n  r a t e  d i m i n ' i s h e s  u n t i l  ' i t  r e a c h e s  a  p o i n t

w h e r e  n o  f u r t h e r  c h a n g e  t a k e s  p l a c e ,  t h u s ,  a  c o n d i t i o n  o f  e q u i l i b r i u m  i s

e s t a b l i s h e d .  T h e  v o l u m e  o f  g r o u n d w a t e r  f l o w i n g  i n t o  t h e  w e l l  e q u a l s  t h e

r a t e  o f  w i r h d r a w a ' l  .  E q u i l i b r i u m  i s  r e a c h e d  b e c a u s e  1 ;  a q u i f e r  s t o r a g e  , v a s

s u f f i c i e n t  t o  s u s t a i n  a  c o n s t a n t  d i  s c h a r g e  w i t h o u t  a n y  i u r t h e r j n c r e a s e  i n

t h e  c o n e  o f  i n f i u e n c e ,  2 )  t h e  c c n e  i n t e r " c e p t e d  a  s u r f a c e  w a t e r  b o d y  i n d u c -

i n g  w a r e r  i n t o  t h e  a q u i f e r , 3 )  t h e  c o n e . i n c r e a s e c i  t o  a  b n o a d  a r e a  u n d e r  t h e

l a n d  s u r f a c e  a n c i  r e c e i v e d  r e c h a r q e  f r o m  p r e c i p i t a t i o n ,  o r  4 )  t h e  c o n e

9:  Compar ison o f  the  shape o f  lhe  cone
ra tes  o f  t ransmi  ss i  b j  I  i  t y .  Pumpi  ng
i s t i c s  a r e  t h e  s a m e ' i n  b o t h  c a s e s ,  (

A n : l  r r c i <  n f  ' ^ l o l ' 1  l - l r r r ' l r a u ' l  ' i  r ' <
'  r r  r q  |  /

o f  d e p r e s s i o n  w i t h  d i f f e r e n r
ra te  and aqu ' i fe r  charac ter -
G r o u n d w a t e r  a n d  W e l l s ,  

. l 9 7 5 ) .

HIGH TRANSMISSIB IUTY

S H A L L O W  \ U T  L A R G E  C O N E

DRAwDolyN \H/  oF INFLUENcE

LOW TRANSMISSIBILITY

DEEP \ l l  .. '  Sy'tt. '- '  C
D R A W D O W N \ H , /  O F

I  N  F L U E N C  E
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rece ' i ved  water  f rom an over ly ing ,  ad jacent  o r  under ly i  ng  aqu i  fe r  wh i  ch  may

not  have been connected  under  normal  f low cond i t ions  (Ground Water  and

l , n i e l l s ,  . I 9 7 5 ) .  
D e p e n d i n g  o n  i h e  h y d r a u l i c  p r o p e r t . i e s  o f  t h e  a q u i f e r ,

e q u i l i b r i u m  c o n d i t i o n s  c a n  b e  e s t a b l i s h e d  w i t h i n  a  f e w  h o u r s ,  d a y s  o r

weeks  a f te r  pump' ing  beg ins .  Severa l  exampies  o f  d rawdown cones are  shown

j n  F i g u r e  8 b - d .

2.  Methodol  ogy

Af te r  the  cone o f  in f luence becomes s teady ,  the  aqu i fe r  charac ter is -

t i cs  can be  de termined by  the  equ ' i l i b r ium method deve loped by  The im ( . l906)

f o r  c o n f i n e d  a n d  u n c o n f i n e d  c o n d i t i o n s .  I f  l h e  r : o n e  o f  i n f l u e n c e  d o e s  n o t

r e a c h  s t a b i l i t y  a f t e r  p r o i o n g e d  p u m p i n g ,  t h e  T h e i s  ( . 1 9 3 5 )  n o n - e q u i l i b r i u m

and Jacob (  . l940  
)  mod ' i f  i  ed  non-equ ' i  I  i  b r i  um met .hods  are  used.  Var . ious  au thors

have der i  ved  fo rmul  as  fo r  ca l  cu l  a t i  ng  hydrau l  i  c  r :harac ter i  s t j  cs  under

e q u i l ' i b r i u m  a n d  n o n - e q u i l i b r i u m  c o n d i t i o n s .  T h e  f o r m u l a s  p e r t i n e n t  t o  t h j s

s t u d y  a r e  t h o s e  p r e s e n t e d  b y  H e a t h  a n d  T r a i n e r  ( 1 9 6 8 ) ,  G r o u n d  W a t e r  M a n u a l

( 1 9 7 7  )  a n d  G r o u n d  r d a t e r  a n d  l n J e l  l s  ( l g Z S ) ,  w h r c h  a r e  m o r e  f u l  l y  c e s c r i b e d

i n  t h e  A p p e n d i x .

T h e  n o n - e q u i l i b r i u m  m e t h o d s  a r e  p r i m a r i l y  s u i t e d  f o r  c o n f i n e d  a q u i -

f p r c  , a l f h n r r n h  f h o v  n a n  h c  : r s a r i  w i t h  C a r e  i n  u n C O n f i n e d  a q U i f e r S  i f  t h eI  L l  J  t  
q  I  u l l V U v l l  u l l v J  v u l l  v e  u J L v

assumpt i  ons  are  fu l  f i  I  I  ed .  Wi  th  Jacob '  s  mod i  f i  ed  non-equ i  1  i  b r i  um method ,

t w o  a n a ' l y t i c a l  t e c h n i q u e s  a r e  p o s s i b l e .  T h e  d i s t a n c e  d r a w d o w n  a p p r o a c h

r e l a t e s  w a t e r . l e v e l  c h a n g e  i n  a t  l e a s t  t h r e e  o b s e r v a t i o n  w e l l s  w i t h  d i s -

tance f rom the  d ischarg ing  we l l .  The t " ime drawdown apprcach re la tes  water

l e v e l  c h a n g e  i n  o n e  o r  m o r e  w e l ' l s  w i t h  t i m e  s i n c e  p u m p i n g  s t a r t e d .  I n  b c t h

c a s e s  t h e  r e l a t i o n s h i p  c a n  b e  p l o t t e d  o n  s e m j - l o g a r i t h m i c  p a p e r  a s  a  s t r a i g h t

I  i n e .  F r o m  t h e s e  g r a p h s  c h e  t r a n s m i s s i b ' i f  i r y ,  s t o r a g e  c o e f f i c i e n t ,  a n d  c o n e

o f  i n f l u e n c e  c a n  b e  d e t e r m i n e d .

Aqu ' i fe r  charac ter is r i cs  and tes i  p rocedures  can c0mpl ' i ca te  d rawdown

c ia ta  such thar  the  methoos  descr ibed above w ' i l ' l  no t  g ive  adequate  i  esu ' i t s .

The e f fec ts  c f  imper "meab ' le  o r  recharge boundar ies  and ieakage f rom o ther

a o r r . i  f  e r s  h a r r e  b e  c n  n r c v i  n t t q  I  v  . . j i  S C U S S e d .  0 t h e r  f  a C t O r S  ' ' V h ' i  C h  C a n  a f  f e C fs Y q  I  r  u l  J  r r u Y s  e g ! r ,  : J ,  !

l h e  c o n e  o f  j n f ' l u e n c e ' j n  r e s p o n s e  r o  d i s c h a r g e  j n c l u d e  w e l l  d e s i g n  ( p i p e

d i  amecer ,  s  i  ze  and  pa r te r  n  o f  ' r r e l  I  sc reen  open i  ngs  )  ,  pene t ra r i  on  dep th  ,

- ? 5 -



^ F ^ r r n r i r ^ / . 1  t o r .  o n i r a n r - o  v p l  n ' ^ i  f  v\ . { l  u u l l \ . r y v c r u g l  g l l u l  q l l v u  Y u  l v v i  u J  t

ana wet l  in te r fe rence.  A  more

r a c i i a l  f l o w ,  d e l a Y e d

c n m n l p f p  p x n l a n a t i O n
u v r r r H  I  L  v e  e / \ H  I  s r  r \

dra i  nage

of  ihese

and l i je l

c o n d i  t i  o n s

fac to rs  ' i s

g i v e n  i n Ground tdater Manual ( 1977\ and Ground rr /ater l s  ( 1 e 7 5 )

U s i n g  a q u i f e r  t e s t  d a t a ,  s u b s u r f a c e  l o g s  a n d  o t h e r  i n f o r m a t i o n  a v a i i -

ab ' ie  fo r  the  Campbe l l  Road and Meadow V iew rve l l s ,  d rawdown ana lyses  were

c o m p l e t e d  a n d  a r e  m o r e  f u 1 1 y  d e s c r i b e d  i n  t h e  f o l I o w i n g  s e c t i o n s .  A q u i f e r

a n a l y s e s  h a v e  n o t  b e e n  d o n e  f o r  t h e  H a p p y  H o l l o w  a n d  B a l d w j n  P o n d  w e l l

f ie lds  because o f  the  
' lack  

o f  d rawdown tes t  da ta .

3. Campbel I Road ' ,^lel I

a .  G e o l  o g ' i c  D e s c r i  p t i  o n

The  Campbe l l  Road  we l ' l  ' i s  l oca ted  i n  t he  T rou t  B rook  wa te rshed

a t  t he  no r th  end  o f  Way land .  The  we l l  pene t ra tes  to  an  app rox ima te  dep th

o f  5 5  f e e t .  V e r t i c a l  s t r a t . i f i c a t i o n  c o n s i s t s  o f  a  l a y e r  o f  f i n e  s a n d  a n d

c lay  ove r ' i y i ng  f i ne  to  med ium sand  and  g rave l  .  Ue lovv  these  ma ten ia ' l s  a

t h i n  v e n e e r  o f  t ' i l l  c o v e r s  t h e  b e d r o c k  s u r f a c e  w h i c h  i s  a t  6 5  f e e t  b e l o w

g r o u n d  l e v e l  ( P r o f i l e  l ) .  B e c a u s e  p a r t  o f  t h i s  a q u i f e r  h a s  a  s e m j -

pe rmeab le  l aye r  ove r l y ing  coa rse r  sed ' imen ts ,  g roundwate r  occu rs  under

a r res i  an  cond i  t i  ons .  f , Jhen  tes t  we l  I  s  pene t ra ted  l h rough  th i  s  l  aye r ,  wa le r

n rn ' i ec red  fo r r r  f ee t  above  the  l and  su r face  due  to  a  head  p ressu re  fo rc ing
i J ,  v J e v v g s

9 ia ie r  ou t  o f  t he  g round .  The  he jgh t  t o  wh ich  th l s  r i se  occu r red  i s  re fe r red
j - n  a q  f h e  n i p z n m e t r i c  I e v e l  .v r  r s  P

b .  D rawdown Ana lys i  s

In  Ap r i l  
. l 962 ,  

d rawdown measuremen ts  were  taken  ' i n  t h ree  obse r -

v a t i o n  w e l l s  w h i l e  t h e  a q u i f e r  w a s  p u m p e d  f o r  a  p e r i o d  o f  1 6 6  h o u r s .  A f t e r

s e v e r a l  d a y s  o f  c o n t i n u o u s  p u m p i n g ,  t h e  c o n e  o f  r l e p r e s s i o n  a o p r o a c h e d  a

s t e a d y  s t a t e  a s  w a t e r  l e v e 1 s  c o n t i n u e d  t o  d e c l i n e  v e r y  s ' l o w i y .  T h e  v a l u e s

f o r  t - r a n s m ' i s s i b ' i l  i t y  ( T )  a n d  s t o r a g e  c o e f f  i c i e n t  ( S )  w e r e  d e t e r m i n e d  b y

u s i n s  t h e  J a c o b  m o d i f i e d  n o n - e q u i l  i b r i u m  m e t h o d .  D i s t a n c e  d r a w d o w n  a n d

t i m e  d r a w d o w n  g r a p h s  a r e  p l o t t e d  i n  F i g u r e  1 0 .

B a s e d  o n  t h e  d i s t a n c e  d r a w d o w n ' l i n e  u s i n g  o b s e r v a t i o n  w e l l s  A

and  t s  and  i he  i ime  d rawc iown  l i nes  fo r  obse rva l i on  we11s  A ,  B  and  C ,  T  t vas

220 ,000  gpd / f t  and  va lues  fo r  S  were  ve ry  sma l l  j nd i ca i i ng  a r tes ' i an  cond i -

t ' ions .

- ? 5 -
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Us ing  the  d i s tance  d rawdown ana lys i s  fo r  obse rva t ion  we l l s  A

and C or  the  s teeper  s lope o f  the  t ' ime drawdown I  jnes  wh ' i ch  occur red  near

t h e  e n d  o f  t h e  a q u i f e r  t e s t ,  v a l u e s  f o r  l r a n s m " i s s ; i b i l i t y  d r o p p e d  t o  9 8 , 8 7 6

a n d / f t  a n d  l 0 l  - 5 3 R  o n d / f t -  a n d  t h o  c f o r a o p  r - o p f f i c i e n f . s  a n n r n a c h e d  v a l u e sg P U / l U  q l l u  l v l t J w v  Y u u / r u t  u r t u  u I r L  J v v t u Y g

more  j  nd i  ca t ' i  ve  o f  an  uncon f  i  ned  aqu i  f e r .

F r o m  a v a j l a b l e  i n f o r m a t ' i o n  o n  t h e  g e o l o g i c  s e d i m e n t s  i n  t h j s

a r e a ,  f i n e  s a n d  a n d  c l a y  a r e  f o u n d  n o r t h  a n d  e a s t  o f  t h e  w e l i ,  w h i l e  c o a r s e ,

h i g h l y  p e r m e a b l e  s a n d  a n d  g r a v e l  a r e  l o c a t e d  t o  t h e  s o u t h  a n d  w e s t .  T h e

d i f f e rences  i n  t he  T  and  S  ' r a ' l ues  may  be  due  to  a  change  in  pe rmeab i l i t y  as

the drawdown cone expanded fur ther  i  n to the aqui  fer  and encountered f j  ner

m a t e r i a l  s .  A  s e c o n d  c o n s ' i d e r a t i o n  ' i s  t h e  p o s s i  b  i l  i t y  o f  a  c h a n g e  i n  t h e

n o r f o r m a n c p  o f  f h a  r n r i f o n  f n n m  q 6 p f i n e d  t O  U n C O n f i n e d  C O n d i l i O n S .  T h j S
P g l  l w l r r r q r l u u  v l  u l l u  q Y q l l L l  l r v r r l

cou ld  occu r  i f  t he  aqu i fe r  i s  dewa te red  to  the  e ;< len t  t ha t  t he  p iezomet r i c

l e v e l  j s  l o w e r e d  b e l o w  t h e  s t r a t i f i e d  s e d i m e n t s  w h i c h  p r o d u c e  t h e  c o n f i n i n g

e f f e c t .  M o r e  t e s t i n g  i s  n e c e s s a r y  t o  a s c e r t a i n  L h e  r e a s o n  f o r  t h e s e  d i f f e r -

ences  .

W h e n  t h e  l e s t  w e l l  w a s  p u m p e d  f o r  a  i r : n g  p e r i o d ,  t h e  p t e z o m e t r i c

l e v e l  w a s  l o w e r e d .  I t  r e m a ' i n e d  i n  t h i s  p o s i t i o n  a f t e r  t h e  p u m p ' i n g  s t o p p e d

( a n d  t h e  a q u i f e r "  b e c a m e  s t a b i l . i z e d )  b e c a u s e  a  c e r t a i n  v o l u m e  o f  g r o u n d w a t e r

had  been  removed  f rom s to rage .  I n  o rde r  f o r  t he  p iezomet r i c  l eve l  l o  have

r i s e n  a b o v e  t h i s  p o s i t i o n ,  t h e  a q u i f e r  m u s t  h a v e  b e e n  r e c h a r g e d  b y  a n  o u t -

s ' i d e  s o u r c e .  S e v e r a l  p o s s i b l e  s o u r c e s  o f  r e c h a r g e  t n t e r e  p r e c i p i t a t i o n ,

i n f i l t r a t i o n  f r o m  o v e r l y i n g  u n c o n f i n e d  s u r f a c e  w a t e r  o r  g r o u n d w a l e r ,  o r

i n f i l r r a t i o n  f r o m  t h e  a d j a c e n t  S u d b u r y  R i v e r  f l o o d  w a t e r s .

S e v e r a l  y e a r s  a f t e r  C a m p b e l l  R o a c i  w e l l  w a s  i n s t a l l e d ,  t h e  d r a w -

d o w n  l e v e l  w ' i t h i n  t h e  c o n e  o f  d e p r e s s i o n  b e g a n  t o  d r o p  s i g n i f i c a n t l y  a s

l a r g e  q u a n t i t i e s  o f  w a t e r  w e r e  r e m o v e d  f r o m  t h e  a q u i f e r .  F o r  e x a m p l e ,  v e r y

n igh  use  o f  t he  we l l  f r om 
. l 969  

to  l 97 l  resu l ted  j n  t he  g rea tes t  d rawdown

reco rdec j  f o r  t h i  s  aqu i  f e r ,  i  . e .  ,  l 8  f ee t .  A f te r  
' i 97 .1  

,  che  Campbe . l  1  Roac j

w e l l  w a s  u s e d ' r e r y  l i t t l e  a n d  r h e  a q u i f e r  w a s  a b l e  i o  r e c o v e r  t o  a  r a n g e

o f  d rawdowns  f rom B  to  1?  fee t .  I n  recen t  yea rs ,  t he  d rawc iown  measure -

men ts  have  been  no rma l  f l uc tua t i ng  3  to  5  fee t  be low  the  l and  su r face

oatum.
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c . A r e a  o f  W e l l  i n f l u e n c e

I t  i s  impor tan t  to  know how fa r  ou t  f rom the  d ischarg ing  we ' l1

t h e  c o n e  o f  i n f l u e n c e  e x t e n d s  w h e n  t h e  a q u i f e r  i s  b e i n g  p u m p e d .  F o r  d ' i s -

c u s s i o n  p u r p o s e s ,  t h e  c o n e  i s  v i s u a l i z e d  a s  h a v i n g  a  c i r c u l a r  s h a p e  o n  a

p l a n e  p a r a l l e l  t o  t h e  e a r t h ' s  s u r f a c e .  Y e t ,  i t  s h o u l d  b e  n o t e d  r h a t  q u i t e

o f ten  the  cone assumes an  i  r regu l  a r  shape because the  aqu i  fe r  i  s  no t  homo-

g e n e o u s  a n d  p e r m e a b i l i t y  v a r i e s  t h r o u g h o u t  t h e  g e o l o g i c  d e p o s i t s .

F o r  t h e  C a m p b e l l  R o a d  t e s t  w e l l ,  l h e  c o n e  o f  i n f l u e n c e  w a s  d e t e r -

m i n e d  f r o m  t h e  d ' i s t a n c e  d r a w d o w n  l i n e  t h a t  p r o v i d e d  a  v a l u e  o f  9 8 , 8 7 6  g p d / f t

f o r  t r a n s m i s s i b i l i t y .  B y  e x t e n d i n g  t h i s  l i n e  u n t i ' l  i t  i n t e r s e c t s  z e r o  d r a w -

d o w n  o n  t h e  s e m i - l o g a r i t h m i c  p a p e r ,  t h e  r a d i u s  o f  t h e  c o n e  o f  j n f l u e n c e  c a n

be de termined fo r  the  pump ra te  and per iod  o f  d is ;charge.

T h e  C a m p b e l l  R o a d  w e l . l  a s  c u r r e n t l y  i n s t a l l e d  w a s  d e s i g n e d  w i t h

a  4 0 0  g p m  p u m D  r a t e .  U s i n g  t h i s  f i g u r e  a n d  t h e  T  v a l u e  s t a t e d  a b o v e ,  a

s e r i e s  o f  d i s t a n c e  d r a w d o w n  l i n e s  h a v e  b e e n  g r a p h e d  f o r  s e v e r a l  t i m e  i n c r e -

m e n t s  o f  d i s c h a r g e .  I n  F i g u r e  1 i ,  t h e  r a d ' i i  o f  t h e  c o n e s  a r e  s h o w n  f o r

p e r i o d s  o f  c o n t i n u o u s  d i s c h a r g e  l a s t i n g  4 ,  B ,  1 0 ,  1 4 , 2 0  a n d  2 4  h o u r s .  F o r

e x a m p l e ,  i f  t h e  w e l l  d i s c h a r g e s  f o r  a  p e r i o d  o f  [ ]  h o u r s  a t  a  r a t e  o f  4 0 0

gpm,  the  in f luence o f  the  ccne may ex tend 5 ,738 fee t .  The conf ined na ture

o f  the  aqu i fe r  and the  ex t reme f la tness  o f  the  drawdown s lope ane reasons

for  the  fa r - reach ing  in f luence o f  the  drawdown cone.  A  range o f  4 ,000 to

6 , 0 0 0  f e e t  f o r  t h e  c o n e  o f  i n f l u e n c e  u n d e r  n o r m a ' l  u s e  o f  t h i s  w e l l  i n d i c a t e s

t h a t  t h e  w a t e r  l e v e l  ( c o r r e s p o n d i n g  t o  r h e  p i e z o m e c r i c  l e v e l )  i n  t h e  u p l a n d

area near  Route  
. l26  

wou ld  be  lowered upon w i thdrawal  o f  water  f rom th is

a q u i  f e r .

As  a  f ina ' l  no t ,e ,  by  p lo t t ing  the  rad i ' i  a t  zero  drawdown w" i th

d u r a t i o n  o f  p u m p i n g ,  a  c u r v e  c a n  b e  p r e p a r e d  f r o r n  w h i c h  t h e  c o n e  o f  i n f l u -

e n c e  c a n  b e  r e a d  d i r e c t l y  f o r  a n y  g i v e n  p e r i o c i  o F  d i s c h a r g e .  A  g r a p h  o f

t h ' i s  r e l a i i o n s n i p  i s  s h o w n  i n  F i g u r e  X V i I I  ' i n  t h e  A p p e n d i x .
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4 . Meadow Vi ew ti lel I

^  G e o l o q i c  D e s c r i p t i o n

T h e  M e a d o w  V i e w  w e l l  i s  l o c a t e d  a i o n g  t h e  s o u t h w e s t  b o u n d a r y  o f

the  Town  in  i he  f l ood  p la in  app rox ima te l y  600  fee t  f rom the  Sudbury  R ive r .

T e s t  w e l l s  s h o w  a p p r c x i m a t e l y  5 3  f e e t  o f  s t r a t i f i e d  f j n e  t o  m e d ' i u m  s a n d  a n d

grave l  w i th  t races  o f  c iay .  The  bed rock  f l oo r i s  es t ' ima ted  a t  a  dep th  c f

7 0  t o  8 0  f e e t .  I n s t a l l e d  i n  1 9 7 2 ,  t h e  p r e s e n t  w e i l  i s  p o s ' i t i o n e d  o n  t h e

e d g e  o f  a  b r o a d ,  p r e - g l a c i a ' 1 ,  b u r i e d  v a l i e y  c o m p r i s i n g  a  l a r g e  g r o u n d w a t e r

r e s e r v o i r ,  P r o f i l e  2 .

b .  D rawdown Ana lys i  s

In  l 4ay  
. l 966  

an  aqu i fe r  t es t  was  conduc ted  fo r  a  con t . i nuous  f i ve

day  pe r iod .  I {o te  tha t  t h i s  t es t  was  done  nea r  the  end  o f  a  3  to  4  yea r

d r o u g h t  w h i c h  w a s  a t  i t s  w o r s t  j n  . l 9 6 5 .  
T h r e e  o b s e r v a t i o n  w e l l s  w e r e

i n s t a l l e d  n o r t h ,  e a s t  a n d  s o u t h e a s t  o f  t h e  d i s c h a r g i n g  w e l l  t o  m e a s u r e

d r a w d o w n  l e v e l s .  T h e  c o n e  o f  i n f l u e n c e  e x p a n d e d  u n t ' i l ' i t  r e a c h e d  a  s t e a d y

s h a p e  a n d  w a t e r ' l e v e l s  a p p i = o a c i i e ' i  e q u i ' l ' i b r i i i m  c o n d i t ' i o n s .  F i ^ o m  t h e s e  d a t a

a q u i f e r  a n a i y s e s  h a v e  b e e n  d o n e  u s i n g  t h e  T h e i m  a n d  ( J a c o b )  d i s t a n c e  d r a w -

d o w n  m e t h o d s .  F r o m  t h e  s t r a i g h t  l i n e  g r a p h s ,  F i g u r e  1 2 ,  v a l u e s  f o r  t r a n s -

m i s s . i b i l i t y  w e r e  3 2 , 0 0 0  t o  3 3 , 0 0 0  g p d / f t ;  t h e  s t o r a g e  c o e f f i c i e n t  b y  t h e

J a c o b  m e t h o d  w a s  . 0 . l 9 .

l u leasu remen ts  o f  g roundwate r  l eve l s  be fo re  and  a f te r  pump ing

showed  a  d rop  f rom obse rva t i on  we l l  A  to  B  and  f rom B  to  C .  r i l e ' l l  A  was

c loses t  ro  the  r i ve r  and  we l l  C  was  fa r thes t  awa l /  rep resen t i ng  a  g rad ien t

f r o m  t h e  r i v e r  i n t o  t h e  u n d e r l y i n g  f o r m a t i o n .  U n d e r  t h e s e  c o n d i t i o n s ,  t h e

r i v e r  w a s  s e r v i n g  a s  a  s o u r c e  o f  r e c h a r g e  t o  t h e  a o u i f e r ,  a l t h c u g h  t h e  r a L e

a n d  v o l u m e  o f  t h i s  c o n t r i b u t i o n  a r e  u n k n o w n .

Norma l l y  t he  g raph  o f  d rawdown da ta  wou ld  show the  i n f l uence  o f

r j ve r  recha rge  on  a  d i scha rg ing  we l1 .  The  t " ime  r l r awdov rn  I  i ne  wou ld  become

near l y  ho r i  zon ta l  when  the  cone  o f  ' i n f l  uence  i  n t r : r cep ts  a  i "ecna rge  boundary .

A boundary ef fect  was not  re f lected by the drawdown data because the

h y o r a u l i c  c o n n e c t i o n  w i t h  t h e  r i v e r  w a s  n o t  s u f f i c i e n t  t o  s u s t a i n  a  h i g h

vo l  ume o f  i  nduced  i  n f  i  I  t r a t i  on .  The re fo re ,  t he  1 :one  o f  i  n f  I  uence  ex tenc iec i

o u t  i n t o  t h e  a q u i f e r  b e y o n d  t h e  b e d  o f  t n e  r i v e r  a f t e r  p r o l o n g e d  p u m p i n g .

a a
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a Area  o f  We l l  I n f l uence

The Meadow V' iew rrrel l  has been designe'1 to pump at a rate of

4 0 0  g p m .  T h e  r a d i i  o f  t h e  c o n e s  o f  i n f l u e n c e  e x p e c t e d  f o r  t h i s  d i s c h a r g e

r a t e ,  g i v e n  v a r i o u s  d u r a t i o n s  o f  p u m p i n g ,  a r e  s h o w n  i n  F i g u r e  i 3 .  T h e

rad i i  a t  zero  drawdown p lo t ted  w i th  dura t ion  o f  pump' ing  is  g iven  in  F igure

X I ,  i n  t h e  A p p e n d i x .  T h e  c ' i r c u m f e r e n c e  o f  t h e  c o n e s  a r e  n e a r l y  c i r c u l a r  i n

shape except  fo r  some d is to r t ' i on  southeas t  o f  the  we l l  as  the  d is tance f rom

t h e  r i v e r  i n c r e a s e s .  T h e  a p p r o x i m a t e  l o c a t i o n  o f  s e v e r a l  c o n e s  o f  i n f l u -

e n c e  a r e  s h o w n  o n  t h e  2 0 0  s c a l e  l o c u s  m a p ,  F i g u r e  1 4 .

F i g u r e s  I V  a n d  V  l l l u s t r a t e  t h e  r e l a t i v e  d e g r e e  t o  w h i c h  g r o u n d w a t e r

f l u c t u a t i o n s  w e r e  a f f e c t e d  b y  w e l l  d i s c h a r g e  a n d  r e l a t e d  h y d r o ' l o g i c  f a c t o r s .

T h e  i n f l u e n c e  o f  p r e c i p i t a t i o n ,  u p l a n d  r u n o f f - r e c h a r g e  a n d  r i ' i e r  f l o w  o n

g r o u n d l a r e r  
' l e , r e l s  

c a n  b e  i n t e r p r e t e d  f r o m  F i g u r e s  V I I ,  V I I i ,  a n d  I X  i n  t h e

Append ix .  Severa l  observa t ions  about  the  re la t ' ionsh ip  be tween the  iv leadow

V i e w  a n d  H a p p y  H o l l o w  w e l l s  c a n  b e  m a d e  b a s e d  o n  a  c o m p a r i s o n  o f  t h i s  j n f o r ' -

mat, i  on.

B e t w e e n  
. i 9 7 3  

a n d  1 9 7 5 ,  p r e c i p i t a t i o n  a n d  r u n o f f  i n  t h e  S u d b u r y  R i v e r

f o l l o w e d  a  n o r m a l  p a t t e r n .  I n  a d d ' i t i o n ,  g r o u n d w a t e r  f l u c t u a t ' i o n s  a t

C o c h i t u a t e  S t a t e  P a r k  s h o w e d  a  s i m i l a r  r i s e  a n d  f a l l  d u r i n g  t h e s e  y e a r s .

Yet  desp i te  these normal  l rends ,  d rawdown measurements  a t  Meadow V iew

dropped as  much as  four  fee t  f rom 
. l973 

lo  1974.  Th is  decrease was no t

a t t r ibu ied  to  a  d ramat ic  change in  we i l  d ischarge because l '4eadow V iew
y i e l d e d  a b o u t  

- 1 0 0  
m i l ' l ' i o n  g a l l o n s  p e r  y e a r  f r o m  

. l 9 7 3  
f o  

. l 9 7 5 .  
T h e ' l o w e r

g r o u n d w a t e r  l e v e l s  a r e  b e l i e v e d  t o  b e  c a u s e d  b y  a  v e r y  l a r g e  i n c r e a s e  i n

t h e  u s e  o f  H a p p y  H o l l o w  # l  a n d  # 2  f r o m  1 9 7 3  i o  1 9 7 4 .  A  s i m i l a r  c o m p a r i s o n

c a n  b e  s e e n  f o r  t h e  f i r s t  s ' i x  m o n t h s  i n  1 9 7 6 .

In  a  b roader  contex t  by  ccmpar ing  the  use  o f  Happy Ho1 low # l  and i2

b e f o r e  a n d  a f t e r  1 9 7 4 ,  F i g u r e  V  s h o w s  a  d e f i n i t e  t r a n s i t i o n  f r o m  l o w  t o

h i  g h  y i  e l  d s .  S ' i m u l  t a n e o u s  w i  t h  t h i  s  g e n e r a f  i n c r e a s e  i  n  u s e ,  t h e  r i  e n d  ' i n

groundwater  f luc tua t ' ions  a t  Meadow V iew droppec i  to  lower  leve ls .

These compai " isons  g ive  r j se  to  ihe  conc lus ' ion  tha i  bo th  -uhe Happy

Hol low and l ' l eadow V ' iew we l ls  a re  d ischarg ing  water  f rcm the  same underground

- 35-
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r e s e r v o i r  a n d  f u r t h e r m o r e ,  t h a t  t h e  s u r f . i c i a l  g e o l o g i c  d e p o s i t s  a r e

hydrau l  i  ca l  
' l y  

connected  .

Another  reason why drawdown leve ls  a t  Meadow V iew were  deeper  than
o t h e r  m u n i c i p a l  w e ' l l s ' i s  b e c a u s e  o f  t h e  a q u i f e r ' s ;  l o w  t r a n s m i s s i b i i i r y .

I n  o r d e r  f o r  q r o u n d w a t e r  t o  b e  p u i l e d  i n t o  t h e  w e l l  u n d e r  l e s s  p e r m e a b l e
c o n d i  t i o n s ,  t , h e  c o n e  o f  d e p r e s s i o r r  d e v e l o p s  a  s t e i e p e r  s l o p e  w h i c h  p r o -

v ' i d e s  t h e  h y d r a u l j c  h e a d  n e c e s s a r y  t o  m a i n t a i n  a  s u s t a i n e d  f l o w .
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I i I .  M u n i c i p a l  N a t e r  S u p p l y

A.  H i  s to r ica l  T rends  ' in  Use
B .  r d e l l  ' / i e l d s

C. Water Qual 
. j  tY

l .  I ron  and l4anganese
2.  N i  t ra te -N i  t rogen
3.  Sod ' i  um and Ch I  o r i  de

MUNICIPAL WATER SUPPLY

A .  H i s t o r i c a l  T r e n d s  i n  U s e

The  to ta l  annua l  y ie ld  o f  wa te r  pumped  by  the  Wate r  Depar tmen t

r e a c h e d  a  p e a k  o f  6 2 5  m i l l i o n  g a i l o n s  i n  1 9 7 7 .  T h e  d e m a n d  f o r  w a t e r  h a s

inc reased  du r ing  the  l as t  seve ra l  decades  because  o f  rap id  suburban  g rowth

b e g i n n i n g  j n  t h e  e a r i y  
' 1 9 5 0 ' s ,  

F i g u r e  1 5 .  P r i o r  t o  
. l 9 5 4  

c o n s u m p t i o n

r e m a i n e d  b e 1 o w  
' 1 0 0  

g a l l o n s  p e r  p e r s o n  p e r  d a y ,  y e t  s i n c e  1 9 6 7 ,  t h i s  f i E u r e

h a s  s t , e a d i l y  j n c r e a s e d  r e a c h i n g  1 3 5  g a l l o n s  p e r  p e r s o n  p e r  d a y  i n  
. 1 9 7 8 .

The  t rend  towards  h ighe r  consumpt ion  was  a t t r i bu ted  to  the  w idesp read  use

o f  m o d e r n  a p p l i a n c e s ,  s w i m m . i n g  p o o i s  a n d  s i m i l a r  r e s i d e n r i a ' i  c o n v e n i e n c e s .

Growth  i n  t he  number  o f  homeowners  us ing  wa te r  f o r  ga rden ing  and  l and -

s c a p i n g  h a s  a l s o  b e e n  a  c o n t r i b u t i n g  f a c l o r .

T o  m e e t  t h e  i n c r e a s i n g  d e m a n d ,  W a y l a n d  e s t a b l i s h e d  s e v e n  w e l l s  a t

f o u r  d i f f e r e n t ' l o c a t i o n s  a l o n g  t h e  S u d b u r y  R i v e r  f l o o d  p 1 a i n .  I n s t a l l e d

be tween  
. i 947  

and  1972 ,  t he  we l l s  a re  common. l y  re l ' e r red  to  as  Campbe i l  Road

i1  ,  Ba ' i dw in  Pond  # l  ,  #2 ,  +3 ,  Happy  Ho l l ow  # l  ,  #2  and  i v l eadow V iew # l  .  The

p u m p i n g  c a p a c i t i e s  o f  t h e s e  w e l l s  a r e  g i v e n  i n  T a b l e  X  i n  t h e  A p p e n d i x .

i n  l h e  l a s t  f e w  y e a r s ,  t o t a l  a n n u a l  y i e i d  h a s  f l u c t u a t e d  a r o u n d  5 0 0  m i l l ' i o n

g a 1 1 o n s .  A l l  w e l l s  a r e  g r a v e l  p a c k e d  d e s i g n  a n d  a r e ' l o c a t e d  i n  C e e p  u n c o n -

s o l j d a t e d  ( g r a n u l a r )  d e p o s i t s  a b o v e  t h e  b e d r o c k  s ; u r f a c e  r a n g i n g  a p p r o x i m a t e l y

50  to  60  fee t  deep .  i hey  a re  l i nked  by  a  ne twork :  o f  wa te r  ma ins  to  t l o

s t a n d p i p e s  ( e n c l o s e d  s t o r a g e  r e s e r v o ' i r s )  o n  R e e v e s  H i l l .  F r o m  t h e s e  s t a n d -

p i p e s  w a t e r  i s  o i s t r i b u t e d  t h r o u q h o u t  r n o s t  a r e a s  j n  T o w n .
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r ' ^ l e l l  Y ie lds

From pumoing records  prov ided by  the  Water  Depar tment ,  average

m o n t h ' l y  y i e l d s  ( f r o m  . i 9 6 7  
t o  

. l 9 7 9 )  
w e r e  c a l c u l a t e d  a n d  p l o t t e d  i n  F i g u r e

' 1 6 .  
T h e  t o t a l  y i e i d  f o r  a l l  w e l l s  s h o w s  t h a t  t h e  c h a n g e  i n  u s e  c o r r e s -

p o n d s  t o  s e a s o n a l  v a r i a t i o n s  ' i n  c l i m a t e .  P e a k  d e m a n d  h a s  g e n e r a l l y

occur red  th roughout  the  summer  reach ing  a  max imurn  in  Ju ly .  By  compar ing

t h e  y i e l d  o f  e a c h  w e l 1 ,  i t  ' i s  e v ' i d e n t  t h a t  t h e  T o w n  h a d  r e l  j e d  p r i m a r i i y

on  Happy Ho l low #2 and Ba ldw ' in  Pond #3  be tween l i l67  and 1979.  Pr io r  to

i 9 6 2 ,  H a p p y  H o l l o w  + l  a n d  # 2  a n d  B a l d w i n  P o n d  # 3  w e r e  t h e  o n l y  w e l l s  ' i n

o p e r a t i o n .  R e c o r d s  i n d i c a t e  a  t o t a l  o f  3 6 8  m i l l  i o n  g a l l o n s  p u m p e d  i n

l96 l  .  Th is  ' i s  more  than ha l f  o f  the  to ta l  amount  pumped today  w i th  seven

w e l  l s  i n  o p e r a t i o n .

B a l d w i n  P o n d  # l  a n d  1 2  w e r e  u s e d  v e r y  h e a v i l y  i n  t h e  s p r i n g  a n d  s u m -

mer  months  when compared to  the  fa l l  and  w in te r .  l ' l eadow V iew and Campbe ' l l

R o a d  w e r e  o p e r a t e d  l o  a ' l e s s e r  d e g r e e  i n  t e r m s  o f  a v e r a g e  m o n t h l y  w i t h -

drawal ,  bu t  the  range in  y ie ld  was nar row th roughout  the  per iod  o f  record .
F o r  j n s t a n c e ,  l ' l e a d o w  V i e w  f l u c t u a t e d  b e t w e e n  6 . 5  a n d  9 . 5  m i l l i o n  g a 1 1 o n s ,

w h e r e a s  t h e  u s e  o f  B a l d w i n  P o n d  # l  a n d  # 2  v a r i e d  w i d e l y  f r o m  2 . 5  t o  1 0 . 5
m i l l i o n  g a l l o n s .  S i n c e  t h i s  g r a p h  o n l y  r e p r e s e n t s  a v e r a g e  c o n d i t i o n s ,  t h e
a c t u a l  d a i l y  y i e l d  c o u l d  h a v e  b e e n  m u c h  h i g n e r  o r  l o w e r .

A  c o m p a r i s o n  o f  y i e l d  o n  a y e a r . i y  b a s i s  i s  : ; h o w n  i n  F j g u r e  1 7 .  p r o -

duc t ' ion  a t  Meadow V iew and Happy Ho l low # l  has  been fa i r l y  cons ' i s ten t  f rom
1 9 6 7  t o  1 9 7 9 .  D u r i n g  l h e  l a s t  f i v e  y e a r s  p e a k  u : ; e  h a s  o c c u r r e d  a t  H a p p y
H o l l o w  # 2  a n d  t o  a  l e s s e r  d e g r e e  a t  B a l d w i n  P o n d , + 3 .  I n  

- 1 9 7 0 ,  
C a r n p b e l ' l

Road we ' l l  was  pumped heav i l y  and the  aqu i fe r  was  ex t reme. iy  dewatered .
S i n c e  t h e n ' i t  h a s  b e e n  u s e d  o n  a ' l r ' m ' i t e d  b a s i s  a n d  a l . l o w e d  t o  r e c o v e r .
M o r e  c o n s i s t e n t  u s e  w i t h i n  t h e  l i m i t s  o f  n o r m a l ,  a n n u a l  g r o u n d w a t e r  r e p l e n -
i s h m e n t ' i s  n e c e s s a r y  i n  o r d e r  t o  m a i n t a i n  a  l o n g ' , e r m  a v a i l a b l e  w a t e r  s u p o l y .

A v e r a g e  m o n t n l y  y i e 1 d ,  F i g u r e  
- i 6 ,  

c a n  5 e  c o m p a r e d  w i t n  a v e r a g e  m o n t h l T
drawdown,  F igure  18 .  A l though Meadow / ' iew was no t  pumped as  much as  the
Happy Ho1 low or  Ea ldwin  Pond s ' i tes ,  the  average drawdown lvas  much h igher
t h r o u g h o u t  e a c h  m o n t h  o f  t h e  y e a r .  I n  a d d i t i o n ,  t h e  r a n g e ' i n  w a t e r  l e v e l
f l u c t u a t i o n s  w a s  g r e a t e r  t h a n  i n  i h e  o t h e r  w e l l s  f o r  r e a s o n s  d e s c r j b e d  i n
t h e  p r e v i o u s  s e c t i o n  o f  t h j s  r e p o r t .
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Average month ly  f iuc tua t ions  in  the  Campbe l l  Road drawdcwns were

I t ' m i t e d  t o  a  n a r r o w  r a n g e  o f  a  f e w  f e e t  w h i c h  j s  n o t  u n u s u a l  f o r  g r c u n d -

water  under  conf  ined  cond i t ions .  Drawdowns ' in  M,ay  and December  p robab ly

r e f l e c t  t i m e s  d u r i n g  t h e  r e c o r d  p e r i o d  w h e n  t h e  w e l l  w a s  u s e d  v e r y  l ' i t t l e .

C.  Waier  Qua l  i  t y

R e c o r d s  o f  g r o u n d w a i e r  q u a l i t y  h a v e  b e e n  c o l l e c t e d  f o r  a l l  m u n i c i p a ' l
w e l ' l s  s i n c e  t h e i r  i n ' i t i a l  o p e r a t i o n .  A  s u m m a r y  o f  t h e s e  d a t a  ' i s  i n c l u d e d
' in  the  Data  Supp ' lement  repor t .  A  compi la t ion  o f  the  range o f  water  qua l i t y
parameters  measured ' in  a l l  the  we l  l s  ' i s  shown jn  Tab le  I  .  In  a  ma jor i t y  o f
t h e  w e l ' i s  s t a n d a r d  t e s t s  w e r e  r u n  o n  s a m p l e s  c o l l e c t e d  ( a t  m o s t )  f o u r  t i m e s
a  y e a r  u n t i l  t h e  e a r l y  1 9 7 0 ' s ' , ^ / h e n  t h i s  w a s  r e d u r : e d  t o  o n e  o r  t w o  t i m e s  p e r
year .  Except ions  occur red  when more  in fo rmat ion  was needed to  mon i to r  a
s u s p e c t e d  c o n t a m i n a t i o n  p r o b l e m .  T h e  I a c k  o f  m o r e  f r e q u e n t  t e s t i n g  f  i m i i s
t h ' i s  e v a l u a t i o n  t o  a  r e v i e w  o f  t r e n d s  a n d  g e n e r a l  r e l a t ' i o n s h i p s .  T h e
r e s u l t s  c f  t h e  t e s r i n g  p r o g r a m  s h o w  n c  s u s p e c t  p r o b l e m s ' r r i t h  r e g a r d  t o  t u r -
b ' i d i t r , ,  c c 1 o r ,  o d c r ,  s e C i m e n t  l o a d ,  p H ,  a l k a l j n i t y ,  h a r d n e s s ,  c a l c i u m ,
m a g n e s i u m ,  s ' i l i c a ,  s u l f a t e ,  c o p p e n ,  p o t a s s i u m  a n d  f r e e  a m o n i a .  N o t i c e a b l e

c h a n g e s  d i  d  o c c u r  i  n  m e a s u r e m e n t s  o r i r o n ,  m a n g a n e s e ,  n i  t r a t e - n i  t r o g e n ,
s o d i u m ,  c h l o r i d e  a n d  s p e c i f i c  c o n d u c t a n c e .

Ac jd i  t iona ' i  da ta  was co l  lec ted  in  1979- l980 by  the  i ' l assachuset ts

Depar tment  o f  Env i  ronmenta l  Qua l  i  t y  Eng i  neer i  ng .  A  program was i  n i  l ' i a ted

t o  t e s t  f o r  h a z a r d o u s  c h e m " i c a l s  i n  g r o u n d w a t e r  s u p o l i e s  t h r o u g h o u t  i h e

C o m m o n w e a l t h .  W a y l a n d ' s  w e l l s  w e r e  s a m p i e d  i n  F e b r u a r y  l 9 B 0  a n d  a l l  w e l l s

were  found lo  be  f ree  o f  any  hazardous  mater ia ls .

I  .  I  ron  and l4anqanese

I ron  anc i  manganese are  normal ly  found in  g roundwater  in  ihe  New

E n g l a n d  a r e a .  U s u a l l y  r h e  c o n c e n t r a t i o n  o f  m a n g a n e s e  i s  l o w e r  t h a n  i r o n .

i r o n  a n d  m a n g a n e s e  c o n t e n t  i n  g r o u n d w a t e r  i s  r e l a r e d  t o  t h e  k i n d  o f  r o c k
c o n s t i t u e n t s  a n d  t h e  a c i d i t y  o f  t h e  w a t e r .  C a r b o n  d i o x i d e  p r o d u c e d  b y  t h e

c i e c o m p o s ' i l i o n  o f  o r g a n i c  m a t t e r  a n d  a s  a  b y - p r o d u c t  o f  p h o t o r e s p i r a u i o n  a r
n i n h f  c a n  o n t o r  t h e  g r O u n d W a t e r ,  i n c r e a S e  t n e  a c ' i d  c o n c e n i r a t ' j o n  ( H r C 0 r )

t  v g "  I  v q r r v r r q e g t  t

a n d ,  u n d e r  a n a e r o b i c  c o n d i t i o n s ,  d i s s o l v e  ' i r o n  a n d  m a n g a n e s e  f r o m  t h e
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u n c o n s o l i d a t e d  r o c k .  W h e n  i h ' i s  g r o u n d w a t e r  s o l u t i o n  i s  e x p o s e d  l o  a i r  o r

b i c a r b o n a t e ,  j r o n  a n d  m a n g a n e s e  a r e  p r e c i p i t a t e d  o u t  o f  s o l u t j o n .  C e r t a j n

b a c t e r i a  a r e  a l s o  k n o w n  t o  c h a n g e  s o l u b l e  f o r m s  o f  j r o n  a n d  m a n g a n e s e  t o

a n ' i n s o l u b l e  h y d r o x i d e .  T h e s e  m ' i n e r a ' l s ,  w h e t h e r  s o l u b l e  o r  i n s o l u b l e ,  a r e

no t  cons ' i de red  ' uo  be  a  hea l  t h  haza rd  a l  t hougn  they  can  be  h i  gh l y  ob jec t i  on -

a b l e .  P r e c ' i p i t a t e d  f o r m s  c a n  c l o g  w e l  l  s c r e e n s ,  w a t e r  m a ' i n s ,  p i p e s ,  e t c .  ,

a n d  c a n  s t a i  n  p 1  u m b i  n g ,  c l  o t h e s  ,  e t c .

L r o n  a n d  m a n g a n e s e  h a v e  n o t  a p p e a r e d  i n  a n 5 r  s i g n i f i c a n t  a m o u n t s  i n

t h e  M e a d o w  V i e w  o r  H a p p y  H o l l o w  w e l l s ,  a l t h o u g h  i n  
. l 9 7 0  

c o n c e n t r a t i o n s

b e o a n  t o  i n c r p a s e  i n  t h e  B a l d w i n  P o n d  w e l l s .  S o m e  a c c u m u l a t i o n  o f  j r o n  a n d

m a n g a n e s e  d e p o s i t s  h a v e  a l r e a d y  b e e n  o b s e r v e d ' i n  w a t e r  m a i n s  l e a d i n g  f r o m

the  ma ' i n  pump i  ng  s ta t i  on .  ' , , i e t l  ands  d  j  r ec t l y  ad jacen t  t o  l he  Ba l  dw i  n  Pond

w e l l s  a r e  p r o b a b l y  t h e  p r i m a r y  s o u r c e  o f  o r g a n i c  a c i d s  w ' i t h i n  t h e  c o n e  o f

i n f l u e n c e  o f  t h e s e  w e l l s .  D u r i n g  p u m p i n g  t h e s e  a c i d s  a r e  p u l l e d  i n t o  t h e

a q u i f e r ^  w h e r e  t h e y  d i s s o l v e  i r o n  a n d  m a n g a n e s e  w h i c h  j s  l a t e r  p r e c i p i i a t e d

upon  w ' i t hd rawa l  .  E leva ted  l eve l s  were  a ' i so  p resen t  i n  t he  Campbe i l  Road

w e l l ' i i i  
. i 9 7 0  

d ' , i e  t o  h ' i g h  p i i m p i n g ' r ^ a t e s .  T h e  M e a i j o w  V ' i e w  a n d  H a p p y ' H o l l o w

w e l l s  a r e  l o c a t e d  i n  a q u i f e r s  o v e r i a i n ,  p a r t l y  o r  w h o 1 1 y ,  b y  w e t l a n d
, . ' l ^ ^ ^ -  i  - t s -  , , ^ +  + lu q p u r  I  L J ,  J s L  u r r e r e  h d . S  b e e n  n o  s i g n i f i c a n t  a c c u r n u l a t ' i o n  o f  t h e s e  m i n e r a ' i s .

E ' i t h e r  i r o n  b e a r i n g  m i n e r a l s  w e r e  l a c k i n g ,  a c i d  p r o d u c t i o n  w a s  I  i m ' i l e d  o r  j t

w a s  n e u t r a l . i z e d  b y  a l k a l ' i n e  m i n e r a l s ,  o r  l h e r e  w i i s  l i t t l e  h y d r a u i i c  c o n n e c -

t i o n  b e l w e e n  t h e  w e t l a n d s  a n d  u n d e r l y i n g  d e p o s i t s .  E a c h  y e a r  t h e  r i v e r

i n u n d a L e s  t h e s e  w e t ' l a n d s  a n d  a c c u m u l a t ' i o n  o f  t h e s e  d ' i s s o l v e d  m i n e r a l  s  a t

the  su r r face  a re  l i ke l y  t o  be  f l ushed  downs t ream.

T e s t i n g  i n  o t h e r  l o c a t ' i o n s  i n  t h e  T o w n  h a s  r e v e a i e d  g r o u n d w a t e r  w i t h

h i g h  i r o n  a n d  m a n g a n e s e  c o n t e n t .  F o r  e x a m p l € ,  € , r s t  o f  r h e  n e w  l i a y l a n d . l a n d -

f i l l  a  t e s t  w e l l  p e n e t r a t e d  t h r o u g h  3 0  f e e r  o f  p e a t  i n t o  f i n e  s a n d  a n d  c l a y

c o n t a i  n i  n g  h i  g h  I  e v e l  s  o f  i  r o n .

2 .  N i  t ra te -Nr ' t r ogen

l ' l i t r a t e - n i t r o g e n  i s  a  c o m m o n  c o n s t i  t u e n t  i n  g r o u n d w a t e r  ( u s u a l  l y  a t

l o w  l e v e l s ) ,  b e c a u s e ' i t  i s  a n  e n d  p r o d u c t  i n  t h e  b r e a k d o w n  o f  w a s t e s  a n d

o the r  na te r i  a l  s .  N i  t ra te  i  s  read ' i i y  so l  ub l  e  i  n  ' , va te r  and  the re fo re  can

r e m a i n  i n  s o l u t i o n  i n  q r o u n d w a t e r  f o r  a  l o n q  t i m e .  N i t r a t e  c o n t e n t  c a n
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v a r y  c o n s i d e r a b l y  d e p e n d i n g  o n ' i t s  s o u r c e  s u c h  a s  p l a n t  m a t e r i a l ,  a n i m a l

w a s t e ,  h u m a n  w a s t e  ( s e w a g e  s y s t e m s ) ,  f e r t i l i z e r  a n d  c e r t a i n  b a c t e r i a  a n d

re l  a ted  fac to rs .  The recommended I  i  m i  t  fo r  n i  t ra te  i  n  d r i  nk i  ng  water  i  s

4 5  p p m  b e c a u s e  o f  p o s s i b ' l e  h a z a r d s  t o  h u m a n  h e a l t h .  N i t r a t e  i n  a l l  t h e

T o w n  w e l l s  h a s  n o t  e x c e e d e d  t h e  S t a t e  s t a n d a r d  o f  1 0  p p m .  T h e  H a p p y  H o l l o w

w e l l s  n a v e  e x p e n i e n c e d  a  s l i g h t  i n c r e a s e  d u r i n g  t h e  p e r i o d  o f  r e c o r d ,  F i g u r e

I  i n  t h e  A p p e n d i x .  T h i s  i n c r e a s e  a p p e a r e d  d u r i n g  t h e  m i d  t o  l a t e  
. l 9 6 0 ' s  

a n d

t h e r e  i s  n o  c ' l e a r  r e a s o n  w h y  t h i s  c a m e  a b o u t .  T h e  h i g h e s t  i n c r e a s e  i n

n i t r a t e  o c c u r r e d  j n  B a l d w i n  P o n d  # 3 ,  F i g u r e  i i I .  B a l d w i n  P o n d  * l  a n d  # 2

h a v e  a l s o  b e e n  a f f e c t e d  w h e n  p r o l o n g e d  p u m p i n g  o f  t h e s e  w e l l s  p u 1 1 e d

n i t ra te  ' in to  the  cones  o f  . in f luence.  The l la te r  Depar tment  suspec ted  the

c a u s e  t o  b e  a  n e a r b y  s t o c k p i l e  o f  m a n u r e ,  w h i c h  i s  k n o w n  t o  c o n t a i n  l a r g e

n r r a n C ' i  t i e s  o f  o r o a n i c  n i t r o o e n -  S r r h s p n r r e n t  f . o  f h o  c f n n l z n ' i l o r c  f e m O V a l  ,  t h ey u q r r u  v r  Y q r r  r v  r r  I  u r  v Y g r l .  J u u J s Y u u r r L

n i t r a t e  c o n c e n t r a t i o n  d r o p p e d  t o  a  l o w e r  l e v e l .

One o ther  example  o f  h ' igh  n i l ra te  was founr l  ' i n  the  Cast le  H ' i l  I  a rea .

I t  w a s  a t t r i b u t e d  t o  a n i m a l  w a s r e  f r o m  a  p h e a s a n t  f a r m  t h a t  h a d  p r e v i o u s l y

ex is ted  i i r  i i re  v ic i i r i i v  o f  t i i e  tes t  we. l . l  .

3 .  S o d i u m  a n d  C h l o r i d e

S o d i u m  a n d  c h l o r i d e  j s  n o r m a l i y  f o u n d  a t  l r r w  l e v e l s ' i n  t h e  g r o u n d -

r , v a t e r .  B o t h  a r e  h i g h l y  s o l u b l e  o n c e  t h e y  d i s s o l v e  a n d  r e m a i n  i n  s o l u t i o n

a l m o s t  i n d e f i n i t e l y .  T h e  s t a n d a r d  I  i m i t  f o r  s o d i u m  i n  d r i n k i n g  w a t e r i s

2 0  p p m .  R e c o r d s  s h o w  t h a t  t h e  c o n c e n t r a t i o n  o f  s o d i u m ' i n  a l l  r v e l l s  o t h e r

than Happy Hol  I  ov l  has a l  ways rema' ined bel  ow th j  s  I  eve '1 .  In  I  970 i lappy

Ho l l ow  # l  and  #2  exceeded  20  ppm because  o f  sa l t  con tam ' ina t i on .  O the r  ccm-

m o n  s o u r c e s  o f  s o d i u m  i n  g r o u n d v r a t e r  i n c l u d e  m i n e r a l  d e p o s i t s ,  s e w a g e  d i s -

p o s a l  s y s t e m s  a n d  s e a  w a t e r .

C h l o n i d e  i s  u s u a l l y  f o u n d  i n  c o n c e n t r a t i o n s  o f  1 0  o p m  o r  l e s s .  W h e n

c n l o r i d e  c o n t e n t  e x c e e o s  2 0  o p m ,  s o u r c e s  o f  c o n t a m i n a t i o n  s u c h  a s  r o a d  s a l t ,

sewage  d i  sposa ' l  sys tems  o r  an ima l  was tes  may  be  a f  f ec t ' i ng  g roundwate r  qua l  -

j t y .  A  c h l o r i d e  c o n t e n t  g r e a t e r  t h a n  2 5 0  p p m  i s  c o n s i d e r e d  t o  b e  u n d e s i r -

a b l e  f o r  m u n i c i p a l  w a t e r  s u o p l y .  C h l o r i d e  h a s  n e v e r  r e a c h e d  t h i s  l j m i t  i n

a n y  0 f  , ^ l a y i a n c i ' s  w e l l s .  A l t h o u g n  ' i n  i h e  l a t e  
. i 9 6 0 ' s  

a n c  e a r l y  1 9 7 0 ' s ,

ch lo r i de  con ten t  i n  t he  Happy  Ho l l ow  we l l  r ose  ve ry  sha rp i_v  due  to  a  nea rby
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o f  road sa l  + , .  The h ' ighes t  recorded I  e 'ue l  o f  ch l  o r i  c ie  reached

135 ppm i  n  Happy l lo l  I  ow #2 tn  Apr i  I  1971 .  Even ia f te r  the  sa l  t  was

r e m o v e d ,  c h l o r i d e  r e m a i n e d  i n  t h e  a q u i f e r  a t  h i g h  l e v e ' l s  f o r  s e v e r a l
y e a r s .  A f t e r  n i n r :  y e a r s  o f  f l u s h i n g  b y  p r e c i p i t i r t i o n ,  c h l o r i d e  c o n t e n t
' i s  no t  a  p rcb l  em,  a ' l thougn j  i  s t i  I  I  measures  40  ppm.  in  l97 l  Happy Ho l ' low

# l  s h o w e d  a  c h l o r i d e  l e v e l  o f  3 8  p p m .  S i n c e  t h a r "  t i m e ,  t h e  c o n c e n t r a t i o n

has  inc reased to  near ly  the  same leve1 as  Happy Ho l low #2.  A  compar ison

of  the  February  l l l 80  measurements  shows Happy Ho l low # l  w i th  4 l  .3  ppm and

#2 v t i tn  42 .0  ppm.

One j  n t ,e res  L i  ng  po i  n t  to  no te  ' i s  the  cor respond i  ng  re l  a t i  onsh i  p

b e c w e e n  c h l o r i d e  f l u c t u a t i o n s  i n  t h e  H a p p y  H o l l o w  w e l l s  a n d  t h e  M e a d o w

V i e w  w e l I ,  F i g u r e : s  I  a n d  I I  ' i n  t h e  A p p e n d i x .  T h e r  e  a r e  n o  w a t e r  q u a l i t y

da ta  fo r  l ' l eadow V iew pr io r  to  1972.  Beg inn ing  in  March  1972,  ther^e  is  a

s h a r p  r i s e  a n c i  s u b s e q u e n t  f a l I  i n  c h l o r i d e  i n  b o t h  H a p p y  H o l I o w  # 2  a n d

l . leadow V iew,  and to  a  lesser  ex ten t  in  Happy Ho l  low # l  .  Th is  i s  par t l_v

c i u e  t o  l h e  s i m i l a r i t y  o f  s a m p l i n g  d a t e s .  Y e t ,  b e c a u s e  c h l o r i d e  l e v e l s  a r e
m o v i n g  u p  a n d  d o w n  i n  b o t h  w e l l s  d u r i n g  t h e  s a m e  m o n t h s ,  t h i s  i s  a  f u r t h e r
' i  nd ' i  ca t i  on  tha t  the  two areas  are  hydrau l  i  ca l  1y  :onnec ted .

T h e r e  i s  a p p r o x i m a t e l y  4 0 0 0  f e e t  b e t w e e n  t h e  H a p p y  H o l l o w  w e l l s  a n d
the  Meadow V iew wr : l l  loca ted  near  the  Sudbury  R iver .  Because o f  th is  sepa-
ra t ' ion ,  a  cer ta ' in  amount  o f  1ag t ime wou ld  normal  l y  be  expec ted  fo r  a  p lume

o f  d i s s o l v e d  c h l o r i d e  t o  m o v e  t h r o u g h  t h e  a q u i f e r  f r o m  t h e  H a p p y  H o l l o w  a r e a
t o  a  p o i n t  n e a r  r h e  r i v e r .  A  c a r e f u l  l o o k  a t  t h j s  r e l a t i o n s h i p  r e v e a l s  t h a t
j n  t h e  s p r i n g  o f  

. i 9 7 0  
a n d  

. 1 9 7 1 ,  
r e c o r d s  o f  d i s c h a r g e  i n  t h e  S u d b u r y  R i v e r  s h o w

average or  be l  ow f l  ow cond ' i t i  ons  i  n  response to  modera te  p rec i  p i  ta t ' ion  the
p r e v i o u s  w i n t e r .  R e c h a r g e  t o  t h e  a q u i f e r  i n  t h e  H a p p y  H o l l o w  a r e a  w a s  n o t
ex tens ive  as  ev id r :nced by  grea ter  d rawdowns th roughout  the  year .  The f i rs t
p l  u rne  o f  d i  sso l  ved  ch l  o r i  de  was washed i  n to  the  i lqu i  fe r  and began to  move
"uowards  the  r j ver .  The fo l low ing  spr ing  o f  1972 was a  much wet te r  year ,
i . e . ,  r i v e r  d i s c h a r g e  w a s  g r e a t e r  a n d  g r o u n d w a t e r  l e v e l s  w e r e  e l e v a t e d  b y
' inc reased recharge.  A  second p l  ume o f  ch l  o r i  de  j  n f  j  I  t ra ted  i  n to  the  ground

a t  H a p p y  H o l l o w .  T h e  a r r i v a l  o f  t h e  f i r s t  p ' l u m e ' i n  t h e  M e a d o w  V i e w  w e l l
occur rec i  a round August  1973.  The ch lo r jde  conten t  had dropped f rom 135 ppm

l o  4 0  p p m  a s  i t  s p r e a d  t h r o u g h  t h e  g r o u n d w a t e r .  T h e  s e c o n d  p l u m e  w a s  l e s s
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c g n c e n t r a t e d  a n O  a p p a r e n t i y  C i d  n o t  s h o w  u p  a t  a  l e v e l  h i g h  e n o u g h  t o  b e

d i s t ' i n g u i s h e d  a s  a  p e a k  i n c r e a s e .  I n  
. 1 9 7 5  

a n c i  1 g 1 7  l a r g e  v o l u m e s  o f  w a t e r

w e r e  D u m p e d  a t  M e a d o w  V i e w  a n d  c h l o r i d e  r o s e  t o , t b o v e  n o r m a l  l e v e l s .  T h i s

w a s  p r o b a b i y  d u e  t o  t h e  i n t e r c e p t ' i o n  o f  a  l a r g e  a m o u n t  o f  r e s ' i d u a i  c h l o r i d e

i n  a  p l u m e  m o v i n g  t h r o u g h  t h e  a q u i f e r  a t  a  g r e a t e l r  d i s t a n c e  f r o m  t h e  w e l l .

N o t e ' i n  F i g u r e s  i  a n d  i I  t h a t  t h e  f l u c t u a t i o n s  a s  d e s c r i b e d  a b o v e  w e r e

r e f l e c t e d  b y  s i m j l a r  t r e n d s  i n  t h e  s o d i u m  l e v e l s .

C h l o r i d e  c o n t e n t ' i n  t h e  B a l d w i n  P o n d  a q u i f e r  h a s  i n c r e a s e d  s l o w l y  d u r -

i n g  t h e  p a s t  1 0  y e a r s  i o  a r o u n d  2 0  p p m .  F i g u r e  I I I ,  B a l d w i n  P o n d  + l  a n d ; 2

s h o w  s l i g h t l y  h i g h e r  c o n c e n t r a t i o n s  t h a n  # 3 .  B e c a u s e  c h ' l o r i d e  l e v e ' l s  f l u c -

t u a t e d  s o  f r e q u e n t l y ,  i t  a p p e a r s  t h a t  o n e  o r  m o r e  o u t s . i d e  s o u r c e s  m a y  b e

i n v o l v e d .  T h e  m a n u r e  s t o c k p i l e  d ' i s c u s s e d  e a r l i e r  c o u l d  h a v e  g e n e r a t e d  s o m e

r : h l o r i d e -  v e t  t h e  c h l o r i d e  t r e n d  d i d  n o t  f o l  l o w  t h e  n i t r a t e  t r e n d .  l , J h e n

n i t r a t e  w a s  h i g h  a n d  c h l o r i d e  l o w  i n  t h e  # 3  w e 1 l ,  t h e  r e v e r s e  w a s  t r u e  f o r

w e l l s  # l  a n d  # 2 .  O t h e r  p o s s i b l e  s o u r c e s  o f  c h l o r i d e  w e r e  s e w a g e  s y s t e m s ,

r o a d  s a l t  o r  d i s s o l v e d  c h l o r i d e ' i n  t h e  S u d b u r y  R i v e r .  S e w a g e  s y s t e m s  a r e

scat te i  ed ,  lhere fore  +"hey  cou lC nc t .  have been a  1- . rob lem.  R.oad sa l t  may

h a v e  b e e n  a  p o s s i b ' l e  s o u r c e  b e c a u s e  o f  w i n t e r  a p p l j c a t ' i o n  a l o n g  R o u t e  2 7

w h ' i c h  ' i s  l o c a t e d  n e a r  t h e  w e l l .  S a l t  r u n o f f  i n t r :  t h e  R i v e r  a t  t h e  o l d  l a n d -

f i l l  j u s t  u p s t r e a m  o n  R o u t e  2 0  c o u l d  h a v e  b e e n  a n o t h e r  p o s s i b l e  s o u r c e  i f

s u r f a c e  w a t e r  w a s  i n d u c e d  i n t o  t h e  a q u i f e r  d u r i n g  p u m p i n g .  S i n c e  t h e  a v a t l -

a b l e  d a t a  i s  n o t  v e r y  e x t e n s i v e  f o r  a n y  g i v e n  y e a r ,  a  f . i r m  c o n c ' l u s i o n  c a n n o t

b e  m a d e .  F u r t h e r  t e s t i n g  a n d  s u b s u r f a c e  i n v e s t i g a t i o n s  a r e  n e e d e d  t o  i d e n -

t i  f y  the  i  n f l  uence o f  these we l  I  s  dur i  ng  pumpi  ng .
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CONCLUS I ONS

A.  l ^ /a te r  Supp l  y

l .  Q u a l i t y

A t  t h e  p r e s e n t  t i m e  t h e  q u a l i t y  o f  w a t e r  d e r i v e d  f r o m  W a y i a n d ' s

w e l l s  c a n  b e  d e s c r i b e d  a s  g o o d  t o  e x c e l ' l e n t .  T h e  q u a l i t y  o f  g r o u n d w a t e r

c a n  b e  a f f e c t e d  b y  p o i n t  a n d  n o n - p o i n t  s o u r c e s  o f  p o 1 ' l u t i o n  f r o m  l o c a l

l a n d  u s e  p r a c t i c e s .  I n  W a y i a n d  t h e  p a t t e r n  o f  l a n d  u s e  i n  r e l a t i o n  t o

t h e  w a t e r  s u p p l y  a q u i f e r s  i s  s u c h  t h a t  t h e  o o t e n t i a l  r i s k  o f  g r o u n d w a t e r

c o n t a m ' i n a t i o n  j s  l o w .  T h i s ' i s  b e c a u s e  a  c e r t a i n  d e g r e e  o f  p r o t e c t i o n  i s

p rov i  de , i  by  I  ow  dens i  i ; '  i ^es r  den t i  a l  zon i  ng  ' i n  up i  and  recha rge  a reas  and

b y  f l o o d  p l a i n  z o n . i n g  i n  t h e  l o w l a n d  a r e a s  s u r r o u n d i n g  t h e  w e l ' l s .  I n  a d d i -

t i o n ,  c o m m e r c i a l - j n d u s t r i a l  u s e s  a r e  i n  w a t e r s h e c t s  w h i c h  a r e  n o t  d i r e c t l y

j n v o l v e d  w i t h  t h e  w a t e r  s u p p l y  a r e a s .  R o a d s  a n d  r e s i d e n c e s  w i t h i n  t h e

i m p o r t - a n t  r e c h a r g e  a r e a s  a n d  w i t h ' i n  t h e  i n f l u e n c e  o f  t h e  d i s c h a r q i n g  w e i l s

s h o u l d  n o t  p r e s e n t  a n y  m a j o r  p r o b l e m s  t o  g r o u n d w a t e r  q u a l i t y ,  s o  l o n g  a s

sewage  d i sposa l  sys tems  and  road  sa l t  a re  used  w i th  p rope r  ca re .  Sewage

s y s t e m s  s h o u l d  m e e t  a c c e p r a b l e  d e s ' i g n  s t a n d a r d s ,  b e  a d e q u a t e l y  m a i n t a i n e d

a n d  u s e d  o n i y  f o r  d o m e s t i c  w a s t e .  T h e  p r a c t i c e  o f  d i s p o s i n g  t o x i c  c l e a n e r s ,

s o l v e n t s ,  o ' i 1 s ,  t h i n n e r s ,  p e s t i c i d e s  a n d  o t h e r  c i r e m i c a ' l s ' i n r o  s e w a g e  s y s t e m s

s h o u l d  b e  d i s c o n t i n u e d .

E v e n  t h o u g h  r h e  t o p o g r a p h i c ,  h y d r o g e o l o g i c  a n d  c u i t u r a ' l  f e a t u r e s  p e r -

l a i n ' i n o  i - o  f - i 1 p  p r a c o n f  c i i ' i n o  n f  t h e  T O w n ' S  w e l l s ;  c o n s t j t u t e  a  l e S S e r  t h r e a te q " r , , , : ,  , , , J  v

t o  t h e  w a t e r  s u p p i y ,  s e v e r a l  s p e c i f i c  i a n d  u s e s  s ; h o u l d  b e  r e c o g n i z e d  a s  a

p o t e n t i a i  h a z a r d  t o  t h e  g r o u n c i w a r e r  r e s o u r c e s .  l . n  P l a t e  V I I I ,  d j f f e r e n t

t y p e s  o f  p o i n t  a n d  n o n - p o i n t  s o u r c e s  o f  p o l l u t i o n  a r e  i d e n t i f i e d .  T h e

p o t e n t i a i  r h r e a t  o f  p o l l u t i o n  f r o m  l h e  l a n d f j l l  s i t e s ,  w e s i  0 f  r . n e  S u d b u r " v

R ' i v e r ,  t c  i h e  B a l d w ' i n  P o n d  w e l l  f i e l d ,  e a s l  o f  i h e  r i v e r ,  c a n n o t  b e  i g n o r e o
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e v e n  r a r i t h  t h e  e x t e n t  o f  a s s u r a n c e  p r o v i d e d  o y  e a r l ' i e r  h y d r o i o g i c  i n v e s t i g a -

t i o n s .  P r e v i o u s  c o n c l u s i o n s  w e r e  b a s e d  o n  t h e  e x p e c t e d  m o v e m e n t  a n d  t i m e

of  t rave l  o f  con tamjnants  f rom the  landf i l l  s ' i tes  towards  the  Sudbury  R iver ,

b u t  t h e r e  h a s  n o t  b e e n  a n y  a n a l y s i s  o f  w e l l  i n f l u e n c e  a n d  p o s s i b l e  i n d u c e -

m e n t  e f f e c t s .  0 b s e r v a t i o n  w e ' l l s  s h o u l d  b e  r ' n s t a l l e d  t o  m o n i t o r  w a t e r  q u a l -

i t y  a n d  d r a w d o w n  d u r i n g  p u m p i n g .

2 .  Q u a n i i  t y

l ^ i a y l a n d  c u r r e n t l y  u s e s  6 0 0  m i l  I i o n  g a i l o n s  o f  g r o u n d w a l e r  o n  a n

a n n u a ' l  b a s . i s .  A s  t h e  c o m m u n i t y  c o n t i n u e s  t o  g r o w  t h e r e  w i l l  l i k e l y  b e  a n

i n c r e a s e d  d e m a n d  f o r  w a t e r .  T h e  l a n d  r e s o u r c e s  a v a i l a b l e  f o r  f u r t h e r

deve lopment  may be  known,  bu t  the  ques t ion  o f  an  adequate  water  resource

base has  no t  been answered.  Many fac to rs  jn f luence the  water  budget  w i th in

t h e  T o w n ,  a n d  t h e  f o r e m o s t  o f  t h e s e . i s  t h e  t o t a l  a m o u n t  o f  d i r e c t  p r e c i p i -

t a t i o n  f a l l r ' n g  w i t h i n ,  o r  s t o r m  r u n o f f  f l o w i n g  i h r o u g h ,  t h e  s t u d y  a r e a .  T h e

p r i n c i p a l  s o u r c e  o f  s u r f a c e  f l o w  i s  t h e  S u d b u r y  R i v e r .  T h e  r i v e r  a n d  g r o u n d -

wa ier  reg imes represent  the  i r iax imum ava i Iab le  wa ' le i "  supp ly  du i  inE anr '  g i ' , ' en

y e a r .

An es t ' imate  o f  g roundwater  f low f rom the  major  watersheds ' in  the  Town

c a n  b e  m a d e  u s i n g  a  m e t h o d  a p p l i e d  b y  C e r v i o n e ,  r : t . a l .  ( 1 9 7 2 ) .  T h i s  m e t h o d

has been improvec i  . in  recent  years  as  a  resu l t  o f  ex tens ive  s tud ' ies  on  ground-

w a t e r  d i s c h a r g e  f r o m  s m a l l  d r a i n a g e  a r e a s  i n  C o n r r e c t i c u t .  M o t t s  ( 1 9 7 7  )  u t i l -

i zed  th is  p rocedure  to  es t ' imate  groundwater  ava  j  lab ' i i  i l y  and long te rm sus-

ta ' ined  y i  e1C i  n  Sudbury ,  Massachuset ts  .  Based r ln  Cerv ' ione '  s  work  anc i

addi  t i  ona' l  i  nformat i  on col  I  ected by Motts ,  an evi l l  uat i  on of  groundwater

ou t f ' l ow ' in  ' lay land was comple ted  and is  I  i s ted  i r r  Tab le  2 .

I n  Tab l  e  3 ,  t he  compu ted  g roundwate r  ou t f l  ow  i  s  shown  i  n  re l  a t i on  to

t o t a l  w e l l  y i e i o .  C o m o a r i n g  t h e  a v e r a g e ,  m a x i m u m  a n c i  w o r s r  c a s e  t c t a l  y i e l d

f i g u r e s  w i t h  t h e  l o n g  t e r m  r e c o m m e n d e d  p o t e n t i a l  g r o u n d w a i e r  o u t f l o w ,  i . e . ,

4 3 8  m i l l . i o n  g a l l o n s  p e r  y e a r ,  i t  i s  c l e a r  l h a t  t h e  r e c h a r g e  a r e a s  i n  r h e  u p -
' l a n d  

w a t e r s h e d s  a s s o c i a t e d  w i t h  t h e s e  w e l l s  c a n n r l t  s a t i s f y  t h e  T o w n ' s  n e e d s .

D u r i n g  t n e  p e r i o c i  
. 1 9 6 7  

t o  
. 1 9 7 9 ,  

t h e  a v e r a g e  u s e  r ^ / a s  5 8 6  m i I I i o n  g a 1 l o n s  p e r

y e a r .  A  m a x i m u m  u s a g e  o f  6 2 4  m i l l i o n  g a i l o n s  o c : u r r e d  i n  1 9 7 7 .  T h i s  f i g u r e

w a s  d e t e n n i n e d  b y  c o m b i n i n g  t h e  h i g h e s t  r e c o r o e d  y i e l d  f r o m  a l l  t h e  w e l ' i s


