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I NTRODUCT I ON

A.  Purpose and Scope

I n  t h e  l a t e  
' 1 8 0 0 ' s  

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

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

e a r t h  a n d  s t o n e  d a m ' i n  t h e  u p p e r  r e a c h e s  o f  t h e  S n a k e  B r o o k  w a t e r s h e d .

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

. I 9 2 0 ' s  
t h e  r e s e r v o i r  c o u i d  n o ' l o n q e r

serve  as  the  Town 's  water  supp ly .  The grave i  in f j l t ra t ' ion  beds  had become

c l o g g e d  a n d  r u n o f f  f r o m  u p i a n d  s v / a m p s  c a r r i e d  d i s s o l v e d  i r o n  a n d  o r g a n i c s

i n t o  t h e  r e s e r v o i r  r e s u i t i n g  i n  p o o r e r  w a t e r  q u a l i t y .  C o n s e q u e n t l y ,  t h e

Town began to  look  fo r  o ther  sources  o f  water  and jn ' i t ' j a ied  an  aggress ive
test ' i  ng program to f  i  nd product ' i  ve wel  

. l  
s  i  tes .

The resu l ts  o f  ih is  p rogram are  ev idenc  today .  ihe  i la te r  Depar lmenr

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

In  the  pas t  some o f  the  we l ls  were  th rea tened by  contaminants  f rom var ious

sources ,  bu t  fo r tunate iy  these prob lems have been cor rec tec i .  0 ther  commu-

n i t i e s  h a v e  b e e n  l e s s  f o r t u n a t e .  A  r e p o r t  b y  t h e  M a s s a c h u s e t t s  D i v i s i o n

of  ' r /a te r  Resources  ( . l975  )  I  i  s ts  numerous  we l  I  s i  tes  abandoned because o1"

p o l l u t i o n .  F o r  e x a m p l e ,  i n  t h e  
. 1 9 6 0 ' s  

a n d  
. l 9 7 0 ' s  

w a t e r  s u p p f  i e s  w e r e  c c n -

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

^ l i th . in  the  las t  t l vo  years ,  hazardous  rvas ie  o isposa l  has  been recogn ' i zeC rs

a  v e r y  s e r i o u s  r h r e a t  r o  g r o u n C w a t e r  r e s o u r c e s  i n  N e w  E n g l . r n d  a n d  t h r o u g n -

o u c  t h e  U n i t e d  S t a t e s .

n

C .
n
U .
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P o l l u t i o n  o f  w a t e r  s u p p l i e s  h a s  i n c r e a s e d  i n  d e v e l o p e d  a r e a s  w h e r e

l a n d  u s e  c o n t r o l s  a r e  
' l a c k i n g .  

T h e r e f o r e ,  i t  h a s  b e c o m e  v e r y  j m p o r t a n t

fo r  communi t ies  l c  unders tand the  occur rence and inovement  o f  g roundwaier

so  tha t  e f fec* " ive  pro tec t jon  and management  s t ra teg ies  can be  adopted .

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

l .  To  prov ide  an  unders tand ing  o f  where ,  when and how
g r o u n d w a t e r  o c c u r s  w i t h i n  t h e  T o w n ,  i n c i u d i n g  a
d e l ' i n e a t i o n  o f  p h y s i c a l  c o n d i t ' i o n s  a n d  a n  e v a l u a t i o n
of  hydrogeo l  og i  c  re ' la t i  onsh i  ps  .

? .  To  rev ' iew records  o f  pas t  and present  use  o f  water
in  the  Town in  o rder  to  de termine impor tan t  t rends
and suggest  use fu l  water  management  s t ra teg ies .

3 .  T o  a n a l y z e  t h e  h y d r a u f  i c  c h a r a c t e r i s t j c s  a n d  s p a t i a l
r e l a t i o n s h i p s  o f  c e r t a i n  m u n i c i p a l  ' l e l  1  s  c u r r e n t l y
i  n  u s e .

4 .  T o  r e c o m m e n d  t e c h n i q u e s  f o r  c o n t r o l l i n g  a n d  i m p r o v -
i n g  l a n d  u s e  p r a c t i c e s  f o r  t h e  p r o t e c t i o n  o f  s u r f a c e
and  g roundwate r  resou rces .

5 .  T o  r e c o m m e n d  a d d i t i o n a l  s t u d i e s  a n d  s i t e  i n v e s t i g a -
t i o n s  f o r  d e v e l o o i n g  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e
hyd rogeo logy  i n  a reas  where  cu r ren t  i n fo rmar ion  i s
i  nadequa te .

B .  D e s c r j p t i o n  o f  S t u d y  { r e a

I  .  Natura ' i  Envi  ronment

T h e  T o w n  o f  W a y l a n d  o c c u p i e s  1 5 . 9  s q u a r e  m i l e s  o f  t h e  j n l a n d

coasta l  p l  a i  n  i  n  eas tern  l ' l assachuset ts .  Located  approx imate ly  20  mi  l  es

w e s t  o f  B o s t o n ,  W a y l a n d  b o r d e r s  S u d b u r y  o n  t h e  w e s t ,  L i n c o l n  o n  t h e  n o r r h ,

l J e s t o n  o n  i h e  e a s t  a n d  N a t i c k  a n d  F r a m j n g h a m  o n  t h e  s o u t h  ( s e e  F i g u r e  1 ) .

W a y l a n d  e x p e r i e n c e s  f o u r  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  d u e  t o  t h e
' i n f l u e n c e  o f  t h e  e a r t h ' s  r o c a c i o n ,  o r i e n t a t i o n  a n d  t h e  p r e v a i l i n g  w e s t e r r y
a i r  cur ren ts .  Co ld  f ron ts  move ' in to  th is  reg ion  f rom the  nor thwest ,
tvnereas  mois t  weather  pa t te rns  or ig ina te  f rom the  south .  The ocean o f ten
in f luences  .Lhese weather  pa t te rns  by  moc iera t ing  bo th  summer  and w in te r

tempera lu res .

-2-
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F i g u r e  i :  L o c u s  m a p  o f  t l l a y l a n d ,  M a s s a c h u s e t t s .

The mean annua ' l  tempera ture  i  s  about  50"F .  | . J ide  var ia t ' ions  occur
d u r i n g  w a r m ,  h u m ' i d  s u m m e r s  a n d  c o l d ,  w i n d - c i r i l l e d  w i n t e r s .  D r a m a t ' i c
f ' l uc tua t ions  are  common e , ren  rv i th in  the  shor t  span o f  a  week or  a  day .

A v e r a g e  a n n u a ' l  p r e c i p i t a t i o n  i s  a b o u t  4 2  i n c h e s .  R e c o r d s  o f  r a i n -
f a l I  s i n c e  1 9 6 0  p u b l i s h e d  b y  t h e  U S G S  ( . l 9 7 8 )  i n d i c a r e  " v / e t "  y e a r s  t n  1 9 7 2 ,
1 9 7 5 , . l 9 7 8  a n d  

. l 9 6 9 ;  ' ' d r y "  y e a r s  r ' n  
. l 9 6 5 , ' 1 9 6 6  

a n d ' 1 9 6 3 ,  l i s t e d ' i n  d e c r e a s -

i n g  o r d e r  o f  s e v e r i t y .

T h e  a v e r a g e  m o n t h l y  d i s t r i b u t i o n  f o r  t h e  y e a r s  l 9 6 l  t o ' 1 9 7 8  i s  s h o w n

i n  F i g u r e  2 .  I f  r e c o r d s  f o r  a  l o n g e r  p e r i o d  w e r e  u s e d ,  t h e  d i s t r i b u t i o n

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

AVERAGE

Oc No 0e Jo Fc l lo  Ap Mo Ju J l  Au Sc

A v e r a g e  m o n r h l y  d i s r r i b u t i o n  o r  r a ' i n f a l l  r e c o r d e o  a t  a
s t a t i o n  i n  F r a m i n g h a m ,  M A  d u r i n g  t h e  y e a r s  l 9 6 l - . I 9 7 8 ,
( u s G S ,  t 9 7 8 ) .
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Seasona l  changes in  p rec ip i ta t ion  a f fec t  fhe  amount  o f  water  d ra ' in -
age f rom each watershed r 'n  the  s tudy  area .  F luc tua t ' ions  ' in  rnonth ly  s t ream-
f l o w  c a n  b e  s h o w n  b y  a  t y p i c a l  a n n u a l  h y d r o g r a p h ,  F i g u r e  3 a .  s i m i l a r l y ,
g r o u n d w a t e r  l e v e l s  r e s p o n d  t o  t h e  a n n u a l  d i s t r i b u t i o n  o f  p r e c i p j t a t i o n  a s
shovrn  in  F jgure  3b .  Sur face  and groundwater  leve ls  decrease th rough the
s u m m e r  t o  a  l o w  i n  t h e  f a l l .  I n  t h e  w i n t e r  a n c i  s p r i n g  t h e  t r e n d  i s
reversed.

Ds Jo Fc Mo Ap Mo Ju J l  Au Sc 0c 0c Fe Mo Ap Mo Ju J l  Au Se

o
ID

lrJ
o ^
< v
L
G l
q r l

I
^ l
z . '
J

=
J
u,
o

F
o-

ID
o

5
q

t !

E

7r l
o l

I
I

Jo

F igu re  3a :  Typ i ca l  annua l  hyd rog raph
o f  mon th l  y  runo f f .

. F i g u r e  3 b :  T y p i c a l  a n n u a l  h y d r o g r a p h
of  g roundwater  f l  uc tua-
t i  ons  .

These hydrograohs  are  near ly  the  same shape excapt  tha t  the  peaks  are

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

, ' la rch  and Apr i l  whereas  max imum groundwater  le ' re ls  occur  la te r  in  Apr i l  and
May.

T h e  p h y s i o g r a p h y  o f  t d a y l a n d  c o n s i s t s  o f  u p l a n d  h i l l s  t o  t h e  e a s t  a n d
the  Sudbury  R iver  to  the  west .  The r . i ver  f lo r^ rs  : ;ou ih  to  nor th  un t i l  r ' t
j o jns  w ' i th  the  Assabet  R ' i ver  lo  fo rm the  Concord  R iver .  The r i ver  sur face

d r o p s  o n l y  a b o u r  t w o  f e e t  f r o m  S t o n e b r i d g e  R o a d  t o  S h e r m a n ' s  3 r i d g e  R o a d .
Because o f  the  bnoad,  f la t  meadows and ad jacent  swamps compr is ing  24  percen l

c f  ! ' J a y i a n c i ' s  i o r a l  a r e a  ( d e r e r m i n e d  b y  r h e  
. l 2 4  

m s l  c c n t o u r )  ,  i h e  f l c o d  o l a ' i n
r r o v i r i e s  a  v a s t  a r p a  f o r  s t n r a n e  O f  3 ; O f m  r U n O f f .r '  " '  '
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T o  t h e  s o u t h  R e e v e s  H i l ' l  ( 4 0 6  m s l )  a n d  T u r k e y  H i l l  ( 3 8 2  m s l )  a r e  t h e
h i g h e s t  p o i n t s  i n  T o w n .  R i d g e s  f o r m e d  b y  t h e s e  a n d  o t h e r  l o w e r  h i l l s
d e f i n e  t h e  w a t e r s h e d  l i m i t s  a n d  d r a i n a g e  p a t t e r n s .  A  g e n e r a l  e a s r - \ { e s t
topograpn ic  p ro f i le  d i rec ts  runof f  towarc is  the  Sudbuny R i ' re r  v ia  the  fo l -
l o w i n g  b r o o k s :  T r o u t ,  H a z e i ,  M ' i ' l l ,  H a y v r a r d ,  P i n e  a n d  s n a k e  B r o o k s  a n d
numerous  unnamed t r ibu tar ies .  The rva tershed areas  are  sho ln  on  P la te  i
a n d  t h e i r  a c r e a g e  i s  g i v e n i n  T a b l e  I  i n  t h e  A p p e n d i x .  N o t e  t h a t  s o m e  o f
these watersheds  ex tend in to  ad jacent  towns.

Both  the  so i l s  and vegeta t ' ion  in  hJay iand have been jnventor ied  and
r e p o r t s  a r e  a v a ' i l a b l e  i n  t , h e  T o w n  O f f i c e  B u i i d i n g .  T h e  s o i l  s u r v e y  r e p o r t
( U S D A  S o i l  C o n s e r v a t i o n  S e r v i c e  ( S C S ) , . I 9 6 5 ) ,  j n c l u d e s  a  d e s c r i p t i o n  o f  t h e
so i  I  cond ' i  t i  ons  and i  n te rpre ta t i  ons  fo r  spec i  f i  c  I  and uses .  The d i  f fe ren t
t y p e s  o f  s o i l s  a r e  g r o u p e d  ' i n t o  f o u r  a s s o c . i a t i o n s :  M a r s h - m u c k  ( o r g a n i c )

l 3 % ,  N a r r a g a n s e t t - H o l l ' i s - P a x t o n  ( s t o n e y ,  b o u l d e r y  o n  g l a c i a l  t i l l  )  2 5 % ,

E n f i e l d - ' v l i n d s o r - H i n c k l e y  ( s a n d y ,  g r a v e l i y )  5 6 % ,  a n d  W ' i n d s o r - H " i n c k l e y  ( s a n d y ,

g r a v e i l y )  5 6 % ,  a n d  H i n c k l e y - M e r r i m a c  ( s a n d y ,  g r a v e i l y  o n  s r e e p  s l o p e s )  6 i L .

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

the  SCS repor t  compr ise  the  upper  3  to  5  fee t  o f  the  land sur face  and are

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

So ' i l  s  w i  fh  good i  n f  ' i l  t ra t i  on  charac ter is t i  cs  a re  impor+"ant  fo r  g round-

wa ler  recharge and a t tenuat ion  o f  s to rm runof f .  Recharge is  enhanced where

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

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

we. i  I  d ra ' ined  g i  ac i  a1  dr i  f t ,  ' i  .  e .  ,  the  Enf  i  e '1  d - t i l i  ndsor -H ' inck1  ey  and H i  nck l  ey-

l4er r imac So i  I  Assoc i  a t i  ons .

V e g e t a t i o n  a f f e c t s  j n f " i ' l t r a t i o n  a n d  r u n o f f  b y  i n t e r c e p t i o n ,  e v a p o r a -

t i o n  a n d  t r a n s p j r a t j o n  o f  m o j s t u n e .  A  c o m p a r i s o n  o f  t h e  l 9 5 l  a n d  l 9 7 l
j n v e n t o r i e s  o f  v e g e t a t i o n  l y p e  a n d  l a n d  u s e  ( M a c C o n n e i l  a n d  C o b b , 1 9 7 4 )  i s
g i v e n  i n  T a b l e  I I  i n  t h e  A p p e n d i x .  T h e  r e p o r t  s n o w s  a  l 3 ? i  d e c r e a s e  j n

f o r e s t e d  a r e a s ,  d  l 7 %  d r o p  i n  a g r i c u l t u r a l  1 a n d ,  a n d  a  1 7 %  i n c r e a s e . i n

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

c o e f f i c i e n t s  ( w o o d l a n d  a n d  f a r m l a n d  t o  u r b a n  a r e a s )  r e s u i t s  i n  a  l a r g e r

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



the  Sudbury  R iver .  The degree o f  change in  runof f  ra tes  and vo lumes
v a r i e s  w i t h i n  e a c h  w a t e r s h e d  d e p e n d i n g  o n  m a n y  f a c t o r s  r e l a t i n g  t o  b o t h
natur^a ' i  and  ar t i  f  i  c i  a l  d ra i  naqe cond i  t i  ons  .

? .  Man-made Env i  ronment

In  
. l979  

the  popu l  a t i  on  o f  i , lay i  and was recorded a t  l2 ,542 persons .

T h i s  r e p r e s e n t s  a  d e c r e a s e  f r o m  
. l 9 7 2  

w h e n  t h e  p o p u l a t i o n  p e a k e d  a t ' 1 3 , E 0 0 .
i n  t h e  l a s t  f e w  y e a r s ,  t h e  p o p u l a t i o n  h a s  r e m a i n e d  a t  a  f a i r ' l y  c o n s t a n t
. l e v e l  

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

N i n e t y - e i g h t  p e r c e n t  o f  t h e  T o w n ' s ' l a n d  a r e a  i s  z o n e d  f o r  r e s i d e n -
t i a l  u s e  ( T a b l e  I I I  i n  t h e  A p p e n d i x ) .  T h e  n u m b e r  o f  h o m e s  n o w  e x c e e d s
3 , 8 0 0 .  G r o w t h  w a s  s l o w  d u r i n g  t h e  p a s t ' 1 0  y e a r s  f o l l o w i n g  a  p e r i o d  o f
r a p i d  d e v e l o p m e n t  i n  t h e  

. ] 9 5 0 ' s  
a n d  e a r i y  

. l 9 6 0 ' s .  
T h e  a v e r a g e  d e n s i t y

t o d a y ' i s  a b o u t  1 . 2  p e r s o n s  p e r  a c r e  o r  
. l . 0  

h o u s e  p e r  2 " 7  a c r e s .  I n  t h e
s o u t h e r n  p a r t  o f  T o w n ,  t h e  d e n s i t y  i s  c o n s i d e r a b l y  g r e a t e r .  B y  c c r n D a r i s o n ,
m o r e  t h i c k l y  s e t t l e d  a r e a s  p o s e  a  g r e a t e r  p o t e n t r a l  t h r e a t  t o  w a t e r
resources  because o f  was te  d isposa l ,  water  consumpt ion  and urban runof f
p rob l  ems.

0n-s i te  sewage d isposa i  sys tems are  used th roughout  the  Town.  lhen
r r o p e r l y  l o c a t e d  a n d  c o n s t r u c t e d  t h r e e  i m p o r t a n t  a d v a n t a g e s  a r e  p r o v i d e d :

I  )  recharge o f  water  back  in to  the  ground w ' i th in  the  
. loca l  

watershed,

2 )  d i s p e r s i o n  o r  n u t r i e n t s  o v e r  a  l a r g e  p o r t i o n  o f  t h e  s o i l  e n v i r o n m e n t ,
a n d  3 )  c o n t r o l l e d  d e v e ' l o p m e n t  w i t h i n  t h e  a s s i m i ' l a t i v e  c a p a c i t y  o f  t h e  l a n d .

T h e  d e g r e e  o f  n a t u r a l  t r e a t m e n t  p r o v i o e d  b y  s o i l s  a n d  p l a n t s  v a r i e s  C e p e n d -

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

e f f l u e n t  l o a d  p l a c e d  o n  t h e m .

Approx imate ly  two percent  o f  i /ay land is  zoned fo r  bus iness ,  commer-
c ' i a ' l  a n d ' j n d u s t r i a l  u s e s .  L a n d  d e s i g n a t e d  f o r  s u c h  u s e  i s ' l o c a t e d  p r i m a r i l . ' r

i  n  i ' l ay l  and Center ,  Coch i  tua ie  Center ,  and a i  ong i ioure  20  eas t  and Route  30

e a s t .  I , ^ l a y l a n d  C e n t e r  i s  a  s e n s i t i v e  a r e a  b e c a u s e  o f  i t s  l c c a t i o n  i n  t h e

f l o o d  p 1 a i n .  L a n d  u s e  i n  C o c h ' i t u a t e  C e n t e r  i s  a  s i g n i f i c a n t  c o n c e r n  r e c a u s e

o f  t - - h e  p o t e n t i a i  i n f l u e n c e  o f  u r o a n i z a t i o n  o n  : h e  q u a i  i t y  o f  w a r e r  i n

S n a k e  B r o o k  a n d  L a k e  C o c h i t u a t e -



[ Jay land  has  approx ima te l y  47  m i les  o f  paved  roads  w ' i t h in  r t s  co rpo ra te
I  ' im ' i i s .  The maior  t rave l  ed  roads  ,  bo th  I  oca l  and commuter  t ra f f  i c ,  a re
R o u t e  

' l 2 6 ,  
R o u t e  2 7 ,  R o u t e  3 0  ( a l l  t w o  l a n e s )  a n d  t h e  l 4 a s s a c h u s e t t s  T u r n p i k e

(a  four  lane to l l  road) .  Th ' i s  road ne twork  a f fec ts  sur face  and groundwater
resources  ' in  severa l  respec ts :  1  )  water  qua l ' i t y  i  s  impacted  by  the  d i  s -
c h a r g e  o f  s a n d ,  s a ' l t ,  g r e a s e ,  o ' i l s  a n d  o t h e r  i m p u r i t i e s  f r o m  s t o r m  d r a i n a g e
sys lems and paved sur faces ;2)  g roundwater  recharge is  reduced because o f
t h e  i n c r e a s e d  a m o u n t  o f  i m p e r v i o u s  c o v e r  o n  u p i a n d  s o i l s ;  a n d , 3 )  s t o r m
runof f  in  s t reams and r i vers  i s  a l te red  where  road c ross ings  res t r i c t  chan-
n e l  c a p a c i t y .  T h e  e f f e c t s  o n  f l o w  r a t e ,  v o l u m e  a n d  l o c a l  f l o o d  l e v e l s  v a r y
d e p e n d i n g  o n  t h e  w a t e r s h e d  c h a r a c t e r i s t " i c s  a n d  h y d r a u l j c  s t r u c t u r e s  a l o n q
rhe watercourse .

C.  Data  Co l  I  ec t i  on  and Eva. l  ua t i  on

Most  o f  the  da ta  used jn  th is  s tudy  was prov ided by  the  Way land Warer
Department.  The i  nformat ion ' i  ncl  uded wel I  1 ogs ,  aqui  fer  tests ,  drawdown
i r i€ds i j ie i i len ts ,  wate ' ' "  qua l i t y ' ,  we l l  des ign  and y ie ld .  i Je l l  

' l ogs  r ,ve i .c  a lsc

acqu i red  f rom ad jacent  towns and f rom the  Un i ted  Sta tes  Geo log ica l  Sur r rey
( U S G S ) ,  B o s t o n  0 f f i c e .  D a t a  w a s  s o u g h t  o n  p r i v a t e  w e l l s  t h r o u g h  a  s u m e y
q u e s t i o n n a j r e  m a i l e d  t o  o w n e r s  b e l ' i e v e d  t o  h a v e  a  w e l l  a n d  b y  d i r e c t  c o n -
t a c t  w i t h  w e l l  c i r i l l e r s ,  p a r t i c u l a r l y  t h e  D .  L .  l , l a h e r  C o m p a n y  o f  N o r t h
Read ing .  Other  use fu l  depth  pro f i les  and bor ing  logs  were  rece ived f rom

the i t le t ropo l  i tan  D is t r i c t  Commiss ion  (MDC) ,  l ' l assachuset ts  Depar tment  o f

Pub l  . i c  Works  ,  Massachuset ts  Turnp i  ke  Author i  t y ,  l3os ton  td i  son  Company and

Raytheon Company.  Se ismic  p ro f i ies  and bor ing  logs  were  re t r ieved f rom
s t u d j e s  o f  t h e  o l d  a n d  n e l  l a n d f i l l  s i t e s .  A  D a l a  S u p p l e m e n t  S e c t i o n  c o n -
s i s t i n g  o f  a  c a t a l o g  o f  i h i s  i n f o r m a t i o n  h a s  b e e n  c o m p i l e d  a s  a  s e p a r a t e

repor t  fo r  re fe rence.  l ' {o re  than 300 da ta  po in ts  were  used fo r  in te rpre t ing

s u b s u r f a c e  c c n d i r i o n s .  P l a t e  i I  g i v e s  t h e  l o c a t i o n  o f  t h e s e  p o i n ' t s  a n d
s h o w s  t h e  l o c a c i o n  o f  S u b s u r f a c e  P r o f i l e s  I  -  V ,  i n c l u d e d  i n  t h e  A p p e n d i x .

Sha l low subsur face  so i ' l  charac ter is t ' i cs  and water  tab le  measurements  were

obta inec i  th rough an  exam' ina t ion  o f  sewage c i i sposa l  sys tem p ' ians  on  i ' i ' l e  in
the  i ' Jay land Board  o f  Hea l th  Of f i ce .  0ver  400 o f  these po incs ,  water  tab le

read ' ings  f rom we l l  logs  and bor ing  logs  were  cons ' iderec i  in  de termin ing  aver -

age max imum groundwarer  e ' ieva t ions  th roughout  the  s tudy  area .
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T h e  s u r f i c i a l  g e o i o g y  h a s  b e e n  m a p p e d  b y  K o t e f f  ( 1 9 6 4 )  a n d  N e l s o n

( . l 9 7 4 ) .  N e l s o n  a l s o  m a p p e d  t h e  b e d r o c k  g e o l o g y  i n  t h e  N a t i c k  Q u a d r a n g i e
( , j 9 7 5 ) .  T h e  w o r k  o f  b o t h  a u t h o r s  w a s  c o m b i n e d  i n t o  a  c o m p o s i t e  s u r f i c i a r

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

Tab le  IV  i n  f he  Append ix .  A  sma l l  po r t i on  o f  , i l ay1and  loca tec j  i n  t he  i 4ay -

n a r d  Q u a d r a n g l e  w a s  m a p p e d  b y  H a n s e n  ( 1 9 5 6 ) .  T h e  1 9 6 5  a n d  1 9 7 0  U S G S  7 . 5

m ' i n u t e  s e r i e s  t o p o g r a p h i c  m a p s  ( 1 : 2 4 , 0 0 0 )  w e r e  u s e d  a s  a  b a s e  m a p  a n d  f o r

genera l  re fe rence .

Aqu i fe r  d rawdown tes ts  were  used  to  de te rm ine  the  hyd rau l i c  p rope r -

t i  e s ,  ' i  . e .  ,  p e r m e a b i  I  i  t y ,  t r a n s m i  s s i  b ' i 1 i  t y  a n d  s t o r a g e  o f  t h e  w e l  I  s  j  t e s .

Me thods  fo r  eva lua t i ng  s teady  and  non -s teady  f l ow  were  deve loped  by  The im

( . l 9 0 6 ) ,  T h e i s  ( . l 9 3 5 ) ,  J a c o b  a n d  C o o p e r  ( . i 9 a 0 ) .  A l l  o f  t h e s e  w o r K s  d r a w  o n

the  obse rva t i ons  o f  Darcey  ( " l 856 )  wh ich  were  conce rned  w i th  g roundwate r

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

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

D .  Geo log  i c  S lud - ies  a r r t i  Re la ie t i  Hyd ' r -o log ' i c  i nves i i ga t ' i ons

Geo logy  and  hyd ro logy  repo r t s  f o r  t he  Hudson  and  Maynard  Quadrang les
( H a n s e n ,  

. l 9 5 6 ) ,  
t h e  T o w n  o f  S u d b u r y  ( M o t t s , 1 9 7 7 )  a n d  t h e  T o v r n  o f  C o n c o r d

( I . E . P . ,  
. l 9 7 9 )  

w e r e  c o r r e l a t e d  w i t h  t h i s  s t u d y .  A d d i t i o n a l  h y d r o g e o i o g i c
' i n fo r ^ma t ion  has  been  deve loped  by  seve ra l  s tud ies  re la ted  l o  t he  Town 's

l a n d f i l l s .  T e s t  w e l l s  w e r e  i n s t a l ' l e d  a t  t h e  o l d  s i t e  b y  R e e d  ( . l 9 7 8 )  l o

de te rm ' i ne  the  p resence  o f  su r face  and /o r  g roundwate r  con tamina t i on .  The

n e w  l a n d f  i l l  ! , / a s  i n v e s t i g a t e d  b y  i . l e s t o n  G e o p h y s i c a l  E n g i n e e r s ,  I n c .  ( . 1 9 7 0 ) ,

H a l e y  a n d  A l d r i c h ,  I n c .  ( 1 9 7 2 )  a n d  L j n e n t h a l ,  E i s e n o e r g ,  A n d e r s o n ,  I n c .

( . l 9 7 9 )  t , o  a s s e s s  j t s  s u i t a b j l i t y  f o r  w a s t e  d i s p o s a l  p u r p o s e s .

I  .  Ongo" ing  Research

T h e  U S G S ' i s  c u r r e n l l y  w o r k i n g  o n  a  g r o u n d w a t e r  f a v o r a b j l i t y  s t u d y  i n

the Sudbury Ri , rer  watershed.  Thi  s  work r ,v i  I  I  encompass mosl  o f  l iay i  and

e x c e p t  f o r  l h e  s m a l l  a r e a  l o c a t e d  i n  i h e  C h a r l e s  R i v e r  w a t e r s h e d .  A  s i m i -

1 a r  s t u d y  h a s  a l r e a d y  b e e n  c o m o l e t e C  f o r  t h e  A s s a b e t  R i v e r  v a 1 1 e y  ( P o l i o c k

e t .  a i  .  ,  I  969  )  .  i n  add i  t i  on ,  t he  USGS has  been  e ' ra l  ua t j  ng  su r face  and

groundwate r  ccnc i i  t i  ons  i  n  t he  Coch ' i  t ua te  Lake  a rea .

-B-



Through t ,he  [Ja ter  Depar tment ,  a  consu l tan t  u r i l l  s tudy  sur face  and

groundwater  da ta  ' in  o rder  to  de term' ine  the  hydrauf  i c  re la t ionsh ip  be tween

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

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

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

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

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

w a t e r  s u p p l y .

The l4e t ropo ' l i tan  D is t r i c t  Commiss ion  has  pro jec ted  the  need fo r  more

water in order to meet the present and future demand of  the c i tes and towns

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

t r i c t  C o m m i s s i o n  i s  n o w  c o n s ' i d e r i n g  a  p i a n  t o  d i ' r e r t  a n  a v e r a g e  o f  2 2  m i l -
' l i on  

ga l lons  per  day  f rom an ups t ream reser , /o i r  jn  the  Suobury  R iver  water -

shed.  A  de ta i led  env i ronmenta l  impact  repor t  i s  necessary  in  o rder  to

determine the  e f fec ts  o f  w i thdrawing  water  f rom the  r i ver  sys tem.  Th is

s tudy  is  expec ted  lo  beg in  in  the  near  fu tu re .

- 9 -
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A.  Pre-Gl  ac i  a l  Se t t i  ng

G e o l o g i s t s  b e l i e v e  t h a t  p r i o r  t o  t h e  a d v a n c e  o f  g i a c i e r s ,  t h e  N e w

England coas ta l  p la in  s loped toward  the  southeas t  and most  s t reams f lowed

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

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

d e v e l o p .  C l a p p  ( . l 9 0 - l  ) ,  C r o s b y  ( 1 9 3 9 )  a n d  H a n s e n  ( 1 9 5 3 )  b e l  i e v e  l h a t  p r e -

s e n t  d a y  r i v e r s ,  t h e  S u d b u r y ,  A s s a b e r ,  C o n c c r d  a n d  C h a r l e s ,  f o j l o w  c h a n n e l s

wh ich  jn  some areas  are  qu i te  d i f fe ren t  than s t reambeds o f  fo rmer  va l leys .

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

Assabet  l ransec t ing  f rom the  nor thwest  v ia  Boon 's  PonC in  S tow and Hop

Brook  or  Pant ry  Brook  in  Sudbury  towards  Heard  Pond;  2 )  the  pre-g lac ia ' j

Sudbury  o r ien ted  west  to  eas t  f rom b les tboro  to  the  pre-g lac ia l  Assabet  near

t h e  n o r t h  e n d  o f  L a k e  C o c h i t u a t e ;  a n d ,  3 )  a  m a j o r  t r i b u t a r l r  v a l l e y  a l i g n e d

nor th -south  f rom West  Concord ,  th roughr ,^ lh i te  Pond and Pant r -v  Book to  lhe

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

b r o a d  d e e p  v a i ' l e y  c a l l e d  l h e  p r e - g l a c i a l  S u d b u r y - C h a r l e s  i u r n s  n o r t h  r h r o u g h

W e l l e s i e y  a n d  i h e n  f o l l o w s  a n  e a s t e r l y  c o u r s e  t o  t h e  B o s t o n  B a y .  A n  a p p r o x i -

m a t e  l o c a x ' i o n  o f  t h e  p r e - g l a c i a l  s y s t e m  i s  s h o w n  i n  F i g u r e - 1 .
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APPROXIMATE LOCATION
O F  B U R I E D  V A L L E Y S
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l \
j '

Moss .
Turn p ike

t r / \

| ,' --"'/ l \';i:::'";"'i,:r'"'r vo-l ley

Sud
R iv r

F i g u r e , r :  A p p r o x i m a t e  l o c a t i o n  o f  t h e  o r e - g l a c ' : a l  u u r i e d
v a l l e y  s y s t e m  a s  r e p o r t e d  b y  C l a p p  ( . l 9 0 . ]  ) ,
C r o s b y  ( 1 9 3 9 )  a n d  H a n s e n  ( 1 9 5 3 ) .

B .  G l a c i a ' i  D e p o s i t s

U i t h  t h e  a d v a n c e  o f  t h e  l a s t  g l a c i e r s  ( L a t e l d ' i s c o n s i r r  i c e  A d v a n c e

a b o u t  2 2 , 0 0 0 +  B . P . ) ,  b e d r o c k  s u r f a c e s  a n d  p r e - g l a c i a l  s e c i i m e n t s  w e r e

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

( s o i 1  a n d  r o c k  p i c k e d  u p  a n d  t r a n s p o r r e d  b y  i c e ) .  G l a c i a l  d r i f t  i s  s e p a -

rated jn to two types because of  rhe way i i  was formed and because of  j ts
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phys ica i  cha rac le r i s t ' i cs .  D r i f t  depos i ted  by  ac t ' i ve  i ce  j s  ca l l ed  t . j l l ,
w h i l e  s t r a t i f i e d  d r i f t  r e f e r s  t o  g l a c i a l  m a t e r i a l  l a ' i d  d o w n  b y  m e l t r , v a t e r
f low ing  f rom or  w ' i th ' in  an  ' i ce  mass .  In  ln lay land,  two types  o f  t i l  I  a re
present .  G lac ia l  debr is  depos i ted  under  the  ice  became compactec i  ' i n to  a
h a r d ,  l o w e r  t i l l  c o n s i s t i n g  o f  f j n e r  s e d i m e n t s .  A b o v e  t h i s  l a y e r  a n  u p p e r
t ' i  I  I  i  s  p resent  compr i  sed  o f  I  oose,  sandy ,  bou i  dery  d r i  f t  fo rmed dur i  ng
deg l  ac i  a t ' i  on ,  a i  so  ca l  I  ed  ab l  a t ion  or  me l  t -ou t  t j  I  I  .

The upper  t , i11  is  exposed a t  the  sur face  in  many p iaces  th roughout
lhe  eas tern  ha l f  o f  the  s tudy  area .  in  a  fe l  loca t ions  t i l l  was  fo rmed as
d r u m l ' i n s  a n d  m a y  b e  s e v e r a l  h u n d r e d  f e e t  t h i c k .  I n  b u r i e d  v a l l e y s ,  w e i l
l o g s  s h o w  t i i l  l e s s  t h a n  2 0  f e e t  i n  d e p t h .  T i l l  u n d e r l i e s  s w a m p s  a n o  D o g s
where  lhe  water  lab le  in te rsec ts  lhe  land sur face  and suppor ts  wet land
growtn.

D u r i n g  d e g l a c i a t i o n ,  m e l t w a t e r  s t r e a m s  f l o w e d  f r o m  t h e  i c e  s n e e r s
a n d  d e p o s i t e d  s t r a t ' i f i e d  d r i f t  o n  t h e  s i d e s ,  i n  f r o n t  o f  a n d  i n  c r e , r a s s e s
wi th t 'n  the  g lac ie rs .  So i l  and rock  were  qraded i l ver  the  land sur face  and
jn to  lakes  fo rmed when mel twater  was temporar i l y  damrned by  g lac ia l  d r i f t

o r  i  a rge  b l  ocks  o f  s tagnant  ' i ce .  S t reams f l  ow i  ng  i  n to  g1  ac i  a '1  Lakes
C h a r l e s ,  S u d b u r l z  a n d  C o n c o r d  f o r m e d  i a r g e  d e l t a s ,  s e v e r a l  o f  w h j c h  a r e
f o u n d  i n  W a y i a n d .  F i n e  s ' i l t  a n d  s a n d  w a s  r e d i s t r i b u t e d  a s  a  t h i n  b l a n k e t
( e o l i a n )  t h r o u g h o u t  m o s t  o f  t h e  s t u d y  a r e a .  W j t h i n  t h e  l a s t ' 1 0 , 0 0 0  y e a r s ,
younge l  depos i ts  o f  o rgan ic  mat te r  accumula ted  in  wet land env ' i ronments  and
a l  I  uv i  um se t t l  ed  a1ong s t l  eams and r i  vers .

The morpho iog ica l  sequence concept  was der ived  by  Jahns  ( . l941)  io
d e s c r i b e  t h e  p r o g r e s s i o n  o f  g i a c i a l  l a n d f o r m s  d e p o s i t e d  f r o m  a  r e t r e a t r n g
i c e  m a r g i n  w ' i t h  e a c h  f e a t u r e  h a v i n g  d i s t i n c t  c h a r a c t e r i s t i c s  d e p e n d i n g  o n
n o w ' i t  w a s  m a d e .  D e p o s i t i o n  w a s  c o n t r o l l e d  b y  t h e  c u r r e n t  v e l o c i t y  a n d
s e d i m e n t  l o a d  o f  l h e  m e l t w a t e r  s t r e a m s  a n d  b y  t h e  p r e s e n c e  o r  g l a c i a l
' i a k e s .  

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

In  genera i ,  par t i c le  s ize  decreases  fu r rher  downst ream f rom the  source  and
sor t ' ing  i  nc reases .  Th i  s  concept  ' i s  he l  p fu l  i  n  i  den t i  f y i  ng  ihe  d ' i s r r ibu t ' ion
and progress ion  o f  coarse ,  i led ium and f  ine  sed ' i rnontc  Fv 'on , ron l l y ,  i  ce
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m a r g i n a l  p o s ' i t i o n s ,  l o c a t e d  b y  a  s r e e p  i c e - c o n t a c t  s l o p e  f a c i n g  t o  t h e
n o r t h ,  m a r k  t h e  b e g i n n i n g  o f  a  m o r p h o l o g i c a i  s e q u e n c e .

G l a c i a l  f l u v ' i a l  d e p o s i t s  a r e  m o s t  e a s i l y  s e e n ' i n  t h e  s o u i h e r n  p o r -

t ' i o n  o f  W a y l a n d  a d j a c e n t  t o  u p l a n d  a r e a s  c o v e r e d  b y  t i 1 1 .  T h e  f ' l u v i a l

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

t a i n ' i n g  t h e  b a s e  f l o w  o f  P i n e  B r o o k  a n d  S n a k e  B r o o k .  E x p o s u r e s  i n  l h e s e
d e p o s i t s  s h o w  c o a r s e ,  g r a v e l l y  t e x t u r e s ,  a l t h o u g h  t h e  d e g r e e  o f  s o r r i n g  i s
poor .  The bes t  example  o f  a  we l l -g raded f luv ia l  

. land form 
can be  v iewed o f f

R i c e  R o a d  n o r t h  o f  t h e  o l d  r e s e r v o i r .  I . E . P .  ( , l 9 7 8 )  d e s c r i b e d  t h e  s u r f i -

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

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

o f  s t r a t ' i f i e d  s a n d ,  g r a v e l ,  s i l t  a n d  c l a y  c a r r i e d  j n t o  a  l a k e  b y  a  g l a c i a l

s t ream.  Ex tens ive  de l tas  were  fo rmed vary ing  in  depth  f rom a  few fee t  to

more  than 
.100 

fee t .  The de l tas  charac ter is t i ca l l y  have coarse  to  f jne  top-

se t  and fo rese t  beds  and f i  ne  bo t tomset  beds .  The topset  beds  are  graded

above the  lake  leve l ;  bo t tomset  beds  fo rmed as  par t i c les  se t t led  jn  the

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

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

T h e  h o r i z o n t a l  l i n e  f o r m e d  b y  t h e ' i n t e r s e c t i o n  o f  t h e  t o p s e t  b e d s  o v e r  i h e

foreset  beds  represents  the  leve l  o f  the  g lac ia l  lake  a t  the  t ime the  Ce l ta

ivas  fo rmed.  A  good example  o f  a  de l ta  i s  loca ted  jn  the  Bow Road area .

Lake bo t tom sed iments  occupy  a  la rge  par t  o f  the  f lood  p ia in  a rea  nor th  o f

Heard  Pond.  h le t land depos ' i t s  have accumula ted  over  most  o f  these sed iments ,

e x c e p t  f o r  a n  a r e a  n o r t h  o f  R o u t e  2 7 ,  w h i c h  i s  o v e r l a i n  b y  a n  e x t e n s i v e

b lanket  o f  sand and grave l  ou twash.  South  o f  Heard  Pond the  s t ra t ig raphy

of  g i  ac la l  sed iments  ' i s  more  compl  ex .  Throughout  most  o f  the  f  I  ood p l  a i  n

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

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

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

th i  s  a rea .

South  o f  Dud ley  Pond severa l  we l . l  logs  prov ide  some in fo rmat ion  about

t h e  s u b s u r f a c e  c o n d i t ' i o n s .  0 n  t h e  n o r t h w e s t  s i d e  o f  L a k e  C o c h i t u a t e ,  s t r a t i -

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

for  a  depth  o f  about  I  90  fee t .  D i  rec t l  y  eas t  o f  the  lake  and 0 l  d  Connect ' i  cu t
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P a t h  t h e  v e r t i c a l  p r o f i l e  c h a n g e s  c c n s i d e r a b l y .  T h e  u p p e r  s t r a t a  c o n s ' i s t
o f  c o a r s e ,  w e l l - g r a d e d  m a t e r i a l s  t o  a n  a p p r o x i m a t e  d e p t h  o f  5 0  f e e t ,  e 1 e -
va t ion  

. j00  
fee t  ms l .  Be low e leva t ion  

. l00  
fee t  ms l  the  sed imenf ,s  a re  mucn

f iner  fo r  a t  leas t  another  50  fee t .  Near  West  P la in  S t ree t  and Ben i  Ave-
nue the  we l l -g raded layer  occurs  down to  e leva t ion  

. ]60  
fee t  ms l  be fore

c l a y  s e d i m e n t s  a r e  e n c o u n t e r e d .  A t  C o c h i t u a t e  C e n t e r  t h e  c l a y  l a y e r  i s
c i o s e r  t o  t h e  s u r f a c e  a n d  f j n a l i y  b e c o m e s  e x p o s e d ' i n  t h e  a r e a  o f  S n a k e
Brook  Road.  A long Snake Brook  the  f ine  sand and c lay  averages  about  30
fee t  deep.  Th is  in fo rmat ion  ind ' i ca tes  tha t  g lac ia l  sed iments  were
depos i ted  f rom an ' i ce-contac t  s lope near  0 ld  Connect icu t  Path  towards  the
l o w e r  c o u r s e  o f  S n a k e  B r o o k .  A t  f i r s t  o n l y  a  s h a l l o w  g i a c i a l  l a k e  e x i s t e d
i n  f r o n t  o f  t h e  i c e .  L a t e r  t h e  l a k e  l e v e l  r o s e  l o  a b o u t  e l e v a t i o n  

. l 0 0

f e e l  m s l .  A s  s e d i m e n t s  w a s h e d  i n t o  t h e  l a k e  t h e  l e v e l  c o n t ' i n u e d  t o  r i s e
and the  depth  o f  the  bo t tomset  beds  jnc reased fu r ther  f rom the  ice-contac t
s 1 o p e .  T h e  b o r i n g  n e a r  B e n t  A v e n u e  s h o w s  t h e  l e v e l  ( 1 6 0  f e e t  m s i )  r e a c h e d
at  lh is  I  oca t ' ion .  Eventua l  1y  the  I  ake  dra ' ined  or  became a l  most  compl  e te ly
f i l l e d  a n d  t h e  t o p s e t  b e d s  g r a d e d  a c r o s s  t h e  c l a y  s t r a t a  b e c o m . i n g  t h i n n e r
towards  Snake Brook .  Data  west  o f  Lake Coch i tua te  show a  s imi la r  c lagr
fo rmat ' ion  a t  

. l60  
fee t  ms l  and be l  ow,  F i  gure  5 .  Whi l  e  these sed iments  were

c iepos i  ted ,  Lake Coch i  tua te  was occup i  ed  by  i  ce  wh ich  eventua l  l y  me l  ted  to
fo rm the  lake  as  seen today .

B e c a u s e  o f  t h e  p r e s e n c e  o f  a  c l a y  a r e a  s o u t h  o f  D u d l e y  P o n d ,  g r o u n d -

water  movement  towards  Lake Coch i tua te  . i s  severe l_v  l  im i ted .  Observa t ion

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

towards  Pod Meadow.  The conf in ing  in f luence o f  the  c lay  mater ia ls  south

o f  Dud ley  Pond probab ly  cont r ibu te  to  the  na in tenance o f  a  h ' igher  wate i

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

ence ' i s  approx ' imate iy  ten  fee t .

C.  Aqu i  fe r  Charac ter i  s t i  cs

A n  a q u i f e r  i s  g e n e r a l l , v  c o n s i d e r e d  t o  b e  a  p o r o u s  f o r m a t i o n  o f  s o j l

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

of  a  porous  fo rmat ion  even though sa tura ted  cond i t , ' i ons  ex tend we l l  beyond
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t h e s e  I  i m i t s .  T o  b e  m o r e  ' i n c l u s i v e ,  t h e  a r e a  o f  a n  a q u i f e r  j s  d e t e r m ' i n e d

by  boundar ies  fo rmed by  bedrock  and/or  impermeab ie  g l  ac ' ia l  sed ' iments .  An

aqu i fe r  may be  f ree ly  connected  to  the  a tmosphere  (unconf ined)  and rece ive

d i  r e c t  p r e c i p i t a t i o n ,  o l i t  m a y  b e  a r t e s i a n  ( c o n f  i n e d )  m o r e  o r  l e s s  s e a l e d

f r o m  a b o v e  b y  a n  o v e r l y i n g  l a y e r  o f  s e m i - p e r m e a b l e  m a t e r i a l .  I t ' i s  n o t

u n c o m m o n  t o  f i n d  a  w a t e r  t a b l e  a q u i f e r  l o c a t e d  a b o v e  a n  a r t e s i a n : n , r ' i f o r

w i th  l i t t le  o r  no  hydrau i j c  connect ' ion  be tween them.

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

ground th roughout  the  year .  Th is  p rocess  is  re f re r red  to  as  recharge and

occurs  a t  ' i t s  max imum between October  and Apr i l ,  a l though i t  i s  somewhat

l i m ' i t e d  d u r i n g  J a n u a r y ,  F e b r u a r y  a n d  M a r c h  w h e n  t h e  g r o u n d  i s  l i k e l y  t o  b e

f  rozen.  Recharge can take  p1  ace under  se , re ra l  hydro l  og ' i c  cond ' i t i  ons  :

1 .  0n  up land areas  where  the  water  tab ' le  . i s  be low the  sur face
t h r o u g h o u t  t h e  y e a r .  F l a t  s t r a t ' i f i e d  s a n d  a n d  g r a v e l
d e p o s i t s  p r o v i d e  t h e  b e s t  o p p o r t u n i t y  t o  r e c h a r g e .  R e -
charge areas  have been ident i f ied  fo r  l lay land and are
s h o w n  o n  P l a t e  V .  A n  e x p l a n a t i o n  o f  h o w  l h e  g e o l o g y  a n d
t o p o g r a p h ' i c  c o n d i t i o n s  w e r e  i n t e r p r e t e d  i s  3 i v e n  i n  t h e
Append i  x ,  Tab l  e  t i  I  I  I .

? .  A long the  banks  o f  s t reams where  temporary  f lood  leve ls
exceed the  e leva t ion  o f  the  water  tab le  and the  ground
' i s  sa tura ted  by  j  n f l  uen t  f l  ow.  i t  i  s  poss i  b l  e  tha t
i n t e r m i t t e n t  r e c h a r g e  o f  t h i s  t y p e  o c c u r s  a l o n g  w a t e r -
c o u r s e s  i n r , , l a y i a n o ,  p a r t " i c u l a r l y  w h e r e  n a t u r a l  o r  a r t i f i -
c ia l  res t r i c t ' i ons  in  the  s t ream channe l  cause temporary
b a c k w a t e r s  ( p o n d i n g ) .  T h i s  r e l a t i o n s h i p  i s  b e l ' i e v e d  t o
o c c u r  i n  a r e a s  a i o n g  t h e  S u d b u r y  R i v e r ,  a l t h o u g n  n o  d a t a
h a s  b e e n  c o l l e c t e d  t o  v e r i f y  i n f l u e n t  c o n d j t i o n s .  F l o o d
l e v e l s 1 n  t h e  R i v e r  n e e d  t o  b e  c o m p a r e d  w i t h  t h e  a d j a c e n t
groundwater  leve ls  to  de termjne the  h .ydrau l i c  connect ion
and d i rec t ion  o f  movement .

3 .  F rom wet land env i ronments  e leva ted  temporar i l y  o r  per -
manent ly  above the  groundwater  tab le .  The geo logy  o f  an
area may be  such tha t  a  s t reambed is  no t  in te rsec ted  by
t h e  w a t e r  t a b l e ,  w h i c h  i s  a t  s o m e  d e p t h  b e l o w  t h e  l a n d
sur face .  Wate l in  the  s t ream wi ' l l  there fore  sa tura te  lhe
g r o u n d  o v e r  w n i c h  i t  f l o w s .  T h j s  t y p e  o f  r e c h a r g e  o c c u r s' in  the  area  nor th  and south  o f  Woodr idge Road near  the
jn te rsec t ' ion  w i lh  Coch i tua te  Road.  In f luenr  recharge can
a l s o  o c c u r  u n d e r  

. l a k e s  
o r  p o n d s "  F o r  e x a m p l e ,  t h e r e  j s

some e , r idence lha t  Dud ley  Pond may have th js  l ype  o f
hyc i ro log ic  ser t ing .  Measurenents  taken near  Mans ion  Road
show the  wa ier  tab le  to  be  as  much as  12  fee t  be low ihe
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l e v e l  o f  t h e  P o n d .  A l t h o u g h  s u f f i c i e n r  i n f o r m a t i o n  i s
l a c k i n g ,  i t  a p p e a r s  t h a t  l h e  g r o u n d w a t e r  t a b l e  s l o p e s
e a s t  t o  w e s t  a n d  D u d l e y  P o n d  l i e s  i n  w h o l e  o r  i n  p a n t
w i th in  the  f low path  depend ing  on  the  ex ten t  o f  g round-
w a t e r  f l u c t u a t i o n  d u r i n g  a  g i v e n  y e a r .  T h e  m a p  o f
ground watersheds  shows the  Pond locared jn  the  nor th -
e a s t  c o r n e r  o f  i t s  g r o u n d w a t e r  p r o v i n c e .  B a k e r ,  e t . a l .
( . l 9 6 4 )  r e p o r t e d  o n  e v ' i d e n c e  w h i c h  s u g g e s t s  t h a t . i n f r e -
quent  recharge can take  p lace  f rom swamps jn to  the
u n d e r l y i n g  g l a c ' i a l  s e d i m e n t s .  S e e p a g e  w o u l d  b e  p o s s i -
b le  in  the  fa l l  when the  sunface o f  the  swamp is  sa tu-
ra ted  by  ra in fa1 l  and runof f ,  ye t ,  the  groundwater
t a b l e  h a s  n o t  n j s e n  s u f f " i c i e n t l y  e n o u g h  t o  f u i l y
s a t u r a t e  t h e  u n d e r i y i n g  m a t e r i a l .  R e c h a r g e  c o u . l d  a l s o
occur  dur ing  a  major  s to rm when f1ood waters  r . i se  above
t h e  w a t e r  t a b l e  i n  a d j a c e n t  a r e a s .

+ .  Dra inage f rom an ad jacent  aqu i fe r .  Groundwater  can' leak  
f rom an unconf ined aqu i fe r  th rough a  semi -

i m p e r v i o u s  l a y e r  i n t o  a  c o n f i n e d  a q u i f e r .  U n d e r  p r e s -
sure  o f  a  hydrau l j c  head,  seepage may occur  f rom f rac-
t u r e d  b e d r o c k  i n t o  u n c o n s o l i d a t e d  d e p o s i t s .

5 .  R e c h a r g e  c a n  b e  m a n i p u l a t e d  a r t ' i f i c j a l l y  t h r o u g h  p u m p i n g
water  in to  o r  ou t  o f  an  aqu i fe r .  ra ia te r  in t roduced . in to
the  ground th rough sewage d isposa l  sys tems,  s to rm dra in -
age- leach ing  s t ruc tu res  and 

' leaks  
in  underground water

condu ' i t s  a re  some examp' les .

T h e  o p p o s i t e  f u n c t i o n  o f  r e c h a r g e  i s  d i s c h a r g e .  D ' i s c h a r g e  j s  t h e

re lease o f  g roundwater  a t  the  po in t  where  the  water  tab le  in te rsec ts  the

l a n d  s u r f a c e .  ( N o t e  t h a t  d i s c h a r g e  c a n  a l s o  t a k e  p l a c e  i n t o  f r a c t u r e d

bedrock  f rom over iy ing  sa tura ted  sed iments .  )  S i ies  o f  g roundwater  d is -

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

Seepage may be  cont inuous  or in te rmi t ten t  dur ing  the  year  depend ing  on

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

out f low areas .  For  jns tance,  as  the  grad ' ien t  in  lhe  water

u p l a n d  a n d  l o w l a n d  a r e a s  b e c o m e s  l e s s  s t e e p ,  h e a d  p r e s s u r e

groundwacer  movement  to  sur face  wet lands  is  reduced.  D ischarge ccnd ' i t ions
p r e ' r a i l  j n  t h e  s p r i n g  a n d  d i m i n i s h  t h r o u g h  t h e  s u m m e r  t o  l o w  f l o w s  j n  t h e

Groundwater  d ischarge (base f ' Iow)  can be  aporox imated by  measur ing

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

d o n e  b y  p l o t t ' i n g  a  f i o w  h _ v d r o g r a p h  o f  d i s c h a r g e ' r s .  t ' i m e  a s  s h o w n ' i n  F i g u r e  6 .

i a h l  o  h a f r ^ r o o n

i  s  neduced  and
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F i  g u r e  6 : Typ ica l  hydrograph o f  s t ream f low
s h o w i n g  t h e  b a s e  f l o w  c o m p o n e n t
' i  n  

" n  
a  \ r o F :  ^ o  l l r . r l  f  o n  ' r o l  n ' !u  Y g l  u y u  v r q  ! u r  J L u l

D.  Def in ing  Groundwater  Parameters

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

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

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

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

a te  spec j f i c  g roundwater  charac ter is t i cs .  Each map por t rays  a  component

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

l h i c k n e s s ,  w h ' i c h  i n  c o m b i n a t i o n  a l  l o w  a n  i n t e r p r e t a l i o n  o f  t h e  s p a t i a i

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

T h e  w a t e r  t a b l e  t o p o g r a p h y  m a p ,  P l a t e  I ,  s h o w s  t h e  e l e v a t i o n ,  s l o p e

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

ihe  contour  t ines .  0 ther  minor  f iow sys tems are  no t  shown because the  map

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

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

wa ler  var ies  in  depth  be low ihe  land anywhere  f rom a  few ' inches  to  more  rhan
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4 0  f e e t ' i n  u p i a n c i  g r a v e l  f o r m a t i o n s .  U n l e s s  s p e r : i f i e d ,  t h e  w a t e r  l e v e l  d a t a

determined v ' ia  deep ho le  tes ts  assumes ac tua l  g r r rundwater  tab le  and nc t  perched

cond i  t i  ons .  In  some I  oca t ' ions  perched cond i  t i  on :s  a re  suspec ted  a l  ihough

t h e y  c o u l d  n o t  b e  c o n f i r m e d  w i t h  t h e  a v a ' i l a b l e  i n f o r m a t j o n .

The bedrock  topography  map,  P ia te  IV ,  shows the  loca t ' ion  o f  p re-

g i  ac i  a l  bur i  ed  va f  ieys  w i  th ' in  the  Town.  A  major  channe l  w ' inds  f rom nor th

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

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

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

Cne is  found under  the  L inco ln  Road area  and the  o ther  i s  be low the  Town

Center .  In  the  Lake Coch i tua te  a rea  the  major  bur ied  va l ley  i s  very  deep

a n d  w i d e ,  p r o b a b l y  r e p r e s e n t i n g  t h e  c o n f l u e n c e  o f  m o r e  t h a n  o n e  p r e - g l a c i a l
c f r o . a m  / A < c r h o f  t r p (  S u d b u r y ) ,  a S  d e S c r i b e d  i n  a n  e a r ' l i e r  S e c l ' i o n  o f  t h j s

r e p o r t .  B e y o n d  L a k e  C o c h i t u a t e  t h e  p r e - g l a c i a l  v a 1 1 e y  f o l l o w s  a  c o u r s e

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

pre-g l  ac ia l  Sudbury  and Assabet  va l  l  eys  en ter  i ^ ia .y i  and,  a l  though i  t  appears
/ k - - ^ , . t  ^ ^  . ' . . - i 1 - h ' l ^  . l : * : \  * h r +  + h n  € n - m n n  ^ ^ ^ r r F c  c n r r f h r . r n c +  n €  l e l z o  f n a h i J - r r -
\ u c l J c u  u t t  c l v q l  t q u t c  u q L q /  L . r q u  u l t !  t v t l [ g r  v u u u r  J  J v u u r r v r E J u  v r  L u r \ L  u v u . r r  L u '

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

be tween  S toneor idge  Road  and  Pe lham i s land  Road .  Mo t t s '  ( 1977  )  bed rock

map  shows  a  p re -g lac ia l  va l i ey  under  ! , l ash  B rook  en te r i ng  l ^ l ay land  no r th  o f

P e l h a m  I s l a n d  R o a d .  T h e  l o c a t i o n  o f  b u r i e d  v a l l e y s  a t  t h e  n o r t h  e n d  o f

W a y i a n d  a n d  S u d b u r y  i s  u n c l e a r  b e c a u s e  t h e  f l o o d  p l a i n  a r e a  a b o v e  i s  v e r y

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

v a 1 1 e y  u n d e r  t h e  S u d b u r y  R i v e r  i s  v e r y  w i d e  o r  t h a t  s e v e r a l  d e e p  c h a n n e i s

ex i  s t .  Th i  s  sugges t ' i on  j  s  based  on  the  fac t  t ha t  L i  nco l  n  has  a  po ten t ' i a l

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

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

n z l a r l  d o n n c i  f  c

The  d i f f e rence  i n  e leva t i on  be tween  the  wa te r  l ab le  and  the  bed rock

su r face  c ie te rm jnes  the  dep th  o f  t he  sa tu ra fed  zone .  The  sa tu ra ted  rh i ckness

f r d p ,  P l a t e  V I ,  s h o w s  w h e r e  t h e  d e e p  g l a c i a l  d e p o s i i s  a r e  l o c a t e d  a s  c o m p a r e d

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

zero  i o  ove r  
. l 00  

fee t .  The  ex ten t  o f  t he  sa tu ra ted  zone ' i s  res i r i c tec i  i n

some a reas  by  subsu r face  bed rock  r i dges .  These  r i dges  a re  he lp fu l  i r L
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de l  i  nea t ' ing  the  groundwater  d ' i v ' ides  wh i  ch  are  shown i  n  P l  a te  IV .  In  some
cases  the  ground watersheds  cor respond to  the  sur face  watersheds .

A  f u r t h e r  s t e p  i n  e v a l u a t i n g  g r o u n c i w a t e r  o c c u r r e n c e  j s  t o  c l a s s i f y
s u r f a c e  a r e a s  i n  t e r m s  o f  t h e i r  r e c h a r g e  a n d  d i s c h a r g e  f u n c t i o n .  D i s -
c h a r g e  a r e a s  a r e  c l a s s i f " i e d  u n j f o r m l y  t h r o u g h o u t  t h e  a r e a ,  a l t h o u g h  o u t -
f l o w  d o e s  v a r y  i n  v o l u m e  a n d  r a t e  d e p e n d i n g  o n  t h e  p a r t i c u l a r  h y d r o l o g i c
s e t t i  n g .

Recharge areas  are  d ' i v ' ided  j  n to  four  c l  ass i  f  i  ca t i  ons  as  Cescr ibed ' in

T a b l e  V I i I  i n  t h e  A p p e n d i x .  [ a c h  c l a s s ' i s  e s t a b l i s h e d  b a s e d  o n  t h e  t o p o -
g r a p h i c  e x p r e s s i o n  a n d  g r a i n  s i z e  c h a r a c t e r i s t i c s .  T h e  d e p t h  t o  t h e  w a t e r
t a b l e  s h o u l d  b e  s e v e r a l  ( t w o  o r  m o r e )  f e e t  b e 1 o w  l a n d  s u r f a c e  t h r o u g h o u t
t h e  y e a r ,  s o  l h a t  t h e r e  i s  a d e q u a t e  v o i d  s p a c e  f o r  w a t e r  r e c h a r g e .  T h e
b e s t  r e c h a r g e  a r e a s  h a v e  m e d i u m  l o  c o a r s e  f i n e  s a n d s  a n d  g r a v e l s ,  a  f i a t

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

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

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

runoff  f rom upi  anci  t i  I  I  c i ra i  ns i  nto an aci j  aceni  sanci  ancj  gravei  format i  on .

The map o f  recharge areas  does  no t  account  fo r  the  e f fec ts  o f  vegeta t ion

o r  i m p e r v i o u s  s u r f a c e s .

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

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

s c h e m e  o r e s e n t e d  j n  T a b l e  I X  w a s  a p p l i e d  i o  t h e  s t u d y  a r e a  i n  o r o e r  l o

rank  the  aqu i fe rs  jn  te rms o f  favorab i l i t y  fo r  g roundwater  c ieve lopment ,

i l l u s t r a t e d  i n  P l a t e  V I I .  T h e  m o s t  f a v o r a b ' l e  a q u i f e r s  c o n s i s t  o f  a  l a r g e

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

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

i . € . ,  s t r e a m  o r  p o n d .  S e v e r a l  a r e a s  a l o n g  t h e  S u d b u r y  R i v e r  e x h i b i t  l h e s e

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

E .  H y d r o l o g i c  P r o p e r . t i e s  o f  G l a c i a l  S e d i m e n t s

Ear l  i  e r  c i i  scuss i  on  has

cover  and 
' land  

use can a f fec t

r u n o f f .  A f t e r  p r e c i p i t a t i o n

f o c u s e d  o n  h o w  t c p o o r a p h y ,  s o i 1 s ,

the ba t  ance between i  nf i  I  t ra l i  on
o n i a n c  i h a  n n n r r n i  I  i ^  r i i  c n n c  i  i

r ,  - - , l o ,  '  t s  o  l S p o s  l I ' l 0 n
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i n f l u e n c e d  p r i m a r i l y  b y  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  g e o i o g i c

m a l e r i a l  s .

I n  a  t y p i c a l  v e r t i c a l  p r o f i l e ,  w a t e r  p e r c o l a t e s  d o w n  t h r o u g h  s e d i -
m e n t s  b y  m e a n s  o f  t h e  o p e n i n g s  b e t w e e n  i n d i v i d u a l  g r a i n s  c f  r o c k .  T h e s e
v o i d  s p a c e s  m a y  r e m a j n  d r y  o r  b e c o m e  p a r t i a l i y  w e t t e d  f o n  a  c e r t a i n  d e p t n

b e l o w  t h e  l a n d  s u r f a c e .  T h i s  a r e a  i s  c o m m o n l y  r e f e r r e d  t o  a s  t h e  z o n e  o f
a e r a t ' i o n .  r i l i l h  i n c r e a s i n g  d e p t h  t h e  o p e n i n g s  b e c o m e  c o m p l e t e l y  f  i  i  1 e d  b y
g r o u n d w a t e r .  T h i s  s e c t j o n ' i s  c a l ' l e d  t h e  z o n e  o f  s a t u r a t j o n .  T h e  w a t e r

tab le  sur face  is  the  boundary  be tween lhese two zones  wh1ch f luc tua tes

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

0 n c e  p r e c i p i t a t i o n  h a s  r e a c h e d  l h e  s a t u r a t e d  z o n e ,  l h e  h y d r o l o g i c
proper t ies  o f  the  sed iments  de termine the  s to rage and movement  o f  g round-

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

d e p e n d e n t  o n  t h e  v o i d  s p a c e s  o r  p o r o s i t y .  P o r o s i t y  i s  d e t e r m i n e d  b y  t h e
n r r m h o v .  c i z o  c h! , u , , , v v '  J  , 4 u ,  . , t a p e  a n d  a r r a n g e m e n t  o f  t h e s e  o p e n i  n g s  .  P o r o s i  t y  i  s  h i  g h e r

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

t -o  r rn i f ov "n  sohe i  es  nacked  enc i  f - o  end  i n  r -h ree  d inens ions -  So r t i nL r  reD l "e -- r l t - '

s e n t s  t h e  r a n g e  o f  g r a i n  s i z e s .  G l a c i a l  d e p o s i t s  a r e  w e l l  s o r t e d  i f  t n e y

h a v e  a  n a r r o w  d i s t r i b u t i o n  o f  g r a i n  s i z e s ;  p o o r i . y  s o r t e d  i f  t h e y  h a ' r e  a
r . r i r l o  n a n n a  n f  n n 6 j n  S i z e S .  A n  p y a m n l p  n f  r n p  o r j i n  s i  z e  d i s t r i b u t ' j  O n  f o rt r r u g  S r u t r r  u ^ q r r l l . / l s  v l

v a r i o u s  m a t e r i a ' l s  s a m p ' l e d  j n  W i l m i n g t o n ,  l 4 a s s a c h u s e t t s  ( B a k e r ,  e t . a 1  . ,

1 9 6 4 )  i s  s h o w n  i n  F i g u r e  7 .

P A R T I C L E  S I Z E (  m i l l i m e t e r r  )
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. 1 9 6 4 )
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r , ' l a te r  d ra  jns  f rom the  sa tura ted  zone by  grav i ty  o r  a r t ' i f i c ia l  pump-

i n g .  U n d e r  r h e  f o r c e  o f  g r a v i t y  o n l y  a  p o r t ' i o n  o f  t h e  t o t a l  v o l u m e  o f
water is  ac tua l  1y  re1  eased.  Th i  s  amount  i  s  knourn  as  the  spec i  f  i  c  y i  e1  d .
The water  rema ' in i  ng  and he l  d  t ' i gh t l y  to  ihe  seo i rnents  i  s  the  spec i  f  i  c
r e t e n t i o n .  V a ' l u e s  f o r  b o t h  s p e c i f i c  y i e l d  a n d  s p e c i f i c  r e t e n t i o n  v a r y
d e p e n d i n g  o n  t h e  s i z e ,  p a c k i n q  a n d  a d h e s i o n  s t r e n g t h  ( c a p i l l a r y  a n d
o s m o t i c  f o r c e s  )  o f  t h e  s e d i m e n t s  a s  a  c o l  I  e c t i  v e  u n ' i t .  B y  c o m p a r i  s o n ,  a
d e p o s ' i t  w i t h  a  c l a y  o r  s i l t y - c l a y  c o n t e n t  w i l  I  h o l d  w a t e r  m o r e  t ' i g h t l y
t h a n  a  d e p o s j t  c o n s i s t i n g  o f  s a n d  a n d  g r a v e l .  F o r  t h i s  r e a s o n ,  t h e  s m a l l -
e s t  ( a l s o  c a l l e d  t h e  e f f e c t i v e  d i a m e t e r )  t e n  p e r r : e n t  o f  t h e  t o t a l  g r a i n

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

depos i  ts .

Groundwater  f l  ow ' i s  th ree  d imens iona l  .  Ver t ' i ca l  and hor izon ta l  move-

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

t a b l e  a n d  b e c a u s e  o f  a  d i f f e r e n c e  i n  e q u i p o t e n t i a l  f o r c e s ,  i . e . ,  t h e  w a t e r
p r e s s u r e  i n c r e a s e s  w i t h  d e p t h  b e l o w  t h e  l a n d  s u r f a c e .  T h e  t y p i c a l  f l o w
p a t h  o f  g r o u n d w a t e r  i s  s h o w n  i n  F i g u r e  B a .

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

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

c u ' i a t e d  b y  D a r c e y ' s  L a w  ( a s  e x p l a j n e d  j n  t h e  A p p e n d i x )  i n  c o n n e c t i o n  w i t h

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

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

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

Hor j  zon ta l  permeab i  I  i  t y  . i s  o f  -uen more  rap ' i r l  than  ver t i  ca l  permeab i  1  -

i t y  b e c a u s e  g l a c i a l  d e o o s i t s  a r e  s t r a t ' i f j e d  n e a r i y  p a r a l l e l  t o  t h e  l a n d
q r r r f a r : e .  a n d  n n r e  s D a c p s  A r p  a l ' i o n e d  i n  t h e  s a m e  d ' i r e c t i o n .  T h e  r a t e  o ft  u r r s  u  u  '  r Y r r s u

groundwate r  f ' l ow  can  va ry  f rom a  few  inches  pe r  l yea r  t o  seve ra l  f ee t  pe r

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

va l  ues  fo r  d i  f f e ren t  geo l  og i  c  ma te r i  a l  s  a re  g i  ven  j  n  Tab l  e  V I  I  .

P e r m e a b i l  i t y  m u 1  t i p l  i e d  o , v  c h e  t h i c k n e s s  o i  i n e  a q u i r e r  g i v e s  a

v a l u e  f o r  t r a n s m i s s i b i l i i y .  T h e  l r a n s m l s s i b i i i i ' 7  ( T )  i s  a  m e a s u r e  c f  h o w

w e l l  w a t e r  c a n  f l o w  t h r c u g h o u t  + " h e  e n i i r e  t h j c k n e s s  o f  a n  a q u i f e r .  A  h i g h

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

wa te r .  I f  T  i s  
' l a rge ,  

t he  wa te r  t ab le  d r ^awdown w i l  I  be  s rna l  I  ,  bu t  l he  cone
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