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

e a c h  w e l l  d u r i n g  t h i s  p e r i o d ) ,  t h e  y i e l d  r e a c h e d  8 4 9  m i l l i o n  g a l l o n s .  I f

t h e  d e m a n d  w e r e  p r e s e n t ,  j t  j s  p o s s j b l e  t h a t  t h i s  v o l u m e  o f  w a t e r  c o u l d  b e
p roduced  because  each  we l l  r eco rd  has  demons t ra ted  tha t  t hese  max imum l r i e lds
a re  poss ' i b l  e  w l  t hou t  any  e f  f ec t s  f rom we l  I  j  n te r te rence .  S  j  nce  the  up l  and

a r e a s  c a n n o t  p r o v i d e  u p  t o  6 0 0  m ' i l l i o n  g a l l o n s  a n n u a 1 l y ,  t h e n  g r o u n d w a t e r

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

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

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

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

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

Bo th  the  h i s to r i ca l  and  recommended  max imum d rawdowns  fo r  each  we l l

a re  shown  in  Tab ' l e  3 .  D rawdowns  shou ld  no t  exceed  32  to  33  fee t  o f  t he

en t i  r e  sa tu ra ted  th i  ckness  o f  t he  aqu i  f e r .  Th i  s  de te rm i  na t ' i on  ' i n  made

based  on  the  fac t  t ha t  peak  aqu i fe r  y ie . l d  occu rs  a round  60 i6  to  67 l i  o f  we l l

dep th  i n  g roundwate r  and  dec reases  sha rp l y  t he rea f te r  (Groundwate r  and

v ' l e l  l s ,  I 9 7 5 ) .  A c c o i ' d i n g  t o  m a x ' i m u m  d i  a w d o w n  l e v e l  s ,  n o n e  c f  t h e  a q u i f e r s

have been pumped to the ' i r  max ' imum potent ia l  .  Drawdowns to a depth of  32

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

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

t e r m  l o s s  o f  s t o r a q e .

: f



Recommendal i  ons

A
R

I,, iater Suppl y
Pro tec t ion  Techn ' iques

I  .  Educat i  on-Conserva t ' ion
? .  L a n d  U s e  R e g u " l a t i o n s

a.  Genera ' l  Background
b .  T h e  S t a t e ' s  R o l  e
c .  T h e  T o w n ' s  R o l  e
d .  E x i s t i n g  L o c a l  R e g u i a t o r y  A u t h o r i t y
e .  Adopt ion  o f  New Regu la to ry  Author i ty
f  .  S t rengthen ing  Ex i  s t i  ng  Loca l  Regu l  a to ry  Author i  t y

Recommendat ions  fo r  Fur ther  Techn ica l  Inves t . iqa t ionsC .

RECOMMENDATI ONS

A.  rn la te r  Supp ly

I n  P a r t  I I I  o f  t h r ' s  r e p o r t ,  t h e  h j s t c r i c a l  u s e  o f  w a t e r  j n  t h e  T o r , v n
w a s  d i s c u s s e d  w i t h  s p e c i f i c  e m p h a s i s  o n  t h e  r e l a t ' i v e  u s e  o f  e a c h  w e l l .
H a p p y  H o l l o w  # 2  a n d  B a l d w ' i n  P o n d  # 3 ,  w i t h  t h e  h i g h e s t  d i s c h a r g e  r a t e s  o f
7 0 0  g p m  a n d  6 5 0  g p m ,  r e s p e c t i v e l y ,  w e r e  s h o w n  a s  h a v i n g  p r o v i d e d , o n  t h e

ave rage ,  a  g rea te r  po r t i on  o f  t he  to ta l  wa te r  sup rp l y  du r ing  the  yea rs  1967

t o  
. i 9 7 9 ,  

F i g u r e  1 6 .  T h e  d i s p a r i t y  b e t w e e n ' i n d i v ' i d u a l  w e l l  u s e  d u g i n g  t h i s
s a m e  p e r i o d  i s  r e f l e c t e d  i n  F i g u r e  1 7 .  B a s e d  o n  t h e s e  o b s e r v a t i o n s  i t

appears that  a  program is  needed for  w ' i thdrawa' l  o f  groundwater  f rom the

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

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

des ign  and  pe r fo rmance  cou ld  p rov ide  gu idance  to  the  Town  fo r  be t te r  con -

l ro1  o f  g roundwate r  p roduc t i  on  and  use .  I n  t h i  s  way  the  ava i  I  ab1e  wa te i

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

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

tan t  f ac to rs  ro  cons i  c i e r  . j n  adop t i  ng  a  wa te r  managemen t  p i  an .  I n  t he

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

- C



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

of  sur face  r r ra te r  dur ing  wet  seasons,  and conserv ' ing  groundwater  s to rage

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

the  spr ing  wh i le  the  o ther  we l ls  a re  res ted .  , . Jhen demand peaks  in  the

summer  and r i ver  f low is  reduced,  a  sh ' i f t  cou ld  b re  made to  the  less  ac t ive

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

O n e  i m p o r t a n t  a d v a n t a g e  o f  f o l l o w i n g  a  u t i l i z a t i o n  p l a n  f o r  a l l  t h e

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

The f requency  o f  rou t ine  work  and inspec t ions  shou ld  re f lec t  the  age and

cond i t ' i on  o f  each pump,  per fo rmance o f  the  grave l  pack  we l l  and dura t ion

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

T h e  m a p  o f  a q u i f e r  f a v o r a b i l i t y ,  P l a t e  V I i l ,  s h o w s  t h e  a r e a s  o f  c i e e p

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

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

fu tu re  shou ld  be  concent ra ted  in  these areas  because o f  the  vas t  amount  o f
g r o u n d w a t e r  s t o r a g e .  T h e  o i f f i c u l t  c h a l l e n g e  i s  f i n d i n g  g l a c i a l  m a t e r i a l s

w n i c h  e x h i b i t  g o o d  p e r m e a b i e  c h a r a c t e r i s t i c s .  M o s t  o f  t h e  d e e p  a q u i f e r

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

b e e n  t e s t e d  f o r  p o s s j b l e  w e l l  s i t e s -  0 t h e r  l o c a t i o n s  w ' i t h  t h e  s a m e  d e s i g -

na t ' ions  are  I  im i  ted  because o f  nearby  res i  dent  j  a l  deve ' lopment .  Fu ture

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

r i c u l a r l y  a t  l o c a t i o n s  w h e r e  e x i s t i n g  w e l l s  a r e  J ' o u n d  a n d  a c i d j t i o n a i  y i e l d

m a y  b e  p o s s i b l e .

0 n  P l a t e  V i I I  a n  a r e a  a r o u n d  e a c h  w e 1 l  h a s  b e e n  h i g h l i g h t e c l  f o r
g r o u n d w a t e r  p r o t e c t i o n .  E a c h  d e s i g n a t i o n  c o n t a i n s  i m p o r t a n t  u p l a n c j  a n d

lowland sand and grave l  recharge areas  and the  ccnes  o f  in f luence expec ted

wi th  normal  use .  In  these areas  an  e f fo r t  shou ld  be  made io  ec iuca te  the

l a n d o w n e r s  a b o u t  t h e  i m p o r t a n c e  o f  q o o d  l a n d  u s e  o r a c t i c e s .
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B .  Pro tec t ' ion  Techn i  ques

I  .  Educat i  on-Conserva i i  on

F o r  m a n y  y e a r s r r J a y i a n d  r e s i d e n t s  h a v e  b e e n  f o r t u n a t e  i n  r e c e i v i n g  a
s e e m i n g i y  e n d l e s s  s u p p l y  o f  g o o d  q u a l i t y  w a t e r .  T h e  p u b f  i c ' s  g e n e r a l  c o n -
s u m p t i o n  i n c r e a s e d  t o  a  p e a k  l e v e l  i n  t h e  l a s t  f e w  y e a r s  a n d  f o r  t h i s  a n d
other  reasons ,  the  need fo r  consumers  to  deve lop  a  be t te r  unders tand ing  o f
water  resources  became ev ' ident .  Today  peop le  a re  now mone aware  o f  the
i m p o r t a n c e  f o r  p r o t e c t i n g  s u r f a c e  a n d  g r o u n d w a t e r  s u p p l i e s  a n d  s h o u l d
b e g i n  t o  a d o p t  g o o d  c o n s e r v a t i o n  p r a c t i c e s .  P u b l ' i c  r e s p o n s e  c a n  b e  d e v e l -
o p e d  t h r o u g h  i n f o r m a t i v e  a n d  p e r s u a s i v e  p r o g r a m s  i n i t i a t e d  b y  t h e  T o w n .
Some approaches wh ich  the  Town may Dursue are  descr ibed be low.

( l  )  P r e p a r e  e d u c a t i o n a l  p a m p h i e r s ,  l e t t e r s ; ,  d i a g r a m s ,  e t c .  ,
to  d i  s t r i  bu te  ' in  a  Town-wi  de  mar ' l  i  ng  or  w. i th  the  water
b i l l s .  T h ' i s  w o u ' i d  b e  a n  e x p a n s i o n  o n  t h e  c u r r e n t ,  e f f o r t s
by  the  Water  Depar tment  to  jn fo rm the  pub l ic  about  water
u s e .  i d e a s  I  ' i k e  w a t e r - s a v ' i n g  d e v i  c e s  .  c o n s e r v a t ' i o n  p r : c -
t i c e s  a n d  v o l u n t a r y  

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

( 2 )  S e e k  v o l  u n t a r y  c o o p e r a t i  o n  f r o m  S u s i  n e s s ,  r  n d u s t r y ,
r e c r e a t i o n  ( g o l f  c o u r s e s )  a n d  m u n i c i p a l  f a c i l i t i e s  t o
reduce excess  water  consumpt ion .

( 3 )  L o c a l  n e w s p a p e r s  c o u l d  b e  a  g o o d  s o u r c e  f o r  d i s s e m i n a t i n g' in fo rmat ' ion  I  i  ke  a  month ly  repor t  on  the  water  supp lv
s i t u a t i o n ,  s p e c i a l  p r o b l e m s  o r  r e q u e s l . s .

( 4 )  L i b r a r i e s  a n d  o t h e r  m u n i c i p a 1  b u i I d i n c l s  c o u l d  b e  u s e d  f o r
e d u c a t i o n a l  p r o g r a m s ,  d i s p l a y s ,  e t c .  T h e  s c h o o i  s y s t e m
c o u l d  p r o v i d e  a d d i t i o n a l  p r o g r a m s  i n  t h i s  r e g a r d .

( 5 )  l m p l e m e n t  w a t e r  c o n s e r v a t i o n  l e c h n i q u e s  s u c h  a s  i n c r e a s e d
f e e s ,  s u r c h a r g e s  d u r i n g  p e a k  u s a g e  o r  s c h e d u . l e s  f o r  h i g n
vo lume users .  In  t imes o f  d rought  more  severe  s teps  sucn
a s  w a t e r  b a n s  o r  u s e  l i m i t a t ' i o n s  m a y  b e c o m e  n e c e s s a r y .

2 .  Lanc i  Use  Regu la t ' i ons

a .  Genera l  Backg round

I n  t h e  e a r ^ 1 y  i 9 7 0 ' s ,  b o i h  F e o e r a l  a n d  S t a c e  g o v e r n m e n t s  r e c o g -

n ' i zed  the  need  lo  ac i c i ress  wa te r  po l l u t i on  p rob lens  and  se t  ou t  ro  cea ' l

w i t h  t h e m  b y  e n a c t i n g  t h e  C ' l e a n  N a t e r  A c t s  a n d  s r m i l a r  w a t e r  r e s o u r c e
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p r 0 t e c t i o n  l e g ' i s l a r i o n .  T h e  r e s p o r t s j b j l i i - y  o f  i n v e s t i g a t i n g  a n d  c o n t r o l l i n g

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

agenc ies  w i th ' in  these governments ,  bu t  the  magn i tude o f  the  job  f requent ly

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

o f  t h e  F e d e r a l  a n d  S t a t e  o f f i c j a l s  t o  d e a l  w i l h  p o l l u t i o n  p r o b ' l e m s  p a r t i c u -

1 a 1 1 y  a t  t h e  l o c a l  l e v e l .  A s  t h e  r ' n t e r e s t  i n  p r o t e c t i n g  s u r f a c e  a n d  g r o u n c i -

water  resources  became more  w idespread ' in  Massachuset ts ,  new laws were

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

b le  to  wet land env ' i ronments  a re  the  Sta te  C lean Waters  Ac t ,  Coasta l  and

Inl  and l .Jet l  ands Restr ict i  on Act and t^Jet l  ands Protect i  on Act.  The l4assachu-

se t ts  Depar tment  o f  Env j ronmenta l  Qua l ' i t y  Eng ineer ing  has  promulga ted  regu-

I  a i i  ons  fo r  con t ro l  1  i  ng  contami  nants  ' i  n  d r i  nk i  ng  water  supp l  i  es  ,  and fo r

p e r m i t t i n g  s e w a g e  d i s p o s a i  s y s t e m s  i n  a c c o r d a n c e  w . i t h  T j t l e  5  o f  t h e  S t a t e

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

bear  on  groundwater  va lues  in  a  genera l  respec t ,  bu t  none adequate ly  cover

the  pro tec t ion  o f  g roundwater  resources .  The DEQE has  a  iequ i rement  tha t

p u b l i c  w a t e r  s u p p l y  w e l l s  ( g r a v e i  p a c k e d )  m u s t  h a v e  a 1 l  t h e  l a n d  a r e a  w i t h i n

a  4 0 0  f o o t  r a d i u s  u n d e r  t h e  c o n t r o l  o f  t h e  m u n ' i c i p a l i t y .  A c q u i s i t ' i o n  o f  t h e

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

A i t h o u g h  t h e  4 0 0  f o o t  p r o t e c t i o n  d ' i s t r i c t  j s  v a l i r a b l e ,  i l  j s  o f t e n  i n s u f f i -

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

d i  s t a n c e .

D . The  S ta te '  s  Ro l  e

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

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

S t a ' t e .  A c c o r d i n g  t o  L a p p i n g  ( . 1 9 8 0 )  v e r y  l i t t l e  w o r k  h a s  b e e n  a c c o m p l i s h e d

l h r o u g h o u t  t h e  N e w  E n g ' i a n d  s t a t e s  t o  d e a l  w i t h  w a t e r  s u p p i y ,  q u a l i t y ,  a l l o -

c a t i o n  a n d  u s e .  i n  1 9 7 7  M a s s a c h u s e t t s  i s s u e d  a  W a t e r  S u p p 1 y  P o l i c y  S t u d y

to  encourage communi t jes  to  der re lop  s t ra teg ies  fo r  water  resource  pro tec-

t i o n  a n d  u t ' i l i z a t ' j o n ,  b u t  r e s p o n s e  n a s  b e e n  s l o w .  L a p o i n g  ( . I 9 8 0 )  r e o o r : e d

tha t  researchers  have examined the  ins t ' i tu t iona l  ne twork  and management
p r o c e s s e s  i n  s t a t e  g o v e r n m e n t s  a n d  c o n c l u d e d  l h a t .  t h e r e ' i s  a ' l a c k  o f  c o m -
p r e h e n s i v e  p i a n n i n g ,  a g e n c y  c o o r d j n a r i o n  a n d  l e g a i  f r a m e w o r k  f o r  w a r e r

r e s o u r c e  p r o t e c t i o n .  T h e  n e p o r t  i n d i c a t e s  t h a t  ' M a s s a c h u s e t t s  h a s  n 0
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l e g i s l a t ' i v e l y  o r  a d m i n i s t r a l i v e l y  m a n d a t e d ,  i n t e g r a t e d  c o m p r e h e n s i v e  w a t e r
y  esource  p l  ann ' ing  or  management  mechan ' i sms .  "  and,  "  .  .  .  no  admi  n i  s t ra t i  ve

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

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

t h e i r  l o c a l  w a l e r  s u p p l i e s .

c .  T h e  T o w n ' s  R o l  e

I n  some towns  the  res iden ts  have  taken  i i  upon  themse lves  to

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

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

can t  ' i s sues  ra i  sed  i  n  oppos ' i t i  on  to  I  oca l  con t ro l  has  been  ' ' t ak i  ng  w i  t hou t

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

use  regu l  a t i  ons .  A l  t hough  the  I  ega i  i  t y  o f  mun i  c i  pa i  au tho r i  t y  t o  regu l  a te

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

T u ' r n p i k e  R e a l t y  C o .  v .  T o w n  o f  D e d h a m  ( 3 6 2  M a s s .  2 2 1 , 1 9 7 2 ) ,  t h e  M a s s a c h u -

se t t s  Supreme iud ' i c i  a ' l  Cour t  a l  I  owed  the  mun i  c i  pa1  i  t y '  s  use  o f  "po1  i  ce

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

we l fa re  o f  rhe  commun i t y .  i n  a  more  recen t  cou r t  case ,  Lovequ is i  v .  Gard -

l g r  ( . l 9 7 9 ) ,  t h e  T o w n  o f  D e n n i s '  w e t l a n d s  b y l a w  w a s  u p h e l d  w h e n  c h a l l e n g e d

by  a  de , re i  ope r .  The  cou r t  ru l  ed  ' i n  f avo r  o f  p ro tec t i  ng  the  I  oca l  g round-

wa te r  supp ' l ; r  because  o f  t he  po ten t i a l  impac ts  re la ted  l o  t he  p roposed  we t -

r  a n d  a l  t e r a t i  o n s .

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

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

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

o f  r n e  g r o u n d w a t e r  r e g i m e .  0 n i y  r e c e n t l y  h a s  t h e  n e e d  o f  h y d r o g e o l o q i c
' i nves t i ga t i ons  come in to  nea l  f ocus  fo r  t he  commun i t j es  sub jec t  i o  deve l -

cpmen t  p ressu res .  l 4any  s tud ' i es  have  now oeen  i  n  i  r i a ted  ( some comp l  e ted  )

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

t - ' i ve  and  admi  n i  s t ra t i  ve  mechan i  sms  cou l  d  oe  imp i  emen ted  cy  the  S ia le .  The

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

even  seem p ron i  b i  t ' i ve  fo r  some commun j  t i  es .  Ye t ,  t he  number  and  e ;< ten t  o f
' l o c a l  

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

t i ve  sou rces  may  be  even  g rea te r .



d .  E x i s t i n q  L o c a l  R e q u l a t o r y  A u t h o r i t y

Way land ' i s  one o f  many communi t ies  in  the  Commonweal th  tha t  has
n o  f o r m a l  m e c n a n i s m  f o r  g r o u n d w a t e r  p r o t e c t i o n .  T h e  c u r r e n t  f l o o d  p l a i n

b y l a w  p e r t a i n s  p r i m a r i l y  t o  t h e  S u d b u r y  R i v e r .  i t  i s  a d m i n ' j s t e r e d  b y  t h e
Z o n i n g  B o a r d  o f  A p p e a i s  t h r o u g h  t h e  o f f i c e  o f  t h e  B u i l d i n g  I n s p e c t o r .
A l  te ra t i  ons  o f  I  and or  water in  the  F l  ood P ' la ' in  D i  s t r " i  c t  (FPD)  requ i  res  a
s p e c i a i  p e r m i t .  B e f o r e  a  p e r m i t  c a n  b e  i s s u e d ,  t n e  p r o p o n e n t  m u s t  f i l e  a n
a p p l i c a t i o n  a n d  p l a n s  w i t h  i h e  A p p e a l s  B o a r d ,  w h ' i c h  h o l d s  a  p u b l i c  h e a r i n g

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

T h e  F l o o d  P l a i n  D ' i s t r i c t ' i n c l u d e s  t h e  l o w e r  p o r t i o n s  o f  s e v e r a l
o f  the  major  b rooks  f low ing  towards  the  Sudbury  R iver .  In  o rder  to  ex tend

loca l  wet land pro tec t ion  fu r ther  ups t ream on these watercourses ,  the  Town

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

In  o rder  to  p ro tec t  wet land areas  beyond the  ' , , iPD,  the  Town must

n e l y  o n  t h e  a p p l i c a b ' i 1 i t y  o f  t h e  M a s s a c h u s e t t s  h J e t l a n d s  P r o t e c t i o n  A c t  ( l d P A ) ,

f ' l . G . 1 .  C h a p t e r  i 3 1  ,  S e c t i o n  4 0 ,  w h i c h  g i v e s  r e g u l a t o r y  a u t h o r i t y  ' " 0  t h e  l o c a l

C o n s e r v a t i o n  C o m m i s s i o n .  I n  a d d ' i t i o n ,  t h e  W P A  c a n  b e  a p p l i e d  t o  w e t ' l a n d s

i n c l u d e d  . i n  t h e  F P D  a n d  W P D .

e. Aciopt ' ion of  New Regul atory Author i  ty

The I  aws and regu l  a t i  ons  cur ren t l  y  ava i  
' l  
ab l  e  to  the  Town are

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

necessary  fo r  p reserv ing  the  Town 's  water  supp l_v .  The Town can pursue the

a d o p t i o n  o f  n e w  z o n ' i n g  r e g u i a t i o n s  u n d e r  a u t h o r i t y  o f  t h e  Z o n i n g  E n a b i i n g

Act  and the  Home Ru le  Amendment  to  the  Sta te  Const i tu t ion .  Non-zon ing

water  resource  pro tec t ion  techn iques  can a lso  be  passed by  the  iown under
g e n e r a l  m u n i c i p a i  p o w e n s  p u r s u a n t  t o  i h e  M . G . L .  C h a p t e r  4 0 ,  S e c t i o n  2 - l .

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

Sta te  u ,Je t lands  Pro tec t ' ion  Ac t .  Th is  mechan ism was f i rs i  s ta r ted  by  the

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

cour ts  ra ther  than th rough the  admin is t ra t i ve  p rocedures  requ i red  by  the

iv lassachuset ts  Depar tment  o f  Env i  ronmenta l  Qua l  i  t : r  tng i  neer i  ng .

I n  o r d e r  f o r  W a y l a n d  t o  c o n s i d e r  i m p l e m e n t i n g  z o n i n g  o r  n o n -

zon ing  regu ' la t ions ,  a  very  impor tan t  s tep  must  be  accompl ished f i rs t .  The

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

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

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

resource  va lues  tha t  need to  be  pro tec ted ,  and present  fo rma ' l  and jn fo rmal

mechan isms by  wh ich  these ' in te res ts  can be  preserved.  Once a  v iab le  p lan

is  fo rmula ted ,  i t  shou ld  be  approved by  the  Town.  The bes t  fo rum fo r

a d o p t i n g  a  c o m p r e h e n s i v e  l a n d  u s e  p l a n  i s  a t  T o w n  M e e t i n g .  0 n c e  a c c e p t e c i ,

the  p lan  can then be  imp lemented th rough the  pas :sage o f  zon ing  and non-

z o n i n g  b y i a w s .  S u c h  b y l a w s  s h o u l d  b e  s u p p o r t e d  b y  t e c h n i c a l  s t u d i e s  a n d
' informat i  on wh' i  ch wi  I  I  j  ust ' i  fy  future Town act i  on and provi  de a stronger

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

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

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

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

resource  pro tec t ion  techn ' iques .

f .  S t r e n g t h e n i n g  E x i s t i n g  L o c a ' l  R e g u l a t o r y  A u t h o r i t y

' / i  th  the  a ' id  o f  th i  s  g roundwater  s tudy ,  f ^Jay l  and shou l  d  beg i  n  to

s t rengthen ' i t s  ex i  s t ' ing  l  oca l  by l  aws and adm' in ' i s t ra t i  ve  p rocedures  .  I  t  i  s

impor tan t  tha t  land  use in  the  a f fec ted  drawdown areas  anound theTown we l ls

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

g r o u n d w a t e r  a r e a s ,  s t a n d a r d s  f o r  t h e  i n s t a l l a t i o n  o f  s e w a g e  d i s p o s a i  s y s t e m s
c h n r l  d  r r n r r i d o  :  n r o : f  o r  d o n r o o  n r :  n r n t o c i i n n  F n r  i n q f  e n r ^ p  -  f  h p  r p o t t l a : - i n n s
J l r v q l u  P t  v v  r u L  q  

Y r  s q u u l  s u y r  s u  v l  } J r  v  i l r r v q i l v s t

c o u l  d  c o n s i d e r :

The  rep l  acemen t  o f  h i  gh i y  pe rmeab l  e  so ' i l  s  w ' i - uh
a  f i ne r  more  abso rp t ' i ve  so . i ' l  .  Cu r ren t l y  t he re
i  s  no I  i  m j  ta t ' i  on on the maxi  mum perco I  a t i  on
r a t e s  a l l o w a b l e  f o r  s y s ' l e m  c o n s t r u c t i o n .

( r )
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( Z )  T h e  s u b s t i  t u t i  o n  o f  1  a r g e r  h o l  d i  n g  t a n k s .  T h i  s
pe i ^m i t s  a  g rea te r  s to rage  capac i t y  f o r  so ' l  ' i ds

to  be  decomposed  and  can  ex tend  the  l j f e  o f  t he
l e a c h i n g  f i e l d s .

( 3 )  T h e  r e q u i r e m e n t  o f  g r e a t e r  v e r t i c a l  c l e a r a n c e
a b o v e  t h e  w a t e r  t a b l e  i o  a l l o w  f o r  m o r e  s o i l
f  i  I  t r a t ' i on  and  t rea tmen t  o f  e f f l  uen t .

( 4 )  T h e  i n ' i t i a t ' i o n  o f  a  y e a r l y  i n s p e c t ' i o n  p r o g r a m
a n d  r e g u l a r  m a i n t e n a n c e  w h e n  r e q u i r e d .

( 5 )  T h e  a d o p t i o n  o f  m e a s u r e s  t o  p r e v e n r  t h e  d i s p o s a l
o f  c h e m i c a l s ,  o i . l s ,  a c i d s  a n d  s i m i l a r  c o n l a m i -
nan ts  i  n to  the  sys tem and  u l  t ima te l y  i  n to  the
g r o u n d .

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

rva ter  res ources by :

(  I  )  Con t ro i  1  i  ng  imperv i  ous  cove rage  and  s to rm d ra i  n -
age  des i  gn  so  as  to  m i  n im i  ; l e  t he  I  oss  o f  i  n f  i  I  -
t r a t i o n  a n d  m a x j m i z e  r e c h a r g e .

\ ? )  E n c o u r a g i  n g  o v e r l  a n d  f  
. l o w  

t o  . i n c r e a s e  s o ' i  l - w a t e r
con tac t  and  enhance  na tu ra  , l  ou r i  f  i  ca t i  on  .

( 3 )  R e q u i r i n g  r e , r e g e t a t i o n  t o  r : o n t r o l  e r o s ' i o n  a n d
s e d i m e n t a t i o n ,  d e i a y  r u n o f f  r a t e s  a n d  p u r i f y
water  runof f .

( 4 )  C l u s t e r i n g  o r  c o o r d i n a t i n g  n e w  c o n s t r u c t i o n  o n
I  ess  sens  j  t i  ve  a reas  o f  a  t jeve l  opment  s ' i  te  .

( 5 )  I n c o r p o r a t i n g  t h e  u s e  o f  c o n s e r v a t i o n  r e s t r i c t i o n
or  easements  on  impor tan t  hydro log ic  a reas .

( 6 )  R e s r r i c t i n g  s i t e  a l t e r a t i o n s  i c  p r e v e n t  w e t l a n d s
dest ruc t ion  and moc i i f i ca t ion  o f  q roundwater  con-
d ' i t i  ons  .

(  7 )  R e s t r i  c t i  n g  o n - s i  t e  d i  s p o s , i l  o r  w a s i e  n a t e r i  a l  s
a s  t o  s u b s t a n c e ,  I o c a t ' i o n  a n d  c I e a r a n c e  a b o v e
lhe  wa ier  tao l  e .

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

( l )  C o n t r o l l i n g  t h e  d e n s i t y  a n C  i n t e n s i t y  o f  d e v e l o p -
m e n t  o v e r  i m p o r t a n t  h y d r o q e o l o q i c  a r e a s .
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( 2 )  L i m i t i n g  t h e  s p r e a d  o f  i m p e r v i o u s  s u r r a c e s
(  pavement ,  ou ' i  i  d i  ngs  ,  ecc .  )  on  I  ano zoned fo r
b u s ' i n e s s  a n d  c o m m e r c i a ' l  u s e s ,  w h e r e  s u c h  u s e s
may impact  g roundwater  resources .

( 3 )  R e s t r i c t i n g  e n c r o a c h m e n t  w i t h i n  w e t l a n d s  a n d
f l o o d  p l a i n s .

( 4 )  C o n t r o l i i n g  g r a v e l  r e m o v a l  s i t e s  t o  a v o i d
det r imenta l  impacts  on  loca l  sur face  and
groundwater cond' i  t ' ions .

( 5 )  i n c o r p o r a t i n g  p r o c e d u r e s  a r r d  g u i d e l  i n e s  f o r
the  proper ins  ta l  l  a t i  on  o f  underground fue l  ,
was te ,  o r  chemi  ca l  s to rage fac i  I  i  t ' i es .

( 6 )  A d o p t i n g  b y l a w  p r o v i s i o n s  f ' o r  c o n t r o l l i n g  t h e
t r a n s p o r t a t i o n ,  s t o r a g e ,  L r s , e  a n d  i l l e g a l  d j s -
posa l  o f  hazardous  wastes .

I n  a d d i t i o n  t o  w o r k ' i n g  w i t h i n  e x i s t i n q  r e g u l a t o r y  a u t h o r i t y ,

the  Town cou ld  cons ' ider  adopt ing  a  mechan ism fo r  p ro tec t ing  i t s  g round-

w a r e r  s u p p i y .  0 t h e r  c o m m u n i t i e s  w i t h i n  t h e  C o m m o n w e a l t h  a r e  i o o k i n g  a t

aqu i  fe r  zon i  ng  as  a  spec i  f  i  c  over ' lay  p ro tec t i  on  d i  s t r i c t  on  ex ' i s t i  ng  r  and

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

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

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

r e a s o n s  f o r  e s t a b l i s h i n g  a q u i f e r  z o n i n g  a r e  e m b o d i e d  i n  l h e  p o i n t s  r a j s e d

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

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

Recommendat ions  fo r  Fur ther  Techn ica l  Inves t iqa t ions

P r e v i o u s  d i s c u s s i o n  h a s  a l r e a d y  i n d i c a t e d  l h e  n e e d  t o  o b t a i n  a d d i -

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

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

supp ly  aqu i  f e r .  Th i  s  cou l  d  be  accomp" l  i  shed  by  ' i ns ta l  1  i  ng  obse rva t i  on  we ' l  I  s

w ' i t h i  n  t he  cones  o f  i  n f l  uence  and  i l easu r i  ng  d raw< iown  response .  The  we l  I  s

wou l  c i  a ' l so  be  use fu l  t o  mon i  t o r  changes  ' i n  r , va te r  qua l  i  t y  and  s to rage .  A

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

q i v e n  b e l o w :
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(  I  )  The f requency  and dura t i  on  w i  th  wh i  ch  r i  ver  f i  ow (  h i  gh
and 1ow)  a f fec ts  g roundwater  s to rage and rep ien ishment
j n  e a c h  a q u i f e r .

( ? )  T h e  p e r c e n t  o f  t o t a l  v o l u m e  d i s c h a r g e d  f r o m  e a c h  p u m p i n g
wel l  tha t  cons ' i s ts  o f  up land groundwater  as  compared to
water  der ived  f rom r iver  f low computec l  on  a  month ly  bas is .
The emphas is  j s  to  quant i f y  we l l  dependence on  the  Sudbury
Ri  ver  depend i  ng  on  f l  ow and f l  ood  I  eve l  s  .

(3 )  The max imum prac t ica l  d rawdown leve l  each aqu i fe r  can  sus-
t a i n  w i t h o u t  a n y  s e r i o u s  d e t r i m e n t a l  e f f e c t s  o n  a q u i f e r
p e r f o r m a n c e ,  w a t e r  q u a i i t y  a n d  l o n g  t e r m  y i e 1 d .

( 4 )  T h e  e x t e n t  a n d  s i g n i f i c a n c e  o f  w e l l  ' i n t e r f e r e n c e  w h e n  m o r e
than one we l l  ' i s  d r ' scharg ing  f rom the  same or  cont iguous
a q u i f e r .

(  5  )  The po ten t i  a1  fo r  deve l  opment  o f  add i  t ' i ona l  we l  I  s  ' i  n
e x i s t i n g  p r o d u c t i o n  a r e a s  w i t h o u t  s i g n i f i c a n t l y  a f f e c t i n g
t h e  a v a i l a b l e  w a t e r  s u p p l y .

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

order  to  jdent ' i f y  a reas  where  the  r i ver  i s  hydrau l i ca l ' l y  connected  to  the

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

t ion  and sha l  I  ow hand auger  bor i  ngs  .  The resu l  ts  cou l  d  be  mapped ' in  re l  a t i  on

t o  P l a t e  V I I  f o r  f u t u r e  s t u d i e s .

r , ^ / i th in  each major  watershed,  the  water  budqet  components  shou ld  be

es t imated to  compare  the  propor t ion  o f  to ta l  ra in fa l l  los t  as  s to rm runof f

w i th  the  amount  recharged in to  the  groundwater  re lg ime.  S torm dra inace sys-

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

poten t i  a1  and re l  a t i ve  po l  l  u t i  on  
' loads .  

An i  nventory  o f  the  s to rm sys tems

has a i ready  been comple ted  and ' i s  ava i lab le  fo r  th is  recommended s tud"v .

The Water  Depar tment 's  p rogram o f  tes t ing  fo r  new we l l  s ' i tes  shou ld

concent ra te  on  ihose areas  i  dent  j  f  i  ed  r 'n  th ' i s  repor t  as  hav i  ng  op t i  mum
groundwater  po ten t ia l .  Because o f  the  presence o f  the  Sudbur "y  R iver  and
deep bur ied  va l leys ,  ihe  Town can cont ' inue  to  take  advantage o f  any  recharge

i  n f l  uence on  these under ly ' ing  aqu i  fe rs .

a --  0 3 -
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DEFINITION OF TERMS

C o n e  o f  I n f l u e n c e  ( d e p r g : s i o n ) - - S p a c e  w i t h i n  t h e  s a t u r a t e d  z o n e  t h a t  j s  d e -
w a r e r e o  D y  a  p u m p t n g  w e l  i  s u c h  t h a t  t h e  w a t e r  t a b l e  s u r f a c e  o r  p i e z o m e t r i c
l e v e l  c o n f o r m s  t o  t h e  s h a p e  o f  a n  i n v e r t e d  c o n e  a r o u n d  t h e  w e l l .

9 ? : 1 1 1 . 3 9 ^ i g Y i l g i  
( . " t . : i l l ) - - S a t u r a t e d  z o n e  w h i c h  h a s  a n  o v e r t y i n s  c o n f i n i n s

::::i:ll::'1,,'l'iit;:'1.:::'*lil'i,l: ll'.'llJI?',,li,y'1?',!"?i'lil;,,ll,un
w i t h - t h e  a t m o s p h e r i c  p r e s s u r e .  T h ' i s  l e v e ' l  j s  c a l l e d  t h e  p i e z o m e t r i c  w a t e r
l e v e l .

C o n s o l i d a t e d  M a t e r i a l - - S o l i d  r o c k  c o n s i s t i n g  o f  n a t u r a l  m a t e r i a l s  t i g h t l y
@ b e d r o c k ,  l e d s e

Drawdo'4n--Lower ing of  a  water  leve ' l  as water  i  s  r l i  thdrawn f rom a wel  I

Groundwater  D ischarge- -The ne lease o f  water  f rom the  sa tura ted  zone to  theffie.

Groqndwater  Rechsrgg- -Prec ' ip i ta t ion  tha t  fa l l s  on-I ne  so ]  I  and  becomes  pa r t  o f  t he  sa tu ra ted  zone"

H i ' d rau l  i c  Gr  ad ien t - -The  chanEe  in  s ta t - i c  head  pe i i
o ' l  r ec t t  on .

the  ear th ,  i  n f i  I  t ra tes  i  n to

u n ' i t  o f  d i s ' " a n c e  i i t  a  g i v e n

n r  v  n r - l z  \

n n r a c  t n  f h a
r v r  ! v  u t t g

H Y d r o g r a p h - - A  g r a p h  s h o w ' i n g  s t a g e  ( h e i g h t ) ,  f i o w ,  v e l o c i t y  o r  o r n e r  p r o p e r r y
o f  v ra te r  w. i th  respec t  to  t ' ime.

) - - T h e  c a p a c . i t y  o f  a  p e r v i o u s  m a t e r i  a l
( s o r  I  o r  r o c k )  t o  t r a n s m i t  w a t e r  u n d e r  p r e s s u r e  ( h y d r a u i i c  h e a d ) "  E x p r e s s e d
i n  t e r m s  o f  c o e f f i c i e n t  o f  p e r m e a b i i i t y  d e f i n e d  a s  t h e  r a r e  ( v e i o c i t y )  o f
f l o w  o f  w a t e r  i n  g a l l o n s  p e r  d a y  t h r o u g h  a  c r o s s  s e c t . i o n a l  a r e a  o r  o h e  s q u a r e
foo t  under  a  hydrau l i c  g rad ien t  o f  IOO% at  a  iemperarure  o f  60oF.

P o r o s i t y - - T h e  p e r c e n t a g e  o f  t h e  t o t a l  v o l u m e  o f  r n a t e r i a l  ( s o i 1
occup ied  by  open ings .  [ xp ressed  as  the  ra t i o  o f  i : he  ' r o lume o f
to ta l  vo l  ume o f  porous  mater i  a1  .

S a t u r a t e d  T h i c k n e s s - - T h i c k n e s s  o f  a n aqu i  f e r  be l  ow  the  wa te r  t ab . l e .

s p e c i f i c  R e t e n t i o ! - - T h e  w a t , e r  h e l d  ' i n  a  m a t e r i a l  ( s o i l  o r  r o c k )  a f t e r  a l  I  t h e
@ a i n i n g b y g r a v i t y h a s b e e n r e ] i e a s e d . E x p r e s S e d a S i h e
percen t  o f  vo lume o f  wa te r  re ta ' i ned  by  mo lecu la r  a t t rac t ' i on  to  the  ro ta l
v o l u m e  o f  t h e  f u 1 1 y  s a t u r a t e d  m a t e r . i a l  .

S o g c i f i c  Y ' i e ' l d - ( s t o r a o e  c a p a c i t y ) - - T h e  c a p a c i t y  o f  a  m a t e r i a ' l  ( s o i 1  o r  r o c k )  t o
re lease  wa ie r  i r om s to rage  unce r  a  fo rce  o f  g rav i t y .  [ xp ressed  as  the  pe rcen t
o f  vo lume o f  wa te r  d ra ined  by  g rav i t y  t o  the  to ta l -  vo1ume o f  f u . l 1y  sa tu ra ted
Illateri al .



D E F I N I T I 0 N  0 F  T E R M S  ( c o n t ' d . )

Transmi  ss i  b ' i l ' i t y  ( t ransmi  ss  j  v i  t y ) - -The capac i  ty  o f  an  aqu i  fe r  to  t ransmi  t
w a t e r .  E x p r e s s e d  i n  t e r m s  o f  a  c o e f f i c i e n t  o f  l r a n s m i s s i b i l i t y  d e f i n e d  a s
l h e  r a t e  o f  f l o w  o f  w a t e r  i n  g a 1 ' l o n s  p e r  d a y  r h r o u g h  a ' r e r t i c a l  s t r i p  o f
a q u ' i f e r  u n d e r  a  h y d r a u l i c  g r a d i e n t  o f  

. I 0 0 ' i  
a t  t h e  p r e v a i l i n g  w a t e r  t e m p e r a -

tu re .

Unconf  " ined Aqu ' i fe r  (water  tab l  e  aqu i  fe r ) - -The sa tura ted  zone i  s  f ree  o f  any
c o n f i n i n g  i n f l u e n c e  s u c h  l h a t  t h e  w a t e r  i s  a t  a t m o s p h e r i c  p r e s s u r e  a n d  c a n
f l  uctuate up or down.

U n c o n s o l  j d a t e d  t ' t g l g l t q l - - L o o s e l y  p a c k e d  m a t e r i a l s  c o n s i s t i n g  o f  s a n d ,  g r a v e l  ,
t e s .



A P P E N D I X

A L i s t  o f  P r o f i l e s

I
i I
IV

R L i  s t  o f

I I .
I I I .

C a s t ' l e  H i  l ' l l S p r  u c e  T r e e  L a n e  A r e a
B a l d w i n  P o n d  A r e a
Sand  H ' i l  I  A rea
Pod l '4eadow Area
Coch ' i t ua te  Lake  A rea

Tab l  es

C .

i .  Sur face f .Jatershed Areas
]  I .  Summary  o f  Land  Use  Inven to ry

i  I  I  .  Way l  and  Zon i  ng  B reakdown
I V .  D e s c r i p t i o n  o f  G e o l o q i c  M a t e r i a l s
V .  l 4e thods  fo r  Hyd rau l  r ' i  Ana lys i  s  o f  We l l  S i  t es

V I .  Ground  Wate rshed  A reas
V I I .  P e r m e a b i l i t y  o f  G e o l o g i c  l ' l a t e r i a ' l s

V I  i  I .  S u r f a c e  A r e a  C l  a s s i  f i  c a t i o n
I X .  A q u i f e r  F a v o r a b ' i l i t y  C l a s s i f j c a t i o n
X .  t ' / e l  I  Des i  gn  and  Pump ing  Capab i  1  i  t y

X I .  t , ^ l a te r  Qua l  i  t y  L im i  t a t - i ons
) ( I I .  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  f o r  t h e  ( l i v e n  w a t e r s h e d

L i  s t  o f  F . i q u r e s

G r ^ a p h  o f  W a t e r  Q u a l i t y  D a t a - - H a p p y  H o l l o w
G r a p h  o f  W a t e r  Q u a l i t y  D a t a - - M e a d o w \ / i e w
Graph  o f  Wate r  Qua l  i  t y  Da ta - -Ba l  dw ' i n  Pond

' '^Jater  Table Topography and Sur face l^Ja lersheds
Subsur face  Da ta
S u r f i c i a l  G e o l o g y
Bedrock  Topography  and  Ground  rda te rsheds
S u r f a c e  A r e a  C l  a s s ' i f  i c a t i o n
Satura ted  Th i  ckness
Aqu i  fe r  Favorab i  i  i  t y
A q u i f e r  P r o t e c t i o n

W e l l s  # l  a n d
ralel '1
l ' ^ Je l l s  #2  and

Drawdown and Di  scharqe--Meadow Vi  ew l^ /e l  I
D r a w d o w n  a n d  D i s c h a r g e - - H a p p y  H o l l o w  l i e l l s  # 1  a n d  # 2
G r a p h  S h o w i n g  C o n e s  o f  i n f l u e n c e  v s .  P u m p i n g  D u r a t i o n  f o r
l4eadow V iew and Campoe l l  Road ' ' ^ le l l  S i tes

V i i .  G r a p h  o f  R a i n f a l l ,  F r a m i n g h a m ,  M a s s a c h u s e t t s
\ / l i l .  G n a p h  o f  s u d b u r y  R i v e r  D i s c h a r g e ,  F r a m i n g h a m ,  M a s s a c h u s e t t s

I X .  G r a p h  o f  G r o u n d w a t e r  L e v e l s ,  C o c h i t u a t e  S t a t e  P a r k l , n l e l l  + 2 ,' r Jay i  and ,  Massachuse t t s

L i s t  o f  P l a t e s

I V .

V I .

D.

I I .
i I I .
I V .

\ / T

\ / T  T
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l , .Jaters hed

l .  T r o u t  B r o o k

2 .  H a z e l  B r o o k

3 .  M i l l  B r o o k

4.  Hayward  Brook

5 .  P i  n e  B r o o k

6.  Sudbury  R ' i ver

i
I i

Drrd l  e lz

Snake

Broo  k

Brook

TABLE I

SURFACE' ' ^JATERSHED AREAS

Area in

"^Jayl 
and

7T.-^-;iT

294

5 9 1

I  , 0 5 0

867

1 0 6
448
264

643

. j , 4 6 9

? n (

?02

?  2 q q

1 0 , . ] 6 8

7 .

R

Area in
Other Town-fa-^-;;;iT-

1 0 6

1 3 6

7

646

378

None
No ne

5 5

None

Not
Determ' ined

No t
Determi  ned

No t
De te rm. ined

I U L O I

Area
7M;;it-

400

7 2 7

I  , 0 5 7

1  , 2 7 6
1  a A -

I U O

448
3 1 9

643

I , 4 6 9

305

?02

?  2 q a

l  
. l  

,496

9 .

1 0 .

Lake  Coch i tua te

Char ' i es  R i  ve r

R e m a i n i n g  S u d b u r y  R .

TOTALS:



TABLE i  I

SUMMARY OF LAND USE INVENTORY
I  9 5 1  - t  9 7 1

I 95. l I 97.l
TYPe

Fo res t,
Agr i  cu l  tu re  &

0pen Land
Wet l  and
Urban Land
0utdoor

Area/ acres Percent Area/ acres Percent  Chanqe

a4 , 3 . l 8

I  ? t  q

1  q 2 7

2  7?4 .

0 4 5

P .  a n d  M a r c j a  C o b b ,
i  n i ' l i  ddl  ese.x County ,
I  4 8 - t  4 9 .

Pe rcen t

4 , 6 0 4

3 , o l l
I  , 5 6 5

988

42,1 F

J U
l 6

t 0

t 3  - 1 7
1 5  l e s s  t h a n  I
2 7  + 1 7

?  + 2

I  + l

1974 .  P ,emote  Sens ing
Massachuse t t s  I  95 . l  - l  97 . l  ,

Recreat i  on 0
M ' in i  ng ,  l r Jas te

D i  s p o s a l  0

R e f e r e n c e :  M a c C o n n e l l ,  b J i l l i a m
20  Years  o f  Change
B u l ' l  .  N o .  6 2 2 ,  p p .

TABLE i  I  I

WAYLAND ZONING BREAKDOWN

AcresT n n o  F l o c  i  n n , e f  i  n n
4 V r r L  U g r  r v r r q u . v r r

Res i  dence 20 ,000
Res' i  dence 30 ,000
Res' i  dence 40 ,000
R e s j d e n c e  6 0 , 0 0 0
Limi ted Commerci  a l
Indus t r i  a l
B u s i  n e s s  A
B u s i  n e s s  B
n . . 4 . , ^ ^  n . . i  ̂^ ^ ^ -  I
K U l U S g  U r ) p U ) O l

O r r a n l  :  r r  7 n n  i  n n
v v s l  l q / f  L v r r  r t r :

F l o o d  P l a i n  Z o n e
P l  anneo  Un i  t  Deve l  cpmen t
H i s t o r i c  D i s t r i c t

. l , 5 0 6

746
A Ant r
T  t  T V J

<  { 4 t
v  r v  r v. l 00

4

il
l a

. i 0 , ' 1 6 8

3 5 6
o 1
U I

Percen  t

r . 4 .81
7  . 3 4

43.32
3 2 . 9 0

. 9 8

. 0 4

. 3 2
1 ' !

. 1 8

i 0 0  . 0 0

a i  :  lL + .  |  |

3 .  5 0
7 q



GLACIAL DEPOSITS

I . Lake  Sudbury :

Wayl  and Stage

H i  g h  L e v e l
l ^ l o c f n n  ( f : n a

F { i n h  I o v o l

Cher ry  Brook  Stage

Low Leve l
Weston  Stage

Low Leve l
t ^ h o v . r v  R r  n n k  S f  : n o

/  u r  v v r \

I  1 .  L a k e  C h a r l  e s

H a p p y  H o l l o w  S t a g e

lv lorses Pond Stage

l - - ^ +  r \ r - + i  ^ 1 ,  c + - ^ ^
E  d >  r -  t \ c l  L  I L K  J  L c l q g

f n n h i  i r r : t o  ( l - a n o
u v 9 r r r u s q 9 s  J e s Y L

TABLE IV

DESCRIPTION OF GEOLCGIC MATERIALS

Lake i  Sp i  1  lway
El  eva t ' ion  (ms I  )

Q l  s l

0 l  c 2 *

Qc4

Q l  s i  *

Q1 sw

Q l  s 2
Q l  s 3
Q l  s 5
1 1  r  > u

O l  c h

O a 2

Q o l
Qo2

Ql  c2

Q l  c 3
Q l  cc

2 0 0 '

. l 9 5 '

1 7 7 '

- l 6 0 '

157 ' ,

. l 5 5 '

I  6 5 '
I  5 5 '
I  5 5 '' l  
55 '

I l o < r r i  n t i  n n

( Q l s l  ,  Q l s l * ,  Q . l s 2 ,  Q l s 2 *
Q ' l s 3 ,  Q 1 s 5 ,  Q l s w ,  Q l s c )

G l a c i a l  l a k e  a n d  s t r e a m  d e p o s i t s
c n n < ' i c f  i n n  n f  c a n d  . l r e \ / a i  . a n r lJ u r  r q  t

s i - l t ,  p o o r  t o  m o d e r a t e l y  s o r t e d
a n d  s t r a i i f i e d  ' i n  t h e  f o r m  o f
d e ' l t a s  ,  k n o b s ,  k e t t l  e s ,  t e r -
races  anc i  ou twash .

( Q c a )
Me ' l twa te r  depos ' i t s  cons i  s t i  ng
o f  s a n d  a n d  g r a v e l  i n  c o n t a c t
w i i h  s t a g n a n t  i c e ,  p o o r i y  s o r t e d
anr j  s t ra t  j  f  i  ed occurr i  ng ' i  n  the
f o r m  o f  k e t t l e s ,  k n o b s  ,  e s k e r s
a n d ' i c e  c h a n n e l  f i l l i n q s .

( Q  I  s b )

G l  ac i  a  I  I  a re  bo t tom depos  i  r s
c o r r s ' i s t i n g  o f  w e l l  s o r t e d  a n d
s t r e a t i f  i e d  f i n e  s a n d ,  s i l t  a n d
r - ' l  ; r v  s i  - o  n r r n r r l  9 5 .v r u J  J r 4 v  Y

( Q c 2  )
Sarne as Qc4.

( Q l c 2 ,  Q ' I c 3 ,  t l l c c )
S a m e  a s  Q l s i ,  e t c .

l 5 l  '

l a f l
t J /

137' ,

I 6 6 '

1 5 6 ' ,. j 5 6 '

i  n n n f r r l  
' l

\ U V r r u  u .  /



GLACIAL DEPOSITS

i  I  I  .  Und i  f fe ren t i  a ted  0sq

I V .  T J I I

T A B L E  I V  ( c o n t i n u e d )

L a k e / S p i  1  i w a y
E l  e v a t i  o n  ( m s 1  )

n -  1
q d l

rF1 |

Descr i  p t i  on

( Q o l ,  Q o Z )

Gl  ac i  a ' l  s t ream depos i  t s  cons  i  s  t -
i  n r3  o f  med i  um to  coarse  sand and
grave l  ,  we l  I  sor ted  and s t ra t ' i -
f i  i :d  occur r i  ng  as  ou twash or
te r races  i  n  assoc . ia t i  on  w i  th  i  ce
c o n t a c t  d e p o s i  t s .

( Q : s g )

S i r a f i  f i  p d  d e n o s i  i c  n f  c a n d
I  J q ' r q  t

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

(  Q r )

I c ,a  I  a i  d  c iepos . i t s  ove r  bed rock  o r
o the r  t i  I  I  cons ' i  s t i  ng  o f  m ' i  xed
c o m b i  n a t i o n s  o f  g r a v e l  ,  b o u l  d e r s  ,
s a n d ,  s i  I  t  a n d  c 1  a y  s i  z e  m a t e r i  a l  s  ,
p o o r . l y  s o r t e d  w i t h  I  i l t l e  o r  n o
s t ra t i  f i  ca l i  on  .

( Q a l  )

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

' l o w  
l y i n g  f l o o d

p 1  a i  n s .

(  A f )

Areas  where  geo logy  has  been
a  I  i p r p d  f r v  r - ' r t c  O f  f  i I  I  S .

n f

V.  Ho l  ocene Depos i  ts  (  Qs  )

S w a m p / M u c k  Q s  P e a t ,  m u c k ,  s i l t  a n d  s a n d  o v e r -
l y i n g  o l d e r  d e p o s i t s .

A l  I  i  v ' ium

Ar t i  f i  c i  a l



TABLE V

METHODS FOR HYDRAULIC ANALYSIS OF I^ I I iLL  SITES

N 0 N - E Q U I L I B R I U M  I 4 E T H O D  ( T h e i s ,  1 9 3 5 )  ( F r o m  H e a t h  a n d  T r a i n e r ,  l 9 6 8 )

P e r m i l s  a n  a n a l y s i s  o f  a q u i f e r  c o n d i t ' i o n s  b e f o r e  e q u i l i b r i u m  b e t w e e n  t h e
ra te  o f  w i thdrawal  and ra te  o f  recharqe is  reacneo.

xx **

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

T  =  coe f f  . i c i  en t  o f  t r ansmi  ss  i  b i  1  i  t y  i  n  gpd / f t
S  -  s t o r a g e  c o e f f i c i e n t
Q  =  pump. ing  ra te  i n  gpm
h ' - h  =  d r a w d o w n  i n  f e e t  a t  a n y  p o i n t  j n  t h e  v i c i n i t y  o f  t h e  w e l l-  

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

where drawdown is  measured
t  -  t i m e  i n  d a y s  s i n c e  p u m p i n g  s t a r t e o
! J ( u )  =  " w e l ' l  f u n c t i o n  o f  u "

M O D I F I E D  N O N - E Q p I L I B R I U M  M E T H O D  ( J a c o b  a n d  C o o p e r ,  1 9 4 0 )  ( F r o m  G r o u n d  W a t e r

P e r m i t s  a n a ' j y s i s  o f  a q u i f e r  c o n d i t i o n s  b e f o r e  e q u - i l  j b r i u m  b e t w e e n  t h e  r a t e
o f  w . i t hd rawa l  and  ra te  o f  recha rge  i s  reached  when  va lues  o f  W(u )  a re  su f f i -
c ' i e n t l y  s m a i l ,  j . e .  l e s s  t h a n  0 . 0 5 .

-  l l a . 6 Q  , ^ J ( u )
n o - n

f ,x

T'ime Drawdown Formu'l a

^ u T) = ______r:__
I  " t J7  r - / t

xx

Di stance Drawciown Forrnul  a

r =  2 6 4 Q  . t o ' 3 T t o  r - _ 5 2 4 Q  q - o . 3 T tr - a n a n g E - - l n n  - 7 - -  ' - c n i n g e l n n  ' - , ^ 3 -

' * F o r m u l a s  
p r i m a r i  l y  a p p l  i c a o  i e  t o  c o n f i n e d  a q u i f r : r s .

T ,  S ,  Q  =  S a m e  a s  a b o v e
t 0  =  ' i n t e r c e p t  o f  t h e  s t r a i g h t  l j n e  a t  t h e  z e r o  d r a w d o w n ,  i n  d a y s

r  -  d j s t a n c e  i n  f e e t  f r o m  t h e  p u m p i n g  w e l l  t o  t h e  o b s e r v a t i o n  w e l l
where drawdown measurements were made

change in  h  =  d rawdown in  fee t  across  one 1og cyc le
i  -  t i m e  i n  d a y s  s i n c e  p u m p i n g  s t a r t e d
rC =  , "1 ; r? : : l  . .  the  zero  drawdown o f  the  ex tended s t ra igh t  1 ine ,

Note :  A t  Ieas t  th ree  separa ie  observa t jon  we l Is  a t  d ' i f fe ren t  d ' i s tances  f rom
the pumped ure l l  w i th  s imu l laneous measurements  a re  needed to  use  lhe
Dis tance Drawdown Formula .

I  a n n l t  A  \
\ u r J r l u  q . l


