
TABLE V  (con t inued)

TIME DRAWDOb/N RECOVERY I'4ETHOD( F r o m  G r o u n d  I a t e r  a n d  , , l e l  I  s , l L , l  / r a  I
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S '

c h a n g e  i  n  s '

=  Same as above
=  c h a n g e  i n  f e e t  i n  r e s ' i d u a l

v a l u e s  o f  t l t '  ( m i n u t e s ) ,
s t a r t e d ,  ( t ' )  i s  t h e  t i m e

drawdown per  logar i thmic  c
( t )  i s  t h e  t i m e  s i n c e  p u m p i n g
s . i  nce  pumpi  ng  s iopped.

t h e  v ' i c i n i t y  o f  t h e  p u m p i n g  w e f  i

o f  t i m e
i i v  n f  r  n n F ^ r r c  m o d i r r m  l  n n d / F + 2 \, . J v u J | | | v v . q l | | \ J r " l ' " ,

a porous  med ium normal  to  the  f low

( h o r i z o n t a l  )

Note :  A t  I  eas t  one observa t i  on  we l  I  . in
needed to  use  th ' i s  method.

=  v o l u m e  o f  f l o w  o e r  u n i t
=  coef  f  i  c i  en t -  o f  per  meab i  1
=  c r o s s - s e c t i o n a l  a r e a  o f
=  h e a d  I  o s s  (  v e r t i  c a l  )
=  length  o f  the  f low path
=  h y d r a u l  i c  g r a d i e n t
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t r a n s m i s s i b i l i t y  i n  g p d / f t
pump ' i ng  ra te  i n  gpm
d is tance  i n  fee t  f rom the

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 ( s )

d rawdown in  fee t  i n  t he
o b s e r v a t i o n  w e l l ( s )

From Ground Waler  l , lanua' l  .  1977\

Con f i  ned  Aqu i  re rs  Uncon f i  ned  Aqu ' i  f e rs

t )

E X P L A N A T i 0 N  0 F  D A R C T Y ' S  L A | , /  ( 1 8 5 6 )  ( F r o m  H e a t h  a n , C  T r a i n e r ,  l 9 6 8 )

Def ined as  the  laminar  f ' l ow ra te  th rough a  p i^cous  med ' ium is  p ropor l ' i ona ' l  to
t h e  h e a d  l o s s  a n d  i n v e r s e l y  p r o p o r t i o n a ' l  t c  t h e ' l r 3 n g t h  o f  t h e  f ' l o w  p a t h .
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e  =  n a t u r a l  l o g
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l he  c i  r cumfe rence  o f  a rea  o f
i  n f l  uence

s a t u r a t e d  t h i c k n e s s  a t  w e l  I

I  r n n f r d  l



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

ASSUMPTIONS MADE ] . ,JHEN USING THE NON-EQUILIBRIUM METHOD

l .  T h e  a q u i f e r i s  h o m o g e n e o u s  i n  c h a r a c t e r  a n d  c o n s t a n t  p e r m e a b i l  i t y ,
u n i f o r m  i n  t h ' i c k n e s s ,  a n d  . i n f i n i t e  j n  a e r i a l  e x t e n t .

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

3 .  The water is  d i  scharged f rom s torage i  ns tan taneous ly  w i  th  a  reduc t i  on
i  n  head pressure  due to  d rawdown.

4 .  G r o u n d w a t e r  f l o w  t o  t h e  w e ' l l  i s  r a d i a l  a n d  h o r i z o n t a l .

5 .  The aqu i  fe r  rece ' i ves  no  recharge dur i  ng  purnp- ing .

ASSUMPTIONS MADE I , ^ IHEN USING THE TOUIL IBRiUM METHOD

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

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

3 .  T h e  c o n e  o f  d e p r e s s ' i o n  h a s  r e a c h e d  e q u ' i l i b r i u m ,  ' i  . e  . ,  t h e r e  i s  n o  f u r -
ther  change in  the  drawdown or  rad ' ius  o f  in f1uence w i th  cont inued
p u m p i n g  a t  t h e  g i v e n  r a t e .

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

5 .  T h e  w e l l  i s  p u m p e d  a t  a  c o n s t a n t  r a t e  a n d  i s  1 0 0  p e r c e n t  e f f i c i e n t i y
pumped.



TABLE VI

GROUND I^IATERSHED AREAS

Watershed

I .  Sudbury Ri  ver i

2 .  S u d b u r y  R i v e r  I I

3 .  Sudbury  R i  ver  I  I  I

4 .  S u d b u r y  R i v e r  I V

5.  Sudbury  R ' i ver  V

6 .  S u d b u r y  R i v e r  V I

7 .  S u d b u r r y  R i v e r  V I I

8 .  T rou t  Brook

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

1 0 .  M ' i l l  l l r o o k

I  I  .  P i  ne  l3 rook

12. Hayward Brook

I  3 .  S n a k e  B r o o k
. l4 .  

Lake Coch i  tua te

I  5 .  C h a r l  e s  R i  v e r

Rema in ing  Sudbury

TOTALS:
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PERMEABiL ]TY

TABLE V I  I

OF  GECLOGIC MATERIALS

Compara t i  ve  Va l  ues  o f  Pe rmeab i  I  i  t y

Mater i  a l

Coarse  Grave l
Medi um Gravel
Grave l
F i  ne  Grave l
Sandy Grave l
Sand and Grave l
\ / o r , r  Cna  r se  Sa  ndi u r  J

Coarse  Sand
Med' ium Sand
F i  ne  Sand
Very  F i  ne  Sand
S i  i  t y  Sand
S a n d  a n d  S i  I  t
S a n d ,  S i l t  a n d  C l a y
s i ' l r
S i l t  a n d  C l a y
C1 ay

n . r ^ ^ . : - 1  T . i - l - l
u l d L l c l I  l l  l l

Col umn I
l-:------1-
I T ? t n ) \ t l
\ ' e l s q J /

Col  umn 2-:---.:-
(m/day  )

I  , 0 0 0 - l  0 , 0 0 0

0 . 3 - 1 0

I  0 - 3 , C 0 0

0 . 0 1  - l  0

0 . 0 0 0 1 - l

Co l  umn 3
(m/day )

g t  1  , 0 0 0

I  0 0 - l  , 0 0 0

1 0- t  00

0 . 1 - 1 0

0 . 0 0 0 1 - 0 . 1

0 .  0 0 0 0 1  - 0 .  0 0 0 1

400-670
270-670
200-400
200-400
35-400
J 3 - J J 5

35-400
n E -  ? ? 6

7  - 6 7
J .  L U

l 0 - 1 6
3 - 1 0
3 - 6
3

L - J

l

References :

C o l u m n  l :  C e r v i o n e ,  M .  A . ,  e t . a l  . ,  1 9 7 ? .  t r l a t e r  R e s o u r c e s  I n v e n t o r y  o f
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TABLE VI  I  i

SURFACE AREA CLASSIFICATION

Pr jmary  Recharge:

Areas  w i th  op t imum charac ter is t ' i cs  fo r  accept ing  and t ransmi t t ing  water
f rom the  sur face  ' in to  lhe  groundwater  sys tem.  They  exh ib i t  the  h ighes t
degree o f  i  n f i  I  t ra t i  on  and ver t i  ca l  permeab i  1  i  t y .  Features  i  dent i  f i  ed  fo r
t h ' i s  c l a s s ' i f i c a t i o n " i n c l u d e  f l a t  t o  m o d e r a t e  s l o p e s ,  s t r a t i f i e d  m e d i u m  t o
coarse  sand and grave l  depos ' i t s  and a  water  tab le  above sur round ing  areas .

Secondary  Recharge:

A r e a s  w j t h  h i g h  o r  i n t e r m e d ' i a t e  c h a r a c t e r i s t i c s  f o r  a c c e p t i n g  a n d  t r a n s -
mi t t ing  water  f rom the  sur face  in to  the  groundwater  sys tem.  They  exh ib ' i t  a
h i g h  d e g r e e  o f  i n f i l t r a t i o n  a n d  g o o d  v e r t i c a l  p e r m e a b i l i t y .  F e a t u r e s ' j d e n -
t i f i e d  f o r  t h j s  c l a s s i f i c a t i o n  ' i n c l u d e  m o d e r a t e  l o  s t e e p  s l o p e s ,  s t r a t i f i e d
f j n e  t o  m e d i u m  s a n d  a n d  g r a v e l  d e p o s ' i t s  a n d  a  w a l e r  t a b l e  a b o v e  s u r r o u n d i n g
a r e a s .

L' im' i  ted Recharge :

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

T i l l  a n d  B e d r o c k :

A r e a s  c o n s i s t i n g  p r e d o m i n a n t l y  o f  t h i n  t ' i l l  o v e r l y i n g  b e d r o c k  w i t h' l i m i t e d  p o t e n t i a l  f o r  a c c e p t i n g  a n d  t r a n s m i t t i n g  w a t e r  f r o m  l h e  s u r r a c e  i n t o
the  groundwater  sys tem.  S lopes  are  modera te  to : : teep w i th  h ign  runof f  ra tes .

D i  scharge Areas  :

Areas  where  the  predominant  water  movement  j s  f rom the  groundwater  sys tem
to  sur face  f low dur ing  most  o f  the  year .  These areas  are  charac ter ized  by  wer -
l a n d  e n v i r o n m e n t s  s u s t a ' i n e d  b y  a  w a t e r  t a b l e  a t , l r  n e a r  t h e : ; u r f a c e .  i n  a r e a s
where  groundwater  e leva t ions  f luc rua te  up  and down to  a  la rge  c iegree ,  d is -
r^haroe arpAs mav func t ion  to  some ex ten t  as  recharge areas ,  l /e t  fo r  lack  o fv .  ' q .  

J v

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



TABLE IX

AQUIFER FAVORABIL ITY CLASS IF ICATION

Deep Aqu j fe rs

' l  ' - . 1 ' i n h o < i  f : ' r s p 6 $ j 1 i t y  a n d  p o t e n t i a l  y i e l d  f o r  m u n ' i c i p a l  w a l e r  s u p p l y .
G e n e r a l i y  h a v e  g r e a t e r  t h a n  6 0  f e e t  o f  s a t u r a t e d  t h i c k n e s s ,  s a n d  a n d
nnr r ro . l  r l on r ;5  i t s  w i  t h  coa rse  g ra i  ns  ano  . t re  c l  ose l y  assoc ia ted  v l i  - "h
p r imary  and  secondary  recha rge  a reas .

2 .  M o d e r a t e  f a v o r a b i  1  i t y  a n d  p o t e n t i a l  y i e l d  f o r  m u n i c i p a l  w a t e r  s u p p l y .
G e n e r a l l y  h a v e  g r e a t e r  r h a n  6 0  f e e t  o f  s a t u r a t e d  f h i c k n e s s ,  s a n d ,  g r a v e i
a n d  c ' l a y  d e p o s i t s  w i t h  f i n e  g r a i n s  l i m i t i n g  g r o u n c i w a t e r  f l o w ;  a n d  f r e -
q u e n t l y  a r e  c l o s e l y  a s s o c i a t e d  w i t h  p r i m a r y  a n d  s e c o n d a r y  r e c h a r g e  a r e a s .

3 .  L o w  f a v o r a b i l i t y  a n d  p o t e n t i a l  y i e l d  f o r  m u n i c i p a ' i  w a t e r  s u p p l y .  G e n -
e r a l l y  h a v e  g r e a t e r  r h a n  6 0  f e e t  o f  s a l u r a t e d  t h i c k n e s s ,  p r i m a r i l y  f i n e
s a n d ,  c l a y  w i t h  s o m e  g r a v e l  s e d i m e n t s .  H i g h  s t c r a g e  b u i  l o w  p e r m e a b i l i t y .

in termed' i  a te Aqui  fers

I  .  H i  gh  favo rab i  I  i  t y  and  po ten t i  a1  y i  e1  d  i  n  t e rms  o f  supp l  emen t i  ng  g round-
w a t e r  f l o w  j n t o  l h e  d e e p  a q u i f e r s .  G e n e r a l i y  h a v e  g r e a t e r  t h a n  4 0  f e e t
o f  s a t u r a t e d  t h i c k n e s s ,  s a n d  a n d  g r a v e ' l  d e p o s i t s  w i l h  c o a r s e  g r a i n s  a n d
are  assoc ia ted  w i th  p r imar_y  and  secondary  r r : cha rge  a reas .  Good  fo r
d o m e s t j c  w a t e r  s u p p l y .

? .  L o w  t o  m o d e r a t e  f a v o r a b i l i t y  a n d  p o t e n t j a l  y i e l d  i n  t e r m s  o f  s u p p l e m e n t -
i n g  g r o u n d w a t e r  f l o w  i n t o  t h e  d e e p  a q u i f e r s .  G e n e r a l i y  h a v e  g r e a t e r  t h a n
4 0  f e e t  o f  s a t u r a t e d  t h i c k n e s s ,  s a n d ,  g r a v e I  a n d  c l a y  d e p o s ' i t s  w i t h  f i n e
g ra i  ns  I  im j  t i  ng  g roundwate r  f l  ow ;  and  a re  a :ssoc i  a ted  w i ' t h  some p r imar l r
bu t  rnos t ' l y  secondary  and  l im i ted  recha rge  a reas .

Sha l  I  ow  Aqu ' i f e rs

l .  H i g h e s t  i m p o n t a n c e  t o  t h e  m a i n t a i n a n c e  o f  s ' L r e a m  a n d  w e t l a n d  e n v i r o n m e n t s
i n  u p ' l a n d  a r e a s  i n  t e r m s  o f  b a s e  f l o w  a n d  w i a t e r  q u a l i t y .  G e n e r a l l y  h a v e
grea te r  t han  20  fee t  o f  sa tu ra ted  th i ckness ,  sand  and  g rave l  oepos ' i t s
w l th  coa rse  g ra ins  and  a re  assoc ' i a ted  w i l h  r r imary  and  r secondary  recna rge
a r e a s .

2 .  i t l ode ra te  impor tance  i o  the  ma i  n ta ' i nance  o f  s t ream and  we t l  and  env i  ronmen ts
i n  u p ' l a n d  a r e a s .  G e n e r a l l y  h a v e  g r e a t e r  t h a n  l 0  f e e t  o f  s a t u r a t e d  t h i c k -
n e s s ,  s a n d  a n d  g r a v e l  d e p o s i t s  w i t h  c o a r s e  g r a i n s ;  a n d  r r e  a s s o c i a t e d
w i  t h  secondary  and  l ' im i  t ed  recha rge  a reas .

3 .  Low impor tance  to  the  ma i  n ta i  nance  o f  s t ream and  we t l  and  env ' j r onmenrs  ' i n

u p l a n o  a r e a s .  G e n e r a l l y  n a v e  g r e a t e r  t h a n  l 0  f e e r  o f  s a t u r a t e d  t h i c k n e s s ,
s a n d ,  g r a v e ' i  a n d  c l a y  d e p o s ' i t s  w j t h  f  i n e  g r a i n s  I ' i m ' i t i n g  g r o u n c l w a t e r  f l o w ;
a n d  a r e  a s s o c i a t e d  w j t h  l i m i t e d  a n d  s e c o n d a r y  r e c h a r g e  a r e a s .

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



TABLE X

W E L L  D E S I G N  A N D  P U M P I N G  C A P A B I L I T Y

YearSta t i  on

B a l d w i n  P o n d  # l

t /

#3

Happy Hol  I  ow # l

Meadow V iew # l

Campbel  I  Road # l

Di ameter

I  6  t l

t A t l

t A t l

t A t l

a A l l

2 / l t l

t n t l
L A

Horsepower

10

50

75

A n

7 5

50

E N

D : l o  / ^ ^ - \' \ q  u s  , .  y y i l r  /

400

500

650

s00

700

400

400

) 9 6 2

1962

t r J \ \

1947

1 n f  4
t J t l

I  968

In fo rmat ' ion  prov ided by  John Roche,
m e n t ,  A p r i l  l l ,  

. l 9 8 0 . S u p e r i  n t e n d e n t .l Jay l  and l ,Jarer  Depar t -
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IdATER QUALITY L IMITATIONS
( V a l u e s  a r e  i n  P P m  o r  m g / l )
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i n g  W a t e r  S u p p l i e s  T h r o u g h o u t  t h e  U n i t e d  S t a t e s '

P e r m ' i s s i b l e
Leve l

Des i  rab l  e
Leve l

Const i  tuents  i  n  Dr i  nk-

S t a n d a r d  A o o r o v e d
For Dr i  n  k i  ng i ,^ Ia ter

S u p p l ' i e s
Town Tested
Const i  tuent

Turb i  d i  t y
Sed i  men t
C o l  o r
0dor
pft
Al kal  i  n i  ty
Ha rdnes s
Cal c i  um
Magnes i  um
Sodi um
I ron
Manganese
S ' i l  i  c a
Su l  fa te
Ch l  o r i  de
S p e c .  C o n d .
Ni t r i  te )
a t . :  ! . ^ ^  ! ^  \
t \ t l - t d L s /

Copper
P o l a s s i u m
Free Amonia

0 ther  Const i tuents

;a
a A t \ -

h  I  t - x  t

q n n

2;0
125

t n

t . u
0 .  0 5

/ \ t l

A f

l n

t rnn

n -  n ^

' low

l o w
<. ]0
none -

h  I l - X  ^ l

>30
<l  50
< l  45
<l  20

< L U

none
n n q

<200

"99
l 0

none
a : :

.u9:
n : : "

: :

0 .  0 l
o:1

-.;

: _

200
125
20*

l 0
0 .  0 5

t 3 u

1:o
.10*

l_'
500
0 .  0 5
0 .  0 5 *
l n *

500
ZO

O  O l x

0 .  0 5 *
0 . 2
1 . 5
1 . 0
0 . 0 5 *
0 . 0 . I *
0 . 0 5 *

5

T o t a l  S o l  i d s
An ti mony
Arsen i  c
Bari um
Bi  carbonate
Boron
Cadmi um
Chromi um
Cyan i  de
Fl  uo r i  de
Hydrogen Sul  f i  de
t ^ - :

S e l e n i u m
S i  I  v e r
T i n c
; f rEx]mum.l  e,rel  a l  I  owed by

S u p p l  i  e s .
Mass .  DEOE Requ l  a t i  on  S tandards  fon  Pub l  i  c  l . l a te r

Reference:  Federa l  1 ,^Ja ter  Po l lu t ' ion  Cont ro l  Admin is t ra t ion ,  " l968 .  rda ie r  Qua l -
WTFTIeT1a-Pub l ic  i ^ la te r  Supp l ies :  Repor t  o f  the  Nat ' iona l  Techn ica l  Adv isor l r
C o m m i t t e e  t o  t h e  S e c r e t a r y  o f  t h e  I n t e r i o r :  F e d e r a l ' d a r e r  P o l l u t i o n  C o n t r o l
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a r d s  o f  t h  T l )  a n d  U . S .  P L r b l i c  H e a l t h  S e r v i c e
( i 9 6 2 \ .



TABLE XI  i

SURFICIAL GEOLOGIC DEPOSITS FOR THE GIV N WATERSHED
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Remai  n i  ng  Sudbury
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l lo te :  Th i  s  lab l  e  was
c n m n r r f a f i  O n  O f

(fr-res) -IIcrGsl- 
(Acres) GEresT ekretl- Gcres)

240
1 0 6

- A 294
r 0 6

5 9 1
1 3 6

I , 0 5 0
7

867
3 7 8

1 0 6
448

t8  264
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I , 4 6 9

" n F

?02

?  2 q o
J  

' ' J  
J

l 0 , l 6 E

i n  t h e

6 3 9

7 5

48
26

2 6 7
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C J Y

? .

?

/1

R

1 3 0
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204

t 0 t

i a
J L

790

437
a ?

750
7

3?A
1 5 9
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9 2
1 4 9
?02
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1 3 6

1 0 6
I B

9 5

1 0 8
9 7

1 4 6

7 6
1 7 0

t q

7
2 6
44

4

99

7
1 7 2

40

6 6

u s e d  f o r  a p p l ' i c a t i o n
groundwater  out f l  ow

oi '  s t ra  l i  f  i  ec j  dr i  f  t  acreage
f rom su r face  wa te rshed .
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