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S W P A   S o u r c e  W a t e r  P r o t e c t i o n  A r e a   
T M D L   T o t a l  M a x i m u m  D a i l y  L o a d  
T N   T o t a l  N i t r o g e n  
T O C   T o t a l  O r g a n i c  C a r b o n  
T P   T o t a l  P h o s p h o r u s  
U S A C O E  U S  A r m y  C o r p s  o f  E n g i n e e r s  
U S E P A   U S  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y   
U S F W S   U S  F i s h  a n d  W i l d l i f e  S e r v i c e  
U S G S   U S  G e o l o g i c a l  S u r v e y  
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Glossary 

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

Aquifer
A n  u n d e r g r o u n d  p o r o u s ,  w a t e r - b e a r i n g  g e o l o g i c a l  f o r m a t i o n .  

Base Flow
S t r e a m  d i s c h a r g e  d e r i v e d  f r o m  g r o u n d w a t e r  s o u r c e s  a s  d i f f e r e n t i a t e d  f r o m  s u r f a c e  
r u n o f f .  

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

Board-Feet
The board-foot is a unit of measure for the volume of timber or lumber. It is the 
volume of a one-foot length of a board one foot wide and one inch thick. 

Disinfection Byproducts
Disinfection byproducts are chemical, organic and inorganic substances that can form 
during a reaction of a disinfectant with naturally present organic matter in the water. 

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

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

GIS (Geographic Information System)
A  c o m p u t e r - b a s e d  m a p p i n g  a n d  i n f o r m a t i o n  m a n a g e m e n t  s y s t e m  t i e d  t o  g e o g r a p h i c  
d a t a .   
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Hydrology
T h e  s t u d y  o f  a  w a t e r s h e d ' s  b e h a v i o r  d u r i n g  a n d  a f t e r  a  r a i n s t o r m .  A  h y d r o l o g i c  
a n a l y s i s  d e t e r m i n e s  t h e  a m o u n t  o f  r a i n f a l l  t h a t  w i l l  s t a y  w i t h i n  a  w a t e r s h e d  -  
a b s o r b e d  b y  t h e  s o i l ,  t r a p p e d  i n  p u d d l e s ,  e t c .  -  a n d  t h e  r a t e  a t  w h i c h  t h e  r e m a i n i n g  
a m o u n t  o f  r a i n f a l l  w i l l  r e a c h  t h e  s t r e a m .  

Impoundment
A  b o d y  o f  w a t e r  f o r m e d  b y  a  d a m  o r  o t h e r  f e a t u r e  t h a t  c o l l e c t s  a n d  c o n f i n e s  w a t e r  i n  
o r  a s  i f  i n  a  r e s e r v o i r   

Lentic
E c o l o g y  o f ,  r e l a t i n g  t o ,  o r  i n h a b i t i n g  s t i l l  w a t e r .  

Limnology/Limnological
Relating to the biological, chemical, and physical features of lakes and other bodies of 
fresh water. 

Oligotrophic 
A  l a k e  o r  o t h e r  b o d y  o f  w a t e r  c h a r a c t e r i z e d  b y  e x t r e m e l y  l o w  n u t r i e n t  c o n c e n t r a t i o n s  
s u c h  a s  n i t r o g e n  a n d  p h o s p h o r o u s ,  r e s u l t i n g  v e r y  m o d e r a t e  p r o d u c t i v i t y .  S u c h  l a k e s  
a r e  o f t e n  d e e p ,  w i t h  s a n d y  b o t t o m s  a n d  v e r y  l i m i t e d  p l a n t  g r o w t h ,  b u t  w i t h  h i g h  
d i s s o l v e d - o x y g e n  l e v e l s .  O l i g o t r o p h i c  w a t e r b o d i e s  r e p r e s e n t  t h e  e a r l y  s t a g e s  i n  t h e  
l i f e  c y c l e  o f  a  l a k e .  

Palustrine
I n l a n d ,  n o n t i d a l  w e t l a n d s  c h a r a c t e r i z e d  b y  t h e  p r e s e n c e  o f  t r e e s ,  s h r u b s ,  a n d  
e m e r g e n t  v e g e t a t i o n  ( v e g e t a t i o n  t h a t  i s  r o o t e d  b e l o w  w a t e r  b u t  g r o w s  a b o v e  t h e  
s u r f a c e ) .  P a l u s t r i n e  w e t l a n d s  r a n g e  f r o m  p e r m a n e n t l y  s a t u r a t e d  o r  f l o o d e d  l a n d  t o  
l a n d  t h a t  i s  w e t  o n l y  s e a s o n a l l y .   

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

Secchi Transparency/Secchi Disk
A  m e a s u r e  o f  t h e  w a t e r  c l a r i t y  o r  t u r b i d i t y  o f  a  w a t e r b o d y ,  o r  t h e  i n s t r u m e n t  u s e d  t o  
m e a s u r e  t h i s  p a r a m e t e r .  A  S e c c h i  d i s k  i s  m o u n t e d  o n  l i n e  a n d  l o w e r e d  i n t o  t h e  w a t e r  
c o l u m n .  T h e  d e p t h  a t  w h i c h  t h e  d i s k  i s  n o  l o n g e r  v i s i b l e  i s  t a k e n  a s  a  m e a s u r e  o f  t h e  
t r a n s p a r e n c y  o f  t h e  w a t e r .   

Silviculture 
The practice of controlling the establishment, growth, composition, health, and 
quality of forests to meet diverse needs and values. 

Stumpage
The price a private firm pays for the right to harvest timber from a given land base, 
paid to the current owner of the land. 



Roaring Brook Watershed Management Plan 
 

i x   

\\vhb\gbl\proj\Bedford\52440.00 Roaring 
Brook\reports\Watershed Management 

Plan\Roaring Brook Watershed 
Management Plan_FORMATTED.docx

Thermal Stratification
A  c h a n g e  i n  t h e  t e m p e r a t u r e  a t  d i f f e r e n t  d e p t h s  i n  t h e  l a k e ,  d u e  t o  t h e  c h a n g e  i n  
w a t e r ’ s  d e n s i t y  w i t h  t e m p e r a t u r e .  

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

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

Trophic State
A  d e s c r i p t i o n  o f  t h e  v a r i o u s  p r o d u c t i v i t y  l e v e l s  o f  w a t e r b o d i e s .  W a t e r b o d i e s  a r e  
c l a s s i f i e d  b y  t h r e e  t r o p h i c  l e v e l s  ( l i s t e d  f r o m  m o s t  p r o d u c t i v e  t o  l e a s t ) :  e u t r o p h i c ,  
m e s o t r o p h i c ,  a n d  o l i g o t r o p h i c .   

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

Watershed
A  l a n d  a r e a  t h a t  d r a i n s  i n t o  a  l a k e ,  s t r e a m  o r  r i v e r .  A l s o  c a l l e d  “ b a s i n s , ”  w a t e r s h e d s  
v a r y  i n  s i z e .  L a r g e r  o n e s  c a n  b e  d i v i d e d  i n t o  s u b - w a t e r s h e d s  o r  s u b - b a s i n s .  
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1 
I ntroduction 

1.1 Purpose of this Study
F o r  m o r e  t h a n  1 0 0  y e a r s ,  t h e  R o a r i n g  B r o o k  W a t e r s h e d  h a s  p r o v i d e d  d r i n k i n g  w a t e r  
f o r  t h e  C i t y  o f  K e e n e .  T h e  w a t e r  i t  s u p p l i e s  i s  a m o n g  K e e n e ’ s  m o s t  v a l u a b l e  p u b l i c  
r e s o u r c e s .  W h i l e  t h e  K e e n e  D e p a r t m e n t  o f  P u b l i c  W o r k s  ( D P W )  o v e r s e e s  t h e  p r o p e r t y  
a c c o r d i n g  t o  S t a t e  r e g u l a t i o n s  t h a t  p r o h i b i t  a c t i v i t y  i n  t h e  w a t e r s h e d ,  t h e r e  i s  n o  
f o r m a l  m a n a g e m e n t  p l a n  i n  p l a c e .  T h e r e f o r e ,  t h i s  s t u d y  h a s  b e e n  c o n d u c t e d  t o  
p r o v i d e  i n f o r m a t i o n  n e e d e d  t o  d e v e l o p  a  c o m p r e h e n s i v e  m a n a g e m e n t  p l a n  f o r  t h e  
p r o p e r t y .  
 
T h i s  s t u d y  i n c l u d e s  a n  i n v e n t o r y  o f  t h e  n a t u r a l  f e a t u r e s  o f  t h e  w a t e r s h e d ,  a n  
e v a l u a t i o n  o f  t h e  r i p a r i a n  c h a r a c t e r i s t i c s  o f  R o a r i n g  B r o o k  a n d  t h e  l i m n o l o g i c a l  
c h a r a c t e r i s t i c s  o f  W o o d w a r d  P o n d  a n d  B a b b i d g e  R e s e r v o i r ,  a n  i n v e n t o r y  o f  t i m b e r  
a n d  o t h e r  n a t u r a l  r e s o u r c e s  o n  C i t y - o w n e d  l a n d ,  a n d  c o n s i d e r a t i o n  o f  t h e  c u r r e n t  a n d  
p o t e n t i a l  p u b l i c  u s e  o f  t h e  l a n d .  T h e  s t u d y  a p p l i e s  s c i e n c e  a n d  l a n d  m a n a g e m e n t  
p o l i c i e s  t o  d e v e l o p  a  s t r a t e g y  t h a t  p r o t e c t s  a n d  e n h a n c e s  t h e  w a t e r  s u p p l y  w h i l e  
m a x i m i z i n g  t h e  v a l u e  o f  t h e  p r o p e r t y  t o  t h e  p u b l i c .  

1.2 Watershed and Property Description
T h e  R o a r i n g  B r o o k  W a t e r s h e d  a b o v e  t h e  B a b b i d g e  R e s e r v o i r  o u t l e t  i s  a p p r o x i m a t e l y  
3 , 1 5 7  a c r e s  i n  t o t a l .  T h e  m a j o r i t y  o f  t h e  w a t e r s h e d  l i e s  w i t h i n  R o x b u r y ,  a l t h o u g h  t h e  
w a t e r s h e d  e n c o m p a s s e s  p o r t i o n s  o f  N e l s o n ,  H a r r i s v i l l e  a n d  a  s m a l l  p o r t i o n  o f  
M a r l b o r o u g h .  B a s e d  o n  c o r r e c t e d  s t a t e w i d e  t a x  p a r c e l  m a p p i n g ,  t h e  C i t y  o w n s  
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a p p r o x i m a t e l y  2 , 6 4 3  a c r e s  o f  l a n d ,  a p p r o x i m a t e l y  1 , 9 6 5  a c r e s  o f  w h i c h  l i e s  w i t h i n  t h e  
w a t e r s h e d . 1  S e e  Figure 1- 1 a n d  Table 1- 1.  
 
Table 1-1. Roaring Brook Watershed and Keene Ownership, by Town

Municipality 
Roaring Brook 

Watershed1

(Acres)
Keene Ownership2

(Acres)

Keene Ownership In 
Roaring Brook 

Watershed2

(Acres)
Roxbury 2,609 2,456 1,793
Nelson 459 148 148
Harrisville 87 25 23
Marlborough 2 5 1
Total 3,157 2,634 1,965

Note:
1 From VHB watershed delineation.
2 Parcel areas in this table are from VHB analysis of refined parcel mapping. These figures may differ from tax records. 

I n  d e v e l o p i n g  t h e  d a t a  s h o w n  i n  Table 1- 1,  d r a f t  p a r c e l  b o u n d a r i e s  w e r e  d e v e l o p e d  
f r o m  N H  G R A N I T ,  i n c l u d i n g  t h e  N H  P a r c e l  M o s a i c  d a t a  l a y e r  ( F e b r u a r y  2 0 1 7 )  a n d  
t h e  N H  C o n s e r v a t i o n / P u b l i c  L a n d s  d a t a  l a y e r . 2  P a p e r  c o p i e s  o f  h i s t o r i c a l  p r o p e r t y  
m a p s  a n d  s u r v e y s  o n  f i l e  a t  t h e  K e e n e  D e p a r t m e n t  o f  P u b l i c  W o r k s  w e r e  a l s o  
c o m p i l e d  a n d  r e v i e w e d .  D u r i n g  r e v i e w  o f  t h e  p a r c e l  d a t a ,  d i s c r e p a n c i e s  a m o n g  t h e  
v a r i o u s  s o u r c e s  w e r e  n o t e d .  A d d i t i o n a l l y ,  f i e l d  w o r k  c o n d u c t e d  a s  p a r t  o f  t h i s  s t u d y  
f o u n d  t h a t  t h e  c o n d i t i o n  o f  t h e  b o u n d a r y  l i n e s  f o r  t h e  p e r i m e t e r  o f  t h e  p r o p e r t y  w a s  
g e n e r a l l y  p o o r .  F e w  s e c t i o n s  o f  w e l l  b l a z e d  a n d  m a r k e d  l i n e s  w e r e  e n c o u n t e r e d .  
 
T o  r e s o l v e  t h e s e  m a p p i n g  i s s u e s ,  f i e l d  d a t a  w a s  c o l l e c t e d  i n  a n  a t t e m p t  t o  b e t t e r  m a p  
t h e  p a r c e l  b o u n d a r i e s .  T h i s  i n c l u d e d  t h e  u s e  o f  a u t o n o m o u s  h a n d - h e l d  G P S  r e c e i v e r s  
t o  m a p  f e a t u r e s  s u c h  a s  s t o n e  w a l l s ,  p r o p e r t y  c o r n e r s ,  a n d  b l a z e  m a r k s .  T h e s e  d a t a  
w e r e  c o l l e c t e d  w i t h o u t  t h e  a i d  o f  p o s t - p r o c e s s i n g  o r  d i f f e r e n t i a l  c o r r e c t i o n s .  T h e  
a c c u r a c y  o f  t h e  r e s u l t i n g  G P S  d a t a  r a n g e s  f r o m  a p p r o x i m a t e l y  3  t o  3 0  f e e t  a n d  
t h e r e f o r e  i s  n o t  s u r v e y  q u a l i t y ,  b u t  t h e  d a t a  d i d  a l l o w  c o r r e c t i o n  o f  p a r c e l  b o u n d a r i e s  
a p p r o p r i a t e  f o r  a  w a t e r s h e d  s t u d y .  T h e  r e s u l t i n g  c o r r e c t e d  p a r c e l  b o u n d a r i e s  w e r e  
u s e d  a s  t h e  b a s i s  f o r  a l l  s u b s e q u e n t  f i e l d  w o r k  a n d  a n a l y s i s  p r e s e n t e d  i n  t h i s  s t u d y .  
H o w e v e r ,  a  s u r v e y  o f  t h e  p r o p e r t y  i s  r e c o m m e n d e d  t o  f u l l y  d e t e r m i n e  t h e  a c t u a l  
e x t e n t  o f  C i t y  o w n e r s h i p  ( S e e  C h a p t e r  6  f o r  a  s u m m a r y  o f  r e c o m m e n d a t i o n s ) .   
 
T h e  w a t e r s h e d  i s  m o s t l y  f o r e s t e d ,  a n d  t h e  l a n d s c a p e  i s  d o m i n a t e d  b y  r o l l i n g  h i l l s  ( e.g., 
B a n k s ,  B a s s e t t ,  H o r s e ,  a n d  O a k  H i l l s ) .  A  d e e p  v a l l e y  c o n t a i n i n g  R o a r i n g  B r o o k  r u n s  
t h e  l e n g t h  o f  t h e  p r o p e r t y ,  s l o p i n g  s o u t h e a s t ,  i n t e r l a c e d  w i t h  s e v e r a l  n a r r o w  t r i b u t a r y  
v a l l e y s  w i t h  s o m e  l i m i t e d  w e t l a n d  c o m p l e x e s .  T h e  f o r e s t  o v e r s t o r y  i s  d o m i n a t e d  b y   

 
1  Statewide parcel mapping was obtained from GRANIT, the statewide GIS database, and was updated based on GPS-

mapped field evidence during this study. The resulting parcel map indicates that the City owns approximately 2,643
acres of land in total. However, this estimate is based on provisional parcel boundaries and may not reflect the true 
acreage of ownership.

2  https://granitweb.sr.unh.edu, NH Conservation/Public Lands at 1:24,000 Scale, NH Statewide Parcel Mosaic, accessed 
February 2017.
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FIGURE 1-1

Roaring Brook Watershed Management Plan

Roaring Brook Watershed
i

Keene-Owned Lands (Updated Boundary)

Roaring Brook Watershed (Above Babbidge Dam)

Town Boundary

Intermittent and Perennial Streams
Source: USGS Stream Stats, VHB, NEFCO,
NHGRANIT

 

MUNICIPALITY
ROARING BROOK 

WATERSHED 
(ACRES)

KEENE OWNERSHIP 
(ACRES)

KEENE OWNERSHIP IN 
ROARING BROOK 

WATERSHED (ACRES)
Roxbury 2,609 2,456 1,793
Nelson 459 148 148
Harrisvile 87 25 23
Marlborough 2 5 1
Total 3,157 2,634 1,965
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r e d  o a k  (Quercus rubra) a n d  w h i t e  p i n e  (Pinus strobus),  a n d  i t  i n c l u d e s  p a t c h e s  o f  
h e m l o c k  (Tsuga canadensis) a n d ,  i n  t h e  s t e e p e r  r a v i n e s ,  o c c a s i o n a l  r e d  s p r u c e  (Picea 
rubens).  T h e  r i p a r i a n  z o n e s  a r o u n d  B a b b i d g e  R e s e r v o i r  a n d  W o o d w a r d  P o n d ,  a s  w e l l  
a s  t h e  h e i g h t s  a r o u n d  H o r s e  H i l l ,  a r e  h i g h l i g h t e d  i n  t h e  N e w  H a m p s h i r e  F i s h  &  G a m e  
D e p a r t m e n t ’ s  ( N H F G D )  2 0 1 5  W i l d l i f e  A c t i o n  P l a n  ( W A P )  a s  s o m e  o f  t h e  h i g h e s t  
r a n k e d  h a b i t a t  i n  t h e  S t a t e .  ( S e e  S e c t i o n  2 . 5  f o r  a  d i s c u s s i o n  o f  w i l d l i f e  h a b i t a t  i n  t h e  
w a t e r s h e d . )  

1.3 Woodward and Babbidge Ponds
W a t e r  i s  s t o r e d  i n  t w o  i m p o u n d e d  r e s e r v o i r s  –  t h e  f i r s t  c r e a t e d  b y  t h e  W o o d w a r d  
P o n d  D a m ,  t h e  s e c o n d  b y  t h e  B a b b i d g e  R e s e r v o i r  D a m .  W o o d w a r d  P o n d  ( o r  
W o o d w a r d  R e s e r v o i r )  i s  a p p r o x i m a t e l y  1 6 6  a c r e s  i n  s i z e  a n d  s t o r e s  a p p r o x i m a t e l y  4 9 0  
m i l l i o n  g a l l o n s  o f  f r e s h w a t e r  i n  t h e  n o r t h w e s t e r n  p o r t i o n  o f  t h e  p r o p e r t y .  W a t e r  f r o m  
t h e  W o o d w a r d  P o n d  f l o w s  i n t o  B a b b i d g e  R e s e r v o i r  ( o r  B a b b i d g e  P o n d )  i n  t h e  
s o u t h e a s t e r n  p o r t i o n  o f  t h e  p r o p e r t y ,  w h i c h  i s  a p p r o x i m a t e l y  4 0  a c r e s  a n d  s t o r e s  
a b o u t  1 4 5  m i l l i o n  g a l l o n s . 3  Table 1- 2 p r o v i d e s  d a t a  o n  t h e  s i z e  o f  e a c h  o f  t h e s e  
i m p o u n d m e n t s ,  a s  w e l l  a s  t h e i r  e x p e c t e d  f l u s h i n g  r a t e s  b a s e d  o n  h y d r o l o g i c a l  
c h a r a c t e r i s t i c s .  W o o d w a r d  P o n d  i s  l a r g e r  i n  s i z e ,  b u t  h a s  a  s m a l l  w a t e r s h e d  c o m p a r e d  
t o  t h a t  o f  t h e  s m a l l e r  B a b b i d g e  R e s e r v o i r .  ( T h e  B a b b i d g e  w a t e r s h e d  i n c l u d e s  t h e  
W o o d w a r d  w a t e r s h e d . )  A s  a  r e s u l t ,  t h e  r e l a t i v e  f l u s h i n g  r a t e s  o f  t h e  t w o  r e s e r v o i r s  
a r e  m u c h  d i f f e r e n t .  B a b b i d g e  f l u s h e s  m u c h  m o r e  r a p i d l y  t h a n  W o o d w a r d ,  a n d  a s  a  
r e s u l t  w o u l d  b e  e x p e c t e d  t o  r e s p o n d  m u c h  m o r e  q u i c k l y  t o  c h a n g e s  i n  t h e  q u a l i t y  o f  
w a t e r  e n t e r i n g  t h e  r e s e r v o i r .  
 
Table 1-2.  Physical Characteristics of Roaring Brook Reservoirs

Waterbody/Basin
Size

(ac/ha)

Direct 
Watershed Area 

(ac/ha)

Total 
Watershed Area 

(ac/ha)
Ave Flushing Rate

(flushings/yr)

Woodward Pond 166/67 986/399 986/399 1.5

Babbidge Reservoir 40/16 2,011/814 3,157/12791 10.5
Notes:
1 Includes Woodward watershed and reservoir surface area

T h e  w a t e r  f r o m  B a b b i d g e  R e s e r v o i r  f l o w s  v i a  d u c t i l e  i r o n  p i p e  t o  t h e  C i t y ’ s  W a t e r  
T r e a t m e n t  F a c i l i t y  o n  R o x b u r y  S t r e e t .  T h e r e ,  i t  i s  f i l t e r e d  a n d  d i s i n f e c t e d  p r i o r  t o  
b e i n g  d e l i v e r e d  i n t o  t h e  p u b l i c  w a t e r  d i s t r i b u t i o n  s y s t e m .  

T h e  w a t e r s h e d  i s  a n  e s s e n t i a l  r e s o u r c e  t o  t h e  C i t y  o f  K e e n e ,  b o t h  n o w  a n d  f o r  t h e  
f u t u r e .  I t  s u p p l i e s  m u c h  o f  t h e  c o m m u n i t y ’ s  c u r r e n t  2 . 7  m i l l i o n  g p d  w a t e r  d e m a n d .  
A b o u t  2  m i l l i o n  g p d  i s  w i t h d r a w n  f r o m  B a b b i d g e  R e s e r v o i r ,  w i t h  t h e  b a l a n c e  

 
3  Storage volumes are from Weston & Sampson Engineers (1989).
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s u p p l i e d  b y  f o u r  g r o u n d w a t e r  w e l l s  l o c a t e d  w i t h i n  t h e  C i t y  l i m i t s .  W h i l e  t h e  C i t y  h a s  
a d e q u a t e  w a t e r  s u p p l y  c u r r e n t l y ,  p r e s e r v a t i o n  a n d  p o t e n t i a l  i n c r e a s e  o f  s a f e  y i e l d  
f r o m  e x i s t i n g  s u p p l i e s  i s  w a r r a n t e d .  A s  t h e  C i t y  a n d  r e g i o n  c o n t i n u e s  t o  g r o w ,  
m a n a g i n g  t h e  c o m m u n i t y ’ s  w a t e r  r e s o u r c e s  b e c o m e s  i n c r e a s i n g l y  i m p o r t a n t .  
P r o t e c t i n g  b o t h  t h e  q u a n t i t y  a n d  q u a l i t y  o f  t h i s  w a t e r  i s  e s s e n t i a l  t o  t h e  c o m m u n i t y .  
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2 
Natural Resources 

2.1 Introduction
T h e  f o l l o w i n g  i s  a  d e s c r i p t i o n  o f  v a r i o u s  n a t u r a l  r e s o u r c e s  t h a t  a r e  l o c a t e d  w i t h i n  t h e  
R o a r i n g  B r o o k  W a t e r s h e d ,  i n c l u d i n g  i n f o r m a t i o n  r e g a r d i n g  s o i l s ,  w e t l a n d s ,  
g r o u n d w a t e r ,  c o n s e r v a t i o n  l a n d s ,  w i l d l i f e  h a b i t a t ,  a n d  r a r e  s p e c i e s .   

2.2 Soils
S o i l  t y p e s  w i t h i n  t h e  R o a r i n g  B r o o k  W a t e r s h e d  v a r y  f r o m  s m a l l e r  a r e a s  o f  p o o r l y  
d r a i n e d  s o i l s  w i t h i n  w e t l a n d  a r e a s  o r  a l o n g  s t r e a m s  t o  l a r g e r  a r e a s  o f  w e l l  d r a i n e d  
u p l a n d  s o i l s .  Figure 2- 1 d e p i c t s  s o i l  t y p e s  b a s e d  o n  m a p p i n g  c o m p l e t e d  b y  t h e  
N a t u r a l  R e s o u r c e  C o n s e r v a t i o n  S e r v i c e  ( N R C S )  i n  t h e  C h e s h i r e  C o u n t y  S o i l  S u r v e y ,  
a n d  r e l a t e d  d a t a  i s  s u m m a r i z e d  i n  Table 2- 1 .  N o t e  t h a t  t h i s  m a p p i n g  w a s  p e r f o r m e d  
o n  a  c o u n t y - w i d e  b a s i s  w i t h  r e l a t i v e l y  l i m i t e d  s o i l  s a m p l i n g ;  n o  n e w  s o i l s  s a m p l i n g  
w a s  c o n d u c t e d  a s  p a r t  o f  t h i s  w a t e r s h e d  s t u d y .  T h e r e f o r e ,  t h e  m a p  d o e s  n o t  s h o w  
s m a l l  a r e a s  o f  c o n t r a s t i n g  s o i l s  t h a t  o c c u r  w i t h i n  t h e  m a p  u n i t s .  
 
B a s e d  o n  t h e  c o u n t y  s o i l  d a t a ,  t h e  m o s t  c o m m o n  s o i l  t y p e  w i t h i n  t h e  R o a r i n g  B r o o k  
W a t e r s h e d  i s  Tunbridge-Berkshire s o i l s  a n d  Marlow fine sandy loam.  Tunbridge-Berkshire 
s o i l s  a r e  t y p i c a l l y  s t o n y ,  w e l l - d r a i n e d  s o i l s  t h a t  o c c u r  o n  l e v e l  t o  v e r y  s t e e p  u p l a n d  
a r e a s .  T h e s e  s o i l s  a r e  c o m m o n l y  f o u n d  a t  t h e  c r e s t  o f  h i l l s i d e s  o r  a l o n g  t h e  p l a i n s  o f  
g l a c i a t e d  u p l a n d s ,  a n d  a r e  u s u a l l y  r e p r e s e n t e d  i n  o b l o n g ,  i r r e g u l a r  s h a p e s  o n  t h e  s o i l s  
m a p .  Marlow fine sandy loam s o i l s  a r e  w e l l  d r a i n e d  s o i l s  a n d  l a r g e l y  o c c u r  w i t h i n  
w o o d e d  a r e a s  o n  r o u n d e d  h i l l s  o r  s i d e  s l o p e s .  T h e s e  a r e a s  t y p i c a l l y  c o v e r  a n  a r e a  
b e t w e e n  5  a n d  4 0  a c r e s  i n  s i z e .  Berkshire and Monadnock s o i l s  a l s o  o c c u r  w i t h i n  a  l a r g e  
p o r t i o n  o f  t h e  w a t e r s h e d ,  a n d  a r e  w e l l  d r a i n e d ,  e x t r e m e l y  s t o n y  s o i l s  c o m m o n l y  
f o u n d  a l o n g  s t e e p  h i l l s i d e s  o r  m o u n t a i n o u s  a r e a s .  A  s m a l l  a m o u n t  o f  Chocorua mucky 
peat o c c u r s  a l o n g  R o a r i n g  B r o o k ,  w i t h i n  t h e  c e n t r a l  p o r t i o n  o f  t h e  w a t e r s h e d ;  t h i s  s o i l  
i s  c l a s s i f i e d  a s  a  v e r y  p o o r l y  d r a i n e d  s o i l .  T h e s e  s o i l s  o c c u r  i n  d e p r e s s i o n a l  a r e a s  
a s s o c i a t e d  w i t h  l a k e  o u t w a s h  p l a i n s  a n d  g l a c i a l  t i l l  u p l a n d s .  Lyme and Moosilauke s o i l s   
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FIGURE 2-1

Roaring Brook Watershed Management Plan

Soil Resources 
i

Keene Owned Land (Updated Boundary)

Roaring Brook Watershed (Above Babbidge Dam)

Town Boundary

Intermittent and Perennial Streams

NRCS Soils (Type)

Berkshire and Monadnock soils

Colton loamy fine sand

 Lyme and Moosilauke soils

Chocorua mucky peat

Ossipee mucky peat

Marlow fine sandy loam

Peru fine sandy loam

Pillsbury fine sandy loam

Sunapee fine sandy loam

Sheepscot sandy loam

Tunbridge-Berkshire complex

Tunbridge-Lyman

Water
Source: USGS Stream Stats, VHB, NEFCO,
NHGRANIT
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a r e  c o m m o n l y  o c c u r r i n g  p o o r l y  d r a i n e d  s o i l s  w i t h i n  t h e  w a t e r s h e d  t h a t  a r e  v e r y  
s t o n y  a n d  o c c u r  i n  d e p r e s s i o n a l  a r e a s .  T h e  p a r e n t  m a t e r i a l  o f  Lyme and Moosilauke 
s o i l s  a r e  t i l l  a n d  g l a c i a l  d r i f t .  
 
Table 2-1. Soil Types within the Roaring Brook Watershed

Soil Series Name Drainage Class
All Keene-

Owned Land
(acres)

Keene-
Owned Land 
In Watershed 

(acres)

Tunbridge-Berkshire Well drained 879 572

Marlow fine sandy loam Well drained 735 655

Berkshire and Monadnock Well drained 354 175

Peru fine sandy loam Moderately well drained 134 132

Lyme and Moosilauke soils Poorly drained 117 107

Tunbridge-Lyman Well drained 100 45

Lyman-Tunbridge Somewhat excessively 33

Colton loamy fine sand Excessively drained 31 31

Chocorua mucky peat Very poorly drained 30 30

Ossipee mucky peat Very poorly drained 27 27

Sunapee fine sandy loam Moderately well drained 8 1

Sheepscot sandy loam Moderately well drained 4 4

Pillsbury fine sandy loam Poorly drained 4 4

Monadnock fine sandy loam Well drained 0 6

Total 2,634 1,965
Note:
Totals include 177 acres of surface waters.

T h e  p r e d o m i n a n c e  o f  w e l l  d r a i n e d  a n d  s a n d y  s o i l s  o n  t h e  p r o p e r t y  c o n t r i b u t e s  t o  t h e  
r e c h a r g e  o f  W o o d w a r d  P o n d  a n d  B a b b i d g e  R e s e r v o i r ,  i m p r o v i n g  t h e  s u p p l y  o f  w a t e r  
w i t h i n  t h e  w a t e r s h e d .  T h e  p o o r l y  a n d  v e r y  p o o r l y  d r a i n e d  s o i l s  a l s o  h e l p  t o  p r o t e c t  
w a t e r  q u a l i t y ;  t h e  h i g h  o r g a n i c  c o n t e n t  o f  t h e s e  s o i l s  t e n d s  t o  t r a p  p o t e n t i a l  
c o n t a m i n a n t s  t h a t  m i g h t  o t h e r w i s e  e n t e r  t h e  w a t e r  s u p p l y .  
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2.3 Wetlands 
A c c o r d i n g  t o  t h e  N a t u r a l  W e t l a n d  I n v e n t o r y  ( N W I )  a n d  l i m i t e d  f i e l d  o b s e r v a t i o n s  
c o n d u c t e d  d u r i n g  t h i s  s t u d y ,  s e v e r a l  o p e n  w a t e r ,  f o r e s t e d ,  s c r u b - s h r u b ,  a n d  e m e r g e n t  
w e t l a n d s  o c c u r  a l o n g  R o a r i n g  B r o o k  a n d  a s s o c i a t e d  t r i b u t a r i e s .  T h e s e  s i g n i f i c a n t  
w e t l a n d s  i n c l u d e  s w a m p  a n d  m a r s h  a r e a s ,  a n d  c o v e r  a p p r o x i m a t e l y  8 . 6 %  o f  t h e  C i t y -
o w n e d  p r o p e r t y ,  o r  a b o u t  2 2 6  a c r e s .  T h i s  t o t a l  i s  l i k e l y  a n  u n d e r e s t i m a t e  o f  t h e  t o t a l  
w e t l a n d s  o n  t h e  p a r c e l ,  s i n c e  i t  i s  d e r i v e d  p r i m a r i l y  f r o m  i n t e r p r e t a t i o n  o f  a e r i a l  
p h o t o g r a p h y ;  i t  i s  l i k e l y  t h a t  a d d i t i o n a l  w e t l a n d  a r e a s  c o u l d  b e  i d e n t i f i e d  o n  t h e  
p a r c e l  i f  a  f i e l d - b a s e d  w e t l a n d  d e l i n e a t i o n  w e r e  t o  b e  c o n d u c t e d .  H o w e v e r ,  b e c a u s e  o f  
t h e  l a r g e  s i z e  o f  t h e  p a r c e l  a n d  t h e  l e v e l  o f  e f f o r t  r e q u i r e d  t o  d e l i n e a t e  w e t l a n d s  t o  
s i t e - s p e c i f i c  s t a n d a r d s ,  f i e l d  d e l i n e a t i o n  o f  t h e  e n t i r e  p a r c e l  i s  n o t  r e c o m m e n d e d  a t  
t h i s  t i m e .  T h i s  w o u l d  l i k e l y  r e q u i r e  2 0 - 3 0  d a y s  o f  f i e l d  w o r k  a n d  i s  u n l i k e l y  t o  y i e l d  
n e w  i n f o r m a t i o n  c o m m e n s u r a t e  w i t h  t h i s  l e v e l  o f  e f f o r t .  R a t h e r ,  t h e  C i t y  s h o u l d  f i e l d  
d e l i n e a t e  w e t l a n d s  i n  l i m i t e d  a r e a s  a s  r e q u i r e d  t o  s u p p o r t  f u t u r e  s i t e - s p e c i f i c  p r o j e c t s  
( e . g . ,  d a m  o r  r o a d  m a i n t e n a n c e  p r o j e c t s ) .  
 
G I S  d a t a  w a s  d e v e l o p e d  a n d  f i e l d  i n s p e c t i o n  b y  b o a t  a n d  o n  f o o t  w e r e  p e r f o r m e d  i n  
2 0 1 7  t o  r e v i e w  m a j o r  w e t l a n d  s y s t e m s  w i t h i n  t h e  p o r t i o n  o f  t h e  R o a r i n g  B r o o k  
w a t e r s h e d  o w n e d  b y  t h e  C i t y  o f  K e e n e .  Table 2- 2 p r o v i d e s  a  l i s t  o f  w e t l a n d  t y p e s  t h a t  
a r e  w i t h i n  t h e  K e e n e - o w n e d  p o r t i o n  o f  t h e  w a t e r s h e d ,  i n c l u d i n g  t h e i r  C o w a r d i n  
c l a s s i f i c a t i o n ,  a n d  Figure 2- 2 d e p i c t s  t h e i r  d i s t r i b u t i o n .  T h e  l a r g e s t  w e t l a n d  s y s t e m s  
a r e  B a b b i d g e  R e s e r v o i r  a n d  W o o d w a r d  P o n d  t h e m s e l v e s ,  b u t  o t h e r  f r e s h w a t e r  
s y s t e m s  a l s o  e x i s t  w i t h i n  t h e  w a t e r s h e d .   
 
Table 2-2. Wetlands within Keene-Owned Portions of the Roaring Brook 

Watershed

Cowardin 
Classification Cowardin Classification Definition 

All Keene-
Owned
Parcels
(acres)

Keene-
Owned 
Land In 

Watershed  
(acres)

L1UBH Lacustrine, Limnetic, Unconsolidated Bottom, Permanently 
Floded 170 170

PSS1E Palustrine, Scrub Shrub, Broad-Leaved Deciduous, 
Seasonally Flooded/Saturated 18 18

PSS1Eb Palustrine, Scrub Shrub, Broad-Leaved Decidusou, 
Seasonally Flooded/Saturated, beaver 10 10

PEM1E Palustrine, Emergent, Persistent, Seasonally 
Flooded/Saturated 8 8 

PFO1E Palustrine, Forested, Broad-Leaved Deciduous, 
Seasonally Flooded/Saturated 5 5 
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PFO1Eb Palustrine, Forested, Broad-Leaved Deciduous, 
Seasonally Flooded/Saturated, beaver 4 2 

PUBH Palustrine, Unconsolidated Bottom, Permanently Flooded 3 2

PEM1Eb Palustrine, Emergent, Persistent, Seasonally 
Flooded/Saturated, beaver 2 2 

PEM1Fb Palustrine, Emergent, Persistent, Semipermanently 
Flooded, beaver 2 2 

PFO4/1Eb Palustrine Forested, Needle-Leaved Evergreen/Broad-
Leaved Deciduous, Seasonally Flooded/Saturated, beaver 2 2 

PFO4E Palustrine, Forested, Needle-Leaved Evergreen, 
Seasonally Flooded/Saturated 2 2 

Total 226 226
Note:
Data from VHB analysis of data provided by the US Fish and Wildlife Service, National Wetlands Inventory.

D e s c r i p t i o n s  a r e  p r o v i d e d  b e l o w  f o r  e a c h  o f  t h e  t h r e e  g e n e r a l  c a t e g o r i e s  o f  t e r r e s t r i a l  
w e t l a n d s  w i t h i n  t h e  s t u d y  a r e a .  A  d i s c u s s i o n  o f  t h e  s u r f a c e  w a t e r s  w i t h i n  t h e  
w a t e r s h e d  ( i . e . ,  W o o d w a r d  P o n d  a n d  B a b b i d g e  R e s e r v o i r )  a r e  p r o v i d e d  i n  C h a p t e r s  1  
a n d  5 .   

Forested Wetlands (PFO)

F r e s h w a t e r  w e t l a n d s  w i t h  a t  l e a s t  3 0 %  t r e e  a r e a l  c o v e r a g e  a r e  c l a s s i f i e d  a s  P F O .  
D e c i d u o u s  f o r e s t e d  s w a m p s  i n  t h e  s t u d y  a r e a  a r e  g e n e r a l l y  s e a s o n a l l y  s a t u r a t e d  a n d  
o c c u r  i n  i s o l a t e d  d e p r e s s i o n s  o r  w i t h i n  t h e  f l o o d p l a i n  o f  t h e  r i v e r .  D o m i n a n t  
v e g e t a t i o n  i n  t h e  d e c i d u o u s  f o r e s t e d  s w a m p s  t y p i c a l l y  c o n s i s t s  o f  r e d  m a p l e  ( Acer 
rubrum)  a n d  w h i t e  a s h  ( Fraxinus americana)  o v e r s t o r y  w i t h  c o m m o n  w i n t e r b e r r y  ( Ilex 
verticillata)  a n d  h i g h b u s h  b l u e b e r r y  ( Vaccinium corymbosum )  i n  t h e  s h r u b  l a y e r .  
C i n n a m o n  f e r n  ( Osmunda cinnamomea) ,  j e w e l w e e d  ( Impatiens capensis) ,  s e n s i t i v e  f e r n  
( Osmunda sensibilis ) ,  r o y a l  f e r n  ( Osmunda regalis) ,  p o i s o n  i v y  ( Toxicodendron radicans) ,  
s k u n k  c a b b a g e  ( Symplocarpus foetidus ) ,  a n d  s p h a g n u m  m o s s  ( Sphagnum s p . )  p r o v i d e  
h e r b a c e o u s  g r o u n d  c o v e r .  
 
M i x e d  d e c i d u o u s / c o n i f e r o u s  f o r e s t e d  s w a m p s  t y p i c a l l y  o c c u r  i n  s e a s o n a l l y  f l o o d e d  
p i t  a n d  m o u n d  t o p o g r a p h y ,  c o n s i s t i n g  o f  s a t u r a t e d  l o a m y / s a n d y / g r a v e l l y  s o i l s  i n  
t o p o g r a p h i c  d e p r e s s i o n s .  D o m i n a n t  v e g e t a t i o n  i n  t h e  m i x e d  d e c i d u o u s / c o n i f e r o u s  
f o r e s t e d  s w a m p  c o n s i s t s  o f  r e d  m a p l e ,  w h i t e  p i n e ,  e a s t e r n  h e m l o c k  ( Tsuga canadensis) ,  
A m e r i c a n  e l m  ( Ulmus americana) ,  w h i t e  a s h ,  a n d  y e l l o w  b i r c h  ( Betula alleghaniensis)  i n  
t h e  t r e e  c a n o p y ;  n o r t h e r n  a r r o w - w o o d  ( Viburnum recognitum ) ,  h i g h b u s h  b l u e b e r r y ,  
a n d  n a n n y b e r r y  i n  t h e  s h r u b  l a y e r ;  a n d  c i n n a m o n  f e r n ,  s e n s i t i v e  f e r n ,  s k u n k  c a b b a g e ,  
g o l d t h r e a d  ( Coptis groenlandica) ,  p o i s o n  i v y ,  a n d  s p h a g n u m  m o s s  i n  t h e  h e r b a c e o u s  
l a y e r .   
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FIGURE 2-2

Roaring Brook Watershed Management Plan

Surface Waters and Wetlands
i

Keene Owned Land (Updated Boundary)

Roaring Brook Watershed (Above Babbidge Dam)

Town Boundary

NWI Wetland (Type)

Lacustrine

Palustrine

Intermittent and Perennial Streams
Source: USGS Stream Stats, VHB, NEFCO,
NHGRANIT
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Shrub Wetlands (PSS)

F r e s h w a t e r  w e t l a n d s  w i t h  l e s s  t h a n  3 0 %  t r e e  a r e a l  c o v e r a g e  a n d  g r e a t e r  t h a n  3 0 %  
s h r u b  a e r i a l  c o v e r a g e  a r e  c l a s s i f i e d  a s  P S S .  S h r u b  w e t l a n d s  a l s o  i n c l u d e  w e t l a n d s  
w h e r e  t r e e s  a n d  s h r u b s ,  i n d i v i d u a l l y ,  c o v e r  l e s s  t h a n  3 0 %  o f  a n  a r e a ,  b u t  i n  
c o m b i n a t i o n  p r o v i d e  3 0 %  o r  m o r e  a r e a l  c o v e r a g e .   
 
S h r u b  w e t l a n d s  w i t h i n  t h e  s t u d y  a r e a  g e n e r a l l y  o c c u r  a s  s e a s o n a l l y  f l o o d e d ,  d e n s e l y  
v e g e t a t e d ,  f r i n g i n g  h a b i t a t s  b o r d e r i n g  f o r e s t e d  a n d  e m e r g e n t  w e t l a n d s  a n d  a l o n g  t h e  
e d g e s  o f  R o a r i n g  B r o o k  a n d  i t s  s m a l l  t r i b u t a r y  d r a i n a g e s .  F i e l d  v e r i f i c a t i o n  c o n f i r m e d  
t h a t  s h r u b  w e t l a n d s  t y p i c a l l y  c o n s i s t  o f  n o r t h e r n  a r r o w - w o o d ,  h i g h b u s h  b l u e b e r r y ,  
s i l k y  d o g w o o d  ( Cornus amomum) ,  s p e c k l e d  a l d e r  ( Alnus rugosa) ,  h o n e y s u c k l e  ( Lonicera 
s p p . ) ,  a n d  o c c a s i o n a l  m u l t i f l o r a  r o s e  ( Rosa multiflora) ,  w i t h  s k u n k  c a b b a g e ,  s e n s i t i v e  
f e r n ,  c i n n a m o n  f e r n ,  a n d  p o i s o n  i v y  i n  t h e  h e r b a c e o u s  l a y e r .   

Emergent Wetlands (PEM)

E m e r g e n t  w e t l a n d s  a r e  f r e s h w a t e r  w e t l a n d s  ( m a r s h e s  a n d  w e t  m e a d o w s )  w i t h  a  t r e e  
a n d  s h r u b  c o v e r a g e  o f  l e s s  t h a n  3 0 %  o f  t h e  a r e a ,  b u t  w h e r e  t h e  t o t a l  c o v e r  o f  e m e r g e n t  
v e g e t a t i o n  i n  t h e  w e t l a n d  i s  3 0 %  o r  g r e a t e r .  F r e s h w a t e r  m a r s h e s  a r e  s e a s o n a l l y  
f l o o d e d  w e t l a n d s  c o m m o n l y  s a t u r a t e d  a t  o r  n e a r  t h e  s u r f a c e  w h e n  n o t  f l o o d e d ,  a n d  
a r e  d o m i n a t e d  b y  g r a s s e s  o r  g r a s s  l i k e  p l a n t s .  F r e s h w a t e r  w e t  m e a d o w s  a r e  s e l d o m  
f l o o d e d  w e t l a n d s  t h a t  a r e  s a t u r a t e d  t h r o u g h o u t  t h e  g r o w i n g  s e a s o n ,  a n d  a r e  
d o m i n a t e d  b y  h e r b a c e o u s  v e g e t a t i o n .   
 
I n  t h e  K e e n e - o w n e d  p o r t i o n  o f  t h e  w a t e r s h e d ,  f r e s h w a t e r  e m e r g e n t  m a r s h e s  e x i s t  a s  
s m a l l  i n c l u s i o n s  w i t h i n  l a r g e r  s c r u b - s h r u b  a n d  f o r e s t e d  u n i t s ,  a n d  t y p i c a l l y  c r e a t e d  o r  
i n f l u e n c e d  b y  b e a v e r  a c t i v i t y .  T h e s e  a r e a s  a r e  d o m i n a t e d  b y  b r o a d - l e a f  a n d  n a r r o w  
l e a f  c a t t a i l  ( Typha latifolia a n d  T. angustifolia) ,  w o o l  g r a s s  ( Scirpus cyperinus) ,  s p i k e  r u s h  
( Eleocharis s p p . ) ,  s h a l l o w  a n d  p o i n t e d  b r o o m  s e d g e s  ( Carex lurida a n d  C. scoparia) ,  s o f t  
r u s h  ( Juncus effusus) ,  t h r e e - s q u a r e  s e d g e  ( Scirpus americanus) ,  a n d  s p h a g n u m  m o s s .  
A m e r i c a n  e l d e r b e r r y  ( Sambucus canadensis) ,  s w a m p  m i l k w e e d  ( Asclepias incarnata) ,  
a n d  J o e - p y e - w e e d  ( Eupatorium s p . )  a r e  a l s o  f o u n d  i n  s o m e  e m e r g e n t  m a r s h  a r e a s .  
N o t a b l e  e x o t i c  i n v a s i v e  s p e c i e s ,  s u c h  a s  c o m m o n  r e e d  ( Phragmites australis)  o r  p u r p l e  
l o o s e s t r i f e  ( Lythrum salicaria) ,  w e r e  n o t  o b s e r v e d  i n  e m e r g e n t  w e t l a n d s ,  w h i c h  
i n d i c a t e d  a  h i g h  d e g r e e  o f  e c o l o g i c a l  i n t e g r i t y  a n d  r e f l e c t s  t h e i r  r e l a t i v e l y  h i g h  d e g r e e  
o f  g e o g r a p h i c  i s o l a t i o n .  ( S e e  S e c t i o n  2 . 7  f o r  m o r e  i n f o r m a t i o n  o n  i n v a s i v e  s p e c i e s  i n  
t h e  w a t e r s h e d . )  
 
T h e  p r e s e r v a t i o n  o f  t h e  w e t l a n d s  w i t h i n  t h e  w a t e r s h e d  i s  i m p o r t a n t  b e c a u s e  t h e y  
i m p r o v e  w a t e r  q u a l i t y  s u p p l i e d  t o  d o w n s t r e a m  e n v i r o n m e n t s  i n  s e v e r a l  w a y s .  B y  
s p r e a d i n g  o u t  a n d  s l o w i n g  d o w n  f l o w s  t h e y  r e d u c e  e r o s i o n  a n d  p r e v e n t  s e d i m e n t  
b e i n g  t r a n s p o r t e d  d o w n s t r e a m  w h e r e  i t  m i g h t  a f f e c t  t h e  e c o l o g y  a n d  p r o d u c t i v i t y  o f  
t h e  r e s e r v o i r s .  W h e n  h e a l t h y ,  w e t l a n d  s o i l s  a n d  v e g e t a t i o n  c a p t u r e ,  p r o c e s s  a n d  s t o r e  
n u t r i e n t s  a n d  c o n t a m i n a n t s ,  a n d  i f  t h e  w e t l a n d s  a r e  u n d i s t u r b e d ,  t h e  r e l e a s e  o f  
p o t e n t i a l  s t r e s s o r s  s u c h  a s  s e d i m e n t s ,  n u t r i e n t s ,  a c i d s  a n d  m e t a l s  f r o m  t h e  s o i l  c a n  b e  
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p r e v e n t e d .  H e a l t h y  w e t l a n d s  c a n  a s s i s t  i n  r e m o v i n g  h a r m f u l  b a c t e r i a ,  a n d  w e t l a n d s  
c a n  a l s o  b e  i m p o r t a n t  i n  t h e  m a n a g e m e n t  o f  s t o r m w a t e r  f r o m  o f f  s i t e  b y  i m p r o v i n g  
t h e  r e m o v a l  o f  n u t r i e n t s ,  s u s p e n d e d  m a t e r i a l  a n d  p a t h o g e n s  f r o m  w a t e r  p r i o r  t o  i t s  
r e t u r n  t o  t h e  e n v i r o n m e n t .  

2.4 Groundwater Resources

Aquifer Conditions

T h e  w a t e r  s u p p l y  r e s o u r c e  w i t h i n  t h e  R o a r i n g  B r o o k  W a t e r s h e d  d e r i v e s  p r i m a r i l y  
f r o m  t h e  t w o  s u r f a c e  i m p o u n d m e n t s  o f  R o a r i n g  B r o o k .  A d d i t i o n a l l y ,  t h e  w a t e r s h e d  i s  
u n d e r l a i d  b y  a  b e d r o c k - t i l l  f o r m a t i o n  ( l i k e  m o s t  o f  t h e  r e g i o n ) .  B e d r o c k - t i l l  a q u i f e r s  
a r e  m a d e  u p  o f  d i f f e r e n t  r o c k  t y p e s  a n d  a r e  c o v e r e d  b y  t i l l ,  a  r e s i d u a l  g l a c i a l  m i x  o f  
r o c k s ,  s a n d ,  s i l t  a n d  c l a y ,  w h e r e  w a t e r  o c c u r s  i n  t h e  f r a c t u r e s  a n d  f a u l t s  o f  t h e  
u n d e r l y i n g  b e d r o c k .  B e d r o c k - t i l l  a q u i f e r s  t y p i c a l l y  h a v e  l o w  y i e l d s ,  b u t  a r e  c a p a b l e  o f  
s u p p o r t i n g  e n o u g h  w a t e r  f o r  s i n g l e  f a m i l y  h o m e s  o r  s m a l l  b u s i n e s s e s ,  a s  i s  t h e  c a s e  
f o r  a  n u m b e r  o f  t h e  r e s i d e n c e s  i n  t h e  w a t e r s h e d .    

S t r a t i f i e d  d r i f t  a q u i f e r s  o c c u r  i n  v a l l e y s  a n d  c o m p r i s e  l a y e r e d  d e p o s i t s  o f  s a n d ,  g r a v e l ,  
s i l t  a n d  c l a y  l a i d  d o w n  t h o u s a n d s  o f  y e a r s  a g o  b y  g l a c i a l  m e l t w a t e r s .  W a t e r  y i e l d s  o f  
m i l l i o n s  o f  g a l l o n s  p e r  d a y  a r e  p o s s i b l e  w h e r e v e r  d e e p  s a t u r a t e d  d e p o s i t s  o f  p o r o u s  
s a n d  a n d  g r a v e l  a r e  f o u n d .   N o  s u c h  s t r a t i f i e d  d r i f t  a q u i f e r s  a r e  l o c a t e d  w i t h i n  t h e  
R o a r i n g  B r o o k  W a t e r s h e d  d u e  t o  t h e  g e o l o g y  o f  t h e  w a t e r s h e d ,  w h i c h  c o n s i s t s  m a i n l y  
o f  s t e e p  h i l l s  a n d  s h a l l o w  b e d r o c k .  A s  s h o w n  i n  Figure 2- 3 ,  t h e  n e a r e s t  s t r a t i f i e d  d r i f t  
d e p o s i t  i s  l o c a t e d  a l o n g  O t t e r  B r o o k  t o  t h e  w e s t  ( d o w n s t r e a m )  o f  t h e  R o a r i n g  B r o o k  
W a t e r s h e d .   

Wells

B a s e d  o n  a  r e v i e w  o f  d a t a  p r o v i d e d  b y  t h e  N H  G e o l o g i c a l  S u r v e y ,  s e v e r a l  p r i v a t e  
w e l l s  a r e  l o c a t e d  w i t h i n  t h e  R o a r i n g  B r o o k  W a t e r s h e d ,  a l t h o u g h  n o n e  o f  t h e s e  w e l l s  
a r e  l o c a t e d  o n  C i t y - o w n e d  l a n d .  T h e s e  w e l l s  i n c l u d e  p r i v a t e  w e l l s  a l o n g  M i d d l e t o w n  
R o a d ,  A p p l e  H i l l  R o a d ,  a n d  L e a d  M i n e  R o a d ,  a s  w e l l  a s  w e l l s  j u s t  o u t s i d e  t h e  
w a t e r s h e d ,  i n c l u d i n g  a l o n g  D a v i s  R o a d ,  H o r s e  H i l l  R o a d ,  D i l l i n g h a m  R o a d ,  a n d  P e l l  
R o a d .  B e c a u s e  t h e  N H D E S  d a t a b a s e  i n c l u d e s  o n l y  w e l l s  i n s t a l l e d  s i n c e  1 9 8 4 ,  i t  i s  
l i k e l y  t h a t  a d d i t i o n a l  p r i v a t e  w e l l s  a r e  l o c a t e d  w i t h i n  a n d  a d j a c e n t  t o  t h e  w a t e r s h e d .  

Potential Contamination Sources

T o  i d e n t i f y  p o t e n t i a l  s o u r c e s  o f  c o n t a m i n a t i o n ,  a  r e v i e w  o f  t h e  N H D E S  O n e S t o p  
d a t a b a s e  w a s  c o n d u c t e d .  T h i s  d a t a b a s e  c o n t a i n s  i n f o r m a t i o n  o n  k n o w n  a b o v e - g r o u n d  
a n d  u n d e r g r o u n d  s t o r a g e  t a n k s ,  a u t o m o b i l e  s a l v a g e  y a r d s ,  h a z a r d o u s  w a s t e  
g e n e r a t o r s ,  s o l i d  w a s t e  f a c i l i t i e s ,  a n d  a c t i v e  a n d  f o r m e r  s o i l  a n d  g r o u n d w a t e r   
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FIGURE 2-3

Roaring Brook Watershed Management Plan

Groundwater Resources
i

Keene Owned Land (Updated Boundary)

Roaring Brook Watershed (Above Babbidge Dam)

Town Boundary

Intermittent and Perennial Streams

&( Public and Private Wells 

/ Remediation Site

Stratified Drift Aquifer Source: USGS Stream Stats, VHB, NEFCO,
NHGRANIT, NHDES OneStop
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r e m e d i a t i o n  s i t e s . 4  G i v e n  t h e  r e m o t e  c h a r a c t e r  o f  t h e  w a t e r s h e d ,  o n l y  o n e  s u c h  s i t e  
w a s  f o u n d  t o  o c c u r  w i t h i n  t h e  R o a r i n g  B r o o k  W a t e r s h e d .  A n  i n a c t i v e  ( c l o s e d )  N H D E S  
r e m e d i a t i o n  s i t e  i s  l o c a t e d  a l o n g  A p p l e  H i l l  R o a d ,  w h e r e  t h e r e  w a s  a  d i s c h a r g e  o f  
k e r o s e n e  a t  a  r e s i d e n t i a l  h o m e  i n  1 9 9 7  n e a r  t h e  h o m e ’ s  p r i v a t e  w e l l  ( N H D E S  S i t e  
N u m b e r  1 9 9 7 0 3 0 3 9 ) .  T h i s  d i s c h a r g e  w a s  c o n t a i n e d  a n d  r e m e d i a t e d  i n  a c c o r d a n c e  
w i t h  N H D E S  r e q u i r e m e n t s  a n d  p o s e s  n o  c u r r e n t  t h r e a t  t o  t h e  R o a r i n g  B r o o k  w a t e r  
s u p p l y .   

2.5 Wildlife Habitat
T h e  N H  F i s h  a n d  G a m e  D e p a r t m e n t  h a s  c o m p i l e d  W i l d l i f e  H a b i t a t  L a n d  C o v e r  d a t a ,  
w h i c h  p r e d i c t  w i l d l i f e  h a b i t a t  t y p e s  t h r o u g h o u t  t h e  s t a t e  t o  b e  u s e d  a s  a  c o n s e r v a t i o n  
t o o l  t o  m a i n t a i n  c r i t i c a l  w i l d l i f e  h a b i t a t s .  Figure 2- 4 s h o w s  t h e  m a i n  h a b i t a t  t y p e s  
w i t h i n  t h e  s t u d y  a r e a  i d e n t i f i e d  b y  t h e  N H F G D ’ s  W A P .  T h e  m a j o r i t y  o f  t h e  R o a r i n g  
B r o o k  W a t e r s h e d  i s  m a p p e d  b y  N H F G D  a s  H e m l o c k - H a r d w o o d - P i n e ,  w i t h  a  l e s s e r  
a m o u n t  o f  N o r t h e r n  H a r d w o o d - C o n i f e r  l o c a t e d  m a i n l y  a r o u n d  W o o d w a r d  P o n d .  A  
d e s c r i p t i o n  o f  t h e s e  h a b i t a t s  i s  p r o v i d e d  b e l o w :  
 

• H e m l o c k - H a r d w o o d - P i n e :  T h i s  c o m m o n  h a b i t a t  t y p e  c o v e r s  
a p p r o x i m a t e l y  5 0 %  o f  N e w  H a m p s h i r e  a n d  l a r g e l y  o c c u r s  b e l o w  1 , 5 0 0  
f e e t  i n  e l e v a t i o n .  A  h e m l o c k - h a r d w o o d - p i n e  f o r e s t  i s  c o n s i d e r e d  a  
t r a n s i t i o n a l  f o r e s t  c o m m u n i t y  b e t w e e n  h a r d w o o d  c o n i f e r  f o r e s t s  i n  
h i g h e r  e l e v a t i o n s  a n d  o a k  p i n e  f o r e s t s  i n  l o w e r  e l e v a t i o n s .  T h i s  h a b i t a t  
t y p e  h a s  v a r y i n g  s o i l  t y p e s  b u t  i s  t y p i c a l l y  c o m p o s e d  o f  d r y ,  s a n d y  s o i l s  
w i t h  d o m i n a n t  t r e e  s p e c i e s  o f  r e d  o a k  a n d  w h i t e  p i n e ,  o f t e n  t r a n s i t i o n i n g  
t o  a  d o m i n a n c e  o f  h e m l o c k  a n d  b e e c h .  O t h e r  t r e e  s p e c i e s  l e s s  c o m m o n l y  
f o u n d  w i t h i n  t h e s e  f o r e s t s  i n c l u d e  s u g a r  m a p l e ,  w h i t e  a s h ,  r e d  s p r u c e ,  
w i t c h  h a z e l ,  b l a c k  b i r c h ,  a n d  b l a c k  c h e r r y .  C o m m o n  h e r b  s p e c i e s  i n c l u d e  
s t a r f l o w e r ,  w i l d  s a r s a p a r i l l a ,  a n d  C a n a d a  m a y f l o w e r .  N o t a b l e  w i l d l i f e  
s p e c i e s  f o u n d  w i t h i n  t h i s  h a b i t a t  i n c l u d e  c e r u l e a n  w a r b l e r ,  e a s t e r n  
p i p i s t r e l l e ,  b o b c a t ,  g o s h a w k ,  a n d  b l a c k  b e a r .  

• N o r t h e r n  H a r d w o o d - C o n i f e r :  T h i s  h a b i t a t  t y p e  i s  f o u n d  b e t w e e n  1 , 4 0 0  
a n d  2 , 5 0 0  f e e t  i n  e l e v a t i o n .  A p p r o x i m a t e l y  2 0 %  o f  N e w  H a m p s h i r e  i s  
c o m p o s e d  o f  t h i s  h a b i t a t  t y p e ,  w h i c h  i s  f o u n d  m a i n l y  i n  c e n t r a l  a n d  
n o r t h e r n  N e w  H a m p s h i r e .  T h e s e  f o r e s t s  a r e  c o m m o n l y  h a r v e s t e d  
t h r o u g h  f o r e s t r y  p r a c t i c e s .  C o m m o n  s p e c i e s  f o u n d  i n  t h i s  h a b i t a t  i n c l u d e  
h e m l o c k  a n d  r e d  s p r u c e  m i x e d  w i t h  b i r c h e s ,  n o r t h e r n  h a r d w o o d s ,  
b a l s a m  f i r ,  a n d  w h i t e  p i n e .  S m a l l  p a t c h e s  o f  s u g a r  m a p l e  f o r e s t s  a n d  
b e e c h  a n d  h e m l o c k  f o r e s t s  o c c u r  w i t h i n  t h i s  h a b i t a t  t y p e .  T h i s  h a b i t a t  
s u p p o r t s  v e r y  d i v e r s e  s p e c i e s  i n c l u d i n g  4 2  m a m m a l s ,  7 3  b i r d s ,  8  r e p t i l e s ,  
a n d  1 4  a m p h i b i a n s .  

 
4  NHDES data is available to registered users at https://www4.des.state.nh.us/onestopdatamapper/onestopmapper.aspx
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FIGURE 2-4

Roaring Brook Watershed Management Plan

Wildlife Habitat Land Cover
i

Keene-Owned Lands (Updated Boundary)

Roaring Brook Watershed (Above Babbidge Dam)

Town Boundary

Intermittent and Perennial Streams

NHF&G Wildlife Action Plan (WAP) Habitat

Grassland

Hemlock-hardwood-pine

NLCD Developed or Barren

Northern hardwood-conifer

Northern swamp

Open water

Peatland

Rocky ridge

Temperate swamp

Wet meadow/shrub wetland Source: USGS Stream Stats, VHB, NEFCO,
NHGRANIT, NHFGD WAP
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I n  a d d i t i o n  t o  h a b i t a t  t y p e s ,  t h e  N H F G D  h a s  i d e n t i f i e d  r a n k e d  h a b i t a t  t i e r s  w i t h i n  t h e  
s t a t e  o f  N e w  H a m p s h i r e .  Figure 2- 5 ,  s h o w s  t h e  l o c a t i o n s  o f  h a b i t a t  t i e r s  i d e n t i f i e d  
w i t h i n  t h e  s t u d y  a r e a .  T h i s  r a n k i n g  s y s t e m  i d e n t i f i e s  t e r r e s t r i a l  a n d  w e t l a n d  w i l d l i f e  
h a b i t a t s  w i t h i n  t h e  s t a t e  t h a t  a r e  i n  t h e  b e s t  c o n d i t i o n  t o  m e e t  t h e  n e e d s  o f  w i l d l i f e .  
T h e s e  r a n k e d  h a b i t a t s  a r e  c o n s i d e r e d  e s p e c i a l l y  i m p o r t a n t  f o r  s p e c i e s  o f  g r e a t e s t  
c o n s e r v a t i o n  n e e d ,  w h i c h  t h e  N H F G D  i d e n t i f i e d  b y  c o n s u l t i n g  t h e  s t a t e  e n d a n g e r e d  
a n d  t h r e a t e n e d  s p e c i e s  l i s t ,  a  w i d e  v a r i e t y  o f  d a t a  s o u r c e s ,  a n d  k n o w l e d g e a b l e  
e x p e r t s .  
 
T h e  N H F G D  h a b i t a t  t i e r s  w e r e  c r e a t e d  u s i n g  b i o l o g i c a l  d a t a ,  l a n d s c a p e  d a t a ,  a n d  
h u m a n  i n f l u e n c e  i n f o r m a t i o n .  T h i s  i n f o r m a t i o n  w a s  d r a w n  f r o m  p r e v i o u s l y  c o l l e c t e d  
d a t a  b y  t h e  N H F G D ,  t h e  N H  N a t u r a l  H e r i t a g e  B u r e a u  ( N H B ) ,  t h e  N a t u r e  
C o n s e r v a n c y ,  a n d  t h e  U n i v e r s i t y  o f  M a s s a c h u s e t t s - A m h e r s t ,  a l o n g  w i t h  s t a t e w i d e  
G e o g r a p h i c  I n f o r m a t i o n  S y s t e m s  ( G I S )  d a t a  a n d  o t h e r s .  T h i s  d a t a  w a s  t h e n  a n a l y z e d  
a n d  m a n i p u l a t e d  t o  c r e a t e  t h e  h a b i t a t  t i e r s .  
 
H a b i t a t  t i e r s  a r e  s e p a r a t e d  i n t o  t h r e e  t i e r  r a n k i n g s ,  w h i c h  a r e  1 )  T o p  R a n k e d  H a b i t a t  
i n  t h e  S t a t e ,  2 )  T o p  R a n k e d  H a b i t a t  i n  B i o l o g i c a l  R e g i o n ,  a n d  3 )  S u p p o r t i n g  
L a n d s c a p e .  T h e  f i r s t  t i e r ,  T o p  R a n k e d  H a b i t a t  i n  t h e  S t a t e ,  i n c l u d e  t h e  t o p  1 5 %  h a b i t a t  
a r e a s ,  w h i c h  i n c l u d e  k n o w n  c r i t i c a l  h a b i t a t s  o f  s t a t e - l i s t e d  s p e c i e s  a n d  a l l  k n o w n  
a l p i n e ,  d u n e ,  s a l t m a r s h ,  a n d  r o c k y  s h o r e  h a b i t a t s .  T h e  s t a t e  w a s  t h e n  d i v i d e d  i n t o  
r e g i o n s  t o  d e s i g n a t e  t h e  t o p  3 0 %  o f  e a c h  h a b i t a t  t y p e  w i t h i n  e a c h  r e g i o n ,  t h u s  c r e a t i n g  
t h e  s e c o n d  t i e r ,  T o p  R a n k e d  H a b i t a t  i n  B i o l o g i c a l  R e g i o n .  T h i s  t i e r  p r o v i d e s  e a c h  
r e g i o n  o f  t h e  s t a t e  w i t h  a  m o r e  b a l a n c e d  a p p r o a c h  a t  i d e n t i f y i n g  i m p o r t a n t  h a b i t a t  
a r e a s .  T h e  r e m a i n i n g  t o p  5 0 %  h a b i t a t  a r e a s  a r e  d e s i g n a t e d  t o  t h e  S u p p o r t i n g  
L a n d s c a p e  t i e r s ,  a s  w e l l  a s  l a r g e  c o n t i n u o u s  t r a c t s  o f  f o r e s t l a n d .  
 
W i t h i n  t h e  R o a r i n g  B r o o k  W a t e r s h e d  a r e  m a p p e d  a r e a s  o f  T i e r  1 ,  2  a n d  3  h a b i t a t  
a r e a s .  A r e a s  r a n k e d  a s  T i e r  1  e n c o m p a s s  W o o d w a r d  P o n d  a n d  u p l a n d  h a b i t a t  w i t h i n  
t h e  c e n t e r  o f  t h e  w a t e r s h e d  a r o u n d  R o a r i n g  B r o o k .  W o o d w a r d  P o n d  i n  p a r t i c u l a r  i s  
l i k e l y  m a p p e d  a s  a  T i e r  1  h a b i t a t  d u e  t o  t h e  p r e s e n c e  o f  l o o n s  o n  t h e  p o n d .   
 
T h e  p r e s e n c e  o f  h i g h - v a l u e  w i l d l i f e  h a b i t a t  w i t h i n  t h e  w a t e r s h e d  d o e s  n o t  d i r e c t l y  
c o n t r i b u t e  t o  p r o t e c t i n g  t h e  q u a n t i t y  a n d  q u a l i t y  o f  w a t e r .  T h e  a v a i l a b i l i t y  o f  a  h e a l t h y  
w i l d l i f e  p o p u l a t i o n  i s  g e n e r a l l y  v i e w e d  a s  a n  a n c i l l a r y  b e n e f i t  o f  m a i n t e n a n c e  o f  t h e  
w a t e r s h e d  a s  a  s i n g l e  u n f r a g m e n t e d  b l o c k  o f  u n d e v e l o p e d  l a n d .  H o w e v e r ,  t h e  
p r e s e n c e  o f  c e r t a i n  s p e c i e s  s u c h  a s  b e a v e r  a n d  w a t e r f o w l  c a n  c o n t r i b u t e  t o  t h e  
o c c u r r e n c e  o f  c o l i f o r m  b a c t e r i a  w i t h i n  t h e  r a w  w a t e r  s u p p l y .  T h e  e x i s t i n g  K e e n e  
d r i n k i n g  w a t e r  t r e a t m e n t  s y s t e m  r e m o v e s  t h e s e  b a c t e r i a ,  h o w e v e r ,  s u c h  t h a t  r i s k  t o  
p u b l i c  h e a l t h  i s  p r o t e c t e d .  A n d ,  a  p l a n  f o r  t h e  f u t u r e  m o n i t o r i n g  o f  p o t e n t i a l  m i c r o b i a l  
c o n t a m i n a t i o n  i s  a  r e c o m m e n d a t i o n  o f  t h i s  w a t e r s h e d  m a n a g e m e n t  p l a n .  ( S e e  S e c t i o n  
5 . 2 . 2  f o r  f u r t h e r  d i s c u s s i o n . )  
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FIGURE 2-5

Roaring Brook Watershed Management Plan

Wildlife Habitat Ranking
i

Keene-Owned Lands (Updated Boundary)

Roaring Brook Watershed (Above Babbidge Dam)

Town Boundary

Intermittent and Perennial Streams

Wildlife Habitat Ranking

Tier 1 - Highest Ranked Habitat in NH

Tier 2 - Highest Ranked Habitat in Biological

Tier 3 - Supporting Landscapes
Source: USGS Stream Stats, VHB, NEFCO,
NHGRANIT, NHFGD WAP
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2.6 Threatened and Endangered Species
A  s e a r c h  f o r  t h e  o c c u r r e n c e  o f  r a r e  p l a n t ,  a n i m a l ,  o r  n a t u r a l  c o m m u n i t i e s  w i t h i n  t h e  
v i c i n i t y  o f  t h e  R o a r i n g  B r o o k  W a t e r s h e d  w a s  c o m p l e t e d  u s i n g  N H B ’ s  D a t a C h e c k  t o o l  
w h i c h  p r o v i d e s  i n f o r m a t i o n  o n  t h e  p r e s e n t ,  p a s t ,  o r  p r o b a b l e  e x i s t e n c e  o f  r a r e ,  
t h r e a t e n e d ,  o r  e n d a n g e r e d  s p e c i e s  f o r  i m p r o v e d  l a n d  u s e  p l a n n i n g  a n d  
e n v i r o n m e n t a l  i m p a c t  a s s e s s m e n t .  T h e  D a t a C h e c k  t o o l  r e p o r t s  s u c h  p l a n t  s p e c i e s ,  
n a t u r a l  c o m m u n i t i e s ,  i n v e r t e b r a t e  s p e c i e s ,  a n d  v e r t e b r a t e  s p e c i e s  t h a t  o c c u r  w i t h i n  a  
o n e - m i l e  b u f f e r  o f  t h e  p r o j e c t  a r e a .   
 
T h e  N H B  r e p o r t  o b t a i n e d  f o r  t h e  C i t y - o w n e d  p o r t i o n  o f  t h e  R o a r i n g  B r o o k  W a t e r s h e d  
i n d i c a t e s  o n e  p o p u l a t i o n  o f  t r a c k e d  s p e c i e s  –  a  p o p u l a t i o n  o f  l o o n s  ( Gavia immer)  
o c c u r s  a l o n g  t h e  n o r t h  s i d e  o f  W o o d w a r d  P o n d .  L o o n s  a r e  p r o t e c t e d  b y  s t a t e  l a w  
( R S A  2 1 2 - A ,  t h e  N H  E n d a n g e r e d  S p e c i e s  C o n s e r v a t i o n  A c t ) .  L o o n s  a r e  l i s t e d  a s  a  
s t a t e - t h r e a t e n e d  s p e c i e s  u n d e r  t h i s  s t a t u t e ,  a n d  h a v e  b e e n  i d e n t i f i e d  b y  t h e  N H F G D  
a s  o n e  o f  1 6 9  “ S p e c i e s  o f  G r e a t e s t  C o n s e r v a t i o n  N e e d ”  i n  t h e  s t a t e .  S p e c i e s  o f  G r e a t e s t  
C o n s e r v a t i o n  N e e d  a r e  t h o s e  w h i c h  a r e  d e c l i n i n g  i n  n u m b e r ,  o r  w h i c h  a r e  l i m i t e d  t o  
s m a l l e r  p a t c h e s  o f  h a b i t a t ,  o r  a r e  i m p e r i l e d  b y  s p e c i f i c  t h r e a t s .  
 
T h e  l o o n  n e s t i n g  s i t e  o n  W o o d w a r d  P o n d  w a s  f i r s t  o b s e r v e d  b y  s c i e n t i s t s  f r o m  t h e  
L o o n  P r e s e r v a t i o n  C o m m i t t e e  ( L P C )  o n  M a y  1 7 ,  2 0 0 0 .  T h e  L P C  m o n i t o r s  t h e  n e s t i n g  
s i t e  e a c h  y e a r  a n d  w o r k s  w i t h  t h e  C i t y  o f  K e e n e  t o  m a n a g e  t h e  w a t e r  l e v e l s  o f  
W o o d w a r d  P o n d ,  s i n c e  t h e  p o n d  i s  d a m  c o n t r o l l e d .  T h r e e  c h i c k s  w e r e  o b s e r v e d  b y  
C i t y  s t a f f  ( B e n  C r o w d e r ,  p e r s o n a l  c o m m u n i c a t i o n ) ;  a d u l t  l o o n s  w e r e  o b s e r v e d  
f r e q u e n t l y  o n  W o o d w a r d  P o n d  d u r i n g  f i e l d  w o r k  c o n d u c t e d  a s  p a r t  o f  t h i s  s t u d y  i n  
2 0 1 7 ,  a n d  t h e  n e s t  i s  a s s u m e d  t o  b e  a c t i v e  a t  t h i s  t i m e .  
 
L i k e  t h e  h i g h - v a l u e  w i l d l i f e  h a b i t a t  f o u n d  w i t h i n  t h e  w a t e r s h e d ,  t h e  p r e s e n c e  o f  l o o n s  
o n  t h e  C i t y - o w n e d  p r o p e r t y  d o e s  n o t  d i r e c t l y  c o n t r i b u t e  t o  w a t e r  q u a n t i t y  o r  q u a l i t y .  
H o w e v e r ,  t h e i r  p r e s e n c e  i s  a n  i n d i c a t o r  o f  t h e  h i g h  e c o l o g i c a l  i n t e g r i t y  o f  t h e  
w a t e r s h e d .  

2.7 Invasive Species
I n v a s i v e  s p e c i e s  a r e  p r e s e n t l y  n o t  a  p r o b l e m  o n  K e e n e - o w n e d  p o r t i o n  o f  t h e  
w a t e r s h e d .  T h e  l i m i t e d  p u b l i c  a c c e s s ,  r e m o t e  n a t u r e  o f  t h e  t r a c t ,  a n d  i t s  h e a v i l y  
t i m b e r e d  l a n d s c a p e ,  a s  w e l l  a s  a b u t t i n g  o w n e r s h i p s ,  a p p e a r  t o  b e  e f f e c t i v e  a t  
p r e v e n t i n g  t h e  e n c r o a c h m e n t  o f  i n v a s i v e  s p e c i e s .   
 
N o  a q u a t i c  i n v a s i v e  s p e c i e s  w e r e  o b s e r v e d  d u r i n g  t h i s  s t u d y .  H o w e v e r ,  v e r y  
s c a t t e r e d ,  i s o l a t e d  o c c u r r e n c e s  o f  b a r b e r r y  ( Berberis thunbergii) w e r e  o b s e r v e d  d u r i n g  
f o r e s t  i n v e n t o r y  f i e l d  w o r k .  I t s  p r e s e n c e  i s  n o t  s u b s t a n t i a l l y  d i f f e r e n t  f r o m  o t h e r  
o c c u r r e n c e s  o n  l a n d  i n  s o u t h e r n  N e w  H a m p s h i r e ,  a n d  i t  i s  n o t  a  p a r t i c u l a r l y  
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a g g r e s s i v e  i n v a s i v e  s p e c i e s .  M o n i t o r i n g  i s  t h e  b e s t  s h o r t - t e r m  c o u r s e  o f  a c t i o n ;  t h e  
c o s t  o f  e r a d i c a t i o n  i s  l i k e l y  m u c h  m o r e  t h a n  a n y  b e n e f i t .   
 
R i s k  o f  i n v a s i v e  s p e c i e s  i n t r o d u c t i o n  i s  a s s o c i a t e d  w i t h  s i t e  d i s t u r b a n c e  t h a t  e x p o s e s  
m i n e r a l  s o i l  a n d  t h e  u s e  o f  e q u i p m e n t  o r  v e h i c l e s  t h a t  m a y  b e  c o n t a m i n a t e d  w i t h  
s e e d s ,  s p o r e s ,  o r  v e g e t a t i v e  m a t t e r  f r o m  o t h e r  s i t e s .  B e c a u s e  p r e v e n t i n g  t h e  
e s t a b l i s h m e n t  o f  i n v a s i v e  s p e c i e s  i s  m u c h  m o r e  e f f e c t i v e  a n d  l e s s  c o s t l y  t h a n  
e r a d i c a t i o n ,  t h e  C i t y  s h o u l d  a d o p t  p r a c t i c e s  t o  l i m i t  t h e  p o t e n t i a l  t h e i r  p o t e n t i a l  
i n t r o d u c t i o n .  F o r  e x a m p l e ,  t h e  N H  D e p a r t m e n t  o f  T r a n s p o r t a t i o n  ( N H D O T )  h a s  
d e v e l o p e d  B e s t  M a n a g e m e n t  P r a c t i c e s  f o r  R o a d s i d e  I n v a s i v e  P l a n t s ,  w h i c h  c o u l d  
s e r v e  a s  a  b a s i s  f o r  t h e s e  p r a c t i c e s . 5   
 
C o n t r o l  o f  i n v a s i v e  s p e c i e s ,  w h i l e  n o t  d i r e c t l y  r e l a t e d  t o  w a t e r  q u a l i t y  o r  q u a n t i t y ,  
w i l l  h e l p  m a i n t a i n  t h e  o v e r a l l  e c o l o g i c a l  h e a l t h  o f  t h e  w a t e r s h e d  a n d  c o n t r i b u t e  
i n d i r e c t l y  t o  t h e  s u s t a i n a b i l i t y  o f  t h e  s y s t e m .  

2.8 Conservation Lands
M a n y  o f  t h e  p a r c e l s  l o c a t e d  i n  t h e  R o a r i n g  B r o o k  W a t e r s h e d  h a v e  b e e n  p l a c e d  u n d e r  
a  c o n s e r v a t i o n  e a s e m e n t  ( r e f e r  t o  Figure 2- 6  a n d  Table 2- 3 )  b y  p r i v a t e  l a n d o w n e r s .  A  
l a r g e  n e t w o r k  o f  a d j o i n i n g  c o n s e r v e d  p a r c e l s  i s  l o c a t e d  w i t h i n  t h e  T o w n  o f  R o x b u r y  
a n d  a d j o i n i n g  t o w n s .  A d d i t i o n a l l y ,  t h e  O t t e r  B r o o k  S t a t e  P a r k  i s  l o c a t e d  a l o n g  t h e  
b o r d e r  o f  R o x b u r y  a n d  K e e n e ,  w e s t  ( o u t s i d e )  o f  t h e  R o a r i n g  B r o o k  W a t e r s h e d .  T h e  
t a b l e  b e l o w  l i s t s  p a r c e l s  u n d e r  c o n s e r v a t i o n  t h a t  a r e  l o c a t e d  w i t h i n  t h e  R o a r i n g  B r o o k  
W a t e r s h e d  ( n o t  i n c l u d i n g  t h e  C i t y - o w n e d  p a r c e l s ) .  
 

Table 2-3. Conservation Parcels Located Within the Roaring Brook Watershed1

Parcel Name Easement Holder/Owner

Parcel 
Size 

(acres)

Within 
Watershed

(acres) Town
Hartshorne Harris Center for Conservation 103 40 Nelson
Thunder Hill Monadnock Conservancy 129 82 Nelson
Lightning Hill Monadnock Conservancy 145 18 Nelson
5B Farm Monadnock Conservancy 59 1 Nelson
BB&N Harris Center for Conservation 94 19 Nelson
BB&N Harris Center for Conservation 93 13 Harrisville
Earnest Henry Taves Trust Society for the Protection of NH Forests 24 24 Roxbury
Earnest Henry Taves Trust Society for the Protection of NH Forests 57 57 Roxbury
Parker Hill Forest Monadnock Conservancy 89 7 Roxbury
Earnest Henry Taves Trust Society for the Protection of NH Forests 85 37 Roxbury

 
5  The NHDOT has published relevant information at https://www.nh.gov/dot/org/projectdevelopment/environment/units

/program-management/invasivespecies.htm
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Parcel Name Easement Holder/Owner

Parcel 
Size 

(acres)

Within 
Watershed

(acres) Town
Benson Society for the Protection of NH Forests 26 3 Roxbury
Benson Society for the Protection of NH Forests 14 1 Roxbury

TOTAL 918 302
Note:
1 Data from NH GRANIT. Parcel sizes are approximate. Most parcels are only partially located within the watershed.

O f  t h e  t o t a l  3 , 1 5 7 - a c r e  w a t e r s h e d ,  t h e  C i t y  o f  K e e n e  o w n s  1 , 9 6 5  a c r e s ,  a p p r o x i m a t e l y  
3 0 2  a c r e s  a r e  c u r r e n t l y  i n  c o n s e r v a t i o n  e a s e m e n t s  o r  o w n e d  b y  a  c o n s e r v a t i o n  a g e n c y ,  
a n d  t h e  r e m a i n i n g  8 9 0  a c r e s  a r e  o w n e d  b y  p r i v a t e  i n t e r e s t s ,  w i t h  n o  k n o w n  
c o n s e r v a t i o n  r e s t r i c t i o n s .  T h e  r e l a t i v e l y  h i g h  p r o p o r t i o n  o f  u n d e v e l o p e d  a n d  
p r o t e c t e d  l a n d  w i t h i n  t h e  w a t e r s h e d  ( a p p r o x i m a t e l y  7 2  p e r c e n t )  i s  a  m a j o r  f a c t o r  i n  
p r e s e r v i n g  w a t e r  q u a l i t y  w i t h i n  t h e  w a t e r s h e d .  ( S e e  C h a p t e r  5  f o r  a  d e t a i l e d  
d i s c u s s i o n  o f  o b s e r v e d  w a t e r  q u a l i t y . )  
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3 
Land Use, Access, and 

I nfrastructure 

3.1 Introduction
T h e  R o a r i n g  B r o o k  w a t e r s h e d  i s  p r i m a r i l y  u n d e v e l o p e d ,  a n d  h u m a n  a c t i v i t y  w i t h i n  
t h e  a r e a  i s  l i m i t e d  t o  r e s i d e n t i a l  d e v e l o p m e n t  o n  p a r c e l s  a b u t t i n g  t h e  C i t y - o w n e d  
p o t i o n  o f  t h e  w a t e r s h e d .    
 
H o w e v e r ,  p r i o r  t o  i t s  u s e  a s  a  w a t e r  s u p p l y ,  t h e  l a n d  w a s  h o m e  t o  a  n u m b e r  o f  f a r m s  
a n d  r e s i d e n c e s ,  a n d  u s e d  f o r  p a s t u r e ,  c r o p s ,  a n d  w o o d l o t s .  C e l l a r  h o l e s  a n d  s t o n e  
w a l l s  a r e  a  t e s t a m e n t  t o  t h i s  p a s t  u s e .  S t o n e  q u a r r y i n g  a l s o  o c c u r r e d  i n  a t  l e a s t  t w o  
a r e a s  o n  t h e  p r o p e r t y .  A  n u m b e r  o f  r o a d s  w e r e  b u i l t  d u r i n g  t h i s  p e r i o d ,  a n d  t h e  s t a t u s  
a n d  u s e  o f  t h e s e  r i g h t s - o f - w a y  f o r  r e c r e a t i o n  a n d  o t h e r  p u r p o s e s  h a s  b e e n  a n  i s s u e  o f  
c o n c e r n  f o r  t h e  m a n a g e m e n t  a n d  p r o t e c t i o n  o f  t h e  w a t e r  s u p p l y .  
 
T h i s  s e c t i o n  d i s c u s s e s  t h e  c u r r e n t  p o l i c i e s  t h a t  p r o h i b i t s  a c c e s s  t o  t h e  w a t e r s h e d ,  
d e s c r i b e s  t h e  r o a d s  l o c a t e d  o n  t h e  C i t y - o w n e d  l a n d ,  a n d  c o n s i d e r s  i s s u e s  r e l a t e d  t o  
p u b l i c  a c c e s s ,  r e c r e a t i o n ,  a n d  s e c u r i t y  c o n c e r n s .   

3.2 Regulations Applicable to the Roaring 
Brook Watershed

3.2.1 State Rules (Env-Dw 902.18)

T o  e s t a b l i s h  r e a s o n a b l e  w a t e r s h e d  m a n a g e m e n t  p r a c t i c e s  t h a t  p r o t e c t  t h e  q u a l i t y  o f  
d r i n k i n g  w a t e r  f r o m  t h e  R o a r i n g  B r o o k  w a t e r s h e d ,  t h e  N H  D e p a r t m e n t  o f  
E n v i r o n m e n t a l  S e r v i c e s  ( N H D E S )  a d o p t e d  r e g u l a t i o n s  t h a t  p r o h i b i t  c e r t a i n  a c t i v i t i e s  
a n d  e s t a b l i s h  p e n a l t i e s  f o r  v i o l a t i o n s .  T h e s e  r e g u l a t i o n s  ( N H  A d m i n i s t r a t i v e  R u l e  
E n v - D w  9 0 2 . 1 8 )  a r e  e x c e r p t e d  b e l o w ,  a n d  t h e  c o r r e s p o n d i n g  s t a t u t o r y  a u t h o r i t i e s  ( t h e  
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N H  S a f e  D r i n k i n g  W a t e r  A c t ,  R S A  4 8 5 : 2 3  a n d  R S A  4 8 5 : 2 4 )  a r e  c o n t a i n e d  i n  
Appendix A.    
 
Env-Dw 902.18 Protection of the Purity of Woodward Pond, Roaring Brook, 
Babbidge Reservoir and Their Watershed. 
 
(a) The purpose of this section is to protect the purity of the water of Woodward Pond, Roaring 
Brook, and Babbidge Reservoir, which constitute the principal drinking water supply for the 
city of Keene. 
 
(b) This section shall apply within the Woodward Pond, Roaring Brook, and Babbidge 
Reservoir watershed above the dam that is located at approximate latitude 42° 56' 02", 
longitude 72° 13' 15", in the towns of: 

(1) Harrisville; 
(2) Marlborough; 
(3) Nelson; and 
(4) Roxbury. 

 
(c) Any person violating this section shall, in accordance with RSA 485:26, be guilty of a 
misdemeanor if a natural person or guilty of a felony if any other person. 
 
(d) In accordance with RSA 485:24, the health officers and the boards of health of the towns of 
Harrisville, Marlborough, Nelson, and Roxbury and their duly authorized agents, and the city 
council of the city of Keene and its duly authorized agents, may act as agents of the department 
for the enforcement of this section in cooperation with the department. 
 
(e) Where any provision of this section is in conflict with local ordinances, the provision that is 
more protective of the surface water shall apply. 
 
(f) Any deviations from this section shall be by written consent of the department, in 
accordance with Env-Dw 902.05. The provisions of this section shall not apply to employees of 
the city of Keene engaged in the performance of necessary duties for the protection and control 
of said waters. 
 
(g) In addition to any prohibitions adopted by local ordinance, the prohibitions that apply in 
the Woodward Pond, Roaring Brook, and Babbidge Reservoir watershed described in (b), 
above, shall be as follows: 

 
(1) A person shall not build, continue, or maintain any buildings or structures of any 
kind in which humans reside or in which animals or fowl are kept within 75 feet of the 
high water mark of Woodward Pond, Roaring Brook, or Babbidge Reservoir or any inlet 
thereof or tributary thereto; 
 
(2) A person shall not allow any wastes or water that has been used for washing or 
cleansing of materials, persons, or food to run into said pond, brook, or reservoir or any 
inlet thereof or tributary thereto; 
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(3) A person shall not throw or deposit any dead animal or fish or parts thereof, food, 
perishable or decayable material, manure, or human wastes into said pond, brook, or 
reservoir or any inlet thereof or tributary thereto, or leave or allow any such materials to 
remain on the surface of the ground where there is any likelihood of wash or 
contamination therefrom reaching said pond, brook or reservoir or any inlet thereof or 
tributary thereto; 
 
(4) A person shall not throw any sawdust, or allow any sawdust to fall, into said pond, 
brook, or reservoir or any inlet thereof or tributary thereto; 
 
(5) A person shall not boat, bathe, swim, trap, fish, hunt, camp, park trailers, or carry on 
any activity of a recreational or other nature, including but not limited to lumber 
operations, in or near the waters of said pond, brook, or reservoir and, above the reservoir 
dams, any tributary thereto; and 
 
(6) A person shall not throw, deposit, or allow to remain upon the ice of the waters of said 
pond, brook, or reservoir or any inlet thereof or tributary thereto, any matter, waste, or 
materials such as are described in (2), (3), and (4), above. 

 
(h) The city of Keene shall post a summary of the prohibitions contained in (g), above, at all 
public access locations where persons might reasonably be expected to access Woodward Pond, 
Roaring Brook, Babbidge Reservoir and their tributaries. This posted summary may also 
contain any prohibitions enacted by local ordinance. 

3.2.2 Municipal Ordinances

W h i l e  s t a t e  l a w  a l l o w s  f o r  l o c a l  o r d i n a n c e s  t o  p r o t e c t  w a t e r  s u p p l y ,  n o  c o m m u n i t y  
w i t h i n  t h e  w a t e r s h e d  h a s  a d o p t e d  a n y  r e g u l a t i o n  s p e c i f i c  t o  t h e  p r o t e c t i o n  o f  R o a r i n g  
B r o o k  o r  i t s  t r i b u t a r i e s  o r  r e s e r v o i r s .  H o w e v e r ,  a l l  o f  t h e  m u n i c i p a l i t i e s  h a v e  a d o p t e d  
z o n i n g  o r d i n a n c e s  w h i c h  r e g u l a t e  a s p e c t s  o f  l a n d  u s e  w i t h i n  t h e  w a t e r s h e d ,  a s  
d i s c u s s e d  b e l o w . 6  

Roxbury 

G i v e n  t h a t  m o r e  t h a n  8 0 %  o f  t h e  w a t e r s h e d  l i e s  w i t h i n  R o x b u r y ,  i t s  a p p r o a c h  t o  l a n d  
u s e  r e g u l a t i o n s  i s  p a r t i c u l a r l y  r e l e v a n t .  R o x b u r y  f i r s t  a d o p t e d  a  z o n i n g  o r d i n a n c e  i n  
1 9 7 2 ,  a n d  l a s t  a m e n d e d  t h e i r  r e g u l a t i o n s  i n  2 0 0 8 .  T h e  e n t i r e  w a t e r s h e d  l i e s  w i t h i n  t h e  
“ R u r a l  R e s i d e n t i a l  a n d  A g r i c u l t u r a l  D i s t r i c t . ”  A m o n g  o t h e r  r e q u i r e m e n t s ,  t h i s  
o r d i n a n c e  r e q u i r e s  n e w  b u i l d i n g  l o t s  i n  t h i s  z o n e  t o  b e  a t  l e a s t  f i v e  a c r e s  p e r  d w e l l i n g  
u n i t ,  w h i c h  p r o m o t e s  l o w - d e n s i t y  d e v e l o p m e n t .  ( S e e  C h a p t e r  5  f o r  a  d i s c u s s i o n  o f  t h e  
p o t e n t i a l  i m p a c t  o f  l a n d  u s e  o n  w a t e r  q u a l i t y . )  T h e  o r d i n a n c e  a l s o  p r o h i b i t s  s e p t i c  

 
6  Because the watershed contains a very small amount of land in Marlborough (approximately 2 acres in total), that 

community’s ordinances are not reviewed here.
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f a c i l i t i e s  w i t h i n  s e v e n t y - f i v e  ( 7 5 )  f e e t  f r o m  t h e  e d g e  o f  a  p u b l i c  w a t e r  b o d y  o r  
p e r m a n e n t  s t r e a m ,  a n d  p r o h i b i t s  d e v e l o p m e n t  o n  s l o p e s  e x c e e d i n g  2 5 % .  

Nelson

N e l s o n  a d o p t e d  i t s  z o n i n g  o r d i n a n c e  i n  2 0 0 4  a n d  h a s  a m e n d e d  t h e  o r d i n a n c e  s e v e r a l  
t i m e s .  T h e  z o n i n g  o r d i n a n c e  d e s i g n a t e s  t w o  d i s t r i c t s :  t h e  R u r a l - R e s i d e n t i a l  D i s t r i c t ,  
a n d  t h e  L a k e  D i s t r i c t .  T h e  L a k e  D i s t r i c t  c o n s i s t s  o f  a l l  l a n d  f r o m  t h e  s h o r e l i n e  o f  e a c h  
l a k e  o r  p o n d ,  i n c l u d i n g  W o o d w a r d  P o n d ,  t o  a  d i s t a n c e  o f  6 0 0  f e e t  f r o m  t h e  s h o r e l i n e  
o f  e a c h  r e s p e c t i v e  l a k e  o r  p o n d .  A l t h o u g h  t h e  L a k e  D i s t r i c t  e n c o m p a s s e s  a  p o r t i o n  o f  
t h e  w a t e r s h e d ,  a l l  l a n d  w i t h i n  t h i s  d i s t r i c t  i s  c u r r e n t l y  o w n e d  b y  t h e  C i t y  o f  K e e n e .  
T h e  R u r a l - R e s i d e n t i a l  D i s t r i c t  c o m p r i s e s  a l l  r e m a i n i n g  l a n d  n o t  i n c l u d e d  i n  t h e  L a k e  
D i s t r i c t .  T h e  o r d i n a n c e  l i m i t s  n e w  l o t s  t o  a  m i n i m u m  o f  t w o  a c r e s .  N e l s o n  o r d i n a n c e s  
a l s o  c o n t a i n  l a n g u a g e  t h a t  l i m i t s  t h e  l o c a t i o n  o f  s e w a g e  e f f l u e n t  l e a c h i n g  f i e l d s ,  
r e q u i r i n g  t h a t  t h e y  b e  l o c a t e d  m o r e  t h a n  1 0 0  f e e t  o f  t h e  n o r m a l  b a n k  o f  a n y  y e a r -
r o u n d  s t r e a m  o r  o f  a n y  p o n d .  A d d i t i o n a l  p r o v i s i o n s  a l l o w  t h e  t o w n  t o  r e g u l a t e  t y p e s  
o f  p o l l u t i o n  t o  l a n d ,  a i r  a n d  w a t e r  t h a t  a r e  a  r e s u l t  o f  a c t i v i t y  o r  n e g l i g e n c e  i n c l u d i n g  
t h e  b u r n i n g  o f  t o x i c  s u b s t a n c e s ,  o r  t h e  r e l e a s e  o f  c o n t a m i n a n t s  s u c h  a s  o i l  o r  g a s o l i n e  
i n t o  t h e  g r o u n d  o r  w a t e r .  

Harrisville

H a r r i s v i l l e  h a s  a d o p t e d  a  c o m p r e h e n s i v e  M a s t e r  P l a n ,  a n d  a d o p t e d  p r o g r e s s i v e  
Z o n i n g  a n d  S u b d i v i s i o n  O r d i n a n c e s .  T h e  P l a n n i n g  B o a r d  r e v i e w s  a n d  a p p r o v e s  
s p e c i f i c  l a n d  d e v e l o p m e n t  p l a n s  t h r o u g h  t h e  s u b d i v i s i o n  p r o c e s s .  T h e  s m a l l  p o r t i o n  
o f  t h e  w a t e r s h e d  t h a t  l i e s  w i t h i n  H a r r i s v i l l e  i s  w i t h i n  t h e  “ R e s i d e n t i a l  &  A g r i c u l t u r a l  
D i s t r i c t , ”  w h i c h  r e q u i r e s  a  m i n i m u m  l o t  s i z e  o f  t w o  a c r e s .  P o r t i o n s  o f  t h e  w a t e r s h e d  
a l s o  l i e  w i t h i n  o n e  o r  m o r e  o f  s e v e r a l  o v e r l a y  d i s t r i c t s ,  i n c l u d i n g  a  W e t l a n d s  
C o n s e r v a t i o n  D i s t r i c t ,  a n d  a r e  s u b j e c t  t o  a n  o r d i n a n c e  r e g u l a t i n g  d e v e l o p m e n t  o n  
s t e e p  s l o p e s ,  w h i c h  l i m i t s  c e r t a i n  a c t i v i t i e s  o n  s l o p e s  o f  t e n  p e r c e n t  o r  g r e a t e r .  T h e  
H a r r i s v i l l e  o r d i n a n c e s  a l l o w  c l u s t e r  d e v e l o p m e n t  ( b y  S p e c i a l  E x c e p t i o n )  a n d  
c o n s e r v a t i o n  s u b d i v i s i o n s  w i t h i n  t h e  R e s i d e n t i a l  &  A g r i c u l t u r a l  
D i s t r i c t s ,  w h i c h  w o u l d  t e n d  t o  r e d u c e  t h e  i n t e n s i t y  a n d  i m p a c t  o f  l a n d  d e v e l o p m e n t  
a n d  r e l a t e d  p o l l u t a n t  l o a d i n g  i s s u e s .  

3.2.3 Recommendations Related to Land Use 
Regulations

R e v i e w  o f  e x i s t i n g  l a n d  u s e  r e g u l a t i o n s  r e l a t e d  t o  t h e  R o a r i n g  B r o o k  w a t e r s h e d  
i n d i c a t e s  t h a t  c u r r e n t  r e g u l a t i o n s  a r e  a d e q u a t e  t o  p r o t e c t  w a t e r  q u a l i t y  a n d  q u a n t i t y .  
N o  s p e c i f i c  a c t i o n s  a r e  r e c o m m e n d e d  a t  t h i s  t i m e .  
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3.3 Roads & Public Access

3.3.1 Road Inventory

T o  d e v e l o p  a n  a c c u r a t e  i n v e n t o r y  o f  t h e  r o a d w a y  n e t w o r k  w i t h i n  t h e  w a t e r s h e d ,  a  
b a s e  m a p  w a s  c o m p i l e d  f r o m  v a r i o u s  s o u r c e s ,  b e g i n n i n g  w i t h  t h e  “ N H  P u b l i c  R o a d s ”  
d a t a s e t  d e v e l o p e d  a n d  m a i n t a i n e d  b y  t h e  N H  D e p a r t m e n t  o f  T r a n s p o r t a t i o n ,  B u r e a u  
o f  P l a n n i n g  &  C o m m u n i t y  A s s i s t a n c e  a n d  m a d e  a v a i l a b l e  v i a  t h e  N H  G R A N I T  G I S  
d a t a b a s e . 7  T h i s  s t a t e w i d e  d a t a s e t  c o n t a i n s  t h e  l o c a t i o n  o f  s t a t e ,  l o c a l  a n d  s e l e c t e d  
p r i v a t e  r o a d s  a n d  t h e i r  a s s o c i a t e d  a t t r i b u t e s ,  i n c l u d i n g  r o a d  n a m e s .   
 
B e c a u s e  t h e  N H D O T  d a t a s e t  h a s  l i m i t a t i o n s ,  p a r t i c u l a r l y  r e l a t e d  t o  h i s t o r i c a l  C l a s s  V I  
r o a d s ,  w e  c o n d u c t e d  a n  e x t e n s i v e  a s s e s s m e n t  t o  v e r i f y  t h e  i n f o r m a t i o n .  T h i s  i n c l u d e d  
r e v i e w  o f  t h e  f o l l o w i n g :   
 

• H i s t o r i c a l  a n d  m o d e r n  m a p s  a n d  d o c u m e n t s  p r o v i d e d  b y  t h e  C i t y ,  t h e  T o w n  
o f  R o x b u r y ,  a n d  t h e  N H  S t a t e  A r c h i v e s ;  

• S t a t e  l a w s  a n d  p o l i c i e s  r e g a r d i n g  “ P u b l i c  H i g h w a y s ” ;  
• I n t e r v i e w s  w i t h  R o x b u r y  o f f i c i a l s ;  a n d  
• R e c o r d s  o f  r o a d  d i s c o n t i n u a n c e s  t h r o u g h  T o w n  o f  R o x b u r y  A n n u a l  R e p o r t s  

d a t i n g  t o  1 9 3 9 .  
 

F i e l d  w o r k  w a s  c o n d u c t e d  o n  f o o t  a n d  b y  v e h i c l e  u s i n g  G P S  t o  v e r i f y  t h e  l o c a t i o n  o f  
t h e  r o a d w a y s ,  a n d  s e v e r a l  a d j u s t m e n t s  w e r e  m a d e  t o  r e f l e c t  r o a d w a y  a l i g n m e n t s  a n d  
c o n d i t i o n s  o n  t h e  g r o u n d .  
 
T h e  r e s u l t i n g  r o a d  m a p  i s  p r e s e n t e d  i n  Figure 3- 1 ,  w h i c h  d e p i c t s  t h e  a c c u r a t e  
l o c a t i o n s  o f  t h e  r o a d s ,  a l o n g  w i t h  t h e i r  l e g i s l a t i v e  c l a s s i f i c a t i o n ,  a n d  t h e  l o c a t i o n  o f  
g a t e s  o n  c e r t a i n  C l a s s  V I  r o a d s  ( s e e  d i s c u s s i o n  b e l o w ) .  T h e  i n v e n t o r y  i d e n t i f i e d  
a p p r o x i m a t e l y  1 7  m i l e s  o f  r o a d s  a n d  p a t h s  w i t h i n  t h e  w a t e r s h e d .  
 
A c c e s s  t o  t h e  C i t y - o w n e d  p r o p e r t y  i s  f r o m  M i d d l e t o w n  R o a d  a n d  D i l l i n g h a m  R o a d  
w h i c h  a r e  b o t h  C l a s s  V  r o a d s ,  m a i n t a i n e d  b y  t h e  T o w n  o f  R o x b u r y .  A d d i t i o n a l l y ,  
t h e s e  t w o  r o a d s  c o n n e c t  t o  a  n e t w o r k  o f  s m a l l e r  u n p a v e d ,  u n m a i n t a i n e d  C l a s s  V I  
r o a d s  t h a t  b i s e c t  t h e  w a t e r s h e d ,  i n c l u d i n g  D a k i n  R o a d ,  G r i m e s  R o a d ,  M a r l b o r o u g h  
R o a d ,  W o o d w a r d  P o n d  R o a d ,  a n d  S c h o l t z  R o a d . 8   G a t e s  h a v e  b e e n  i n s t a l l e d  a n d  a r e  
m a i n t a i n e d  b y  t h e  C i t y  a t  m o s t  p o i n t s  w h e r e  t h e s e  C l a s s  V I  r o a d s  e n t e r  t h e  
w a t e r s h e d .  
 

 
7  NH Public Roads, http://www.granit.unh.edu/data/search?dset=roads_dot/nh, NHDOT 2nd quarter 2017 dataset (June 

30, 2017) 
8  Several of these roads have alternative names or spellings on various modern and historical maps and records. For 

example, Marlborough Road is named “Parker Road” in the NHDOT dataset, and often called “Marlboro Road” on 
older maps. Grimes Road is also named “Nye Road” on some historic maps and records.
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M i d d l e t o w n  R o a d  r u n s  a l o n g  t h e  w e s t  s i d e  o f  t h e  p r o p e r t y  u n t i l  i t  t e r m i n a t e s  a t  
R o x b u r y  C e n t e r ,  w h e r e  i t  p r o v i d e s  a  c o n n e c t i o n  t o  W o o d w a r d  P o n d  R o a d ,  S c h o l t z  
R o a d ,  a n d  D a v i s  R o a d .  I t  a l s o  c o n n e c t s  t o  D a k i n  R o a d ,  t h e  p r i n c i p a l  a c c e s s  p o i n t  t o  
B a b b i d g e  R e s e r v o i r ,  a n d  t o  G r i m e s  a n d  M a r l b o r o u g h  R o a d s .  
 
D i l l i n g h a m  R o a d  a p p r o a c h e s  f r o m  t h e  s o u t h e a s t  s i d e  o f  t h e  p r o p e r t y .  T h i s  i s  t h e  
p r i n c i p a l  a c c e s s  t o  t h e  W o o d w a r d  P o n d  D a m ,  v i a  W o o d w a r d  P o n d  R o a d .  A c c e s s  t o  
t h e  p r o p e r t y  o n  t h e  s o u t h e a s t  i s  a l s o  p r o v i d e d  v i a  H o r s e  H i l l  R o a d ,  w h i c h  c o n n e c t s  t o  
D a k i n  R o a d ,  G r i m e s  R o a d ,  a n d  M a r l b o r o u g h  R o a d .  
 
I n  a d d i t i o n  t o  t h e s e  m a i n  r o a d s ,  s e v e r a l  s m a l l e r  u n p a v e d  r o a d s  a n d  p a t h s  a r e  a l s o  
p r e s e n t  o n  t h e  p r o p e r t y .  T h e s e  s m a l l e r  r o a d s  a n d  p a t h s  d o  n o t  a p p e a r  o n  m o d e r n  o r  
h i s t o r i c  m a p s  a n d  r e p r e s e n t  p r i v a t e  r o a d s  c o n s t r u c t e d  b y  l a n d o w n e r s  p r i o r  t o  
a c q u i s i t i o n  o f  t h e  l a n d  b y  t h e  C i t y  f o r  w a t e r  s u p p l y .   

3.3.2 Road Classification and Public Access

A  k e y  i s s u e  f o r  p r o p e r  m a n a g e m e n t  o f  t h e  w a t e r  s u p p l y  i s  l i m i t a t i o n  o f  a c c e s s  a n d  
a c t i v i t y  i n  t h e  w a t e r s h e d  t o  r e d u c e  t h e  r i s k  o f  c o n t a m i n a t i o n .  T h e  C i t y - o w n e d  l a n d  
w i t h i n  t h e  w a t e r s h e d ,  w h i l e  o w n e d  b y  a  p u b l i c  e n t i t y ,  i s  m a n a g e d  f o r  a  s p e c i f i c  u s e  
a n d  i t  i s  a p p r o p r i a t e  t o  p r o h i b i t  p u b l i c  a c c e s s  t o  t h e  p r o p e r t y .  H o w e v e r ,  t h e  p r e s e n c e  
o f  t h e  h i s t o r i c  r o a d  n e t w o r k  w i t h i n  t h e  w a t e r s h e d  p r o v i d e s  t h e  p u b l i c  w i t h  r i g h t s - o f -
w a y  t h r o u g h  t h e  p r o p e r t y .  
 
T o  b e t t e r  u n d e r s t a n d  t h i s  i s s u e ,  t h i s  s e c t i o n  r e v i e w s  t h e  b a s i c  l a w s  a n d  p o l i c i e s  r e l a t e d  
t o  p u b l i c  r o a d s ,  a n d  p r o v i d e s  a  s p e c i f i c  d i s c u s s i o n  o f  a c t i o n s  t a k e n  b y  t h e  T o w n  o f  
R o x b u r y  t o  d i s c o n t i n u e  c e r t a i n  r o a d  s e g m e n t s .  A  f u l l  r e v i e w  o f  t h e  s p e c i f i c  l e g a l  
s t a t u s  o f  t h e s e  r o a d s  i s  b e y o n d  t h e  s c o p e  o f  t h i s  s t u d y ,  b u t  w e  p r o v i d e  a  s u m m a r y  o f  
i n f o r m a t i o n  r e l a t e d  t o  t h e i r  c l a s s i f i c a t i o n  a n d  m a n a g e m e n t . 9 , 10   

NH Highway Law

S t a t e  l a w  r e l a t i n g  t o  r o a d s  a n d  p u b l i c  r i g h t s - o f - w a y  i s  c o n t a i n e d  a t  N H  R S A  2 2 9 ,  
H i g h w a y  S y s t e m  i n  t h e  S t a t e ,  w h i c h  d e f i n e s  a  “ p u b l i c  h i g h w a y ”  a s  f o l l o w s :  
 

“Highways are only such as are laid out in the mode prescribed therefor by statute, 
or roads which have been constructed for or are currently used for motor vehicle, 
bicycle, or pedestrian public travel over land which has been conveyed to a city or 
town or to the state by deed of a fee or easement interest, or roads which have been 
dedicated to the public use and accepted by the city or town in which such roads are 

 
9  Much of the background information summarized below is presented in more detail in a publication of the NH Municipal 

Association, A Hard Road to Travel: New Hampshire Law of Local Highways, Streets, and Trails, 2015.
10  This watershed management report does not intend to provide any legal opinion or interpretation regarding the status 

of any public highway within the watershed, but rather summarizes the findings of research conducted to understand 
their location and current management practices.
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located, or roads which have been used as such for public travel, other than travel to 
and from a toll bridge or ferry, for 20 years prior to January 1, 1968, and shall 
include the bridges thereon. Highway does not include any bridge, trail, or path 
intended for use by off highway recreational vehicles, as defined in RSA 215-A:1, or 
snowmobiles, as defined in RSA 215-C:1.” [ R S A  2 2 9 : 1 ]  

 
R e s e a r c h  a t  t h e  N H  S t a t e  A r c h i v e s  d i d  n o t  i d e n t i f y  a n y  d o c u m e n t s  c l e a r l y  r e l a t i n g  t o  
t h e  f o r m a l  l a y o u t  o f  a n y  o f  t h e  r o a d s  w i t h i n  t h e  w a t e r s h e d .  H o w e v e r ,  s i n c e  t h e i r  b a s i c  
a l i g n m e n t s  a r e  r e f e r e n c e d  i n  h i s t o r i c a l  m a p s  a n d  d o c u m e n t s ,  t h e y  a r e  p r e s u m e d  t o  b e  
p u b l i c  h i g h w a y s  b y  w a y  o f  “ p r e s c r i p t i v e  u s e , ”  t h e  l e g a l  d o c t r i n e  t h a t  r e f e r s  t o  a c t u a l  
u s e  f o r  p u b l i c  t r a v e l  f o r  a t  l e a s t  2 0  y e a r s  p r i o r  t o  J a n u a r y  1 ,  1 9 6 8 ,  i f  n o t  a c t u a l  l a y o u t .   

Highway Classification System

T h e  h i g h w a y  s y s t e m  i n  N e w  H a m p s h i r e  i s  b r o k e n  d o w n  i n t o  s e v e n  d i s t i n c t  c l a s s e s ,  
k n o w n  a s  Class I, II, III, III-a, IV, V a n d  VI .  C l a s s  I ,  I I  a n d  I I I  h i g h w a y s  a r e  s t a t e  
h i g h w a y s ,  c o n t r o l l e d  a n d  m a i n t a i n e d  b y  t h e  N H D O T ,  w i t h  c e r t a i n  e x c e p t i o n s .  C l a s s  
I V ,  V  a n d  V I  h i g h w a y s  a r e  l o c a l  h i g h w a y s ,  m a n a g e d  b y  t h e  m u n i c i p a l i t i e s .  B e c a u s e  
t h e  r o a d s  i n  t h e  w a t e r s h e d  a r e  a l l  e i t h e r  C l a s s  V  o r  C l a s s  V I ,  t h e  d i s c u s s i o n  b e l o w  i s  
l i m i t e d  t o  t h e s e  c l a s s e s .  

Class V Roads

C l a s s  V  r o a d s  c o n s i s t o f  a l l  t r a v e l e d  h i g h w a y s ,  o t h e r  t h a n  C l a s s  I V ,  t h a t  t h e  t o w n  o r  
c i t y  h a s  t h e  d u t y  t o  m a i n t a i n  r e g u l a r l y .  T h e  l a w  d o e s  n o t  d e f i n e  s i z e ,  u s e ,  e n g i n e e r i n g ,  
o r  c o n s t r u c t i o n  s t a n d a r d s  f o r  C l a s s  V  h i g h w a y s ,  a n d  t h e y  c a n  b e  s m a l l  g r a v e l  r o a d s  o r  
m u l t i - l a n e  p a v e d  s t r e e t s .  T h e  d e f i n i n g  c h a r a c t e r i s t i c  o f  a  C l a s s  V  r o a d  i s  w h e t h e r  a  
t o w n  o r  c i t y  h a s  a  d u t y  t o  m a i n t a i n  t h e  r o a d  and does, in fact, maintain it .  C o u r t  
d e c i s i o n s  h a v e  i n d i c a t e d  t h a t  a  h i g h w a y  m u s t  b e  b o t h  traveled and maintained t o  b e  a  
C l a s s  V  h i g h w a y ;  t h e  f a c t  t h a t  a  r o a d  i s  u s e d  f r e q u e n t l y  b y  h u n t e r s ,  l o g g e r s  o r  
f i s h e r m e n  d o e s  n o t  m a k e  i t  C l a s s  V ,  a b s e n t  t o w n  m a i n t e n a n c e  ( N H M A ,  2 0 1 5 ) .  T h i s  
m a y  b e  r e l e v a n t  t o  t h e  s t a t u s  o f  W o o d w a r d  P o n d  R o a d ,  a s  d i s c u s s e d  f u r t h e r  b e l o w .  

Class VI Roads

C l a s s  V I  r o a d s  c o n s i s t  o f  “ a l l  o t h e r  e x i s t i n g  p u b l i c  w a y s . ”  C l a s s  V I  r o a d s  i n c l u d e  a l l  
l o c a l  h i g h w a y s  d i s c o n t i n u e d  s u b j e c t  t o  g a t e s  a n d  b a r s  a n d  a l l  h i g h w a y s  t h a t  h a v e  n o t  
b e e n  m a i n t a i n e d  a n d  r e p a i r e d  b y  t h e  t o w n  i n  s u i t a b l e  c o n d i t i o n  f o r  t r a v e l  f o r  f i v e  
s u c c e s s i v e  y e a r s  o r  m o r e .  I n  1 9 2 5 ,  a l l  n o n - m a i n t a i n e d  p u b l i c  h i g h w a y s  w e r e  c l a s s i f i e d  
a s  C l a s s  V I .  C l a s s  V I  r o a d s  a r e  f u l l  p u b l i c  h i g h w a y s  i n  a l l  a s p e c t s  e x c e p t  m a i n t e n a n c e ,  
a n d  a  m u n i c i p a l i t y  h a s  t h e  s a m e  r e g u l a t o r y  a u t h o r i t y  o v e r  C l a s s  V I  r o a d s  t h a t  i t  h a s  
o v e r  C l a s s  V  r o a d s  ( N H M A ,  2 0 1 5 ) .  

Discontinuation of Roads

R S A  2 2 9 : 5 ,  V I I  p r o v i d e s  t h a t  a  C l a s s  I V  o r  V  h i g h w a y  m a y  b e c o m e  C l a s s  V I  i n  o n e  o f  
t w o  w a y s :  
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• A  v o t e  o f  t h e  l e g i s l a t i v e  b o d y  ( i.e., t o w n  m e e t i n g  i n  t h e  c a s e  o f  R o x b u r y )  t o  
d i s c o n t i n u e  i t  “ s u b j e c t  t o  g a t e s  a n d  b a r s ”  p u r s u a n t  t o  R S A  2 3 1 : 4 5 ;  o r  

• T h e  f a i l u r e  t o  m a i n t a i n  i t  “ i n  s u i t a b l e  c o n d i t i o n  f o r  t r a v e l  t h e r e o n  f o r  f i v e  
s u c c e s s i v e  y e a r s  o r  m o r e . ”  

 
D i s c o n t i n u a t i o n  d o e s  n o t  m e a n  t h a t  t h e  s u b j e c t  r o a d  i s  n o  l o n g e r  a  p u b l i c  h i g h w a y .  
R a t h e r ,  i t  m e a n s  t h a t  t h e  t o w n  n o  l o n g e r  h a s  t h e  d u t y  t o  m a i n t a i n  t h e  r o a d ,  a n d  t h a t  
l a n d o w n e r s  m a y  e r e c t  g a t e s  a n d  b a r s  t o  c o n t r o l ,  b u t  n o t  p r e v e n t ,  p u b l i c  a c c e s s .   
 
W h e r e  a  t o w n  h a s  n o t  m a i n t a i n e d  a n d  r e p a i r e d  a  C l a s s  V  r o a d  f o r  f i v e  y e a r s ,  i t  m a y  
r e v e r t  t o  C l a s s  V I  s t a t u s  w h e t h e r  o r  n o t  t h e  r o a d  i s  a c t u a l l y  p a s s a b l e  o r  u s e d  b y  t h e  
p u b l i c .  A l t h o u g h  a  r o a d  t h a t  h a s  n o t  b e e n  m a i n t a i n e d  a n d  r e p a i r e d  m a y  b e  t r a v e l e d ,  i t  
d o e s  n o t  b e c o m e  a  C l a s s  V  h i g h w a y .  R e s u m p t i o n  o f  m a i n t e n a n c e  o f  a  C l a s s  V I  
h i g h w a y  c a n  a f f e c t  i t s  c l a s s i f i c a t i o n  s t a t u s ;  a  C l a s s  V  r o a d  t h a t  a t t a i n s  C l a s s  V I  s t a t u s  
b e c a u s e  o f  a  l a p s e  o f  m a i n t e n a n c e  w i l l  r e v e r t  t o  C l a s s  V  s t a t u s  a g a i n  i f  t h e  t o w n  h a s  
m a i n t a i n e d  i t  f o r  a t  l e a s t  f i v e  c o n s e c u t i v e  y e a r s .  T h e  m a i n t e n a n c e  a n d  r e p a i r  m u s t  b e  
“ r e g u l a r ”  a n d  “ o n  m o r e  t h a n  a  s e a s o n a l  b a s i s ”  s o  t h a t  t h e  r o a d  i s  i n  “ s u i t a b l e  
c o n d i t i o n  f o r  y e a r - r o u n d  t r a v e l ”  ( N H M A ,  2 0 1 5 ) .  

Class VI Roads are Subject to 
Gates and Bars

C l a s s  V I  h i g h w a y s  m a y  b e  d e e m e d  “ s u b j e c t  t o  g a t e s  a n d  b a r s , ”  b u t  a n y  g a t e s  a n d  b a r s  
m u s t  b e  c a p a b l e  o f  b e i n g  o p e n e d  a n d  c l o s e d  b y  u s e r s  o f  t h e  r o a d .  T h e  t e r m  “ g a t e s  a n d  
b a r s ”  i s  n o t  d e f i n e d  b y  s t a t e  l a w ,  b u t  t h e  t e r m  h i s t o r i c a l l y  r e f e r s  t o  a n  o w n e r ’ s  r i g h t  t o  
e n c l o s e  t h e  p r o p e r t y  f o r  t h e i r  o w n  b e n e f i t .  T h e  o w n e r  m a y  r e q u i r e  p u b l i c  t r a v e l e r s  t o  
o p e n  a n d  c l o s e  t h e  g a t e s  o r  b a r s  a s  a  c o n d i t i o n  t o  t r a v e l .  T h e  s e l e c t m e n  a r e  a u t h o r i z e d  
t o  r e g u l a t e  t h e  s t r u c t u r e s  t o  a s s u r e  p u b l i c  u s e .  

Class V and VI Roads can be 
Reclassified to Trails

N H  R S A  2 3 1 - A  a l l o w s  f o r  t h e  r e c l a s s i f i c a t i o n  o f  a n y  C l a s s  V  o r  V I  h i g h w a y  t o  C l a s s  A  
o r  C l a s s  B  t r a i l s  b y  v o t e  o f  t h e  l o c a l  l e g i s l a t i v e  b o d y .  T h e  s t a t u t e  i n c l u d e s  p r o v i s i o n s  
w h i c h  p r o t e c t  t h e  r i g h t s  o f  l a n d  o w n e r s  w h e r e  t h e  r o a d  i s  t h e  s o l e  a c c e s s  t o  a n y  l a n d .  
T r a i l s  d i f f e r  f r o m  p u b l i c  h i g h w a y s  i n  t h a t ,  w h i l e  t h e y  p r o v i d e  p u b l i c  r i g h t - o f - w a y ,  
t h e y  a r e  s u b j e c t  t o  p u b l i c  t r a i l  u s e  r e s t r i c t i o n s .  T h e y  d o  n o t  h a v e  t h e  s t a t u s  o f  a  
p u b l i c l y  a p p r o v e d  s t r e e t  a n d  c a n n o t  b e  u s e d  a s  a  v e h i c u l a r  a c c e s s  f o r  a n y  n e w  
b u i l d i n g  o r  s t r u c t u r e ,  o r  f o r  t h e  e x p a n s i o n ,  e n l a r g e m e n t ,  o r  i n c r e a s e d  i n t e n s i t y  o f  u s e  
o f  a n y  e x i s t i n g  b u i l d i n g  o r  s t r u c t u r e .  T h e y  c a n  b e  u s e d  t o  p r o v i d e  a c c e s s  f o r  s u c h  
n o n d e v e l o p m e n t  u s e s  a s  a g r i c u l t u r e  a n d  f o r e s t r y ,  o r  f o r  a c c e s s  t o  a n y  b u i l d i n g  o r  
s t r u c t u r e  e x i s t i n g  p r i o r  t o  i t s  d e s i g n a t i o n  a s  a  t r a i l .  L i k e  C l a s s  V I  r o a d s ,  t h e  
m u n i c i p a l i t y  d o e s  n o t  b e a r  r e s p o n s i b i l i t y  f o r  m a i n t a i n i n g  a  C l a s s  A  o r  B  t r a i l .  
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Records Related to Road
Classification in the Watershed

T o  g a t h e r  i n f o r m a t i o n  o n  t o w n  a c t i o n s  r e l a t e d  t o  w a t e r s h e d  r o a d  c l a s s i f i c a t i o n s ,  a  
r e v i e w  o f  a v a i l a b l e  R o x b u r y  T o w n  R e p o r t s  d a t i n g  t o  1 9 3 9  w a s  c o n d u c t e d  w i t h  t h e  
a s s i s t a n c e  o f  M r .  J a m e s  R o u s m a n i e r e ,  R o x b u r y  S e l e c t m a n ,  a n d  M r .  K e n  B u f f u m ,  
R o x b u r y  R o a d  A g e n t .  T h e s e  T o w n  R e p o r t s  c o n t a i n  r e c o r d  o f  a t  l e a s t  s i x  t o w n  v o t e s  
r e l a t e d  t o  t h e  c l a s s i f i c a t i o n  o f  w a t e r s h e d  r o a d s ,  a s  p r e s e n t e d  i n  Table 3- 1 .   
 
T h i s  i n f o r m a t i o n ,  t a k e n  t o g e t h e r  w i t h  d a t a  f r o m  t h e  N H  S t a t e  A r c h i v e s  a n d  t h e  
N H D O T  d a t a s e t ,  s u g g e s t s  t h a t  a l l  t h e  r o a d s  w i t h i n  t h e  w a t e r s h e d  a r e  C l a s s  V I ,  a n d  
t h e r e f o r e  s u b j e c t  t o  g a t e s  a n d  b a r s ,  e x c e p t  f o r  M i d d l e t o w n  R o a d ,  D i l l i n g h a m  R o a d ,  
a n d  p o r t i o n s  o f  W o o d w a r d  P o n d  R o a d .  

Woodward Pond Road

A  p o r t i o n  o f  W o o d w a r d  P o n d  R o a d  i s  c u r r e n t l y  c l a s s i f i e d  a s  a  C l a s s  V  r o a d ,  h o w e v e r ,  
t h e  e a s t e r n  p o r t i o n  f r o m  t h e  d a m  t o  t h e  N e l s o n  L i n e  i s  C l a s s  V I ,  b a s e d  o n  a  t o w n  v o t e  
c o n d u c t e d  i n  1 9 3 9 .  V o t e s  i n  1 9 5 1  a n d  1 9 5 6  a f f i r m  t h e  T o w n ’ s  i n t e n t  t o  m a n a g e  t h e  
r e m a i n i n g  p o r t i o n  o f  t h e  r o a d  a s  a  C l a s s  V  H i g h w a y .  T h e  K e e n e  D P W  a c t i v e l y  
m a i n t a i n s  t h e  p o r t i o n  o f  t h e  r o a d  f r o m  D i l l i n g h a m  R o a d  t o  t h e  d a m  s i t e ,  a n d  M r .  K e n  
B u f f u m  h a s  i n d i c a t e d  t h a t  t h e  p o r t i o n  w e s t  o f  t h e  d a m  t o  M i d d l e t o w n  R o a d  h a s  b e e n  
p e r i o d i c a l l y  g r a d e d ,  b u t  i s  n o t  m a i n t a i n e d  i n  w i n t e r  ( K e n  B u f f u m ,  R o x b u r y  R o a d  
A g e n t ,  p e r s o n a l  c o m m u n i c a t i o n ,  A u g u s t  1 6 ,  2 0 1 7 ) .   
 

Table 3-1. Key Roxbury Town Votes Related to the Classification of Roads

Year Warrant 
Article

Warrant Article Language Result

1939 To discontinue subject to gates and bars…the road from Woodward Pond 
Dam to the Nelson Line…(and) the Grimes Road from the Marlboro Road…to 
the Middletown Road

Seconded and Carried

1951 Art. 11 To discontinue Dakin Road and Woodward Pond Road Vote in Negative

1956 Art. 12 The Town shall not close any portion of Woodward Pond Road from the old 
church to Dillingham Road.

Vote in Affirmative 

1971 Art. 17 To see if the Town will vote to the closing of Dakin Road, subject to gates and 
bars

Motion Carried

1976 Art. 20 To close a portion of the Marlborough Road from the residence of Charles 
Yardley to Roaring Book1

Motion Carried

1984 Art. 18 To give the City of Keene permission to install gates on a) Horse Hill Road 
from the residence of Allen Laplante to the Middletown Road, b) Dakin Road 
from the Middletown Road to Horse Hill Road

Motion Not Carried

Note:
1 Review of current and historic maps was unable to identify the location of the Yardley residence.
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Grimes Road

B a s e d  o n  t h e  t o w n  v o t e  i n  1 9 3 9 ,  t h e  p o r t i o n  o f  G r i m e s  R o a d  o n  C i t y - o w n e d  p r o p e r t y  
w a s  f o r m a l l y  d i s c o n t i n u e d  t o  C l a s s  V I .  T h e  R o x b u r y  r o a d  a g e n t  r e p o r t s  t h a t  t h e  t o w n  
d o e s  n o t  m a i n t a i n  t h i s  r o a d  ( K e n  B u f f u m ,  R o x b u r y  R o a d  A g e n t ,  p e r s o n a l  
c o m m u n i c a t i o n ,  A u g u s t  1 6 ,  2 0 1 7 ) .   

Dakin Road

D a k i n  R o a d  w a s  c o n s i d e r e d  f o r  d i s c o n t i n u a t i o n  b y  t h e  t o w n  i n  1 9 5 1  a n d  1 9 7 1 .  W h i l e  
t h e  d i s c o n t i n u a n c e  w a s  d e f e a t e d  i n  1 9 5 1 ,  t h e  v o t e  i n  1 9 7 1  e f f e c t e d  t h e  d i s c o n t i n u a n c e  
o f  t h e  e n t i r e  r o a d ,  s u b j e c t  t o  g a t e s  a n d  b a r s .  A c c o r d i n g l y ,  t h e  t o w n  d o e s  n o t  m a i n t a i n  
t h i s  r o a d .  H o w e v e r ,  t h e  K e e n e  D P W  h a s  m a i n t a i n e d  t h e  p o r t i o n  o f  t h i s  r o a d  t o  
B a b b i d g e  R e s e r v o i r  t o  e n a b l e  t h e  o p e r a t i o n  a n d  m a i n t e n a n c e  o f  t h e  d a m  a n d  
r e s e r v o i r .  

Marlborough Road

T h e  T o w n  o f  R o x b u r y  v o t e d  t o  c l o s e  a  p o r t i o n  o f  t h e  M a r l b o r o u g h  R o a d  “ f r o m  t h e  
r e s i d e n c e  o f  C h a r l e s  Y a r d l e y  t o  R o a r i n g  B r o o k ”  a t  i t s  a n n u a l  t o w n  m e e t i n g  i n  1 9 7 6 .  
R e v i e w  o f  h i s t o r i c a l  m a p s  c o u l d  n o t  i d e n t i f y  t h e  l o c a t i o n  o f  t h e  Y a r d l e y  p r o p e r t y ,  b u t  
b a s e d  o n  t o w n  m a p s ,  i t  c a n  b e  i n f e r r e d  t h a t  t h e  p o r t i o n  o f  t h e  r o a d  c l o s e d  b y  t h e  t o w n  
v o t e  e x t e n d s  f r o m  M i d d l e t o w n  R o a d  t o  R o a r i n g  B r o o k .  B e c a u s e  t h e  t o w n  w a r r a n t  
a r t i c l e  s p e c i f i e d  t h a t  t h i s  r o a d  w a s  “ c l o s e d ”  a n d  n o t  d i s c o n t i n u e d  s u b j e c t  t o  g a t e s  a n d  
b a r s ,  t h i s  s e c t i o n  o f  t h e  r o a d  m a y  n o  l o n g e r  b e  a  p u b l i c  h i g h w a y .  A n d ,  b e c a u s e  t h e  
r e m a i n i n g  p o r t i o n  o f  t h e  r o a d  h a s  n o t  b e e n  m a i n t a i n e d  b y  t h e  T o w n  f o r  a  p e r i o d  o f  
g r e a t e r  t h a n  f i v e  y e a r s ,  i t s  r e m a i n i n g  l e n g t h  i s  a s s u m e d  t o  h a v e  r e v e r t e d  t o  C l a s s  V I .  

Other Roads and Paths

S e v e r a l  o t h e r  w o o d s  r o a d s  a n d  p a t h s  w e r e  i d e n t i f i e d  o n  t h e  p r o p e r t y .  T h e s e  i n c l u d e  a  
r o a d w a y  e x t e n d i n g  f r o m  t h e  w e s t e r n  p o r t i o n  o f  W o o d w a r d  P o n d  R o a d ,  n e a r  R o x b u r y  
C e n t e r ,  s o u t h w a r d  t o  H o r s e  H i l l .  T h i s  s e c t i o n  o f  r o a d  i s  s o m e t i m e s  k n o w n  a s  t h e  
“ C r o s s  W a t e r s h e d  P a t h . ”  A n o t h e r  r o a d w a y  o f  n o t e  e x t e n d s  f r o m  t h e  a b a n d o n e d  
r a i l r o a d  g r a d e  p a r a l l e l  t o  B r a n c h  R o a d  o n  t h e  w e s t  s i d e  o f  t h e  w a t e r s h e d  t o  B a b b i d g e  
R e s e r v o i r .  T h e s e  r o a d s  a r e  n o t  r e f e r e n c e d  i n  t h e  d o c u m e n t s  r e v i e w e d  a s  p a r t  o f  t h i s  
s t u d y .  F u r t h e r  r e s e a r c h  m a y  r e v e a l  t h a t  t h e y  s h o u l d  b e  c o n s i d e r e d  p u b l i c  h i g h w a y s  
u n d e r  s t a t e  l a w ,  b u t  t h e i r  l a c k  o f  d o c u m e n t a t i o n  s u g g e s t s  t h a t  t h e y  a r e  m o r e  l i k e l y  t o  
b e  p r i v a t e  r o a d s  c o n s t r u c t e d  b y  p r e v i o u s  l a n d o w n e r s  t o  a c c e s s  f a r m s ,  t i m b e r  s t a n d s ,  
o r  q u a r r y  o p e r a t i o n s .  A c c o r d i n g l y ,  t h e i r  s t a t u s  i s  t r e a t e d  a s  “ u n c l a s s i f i e d ”  o r  
“ u n k n o w n . ”  

Existing Gates and Bars

A  t o t a l  o f  e i g h t  g a t e s  o r  f e n c e s  w e r e  i d e n t i f i e d  o n  o r  a d j a c e n t  t o  w a t e r s h e d  r o a d s .  
T h e i r  l o c a t i o n s  a r e  s h o w n  i n  Figure 3- 1.  T h e s e  i n c l u d e  s e v e r a l  g a t e s  i n s t a l l e d  a n d  
m a i n t a i n e d  b y  t h e  C i t y  o f  K e e n e ,  i n c l u d i n g  a t  t h e  f o l l o w i n g  l o c a t i o n s :  
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• T h e  w e s t e r n  e n d  o f  W o o d w a r d  P o n d  R o a d ,  n e a r  R o x b u r y  C e n t e r ;  
• T h e  w e s t e r n  e n d  o f  M a r l b o r o u g h  R o a d ,  n e a r  R o x b u r y  C e n t e r ;  
• T h e  w e s t e r n  e n d  o f  D a k i n  R o a d ,  n e a r  i t s  i n t e r s e c t i o n  w i t h  M i d d l e t o w n  R o a d ;  
• T h e  e a s t e r n  e n d  o f  D a k i n  R o a d ,  a t  H o r s e  H i l l  R o a d ;  a n d  
• A t  D i l l i n g h a m  R o a d ,  n e a r  W o o d w a r d  P o n d  R o a d .  

 
O t h e r  f e n c e s  o r  g a t e s  a r e  l o c a t e d  a t  t h e  C i t y - o w n e d  c h l o r i n a t i o n  p l a n t ,  a n d  a t  
W o o d w a r d  P o n d  D a m .  
 
S e v e r a l  o f  t h e s e  g a t e s  w e r e  i n s t a l l e d  i n  1 9 9 7 ,  f o l l o w i n g  c o o r d i n a t i o n  b e t w e e n  t h e  C i t y  
o f  K e e n e  a n d  t h e  T o w n  o f  R o x b u r y .  ( S e e  Appendix B f o r  a  c o p y  o f  c o r r e s p o n d e n c e  
r e l a t e d  t o  t h e s e  g a t e s . )  

3.3.3 Road Condition Assessment

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

T h e  r o a d  c o n d i t i o n  a s s e s s m e n t  u s e d  a  m o d i f i e d  v e r s i o n  o f  t h e  g r a v e l  r o a d  r a t i n g  
s y s t e m  d e v e l o p e d  b y  W a l k e r  ( 2 0 0 2 ) ,  w h i c h  u s e s  a  s i m p l i f i e d  5 - p o i n t  r a t i n g  s c a l e .  T h e  
r a t i n g  s y s t e m  r e f l e c t s  t h e  m a j o r  f a c t o r s  t h a t  a f f e c t  t h e  p e r f o r m a n c e  o f  t h e  r o a d w a y ,  
i n c l u d i n g  r o a d w a y  c r o w n ,  d r a i n a g e ,  a n d  a d e q u a c y  o f  t h e  g r a v e l  l a y e r .  O b s e r v a t i o n s  
o n  s u r f a c e  d i s t r e s s e s  s u c h  a s  w a s h - b o a r d i n g ,  l o o s e  r o c k ,  a n d  d u s t  w e r e  m a d e .  A r e a s  
w h e r e  r o a d w a y  e r o s i o n  i m p a c t e d  w a t e r  q u a l i t y  w e r e  o f  p a r t i c u l a r  n o t e .  ( S e e  
C h a p t e r  5  f o r  a  d i s c u s s i o n  o f  h o w  r o a d w a y s  p o t e n t i a l l y  a f f e c t  w a t e r  q u a l i t y  i n  t h e  
w a t e r s h e d . )  
 
Table 3- 2 o u t l i n e s  t h e  r a t i n g  c a t e g o r i e s  w i t h  t h e  t y p i c a l  d i s t r e s s  a n d  n e c e s s a r y  
m a i n t e n a n c e  o r  r e h a b i l i t a t i o n  p r o c e d u r e s .  T h e  r o a d w a y  m a y  n o t  h a v e  a l l  t y p e s  o f  
d i s t r e s s  a t  a n y  p a r t i c u l a r  t i m e ,  a n d  m a y  h a v e  o n e  o r  t w o  o f  t h e  i n d i v i d u a l  
d e f i c i e n c i e s .   
 
Table 3-2. Road Condition Assessment Ratings

Rating Interpretation Maintenance Needs
Excellent A newly constructed road. Excellent 

crown, drainage, and gravel layer.
Little or no maintenance needed.

Good Recently regraded with good crown and 
drainage and adequate gravel layer.

Routine maintenance needed.

Fair Needs regrading or ditch construction or 
maintenance; some erosion noted.

Regrading (reworking) necessary to 
maintain. Needs some ditch 
improvement and culvert maintenance.
Some areas may need additional 
gravel.
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Poor Needs additional aggregate or major 
drainage maintenance; substantial 
erosion noted.

Needs additional new aggregate.
Major ditch construction end culvert 
maintenance also required.

Failed Not passable; significant erosion noted. Road is partially or totally impassable. 
Needs complete rebuilding and/or new 
culverts.

T h e  r e s u l t i n g  a s s e s s m e n t  c o n d i t i o n s  a r e  p r e s e n t e d  i n  Figure 3- 2 a n d  s u m m a r i z e d  i n  
Table 3- 3 .  
 
B a s e d  o n  t h i s  p r e l i m i n a r y  a s s e s s m e n t ,  a p p r o x i m a t e l y  1 . 5  m i l e s  o f  t h e  a l m o s t  1 7  m i l e s  
o f  r o a d s  a n d  p a t h s  w i t h i n  t h e  w a t e r s h e d  w e r e  r a t e d  “ g o o d . ”  T h e s e  s e c t i o n s  a r e  
l i m i t e d  t o  p o r t i o n s  o f  D a k i n  R o a d  a n d  G r i m e s  R o a d  w h e r e  r e g u l a r  m a i n t e n a n c e  h a s  
b e e n  p e r f o r m e d  b y  t h e  C i t y  o r  a  p r i v a t e  l a n d - o w n e r .   
 
Table 3-3. Summary of Road Condition Assessment

Road Classification Condition Length(ft)
Culverts/
Bridges

Dakin Road VI Good 4,876 13
Fair 1,080 1
Poor 2,821 0

Grimes Road VI Good 1,827 0
Fair 3,575 3
Poor - 0

Woodward Pond Road V(only) Good - 0
Fair 1,519 1
Poor 6,929 1

Scholtz Road VI Good - 0
Fair - 0
Poor 4,546 1

Failed 10,063 1
Marlborough Road VI Good - 0

Fair - 0
Poor 7,307 6

Unclassified/
Unnamed Roads

Unclassified Good - 0
Fair 7,663 3
Poor 6,491 0

Failed 2,030 0
Not Rated 27,316 1

T h e  K e e n e  D P W  h a s  p e r f o r m e d  m a i n t e n a n c e  o n  s e c t i o n s  o f  D a k i n  R o a d  a n d  
W o o d w a r d  P o n d  R o a d  t o  m a i n t a i n  a c c e s s  t o  d a m  i n f r a s t r u c t u r e .  T h e  C i t y  r e p o r t s  t h a t  
t h i s  r o a d  r e p a i r  w o r k  i n v o l v e s  p l a c e m e n t  o f  a p p r o x i m a t e l y  f o u r  l o a d s  o f  g r a v e l  a n d  
i n v o l v e s  l e s s  t h a n  t w o  d a y s  l a b o r  e a c h  y e a r .  T h e  t o t a l  d i r e c t  c o s t  o f  t h i s  w o r k  h a s  b e e n  
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FIGURE 3-2

Roaring Brook Watershed Management Plan

Roadway Condition & Culverts
i

Keene-Owned Lands (Updated Boundary)

Roaring Brook Watershed (Above Babbidge Dam)

Town Boundary

!( Culvert Location
Source: USGS Stream Stats, VHB, NEFCO,
NHGRANIT

Roadway Condition
Good
Fair
Poor
Failed
Not Rated
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l e s s  t h a n  $ 2 , 0 0 0  a n n u a l l y  ( A a r o n  C o s t a ,  K e e n e  D P W ,  p e r s o n a l  c o m m u n i c a t i o n ,  M a r c h  
1 9 ,  2 0 1 8 ) .   

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

3.3.4 Recommendations Related to Roads

T h e  f o l l o w i n g  a c t i o n s  r e l a t e d  t o  t h e  e x i s t i n g  r o a d  a n d  t r a i l  s y s t e m  a r e  r e c o m m e n d e d :  

Review Status of Roadway Classifications: T h e  C i t y ,  w o r k i n g  w i t h  t h e  T o w n  o f  
R o x b u r y ,  s h o u l d  r e v i e w  t h e  c u r r e n t  u n d e r s t a n d i n g  o f  t h e  c l a s s i f i c a t i o n  o f  t h e  v a r i o u s  
r o a d s  a n d  t r a i l s  w i t h i n  t h e  w a t e r s h e d .  A s  n e e d e d ,  t h e  C i t y  a n d  T o w n  s h o u l d  c o n s i d e r  
d i s c o n t i n u i n g  o r  r e c l a s s i f y i n g  c e r t a i n  r o a d s  o r  p o r t i o n s  o f  c e r t a i n  r o a d s .  T h i s  c o u l d  
i n c l u d e  r e - d e s i g n a t e  s e c t i o n s  o f  c l a s s  V I  r o a d s  w h e r e  t h i s  w o u l d  b e  a p p r o p r i a t e .  ( A l s o  
s e e  r e c o m m e n d a t i o n s  r e l a t e d  t o  a c c e s s  a n d  s e c u r i t y  i n  S e c t i o n  3 . 5  b e l o w . )  
 
Roadway Maintenance: T h e  C i t y  s h o u l d  d e v e l o p  a  p r o g r a m  t o  s t a b i l i z e  p o r t i o n s  o f  
t h e  r o a d  n e t w o r k  o n  t h e  p r o p e r t y .  T h e  o b j e c t i v e  o f  t h i s  p r o g r a m  s h o u l d  b e  t o  a d d r e s s  
a r e a s  o f  s e v e r e  a n d  m o d e r a t e  e r o s i o n ,  e s p e c i a l l y  i n  a r e a s  f o u n d  t o  b e  i n  f a i l e d  o r  p o o r  
c o n d i t i o n .  T h i s  p r o g r a m  s h o u l d  n o t  s e e k  t o  e x p a n d  t h e s e  r o a d s ,  b u t  r a t h e r  t o  e n s u r e  
t h a t  e r o s i o n  i s  f u l l y  m a n a g e d  a n d  t o  i n s t a l l  a p p r o p r i a t e  s t r e a m  c r o s s i n g s  ( c u l v e r t s  o r  
s m a l l  s p a n s )  t o  r e d u c e  s e d i m e n t  l o a d s  t o  w a t e r s h e d  t r i b u t a r i e s .  ( S e e  S e c t i o n  5 . 5 . 2  f o r  a  
d i s c u s s i o n  o f  t h e  p r e d i c t e d  w a t e r  q u a l i t y  b e n e f i t s  o f  s u c h  a  p r o g r a m . )  

3.4 Recreational Use of the City-Owned 
Property

E v e n  t h o u g h  p u b l i c  a c c e s s  i s  p r o h i b i t e d  a n d  t h e  p r o p e r t y  i s  p o s t e d  a g a i n s t  
t r e s p a s s i n g ,  t h e  p r o p e r t y  h a s  n a t u r a l  a n d  s c e n i c  v a l u e  t h a t  m a k e s  i t  a t t r a c t i v e  f o r  
p e r s o n s  s e e k i n g  a n  o u t d o o r  r e c r e a t i o n a l  e x p e r i e n c e .  N a t u r a l  c h a r a c t e r i s t i c s  t h a t  m a k e  
t h i s  p r o p e r t y  u n i q u e  i n c l u d e  r e m o t e ,  i s o l a t e d  b o d i e s  o f  w a t e r  w h i c h  p r o v i d e  v a l u e  t o  
w a t e r f o w l  a n d  o t h e r  w i l d l i f e ,  h i s t o r i c  c e l l a r  h o l e s  a n d  a s s o c i a t e d  s t o n e  w a l l s ,  a n d  
h i s t o r i c  q u a r r y  l o c a t i o n s .  
 
S e c u r i n g  t h e  b o u n d a r y  o f  t h e  w a t e r s h e d  i s  d i f f i c u l t ,  a n d  o c c a s i o n a l  r e c r e a t i o n a l  u s e  o f  
t h e  p r o p e r t y  o c c u r s  i n  v i o l a t i o n  o f  t h e  c u r r e n t  p o l i c i e s  r e g a r d i n g  a c c e s s  t o  t h e  
p r o p e r t y .  I n  f a c t ,  r e c r e a t i o n a l  a c t i v i t y ,  i n c l u d i n g  o c c a s i o n a l  u n a u t h o r i z e d  a l l - t e r r a i n  
v e h i c l e  u s e  a r o u n d  B a b b i d g e  R e s e r v o i r ,  s e e m s  t o  h a v e  i n c r e a s e d  i n  r e c e n t  y e a r s ,  
r a i s i n g  c o n c e r n s .   
 
F i e l d w o r k  o c c u r r e d  d u r i n g  h u n t i n g  s e a s o n  a n d  e n c o u n t e r s  w i t h  o r  e v i d e n c e  o f  u s e  b y  
h u n t e r s  w a s  f r e q u e n t .  O t h e r  u s e s  o b s e r v e d  i n c l u d e d  c r o s s  c o u n t r y  s k i i n g ,  A T V  u s e  
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( l i m i t e d ,  b u t  p a r t i c u l a r l y  p r e v a l e n t  a l o n g  S c h o l t z  R o a d ) ,  h i k i n g ,  g e o - c a c h i n g  a n d  
s k a t i n g  ( v e r y  l i m i t e d ) .  E x c e p t  f o r  e r o s i o n  a n d  d a m a g e  a t  S c h o l t z  R o a d  a n d  p o r t i o n  o f  
G r i m e s  R o a d ,  n o  s i g n i f i c a n t  e v i d e n c e  o f  a b u s e  f r o m  t h e s e  a c t i v i t i e s  w a s  n o t e d ,  n o r  
w e r e  i n s t a n c e s  o f  d u m p i n g  o r  t i m b e r  t r e s p a s s .   
 
A c c e s s  t o  t h e  p r o p e r t y  b y  s n o w m o b i l e s  i s  p r e v a l e n t .  W h i l e  t h e  p r o p e r t y  i s  n o t  p a r t  o f  
t h e  o f f i c i a l  s t a t e  s n o w m o b i l e  t r a i l  s y s t e m ,  a  n u m b e r  o f  t r a i l  s i g n s  i n d i c a t e  t h a t  r e g i o n a l  
s n o w m o b i l e  c l u b s  m a i n t a i n  t r a i l s  w i t h i n  t h e  w a t e r s h e d .  T h e s e  c l u b s  i n c l u d e  t h e  R i d g e  
S k i p p e r s  S n o w m o b i l e  C l u b  ( R S S C ) ,  b a s e d  o n  S u l l i v a n ,  N H ,  w h o s e  t r a i l  m a p  d e p i c t s  
r o u t e s  o n  t h e  C i t y - o w n e d  p r o p e r t y  i n c l u d i n g  p o r t i o n s  o f  W o o d w a r d  P o n d  R o a d ,  
S c h o l t z  R o a d ,  M a r l b o r o u g h  R o a d ,  a n d  D a k i n  R o a d .  T h e  R S S C  m a i n t a i n s  a  p a r k i n g  
a r e a  f o r  s n o w m o b i l e r s  a t  O t t e r  B r o o k  P a r k  f r o m  w h i c h  t h e s e  r o u t e s  c a n  b e  a c c e s s e d .  
S n o w m o b i l e  u s e  a n d  r e l a t e d  t r a i l  c o n s t r u c t i o n  h a s  b e e n  a n  i s s u e  o f  c o n c e r n  i n  t h e  
a d j a c e n t  T a v e s  R e s e r v e ,  a  c o n s e r v a t i o n  p r o p e r t y  m a n a g e d  b y  t h e  S o c i e t y  f o r  t h e  
P r o t e c t i o n  o f  N H  F o r e s t s . 11

 
M a n a g i n g  r e c r e a t i o n a l  u s e  o f  p u b l i c  w a t e r  s u p p l y  l a n d s  h a s  b e e n  a  c h a l l e n g e  f o r  o t h e r  
w a t e r  s u p p l i e s  i n  N e w  H a m p s h i r e  a n d  t h e  n o r t h e a s t .  T h e  M a s s a b e s i c  W a t e r s h e d ,  f o r  
e x a m p l e ,  e m p l o y s  t w o  f u l l  t i m e  a n d  t w o  p a r t  t i m e  p a t r o l  o f f i c e r s ,  y e t  f i n d s  t h a t  m u c h  
o f  t h e  r e c r e a t i o n a l  u s e  o f  i t s  p r o p e r t y  i n v o l v e s  a c t i v i t i e s  t h a t  p o s e  a  r i s k  t o  t h e  w a t e r  
s u p p l y  ( J o h n  O ’ N e i l ,  W a t e r s h e d  F o r e s t e r ,  M a n c h e s t e r  W a t e r  W o r k s ,  p e r s o n a l  
c o m m u n i c a t i o n ,  A u g u s t  2 3 ,  2 0 1 7 . )   
 
T h e s e  i s s u e s  i n c l u d e  d r o p p i n g s  f r o m  d o g s  a n d  h o r s e s ,  e v i d e n c e  o f  p e r s o n s  o r  d o g s  
s w i m m i n g  i n  r e s e r v o i r s ,  h i k e r s  t h a t  l e a v e  t r a s h  o n  t h e  p r o p e r t y ,  u n a u t h o r i z e d  t r a i l  
c o n s t r u c t i o n ,  a n d  u n a u t h o r i z e d  h u n t i n g ,  i n c l u d i n g  i n s t a n c e s  w h e r e  i n j u r e d  a n i m a l s  
w e r e  n o t  t r a c k e d  a n d  e v e n t u a l l y  e x p i r e d  i n  a n  a r e a  w h e r e  t h e  d e c a y i n g  c a r c a s s  w a s  i n  
c o n t a c t  w i t h  s u r f a c e  w a t e r .  T h e s e  a c t i v i t i e s  c a n  i n c r e a s e  e r o s i o n  i n t o  r e s e r v o i r s  a n d  
t r i b u t a r y  s t r e a m s ,  a n d  i n c r e a s e  t h e  r i s k  o f  p a t h o g e n s  o r  c o n t a m i n a n t s  f r o m  g a s o l i n e -
p o w e r e d  e n g i n e s  e n t e r i n g  t h e  w a t e r  s u p p l y .   

I s s u e s  s u c h  a s  t h e s e  h a v e  l e a d  t h e  N e w  E n g l a n d  W a t e r  W o r k s  A s s o c i a t i o n  ( N E W W A )  
t o  a d o p t  a  p o l i c y  t h a t ,  w h i l e  r e c o g n i z i n g  l e g a l l y  e x i s t i n g  r e c r e a t i o n a l  u s e s  o n  o r  
a d j a c e n t  t o  w a t e r  s u p p l y  s o u r c e s ,  o p p o s e s  l e g i s l a t i o n  o r  a n y  a d m i n i s t r a t i v e  a c t i o n  t h a t  
w o u l d  p e r m i t  o r  r e q u i r e  t h e  o p e n i n g  o f  d o m e s t i c  w a t e r  s u p p l y  r e s e r v o i r s  a n d  
a d j a c e n t  l a n d s  t o  i n c r e a s e d  r e c r e a t i o n a l  u s e . 12  

 
11  See Roxbury Selectmen meeting notes dated December 27, 2016 for a discussion of Forest Society concerns 

regarding use of motorized vehicles on the Taves Reserve.
12  New England Water Works Association, Inc., Water Resources Committee, Resolution & Policy Concerning 

Recreational Use of Public Water Supplies, Final Revised Policy, December 20, 2006. See Appendix G. 
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3.4.1 Recommendations Related to Recreational 
Use

G i v e n  t h e  p r o b l e m s  e x p e r i e n c e  b y  o t h e r  w a t e r  s u p p l i e r s  i n  t h e  n o r t h e a s t ,  a s  r e f l e c t e d  
i n  t h e  N E W W A  p o l i c y ,  e x p a n s i o n  o f  r e c r e a t i o n a l  u s e  o f  t h e  p r o p e r t y  i s  n o t  
r e c o m m e n d e d .  T h e  C i t y  s h o u l d  c o n s i d e r  a d d i t i o n a l  m e a s u r e s  t o  l i m i t  a c c e s s  t o  t h e  
p r o p e r t y  w h i c h  c o u l d  d a m a g e  r o a d s  o r  i n c r e a s e  r i s k s  t o  t h e  r e s e r v o i r s .  T h e s e  
r e c o m m e n d a t i o n s  a r e  o u t l i n e d  i n  S e c t i o n  3 . 5  b e l o w .  

3.5 Access and Security
T o  h e l p  p r o t e c t  t h e  w a t e r  s u p p l y  r e s e r v o i r s ,  t h e  C i t y  h a s  g a t e d  a n d  p o s t e d  m o s t  r o a d  
a c c e s s  p o i n t s  t o  t h e  w a t e r s h e d ,  e x c e p t  f o r  a  f e w  l o c a t i o n s .  ( S e e  d i s c u s s i o n  i n  
S e c t i o n  3 . 2 . 2 . )  T h e  C i t y  h a s  a l s o  i n s t a l l e d  s e c u r i t y  c a m e r a s  i n  a t  l e a s t  t w o  l o c a t i o n s ,  
i n c l u d i n g  a t  t h e  D a k i n  R o a d  a n d  W o o d w a r d  P o n d  R o a d  i n t e r s e c t i o n s  w i t h  
M i d d l e t o w n  R o a d .   
 
Figure 3- 3 p r o v i d e s  a n  i n v e n t o r y  o f  o b s e r v e d  s i g n s  a n d  g a t e s ,  i n c l u d i n g  s i g n a g e  
a s s o c i a t e d  w i t h  t h i r d - p a r t y  r e c r e a t i o n a l  u s e  o f  t h e  p r o p e r t y  ( i.e., s n o w m o b i l e  c l u b s )  
a n d  a d j a c e n t  l a n d o w n e r  p o s t i n g s .  
  
S i g n i f i c a n t  c o n s i d e r a t i o n s  r e l a t e d  t o  w a t e r s h e d  s e c u r i t y  i n c l u d e  t h e  f o l l o w i n g :  
 

• T h e  e x i s t i n g  s e c u r i t y  p r a c t i c e s  c o n s i s t  o f  r a n d o m  p a t r o l s  b y  t h e  R o x b u r y  
P o l i c e  D e p a r t m e n t  a n d  t h e  p r e s e n c e  o f  K e e n e  D P W  s t a f f  d u r i n g  m o n i t o r i n g  
a n d  m a i n t e n a n c e  a c t i v i t y ,  w i t h  s o m e  p e r i m e t e r  s i g n a g e ,  e n t r y  g a t e s ,  a n d  
s e c u r i t y  c a m e r a  s y s t e m s .  
 

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

 
• D u e  t o  t h e  s i z e  o f  t h e  p r o p e r t y  ( m o r e  t h a n  1 8 . 5  m i l e s  o f  b o u n d a r y  p e r i m e t e r ) ,  

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

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

 
• A  l a c k  o f  f e n c i n g  a n d  o t h e r  m e a s u r e s  a t  t h e  W o o d w a r d  P o n d  a n d  B a b b i d g e  

R e s e r v o i r  D a m s  c r e a t e s  a  r i s k  o f  d a m a g e  t o  t h i s  i m p o r t a n t  i n f r a s t r u c t u r e  a n d  
p r e s e n t s  a  l i a b i l i t y  i s s u e  f o r  t h e  C i t y .  
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FIGURE 3-3

Roaring Brook Watershed Management Plan

Signage and Access
i

Keene-Owned Lands (Updated Boundary)

Roaring Brook Watershed (Above Babbidge Dam)

Town Boundary

J£ Gate Location

J£ Recommended Gates

") City-Owned Sign

") Private No Tresspassing Sign

") Trail Marker/Sign

!( Security Camera

Legislative Classification

Class V

Class VI

Unclassified/Unknown
Source: USGS Stream Stats, VHB, NEFCO,
NHGRANIT



Roaring Brook Watershed Management Plan 
 

4 1  L a n d  U s e ,  A c c e s s ,  a n d  I n f r a s t r u c t u r e  

\\vhb\gbl\proj\Bedford\52440.00 Roaring 
Brook\reports\Watershed Management 

Plan\Roaring Brook Watershed 
Management Plan_FORMATTED.docx

T h e  C i t y  o f  K e e n e  h a s  a  g o o d  r e l a t i o n s h i p  w i t h  t h e  T o w n  o f  R o x b u r y ,  w h e r e  m u c h  o f  
t h e  c i t y - o w n e d  p r o p e r t y  i s  l o c a t e d .  B e c a u s e  K e e n e  l a c k s  e n f o r c e m e n t  a u t h o r i t y  i n  i t s  
n e i g h b o r i n g  t o w n ,  t h e  C i t y  h a s  r e l i e d  p r i m a r i l y  o n  R o x b u r y  t o  m o n i t o r  a n d  p a t r o l  
a c t i v i t y  i n  t h e  w a t e r s h e d ,  u s i n g  f u n d i n g  f r o m  t h e  S t a t e  o f  N e w  H a m p s h i r e .  T h i s  
f u n d i n g  h a s  e x p i r e d  i n  r e c e n t  y e a r s ,  h o w e v e r ,  a n d  R o x b u r y  p a t r o l s  h a v e  s i n c e  c e a s e d .  
T h e  C i t y  h a s  d e v e l o p e d  a n  i n t e r - m u n i c i p a l  a g r e e m e n t  w i t h  R o x b u r y  t o  r e n e w  t h e s e  
p a t r o l s ,  w i t h  t h e  i n t e n t  t o  r e l y  p r i m a r i l y  o n  p u b l i c  e d u c a t i o n  r a t h e r  t h a n  a n  
e n f o r c e m e n t  a p p r o a c h .  A s  p r e l i m i n a r i l y  p r o p o s e d ,  K e e n e  w o u l d  c o m p e n s a t e  
R o x b u r y  p o l i c e  s t a f f  f o r  1 0  h o u r s  o f  p a t r o l s  p e r  m o n t h .  

3.5.1 Recommendations Related to Access and 
Security

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

• Additional Signage/ Gates: W h i l e  t h e  m o s t  p r o m i n e n t  r o a d  a c c e s s  p o i n t s  a r e  
c u r r e n t l y  c o n t r o l l e d ,  a c c e s s  t o  t h e  p r o p e r t y  f r o m  C l a s s  V I  o r  p r i v a t e  r o a d s  i s  
u n c o n t r o l l e d  a t  c e r t a i n  l o c a t i o n s .  Figure 3- 3 s h o w s  t h e  l o c a t i o n  o f  t h r e e  
r e c o m m e n d e d  a d d i t i o n a l  g a t e s :  
 

o Southern Access Point: A t  t h e  s o u t h w e s t  b o u n d a r y  o f  t h e  C i t y -
o w n e d  p r o p e r t y ,  w h e r e  a n  u n c l a s s i f i e d  r o a d  p r o v i d e s  a c c e s s  t o  
B a b b i d g e  R e s e r v o i r  a n d  D a k i n  R o a d .  F i e l d  o b s e r v a t i o n s  i n d i c a t e  t h a t  
t h i s  r o a d  i s  u s e d  b y  A T V s ,  w h i c h  h a v e  c a u s e d  s o m e  e r o s i o n  a n d  r o a d  
d a m a g e .  B e c a u s e  t h i s  r o a d  i s  l i k e l y  a  p r i v a t e  w a y ,  p r o h i b i t i o n  o f  
p u b l i c  a c c e s s  a t  t h i s  l o c a t i o n  i s  l i k e l y  j u s t i f i e d .  A n y  n e w  g a t e  a t  t h i s  
l o c a t i o n  s h o u l d  b e  c a p a b l e  o f  b l o c k i n g  A T V  a c c e s s  w h i l e  s t i l l  
a l l o w i n g  a c c e s s  t o  a u t h o r i z e d  p e r s o n s ,  e s p e c i a l l y  a s  n e e d e d  t o  
m a i n t a i n  a n  a i r p o r t  b e a c o n  i n  t h i s  v i c i n i t y .  
 

o Grimes Road: A  p o r t i o n  o f  G r i m e s  R o a d  i s  u s e d  t o  a c c e s s  a  p r i v a t e  
r e s i d e n c e ,  a n d  n o  g a t e s  a r e  p r e s e n t  o n  t h i s  r o a d  c u r r e n t l y .  G r i m e s  
R o a d  w a s  d i s c o n t i n u e d ,  s u b j e c t  t o  g a t e s  a n d  b a r s ,  i n  1 9 3 9 .  T h e r e f o r e ,  
a n  a d d i t i o n a l  g a t e  o n  t h i s  r o a d  i s  w a r r a n t e d .  T h e  l o c a t i o n  o f  t h e  g a t e  
s h o u l d  a v o i d  i n t e r f e r e n c e  w i t h  a c c e s s  t o  t h e  p r i v a t e  r e s i d e n c e .  

 
o Horse Hill: A n  u n c l a s s i f i e d  r o a d  a c c e s s e s  t h e  C i t y - o w n e d  p r o p e r t y  

n e a r  t h e  h e i g h t - o f - l a n d  a t  H o r s e  H i l l .  E v i d e n c e  o f  r e c r e a t i o n a l  a c c e s s  
w a s  o b s e r v e d ,  i n c l u d i n g  e x c e s s i v e  e r o s i o n  a t  t h e  l o c a t i o n s  o f  
i n t e r m i t t e n t  t r i b u t a r i e s  a l o n g  t h i s  r o a d .  T h e  l o c a t i o n  i s  a t  t h e  b o r d e r  
o f  t h e  C i t y - o w n e d  p r o p e r t y  w i t h  a  p r i v a t e  c o n s e r v a t i o n  p a r c e l ,  w h i c h  
h a s  b e e n  p o s t e d .  A  s m a l l  g a t e  w a s  p r e v i o u s l y  i n  p l a c e  i n  t h i s  l o c a t i o n  
( p r e s u m a b l y  p l a c e d  b y  o t h e r s ) ,  b u t  h a s  f a l l e n  i n t o  d i s r e p a i r  a n d  h a s  
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b e e n  r e m o v e d .  B e c a u s e  t h i s  r o a d  i s  l i k e l y  a  p r i v a t e  w a y ,  p r o h i b i t i o n  
o f  p u b l i c  a c c e s s  a t  t h i s  l o c a t i o n  i s  l i k e l y  j u s t i f i e d .  

 
• Additional Perimeter Signage: B o u n d a r y  m a r k i n g s  a n d  p e r i m e t e r  s i g n a g e  i s  

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

 
• Targeted Security at Key I nfrastructure:  C u r r e n t l y ,  l i m i t e d  f e n c i n g  a t  t h e  

B a b b i d g e  a n d  W o o d w a r d  D a m s  a l l o w s  t h e  p u b l i c  t o  a c c e s s  t h e s e  s t r u c t u r e s .  
K e e n e  D P W  s t a f f  r e p o r t  t h a t  p r e v i o u s  u n a u t h o r i z e d  a c c e s s  t o  B a b b i d g e  D a m  
c r e a t e d  d a m a g e  t o  t h e  e a r t h e n  d a m ,  a n d  e v i d e n c e  o f  v a n d a l i s m  i s  p r e s e n t  o n  
s t r u c t u r e s  a t  t h e s e  l o c a t i o n s .  D u e  t o  t h e  i m p o r t a n c e  o f  t h e s e  d a m s  a n d  t h e  
l i a b i l i t y  i n v o l v e d ,  a d d i t i o n a l  s e c u r i t y  m e a s u r e s  i n c l u d i n g  s e c u r e  f e n c i n g  o f  
t h e s e  v u l n e r a b l e  p o i n t s  s h o u l d  b e  i n s t a l l e d .  

 
• Education and Awareness: A n y  a d d i t i o n a l  s e c u r i t y  m e a s u r e s  s h o u l d  b e  

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

 
• Additional I nspection V ehicle to Monitor the Watershed: W h i l e  t h e  C i t y  h a s  

v e h i c l e s  a v a i l a b l e  f o r  o p e r a t i o n s  o n  t h e  w a t e r s h e d  p r o p e r t y ,  t h e s e  v e h i c l e s  
c a n n o t  a c c e s s  m o s t  o f  t h e  w a t e r s h e d  p r o p e r t y  b e c a u s e  m o s t  r o a d s  a n d  t r a i l s  
a r e  n o t  s a f e l y  a c c e s s i b l e  t o  m o s t  c a r s  a n d  t r u c k s .  A n  a l l - t e r r a i n  v e h i c l e  ( u t i l i t y  
s i d e - b y - s i d e )  s h o u l d  b e  a c q u i r e d  b y  t h e  C i t y  t o  a l l o w  s t a f f  t o  a c c e s s  a l l  
p o r t i o n s  o f  t h e  w a t e r s h e d .  T h i s  w o u l d  a l l o w  f o r  e f f i c i e n t  r e g u l a r  m o n i t o r i n g  
o f  t h e  p r o p e r t y  a n d  h e l p  t o  e n s u r e  i t s  p r o p e r  m a n a g e m e n t .
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4 
Forest Management 

4.1 Introduction
A s  m e m b e r  o f  t h e  p r o j e c t  t e a m  c o n d u c t i n g  t h i s  s t u d y ,  N e w  E n g l a n d  F o r e s t r y  
C o n s u l t a n t s  c o n d u c t e d  a n  i n v e n t o r y  o f  t h e  t i m b e r  r e s o u r c e  o n  t h e  K e e n e - o w n e d  
p o r t i o n  o f  t h e  R o a r i n g  B r o o k  w a t e r s h e d . 13  T h i s  c h a p t e r  d i s c u s s e s  s o m e  o f  t h e  b e n e f i t s  
o f  f o r e s t  m a n a g e m e n t ,  r e p o r t s  t h e  r e s u l t s  o f  t h e  t i m b e r  i n v e n t o r y ,  p r e s e n t s  a  s u m m a r y  
o f  t h e  p o t e n t i a l  f o r  h a r v e s t i n g  t i m b e r  f r o m  t h e  p r o p e r t y ,  a n d  d i s c u s s e s  i s s u e s  t h a t  
w o u l d  n e e d  t o  b e  c o n s i d e r e d  i n  p l a n n i n g  a  t i m b e r  h a r v e s t .  C h a p t e r  5  p r o v i d e s  a n  
a n a l y s i s  o f  t h e  p o t e n t i a l  w a t e r  q u a l i t y  e f f e c t s  o f  h a r v e s t i n g  t i m b e r  f r o m  t h e  C i t y -
o w n e d  p a r c e l s .  

4.2 Timber Harvest Considerations
A  p r o p e r l y  p l a n n e d  a n d  e x e c u t e d  t i m b e r  h a r v e s t  c o u l d  p r o v i d e  a  v a r i e t y  o f  b e n e f i t s ,  
i n c l u d i n g  r e v e n u e  t o  t h e  C i t y ,  a n  i n c r e a s e d  y i e l d  o f  w a t e r ,  a n d  a  m o r e  d i v e r s e  a n d  
h e a l t h y  s t a n d  o f  t r e e s  a n d  w i l d l i f e .   H o w e v e r ,  l a n d  m a n a g e m e n t  a c t i v i t i e s ,  
p a r t i c u l a r l y  t i m b e r  h a r v e s t i n g  a c t i v i t i e s ,  h a v e  b o t h  p o s i t i v e  a n d  n e g a t i v e  a s p e c t s  t h a t  
m u s t  b e  c o n s i d e r e d .  A  d i s c u s s i o n  o f  t h e s e  a s p e c t s  o f  l a n d  m a n a g e m e n t  f o l l o w s .  

4.2.1 Silviculture

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

 
13  Mr. Dennis D. McKenney, NH Licensed Professional Forest #61, Licensed Land Surveyor #691 supervised the forest 

management component of this study.
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W a t e r  s u p p l y  w a t e r s h e d s  i n  t h e  n o r t h e a s t  a r e  t y p i c a l l y  m a n a g e d  t o  f a v o r  h a r d w o o d  
s p e c i e s  o v e r  s o f t w o o d  s p e c i e s ,  s i n c e  c r o w n  c o v e r  o f  s o f t w o o d s  c a n  l i m i t  t h e  a m o u n t  
o f  p r e c i p i t a t i o n  r e a c h i n g  t h e  f o r e s t  f l o o r .  T h u s ,  a  t i m b e r  m a n a g e m e n t  p l a n  t h a t  
r e m o v e s  s o f t w o o d  c o v e r  c a n  r e a s o n a b l y  b e  e x p e c t e d  t o  i n c r e a s e  w a t e r  s u p p l y  y i e l d s .  
T h i s  b e n e f i t  w o u l d  o n l y  o c c u r  a s  l o n g  a s  t h e  f o r e s t  i s  a c t i v e l y  m a n a g e d ;  s u c c e s s i o n  o f  
t h e  f o r e s t  t o  a  s o f t w o o d  d o m i n a n t  c o v e r  t y p e  w o u l d  e v e n t u a l l y  d e c r e a s e  y i e l d s .  T h e  
m a g n i t u d e  o f  t h i s  b e n e f i t  c a n n o t  b e  p r e c i s e l y  d e f i n e d  a t  t h i s  l e v e l  o f  s t u d y ,  b u t  i t  i s  
e x p e c t e d  t h a t  i t  w o u l d  b e  r e l a t i v e l y  m i n o r  a n d  t e m p o r a r y  u n l e s s  a  p e r m a n e n t ,  l o n g -
t e r m  t i m b e r  m a n a g e m e n t  p l a n  i s  a d o p t e d .   

4.2.2 Landscape Diversity and Health

T h e  p r o m o t i o n  o f  a  h e a l t h y  a n d  d i v e r s e  l a n d s c a p e  c a n  b e  a c h i e v e d  v i a  a n  a c t i v e ,  
c o n t i n u o u s  ( n o t  s p o r a d i c )  f o r e s t  m a n a g e m e n t  p r o g r a m  i n c l u d i n g  h a r v e s t s  a n d  r e g u l a r  
i n t e r v a l s .  T h e  t i m b e r  i n v e n t o r y  o n  t h e  K e e n e - o w n e d  p a r c e l s  i n d i c a t e s  t h a t  v i r t u a l l y  
t h e  e n t i r e  t r a c t  i s  c u r r e n t l y  a  l a n d s c a p e  o f  m a t u r e  o r  o v e r - m a t u r e  t i m b e r .  A l m o s t  n o  
a r e a s  o f  s a p l i n g  o r  s e e d l i n g  a g e  c l a s s  w e r e  o b s e r v e d  d u r i n g  f i e l d w o r k .  I n  f a c t ,  t h e  
y o u n g e s t  t r e e s  o b s e r v e d  w e r e  a s s o c i a t e d  w i t h  t h e  l a s t  e p i s o d e s  o f  h a r v e s t i n g  t h a t  
o c c u r r e d  a b o u t  3 5  t o  4 0  y e a r s  a g o .  A  m o r e  b a l a n c e d  a g e  c l a s s  d i s t r i b u t i o n  w o u l d  a d d  
d i v e r s i t y ,  r e d u c e  t h e  l e v e l  o f  o v e r - m a t u r i t y  i n  t h e  a g i n g  w h i t e  p i n e  s t a n d s  t o  i m p r o v e  
o v e r a l l  h e a l t h  a n d  e n c o u r a g e  a  w i d e r  v a r i e t y  o f  w i l d l i f e  s p e c i e s .   

4.2.3 Wildlife Management

W i l d l i f e  m a n a g e m e n t  i s  r e a d i l y  i n c o r p o r a t e d  w i t h  a n  a c t i v e  f o r e s t  m a n a g e m e n t  
p r o g r a m .  M a n y  n a t i v e  s p e c i e s  o f  b i r d s  a n d  w i l d l i f e  a r e  p r e s e n t  o n  t h e  l a n d .  S i g n s  o f  
b l a c k  b e a r ,  b e a v e r ,  b o b c a t ,  c o y o t e s ,  d e e r ,  g r o u s e ,  t u r k e y s  a n d  w a t e r f o w l  w e r e  
r e g u l a r l y  e n c o u n t e r e d . M u c h  o f  t h e  t i m b e r  i n v e n t o r y  f i e l d w o r k  o c c u r r e d  d u r i n g  t h e  
h u n t i n g  s e a s o n  f o r  w h i t e  t a i l  d e e r ;  t h e  l a n d  i s  p o p u l a r  a m o n g  d e e r  h u n t e r s .  
O c c a s i o n a l l y ,  a  p o r t a b l e  t r e e  s t a n d  w a s  o b s e r v e d . R o u t i n e  p r a c t i c e s  d u r i n g  a  t i m b e r  
h a r v e s t  c a n  i n c l u d e  r e s e r v i n g  a c t i v e  d e n  a n d  n e s t  t r e e s  o r  t r e e s  h a v i n g  s u c h  p o t e n t i a l ,  
r e l e a s i n g  o l d  a p p l e  t r e e s  s o  t h e y  r e c e i v e  f u l l  s u n l i g h t ,  m a i n t a i n i n g  l o g  l a n d i n g s  i n  
o p e n ,  g r a s s y  c o v e r  b y  a n n u a l  m o w i n g ,  a n d  m a n a g i n g  t h e  r e d  o a k  r e s o u r c e  t o  p r o d u c e  
a c o r n s  f o r  w i l d l i f e  a s  w e l l  a  s e e d  s o u r c e .  

4.2.4 Forest Heath

I s s u e s  s u r r o u n d i n g  f o r e s t  h e a l t h  i s  t y p i c a l  o f  t h e  r e g i o n ,  a n d  t h e r e f o r e  n o  a c t i o n  i s  
p r e s e n t l y  r e c o m m e n d e d .  F e w  t r e e s  d a m a g e d  b y  l i g h t n i n g  s t r i k e s  w e r e  n o t e d  a n d  
s o m e  s c a t t e r e d  w h i t e  p i n e  s t e m s  m a y  b e  i n f e c t e d  w i t h  b l i s t e r  r u s t ,  h o w e v e r  n e i t h e r  
p r o b l e m  i s  u n u s u a l .  A f f e c t e d  s t e m s  c o u l d  b e  r e m o v e d  d u r i n g  h a r v e s t ,  h o w e v e r ,  
l i g h t n i n g  s t r u c k  s t e m s  h a v e  s i g n i f i c a n t  w i l d l i f e  v a l u e  g r e a t e r  t h a n  a n y  m o n e t a r y  
v a l u e .  W h i t e  a s h  w i l l  b e  a t  h i g h e r  r i s k  i n  t h e  n e x t  2 0  y e a r s  t o  a n  i n v a s i v e  b e e t l e ,  t h e  
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E m e r a l d  A s h  B o r e r .  S i n c e  t h e  i n f e s t a t i o n  i s  f a t a l  w i t h i n  s e v e r a l  y e a r s ,  p r e - e m p t i v e  
s a l v a g e  d u r i n g  a n y  h a r v e s t  i s  w a r r a n t e d .  G y p s y  m o t h  i s  a  r i s k  t o  r e d  o a k ,  b u t  t h e  b e s t  
s t r a t e g y  f o r  p r o t e c t i o n  i s  t o  m a i n t a i n  v i g o r o u s  t r e e s  i n  w e l l  s t o c k e d  b u t  n o t  
o v e r s t o c k e d  s t a n d s .  
 
S c a t t e r e d  m o r t a l i t y  d u e  t o  o v e r - m a t u r i t y  w a s  o b s e r v e d ,  w h i c h  i s  c o m m o n  o n  m o s t  
p r o p e r t i e s  i n  N e w  H a m p s h i r e .  T h e s e  s t e m s  h a v e  s i g n i f i c a n t  w i l d l i f e  v a l u e  a n d  a r e  
i d e n t i f i e d  o n  t h e  d i a m e t e r  d i s t r i b u t i o n  g r a p h s  a s  “ c u l l ”  t r e e s .  R a r e l y ,  o t h e r  s t e m s  h a v e  
b e e n  d a m a g e d  b y  f e l l i n g  a n d  s k i d d i n g  d u r i n g  e a r l i e r  h a r v e s t s  i n  t h e  l a t e  1 9 7 0 ’ s .  
U n h e a l t h y  o r  o v e r - m a t u r e  t r e e s  a r e  m o r e  s u s c e p t i b l e  t o  r o t  t h a n  a r e  i m m a t u r e ,  
h e a l t h y ,  v i g o r o u s l y  g r o w i n g  t r e e s .  P r o p e r  f o r e s t  m a n a g e m e n t  s h o u l d  s e e k  t o  h a r v e s t  
m a t u r e  a n d  u n h e a l t h y  t i m b e r  p r i o r  t o  e x c e s s i v e  d a m a g e  f r o m  r o t ,  a n d  t o  s a l v a g e  
t h o s e  t r e e s  a l r e a d y  i n f e c t e d  o r  o t h e r w i s e  d a m a g e d .   
 
W h i t e  p i n e  b l i s t e r  r u s t  a n d  t h e  w h i t e  p i n e  w e e v i l  a r e  t y p i c a l l y  t h e  m o s t  d a m a g i n g  
a g e n t s  a f f e c t i n g  w h i t e  p i n e  g r o w i n g  i n  s o u t h e r n  N e w  H a m p s h i r e .  B l i s t e r  r u s t  i s  a  f a t a l  
d i s e a s e  w h i c h  c a u s e s  t h e  t r u n k  t o  b e c o m e  s p i n d l e - s h a p e d  a n d  p i t c h  s o a k e d .  S e c t i o n s  
a b o v e  t h e  c a n k e r  d i e  q u i c k l y  o n c e  t h e  c a n k e r  e n c i r c l e s  t h e  s t e m .  A t  o n e  t i m e ,  t h e  
a l t e r n a t e  h o s t  o f  t h e  d i s e a s e ,  Ribes s p . ,  w a s  e r a d i c a t e d  b y  S t a t e  o f  N e w  H a m p s h i r e  
f o r e s t r y  p e r s o n n e l ,  b u t  t h i s  p r a c t i c e  i s  n o w  a b a n d o n e d .  W h i l e  e f f e c t i v e ,  m o s t  c o n t r o l  
t o d a y  i s  l i m i t e d  t o  t h e  h a r v e s t i n g  o f  i n f e c t e d  s t e m s .  W e e v i l  d a m a g e  a n d  b l i s t e r  r u s t  
w e r e  o b s e r v e d  o c c a s i o n a l l y  b u t  a r e  n o t  b e y o n d  t y p i c a l  e x p e c t a t i o n s .  
 
D a m a g e  f r o m  t h e  w h i t e  p i n e  w e e v i l  i s  c a u s e d  b y  a n  i n s e c t  w h i c h  l a y s  i t s  e g g s  i n  t h e  
t o p m o s t  s h o o t  o f  t h e  t r e e  a n d  t h e  l a r v a e  t h e n  b u r r o w  t h r o u g h  t h e  s t e m  a n d  e m e r g e  a s  
a d u l t s  t o  c o n t i n u e  t h e  l i f e  c y c l e .  T h e  l a r v a e  k i l l  t h e  s t e m  a n d  t h e  l i m b s  b e l o w  t u r n  
u p w a r d  t o  b e c o m e  t h e  n e w  t o p .  T h i s  c r e a t e s  t h e  “ d o g  l e g ”  c h a r a c t e r  v i s i b l e  i n  m a n y  
p i n e s .  T h e  s e v e r i t y  o f  t h e  d e f e c t  d e p e n d s  o n  t h e  f r e q u e n c y  o f  t h e  a t t a c k ,  t h e  i n t e n s i t y  
o f  c o m p e t i t i o n  f r o m  s u r r o u n d i n g  s t e m s ,  a n d  t h e  a g e  o f  t h e  t r e e .  D e n s e  s t a n d s  f o r c e  
t h e  n e w  t o p s  t o  q u i c k l y  t u r n  u p w a r d  a n d  l i m i t  d a m a g e  a n d  s m a l l  y o u n g  s t e m s  s h o w  
l e s s  d e f e c t  a s  t h e y  i n c r e a s e  i n  s i z e .  S t e m s  s u b j e c t  t o  f r e q u e n t  a t t a c k s ,  c a l l e d  “ c a b b a g e  
p i n e s ”  b y  f o r e s t e r s  a n d  l u m b e r m e n ,  o f t e n  h a v e  m u l t i p l e  t o p s  a n d  c a n  b e  s o  c r o o k e d  a s  
t o  b e  u n m e r c h a n t a b l e  f o r  a n y t h i n g  e x c e p t  w o o d  c h i p s .  I n f e c t e d  t r e e s  s h o u l d  b e  
h a r v e s t e d  w h e n e v e r  p o s s i b l e  t o  m i n i m i z e  t h e  o w n e r ' s  e c o n o m i c  l o s s e s .  S i n c e  d a m a g e  
f r o m  t h e  w h i t e  p i n e  w e e v i l  c a n n o t  b e  e a s i l y  c o n t r o l l e d ,  i m p r o v e m e n t  h a r v e s t s  w i l l  
r e m o v e  b a d l y  w e e v i l l e d  o r  i n f e c t e d  t r e e s  w i t h  t h e  p u r p o s e  o f  u p g r a d i n g  s t a n d  q u a l i t y  
a n d  v i g o r  a n d  s a l v a g i n g  s t e m s  b e f o r e  d e c a y  r e n d e r s  t h e m  w o r t h l e s s  f o r  f o r e s t  
p r o d u c t s .  
 
E m e r a l d  A s h  B o r e r  ( E A B )  i s  a n  i n v a s i v e  p e s t  n o w  p r e s e n t  i n  N H  a n d  r e c e n t l y  
c o n f i r m e d  i n  t o w n s  a s  n e a r  a s  M o n t  V e r n o n .  C o n t r o l  i n  f o r e s t  s t a n d s  i s  n o t  
e c o n o m i c a l l y  p r a c t i c a l  a l t h o u g h  e f f e c t i v e  c o n t r o l s  a r e  a v a i l a b l e  f o r  s h a d e  a n d  
o r n a m e n t a l  t r e e s .  M o r t a l i t y  w i t h i n  a  f e w  y e a r s  a f t e r  a t t a c k  i s  c e r t a i n  f o r  a n y  i n f e s t e d  
t r e e .  P r e - e m p t i v e  s a l v a g e  i s  r e c o m m e n d e d  w h e n  a s h  i s  p r e s e n t  w i t h i n  a n y  h a r v e s t  
a r e a  t o  m i n i m i z e  e c o n o m i c  l o s s  t o  t h e  o w n e r  a n d  t o  e l i m i n a t e  t h e  r i s k  o f  t h e  t r e e  a s  a  
h a z a r d .  
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4.2.5 Summary of Timber Harvesting Benefits and 
Issues

S e v e r a l  f a c t o r s  t h a t  a c c o u n t  f o r  t h e  b e n e f i t s  a n d  d i s a d v a n t a g e s  o f  t i m b e r  h a r v e s t i n g  
a r e  r e l a t e d  t o  b i o l o g i c a l ,  e c o n o m i c ,  s o c i a l ,  a n d  s i l v i c u l t u r a l  f a c t o r s .  T h e  f o l l o w i n g  
t a b l e  b r i e f l y  i d e n t i f i e s  s o m e  o f  t h e  b e n e f i t s  a n d  d i s a d v a n t a g e s ,  r e a l  o r  p e r c e i v e d ,  
a s s o c i a t e d  w i t h  a c t i v e  f o r e s t  m a n a g e m e n t  i n c l u d i n g  c o m m e r c i a l  h a r v e s t i n g .  
 
Table 4-3. Summary of Timber Harvesting Benefits and Impacts

Category Benefit Impact
Ecological Can add to diversity of species both 

commercial and noncommercial; can 
add diversity of species, game and non-
game; can be used to control diseases 
and pests, can be used to reduce risk 
of wildfire.

May have negative effects on some 
species of vegetation and wildlife; 
effects can be of short or long duration; 
elimination of wildfires can be 
detrimental to some species and certain 
wildlife.

Economic Timber is a financial asset that can 
generate income for the use of the 
landowner; harvesting generates tax 
revenue for the municipality from which 
the timber is harvested; locally sourced 
and harvested timber supports the 
region’s economic infrastructure.

Timber harvesting can impact other 
amenities that may have economic 
value such as aesthetics, perceived 
negative impact to wildlife; risk to water 
quality. 

Silvicultural Harvesting promotes the growth and 
regeneration of younger, vigorous 
trees.

Some regeneration methods are 
aesthetically unappealing and too 
drastic, too rapid a change. Large 
blocks of forest can be reserved from 
harvest and left for management as 
wilderness.

Social Well managed forests provide a variety 
of benefits to all people: wood, water, 
wildlife and recreation.

If land is perceived to be too unique 
and valuable for management as 
commercial forest land, harvesting 
should be excluded.

Water 
Quality &
Yield

Harvesting can be a useful tool for the 
management of increased water yield. 

Timber harvesting operations, if not 
properly managed, can impact water 
quality. Low impact techniques can 
mitigate this risk.

4.3 Harvesting in Watershed Management 
Areas

A c t i v e  F o r e s t  M a n a g e m e n t  p r a c t i c e s  r e q u i r e  t h e  r o u t i n e  u s e  o f  B e s t  M a n a g e m e n t  
P r a c t i c e s  ( B M P ’ s ) .  A  s p e c i f i c  g u i d a n c e  d o c u m e n t ,  Good Forestry in the Granite State,  
o f f e r s  d a t a  o n  t h e  l e g a l  a n d  r e c o m m e n d e d  b u f f e r s  a l o n g  r i p a r i a n  a r e a s  l i k e  t h o s e  
f o u n d  o n  t h e  C i t y ’ s  w a t e r s h e d .  F u r t h e r ,  N H  R S A  2 2 7 - J  ( b a s a l  a r e a )  a n d  R S A  4 8 2 - A  
( w e t l a n d s )  g u i d e  a l l  h a r v e s t s ,  w h e t h e r  w i t h i n  p r o t e c t e d  w a t e r s h e d s  o r  n o t .  A n o t h e r  
e x c e l l e n t  g u i d a n c e  d o c u m e n t  i s  f o u n d  i n  t h e  Forestry Handbook, 2nd Edition ( K a r l  F .  
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W e n g e r ,  E d . ) .  S e c t i o n  1 2  o f  t h e  Forestry Handbook i s  d e d i c a t e d  t o  F o r e s t  H y d r o l o g y  
a n d  W a t e r s h e d  M a n a g e m e n t ,  a n d  p a r t i c u l a r l y  i n f o r m a t i v e  i n  t h i s  s e c t i o n  i s  Table 2 ,  
“ P o t e n t i a l  I m p a c t s  o f  F o r e s t  P r a c t i c e s  a n d  U t i l i z a t i o n  u p o n  S t r e a m  Q u a n t i t y  a n d  
Q u a l i t y , ”  i n c l u d i n g  d e t a i l e d  e x p l a n a t i o n s  o f  t h e  p o t e n t i a l  i m p a c t s .  T h i s  s e c t i o n  
e x p l a i n s  t h a t  t i m b e r  h a r v e s t i n g  c a n  i n c r e a s e  t h e  q u a n t i t y  o f  w a t e r  i n  s t r e a m f l o w  a n d  
r e s e r v o i r  s t o r a g e  b u t  m a y  r e s u l t  i n  i n c r e a s e d  s e d i m e n t a t i o n ,  n u t r i e n t  c o n c e n t r a t i o n  
a n d  w a r m e r  s t r e a m  t e m p e r a t u r e s .  T h e s e  i m p a c t s  c a n  b e  m i n i m i z e d  w i t h  t h e  u s e  o f  
B M P ’ s  s u c h  a s  b u f f e r  s t r i p s  a n d  t h e  p r o t e c t i o n  o f  t h e  s t r e a m  c h a n n e l .  S o f t w o o d  s t a n d s  
d e c r e a s e  w a t e r  y i e l d ;  h a r d w o o d  s t a n d s  r e s u l t  i n  i n c r e a s e d  y i e l d .  A n y  i n c r e a s e  i n  y i e l d  
d i m i n i s h e s  a s  t h e  f o r e s t  r e - g r o w s .  V i r t u a l l y  a l l  o f  t h e  C i t y ’ s  l a n d  c a n  b e  c o n s i d e r e d  a s  
m a t u r e  s t a n d s  o f  h a r d w o o d  ( p r e d o m i n a n t l y  o a k )  a n d  t h e  s o f t w o o d  s t a n d s  
( p r e d o m i n a n t l y  w h i t e  p i n e ) .  H e m l o c k  i s  a l m o s t  e x c l u s i v e l y  f o u n d  o n  t h e  w e t t e r  s o i l s  
a n d  i n  t h e  i m m e d i a t e  r i p a r i a n  b u f f e r .  
 
A n  a n a l y s i s  o f  t h e  p o t e n t i a l  i m p a c t s  t o  w a t e r  q u a l i t y  w i t h i n  W o o d w a r d  P o n d  a n d  
B a b b i d g e  R e s e r v o i r  i s  p r o v i d e d  i n  C h a p t e r  5  o f  t h i s  r e p o r t .  

4.4 Past Land Use and Timber Harvests 
on the Property

D u r i n g  t h e  p r e - C i v i l  W a r  y e a r s ,  t h e  R o a r i n g  B r o o k  W a t e r s h e d  a n d  s u r r o u n d i n g  l a n d  
w a s  u s e d  f o r  p a s t u r e ,  c r o p s ,  a n d  w o o d l o t s .  C e l l a r  h o l e s ,  o l d  r o a d ,  a n d  s t o n e  w a l l s  a r e  
a  t e s t a m e n t  t o  t h i s .  I n  f a c t ,  m u c h  o f  t h e  w a t e r s h e d  w a s  c l e a r e d  f o r  c o n v e r s i o n  t o  
a g r i c u l t u r e  i n  t h e  l a t e  1 7 0 0 ’ s  a n d  e a r l y  1 8 0 0 ’ s .  T h i s  u s e  w a s  a b a n d o n e d  i n  t h e  l a t e  1 9 t h  
c e n t u r y ,  a n d  t h e  a r e a  w a s  r e c l a i m e d  b y  t r e e s .  
 
E v i d e n c e  o f  f o r m e r  h a r v e s t i n g ,  f o r e s t  f i r e s ,  a n d  w i d e s p r e a d  q u a r r y i n g  o f  g r a n i t e  
b e d r o c k  o r  g l a c i a l  e r r a t i c s  w a s  o b s e r v e d  d u r i n g  s u r v e y  o f  t h e  p r o p e r t y .  T h e  i n t e r e s t  i n  
a n  a c t i v e  f o r e s t  m a n a g e m e n t  p r o g r a m  w i t h i n  t h e  R o a r i n g  B r o o k  W a t e r s h e d  i s  a t  l e a s t  
7 5  t o  8 0  y e a r s  o l d .  H i s t o r i c  m a p s  h a v e  b e e n  f o u n d  d a t i n g  t o  t h e  1 9 3 0 ’ s  w h i c h  w e r e  
d e v e l o p e d  f o r  f o r e s t  m a n a g e m e n t  p u r p o s e s ;  i n t e r e s t i n g l y ,  t h e s e  m a p s  r e f e r  t o  
W o o d w a r d  P o n d  b y  i t s  f o r m e r  n a m e  o f  “ E c h o  L a k e . ”  
 
T h e  m o s t  r e c e n t  t i m b e r  h a r v e s t i n g  a c t i v i t y  d a t e s  t o  t h e  l a t e  1 9 7 0 ’ s  a n d  e a r l y  1 9 8 0 ’ s  
w h e n  e x t e n s i v e  b u t  c a r e f u l  s e l e c t i v e  h a r v e s t i n g  o f  w h i t e  p i n e  (Pinus strobus) t o o k  
p l a c e  ( r e f e r  t o  Appendix C,  1 9 7 0 ’ s  H a r v e s t  M a p ) .  T h i s  t i m b e r  h a r v e s t i n g  w o r k  
c o v e r e d  5 0 %  o r  m o r e  o f  t h e  w a t e r s h e d  a n d  i n  s o m e  c a s e s  w a s  l o c a t e d  a d j a c e n t  t o  t h e  
r e s e r v o i r s ,  R o a r i n g  B r o o k ,  a n d  a s s o c i a t e d  t r i b u t a r i e s .  T h e  y o u n g e s t  t r e e s  w i t h i n  t h e  
w a t e r s h e d ,  n o w  3 5 - 4 0  y e a r s  o l d ,  a r e  a s s o c i a t e d  w i t h  t h e s e  h a r v e s t s .  B a s e d  o n  f i e l d  
r e v i e w  o f  t h e  c u r r e n t  p r o p e r t y ,  t h e s e  h a r v e s t s  a p p e a r  t o  h a v e  b e e n  w e l l  s u p e r v i s e d  
a n d  s k i l l f u l l y  e x e c u t e d .   
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4.5 Timber Inventory Results
A  t i m b e r  i n v e n t o r y  u s i n g  1 / 1 0 - a c r e  c i r c u l a r  p l o t s  a r r a n g e d  i n  a  g r i d  p a t t e r n  w a s  
c o m p l e t e d  i n  t h e  f a l l  o f  2 0 1 6  a n d  w i n t e r  o f  2 0 1 7 .  A  m a p  d e p i c t i n g  t h e  v a r i o u s  s t a n d  
t y p e s  i s  p r e s e n t e d  i n  Figure 4- 1 ,  a n d  a  s u m m a r y  o f  t h e  i n v e n t o r y  b y  l a n d  c o v e r  t y p e s  
i s  p r o v i d e d  i n  Table 4- 1.  
 
Table 4-1. Timber Inventory

Type # of plots Acres +/- 

Wetland 5 26
Reservoirs 32 166
Forest Land 474 2,455
Total 511 2,647

D a t a  g a t h e r e d  a t  t h e  f o r e s t  l a n d  p l o t s  i n c l u d e d  c o u n t s  o f  a l l  t r e e s  1 1 ”  D B H  ( d i a m e t e r  
b r e a s t  h e i g h t )  a n d  l a r g e r ,  a s  w e l l  a s  o b s e r v a t i o n s  o n  s m a l l e r  t r e e s  s u i t a b l e  f o r  
p u l p w o o d ,  m e r c h a n t a b l e  h e i g h t ,  a l l o w a n c e  f o r  d e f e c t ,  c u l l  o r  s n a g  t r e e s .  T h e  t r e e  d a t a  
w a s  a n a l y z e d  t o  g e n e r a t e  v o l u m e  e s t i m a t e s  b y  s i z e ,  s p e c i e s  a n d  p r o d u c t  u s i n g  t h e  
f o r e s t  m a n a g e m e n t  s o f t w a r e  “ F o r e s t M e t r i x . ”  M a p p i n g  d a t a  w a s  c o m p i l e d  u s i n g  G P S  
a n d  G I S  s o f t w a r e  t o  p r o d u c e  a  s e r i e s  o f  t i m b e r  t y p e  m a p s .  ( S e e  Figure 4- 1 . )   
 
A n  e s t i m a t e  o f  t h e  t o t a l  v o l u m e  a n d  v a l u e  o f  e a c h  t r e e  s p e c i e s  i s  p r o v i d e d  i n  Table  
4- 2, w h i c h  s h o w s  t h a t  t h e  d o m i n a n t  t i m b e r  s p e c i e s  i s  r e d  o a k . ( A d d i t i o n a l  d e t a i l e d  
d a t a  i s  p r o v i d e d  i n  Appendix C . )  I n  f a c t ,  t h e  p r o p e r t y  h o l d s  a n  e x c e p t i o n a l  v o l u m e  o f  
h i g h  v a l u e  r e d  o a k  ( a l m o s t  1 1  m i l l i o n  b o a r d  f e e t ) ,  w h i c h  i s  c u r r e n t l y  t h e  m o s t  
v a l u a b l e  h a r d w o o d  s p e c i e s  i n  N e w  H a m p s h i r e ;  t h e  s o u t h w e s t  c o r n e r  o f  N e w  
H a m p s h i r e  i s  a  k n o w n  s o u r c e  o f  q u a l i t y  r e d  o a k .  H o w e v e r ,  m u c h  o f  t h e  w h i t e  p i n e  
( t h e  s e c o n d  m o s t  p r e v a l e n t  s p e c i e s )  i s  u n a c c e p t a b l e  g r o w i n g  s t o c k  -  t h e y  a r e  o f  p o o r  
f o r m  d u e  t o  m a n y  b r a n c h e s  o r  c r o o k e d  s t e m s ,  t h e y  s h o w  s i g n s  o f  o v e r - m a t u r i t y  i n  t h e  
f o r m  o f  r e d u c e d  c r o w n  r a t i o s ,  o r  t h e y  d i s p l a y  s i g n s  o f  s e r i o u s  i n t e r n a l  d e f e c t .  A l l  
t h e s e  d e f e c t s  r e s u l t  f r o m  o v e r - m a t u r i t y .  
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Table 4-2. Timber Inventory – Volume and Value Estimates, by Species1

Species Bd-Ft/Acre2 Total MBF3 $/MBF Estimated Value4 % Value
Northern Red Oak 4,412 10,832 $450 $4,874,270 72.8%
White Pine 3,823 9,387 $145 $1,361,067 20.3%
Red Maple 324 796 $180 $143,279 2.1%
Hemlock 727 1,785 $60 $107,098 1.6%
White Ash 129 316 $250 $78,999 1.2%
Yellow Birch 73 179 $250 $44,772 0.7%
Sugar Maple 87 215 $200 $42,961 0.6%
Black Cherry 27 65 $200 $13,036 0.2%
Red Spruce 53 131 $90 $11,770 0.2%
Red Pine 32 79 $60 $4,760 0.1%
White Birch 18 45 $100 $4,512 0.1%
Beech 42 103 $40 $4,134 0.1%
Black Birch 4 11 $250 $2,740 0.0%
Total 9,753 23,944 $6,693,399
Notes:
1 Data from New England Forestry Consultants, 2017. 
2 Bd-Ft = Board-Feet, a measure of the volume of timber. 
3 MBF = Million board-feet. 
4 The estimated value represents all of the standing timber on the site, and would be realized only through an intensive 

liquidation harvest. See Section 4.4 for a discussion of the potential value of a reasonable harvest scenario.

4.6 Potential Timber Harvest
N e w  E n g l a n d  F o r e s t r y  C o n s u l t a n t s ’  a s s e s s m e n t  e s t i m a t e s  t h a t  t h e  t o t a l  t i m b e r  o n  t h e  
K e e n e - o w n e d  p r o p e r t y  i s  a l m o s t  2 4  m i l l i o n  b o a r d - f e e t ,  w i t h  a  t o t a l  v a l u e  o f  $ 6 . 7  
m i l l i o n .  H o w e v e r ,  a  r e a s o n a b l e  t i m b e r  m a n a g e m e n t  p l a n  m u s t  c o n s i d e r  l o n g - t e r m  
f o r e s t  m a n a g e m e n t  p r i n c i p l e s ,  t h e  q u a l i t y  a n d  a c c e s s i b i l i t y  o f  t h e  v a r i o u s  t i m b e r  
s t a n d s  o n  t h e  p r o p e r t y ,  a s  w e l l  a s  a c c o u n t  f o r  a e s t h e t i c  s e t b a c k s  t o  n e a r b y  r o a d w a y s  
a n d  w a t e r  q u a l i t y  b u f f e r s  t o  W o o d w a r d  P o n d ,  B a b b i d g e  R e s e r v o i r ,  R o a r i n g  B r o o k ,  
a n d  o t h e r  s t r e a m s  a n d  w e t l a n d s .  B a s e d  o n  t h e s e  c o n s i d e r a t i o n s ,  N e w  E n g l a n d  
F o r e s t r y  C o n s u l t a n t s  e s t i m a t e s  t h a t  t h e  t i m b e r  p o t e n t i a l l y  a v a i l a b l e  f o r  h a r v e s t  i s  
a p p r o x i m a t e l y  1 3  m i l l i o n  b o a r d - f e e t ,  w i t h  a  v a l u e  o f  a p p r o x i m a t e l y  $ 3 . 3  m i l l i o n .  ( S e e  
Appendix C, Table I V . )  T h i s  h a r v e s t  w o u l d  l i k e l y  b e  s t a g e d  o v e r  a  p e r i o d  o f  1 5  y e a r s ,  
g e n e r a t i n g  a n  a v e r a g e  o f  $ 2 2 1 , 0 0 0  p e r  y e a r .  T h i s  e s t i m a t e  i s  b a s e d  o n  r e c e n t  t i m b e r  
m a r k e t  c o n d i t i o n s  a n d  i s  s u b j e c t  t o  c h a n g e .  
 
C u r r e n t  a n d  f u t u r e  t r e n d s  i n  m a r k e t s  f o r  o u r  l o c a l  f o r e s t  p r o d u c t s  o f t e n  v a r y  
c o n s i d e r a b l y  b y  p r o d u c t  a n d  s p e c i e s .  S a w l o g  m a r k e t s  f o r  r e d  o a k  a n d  w h i t e  p i n e ,  t h e  
p r e d o m i n a n t  s p e c i e s  b y  v o l u m e  o n  t h e  t r a c t ,  a r e  p r e s e n t l y  s t r o n g ,  b u t  m a r k e t s  f o r  l o w  
q u a l i t y  p a l l e t  g r a d e ,  r o u n d w o o d  p u l p  o r  w h o l e  t r e e  c h i p s  a r e  w e a k .  M a r k e t s  f o r  
q u a l i t y  s a w l o g s  s h o u l d  r e m a i n  s t r o n g  f o r  t h e  f o r e s e e a b l e  f u t u r e ,  b u t  t h e  t r e n d  f o r  
t r e e s  o f  p u l p w o o d  o r  l o w e r  q u a l i t y  a r e  o f  c o n c e r n .  S t r o n g  m a r k e t s  f o r  t h e s e  l o w  v a l u e  



Roaring Brook Watershed Management Plan 
 

5 4  F o r e s t  M a n a g e m e n t  

\\vhb\gbl\proj\Bedford\52440.00 Roaring 
Brook\reports\Watershed Management 

Plan\Roaring Brook Watershed 
Management Plan_FORMATTED.docx

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

H a r v e s t s ,  w h e n  a n d  i f  a u t h o r i z e d ,  s h o u l d  p r i o r i t i z e  t h e  h a r v e s t  o f  o v e r - m a t u r e  w h i t e  
p i n e  a n d ,  t o  t h e  e x t e n t  m a r k e t s  a l l o w ,  p u l p w o o d  o f  a l l  s p e c i e s .  T h e  g o a l  w o u l d  b e  t o  
c a p t u r e  t h e  v a l u e  o f  o v e r - m a t u r e  s a w  t i m b e r  s t e m s  s o o n e r  r a t h e r  t h a n  l a t e r  a n d  
r e m o v e  p u l p w o o d  s i m u l t a n e o u s l y .  R e d  o a k  s t a n d s ,  w h i c h  p r e d o m i n a t e  o n  t h e  
l a n d s c a p e ,  s h o u l d  a l s o  b e  j u d i c i o u s l y  t h i n n e d  t o  r e m o v e  m a t u r e  t r e e s .  E q u a l l y  a s  
i m p o r t a n t ,  t h i n  o r  i m m a t u r e  s t e m s  s h o u l d  b e  l e f t  t o  f o s t e r  m o r e  r a p i d  g r o w t h .   
 
T h e  t a b l e s  a n d  c h a r t s  i n c l u d e d  i n  Appendix C p r o v i d e  d e t a i l e d  i n f o r m a t i o n  a b o u t  t h e  
v o l u m e  a n d  v a l u e  o f  t i m b e r  b y  s p e c i e s  a n d  p r o d u c t  f o r  t h e  p r o p e r t y  a s  a  w h o l e .  T h e  
p r o p e r t y  i s  w e l l  s t o c k e d  w i t h  q u a l i t y  s a w t i m b e r  a n d  g r o w i n g  s t o c k ,  p a r t i c u l a r l y  
w h i t e  p i n e  a n d  r e d  o a k .  T h e  t a b l e s  s h o w  t h e  p e r c e n t a g e  b r e a k d o w n  b y  s p e c i e s  o f  
a c c e p t a b l e  a n d  u n a c c e p t a b l e  t r e e s .  A c c e p t a b l e  t r e e s  a r e  d e e m e d  c a p a b l e  o f  b e c o m i n g  
o r  p r e s e n t l y  a r e  h i g h  v a l u e  s a w l o g s ;  u n a c c e p t a b l e  t r e e s  a r e  t h o s e  s u i t a b l e  o n l y  f o r  
p u l p w o o d ,  f i r e w o o d  o r  c h i p s  i r r e s p e c t i v e  o f  t h e i r  p r e s e n t  o r  f u t u r e  s i z e .  T h i s  t r a c t  i s  
a d e q u a t e l y  s t o c k e d  w i t h  a c c e p t a b l e  g r o w i n g  s t o c k  o f  s p e c i e s  w e l l  s u i t e d  f o r  g r o w t h  
o n  t h e  e x i s t i n g  s o i l  t y p e s  a n d  s h o u l d  r e s p o n d  w e l l  t o  m a n a g e m e n t .  I n  f a c t ,  r e d  o a k  
a n d  w h i t e  p i n e ,  t h e  r e g i o n ’ s  m o s t  e c o n o m i c a l l y  v a l u a b l e  h a r d w o o d  a n d  s o f t w o o d ,  
d o m i n a t e  a l l  o t h e r  s p e c i e s  b y  a l l  i m p o r t a n t  m e t r i c s – – b a s a l  a r e a ,  t r e e s  p e r  a c r e ,  s i z e  
a n d  v o l u m e .  T o g e t h e r  t h e y  r e p r e s e n t  o v e r  8 4 %  o f  t h e  s t a n d i n g  s a w t i m b e r  v o l u m e  a n d  
9 3 %  o f  t h e  s a w t i m b e r  v a l u e .  S e e  Appendix C, Table V  f o r  t h e  s p e c i f i c  m e t r i c s  f o r  t h e  
d a t a  b y  s p e c i e s  o n  a  p e r  a c r e  b a s i s .   
 
H o w e v e r ,  m u c h  o f  t h e  w h i t e  p i n e  i s  g r a d e d  a s  “ u n a c c e p t a b l e ”  g r o w i n g  s t o c k .  
G e n e r a l l y ,  t h e s e  t r e e s  a r e  o v e r - m a t u r e  o r  s h o w  s i g n s  o f  s i g n i f i c a n t  d e f e c t  r e s u l t i n g  
f r o m  c r o w d i n g  a n d  i n t e n s e  c o m p e t i t i o n  f r o m  o t h e r  t r e e s .  Appendix C, Chart I  
p r o v i d e s  a  b r e a k d o w n  o f  t r e e s  p e r  a c r e  b y  s p e c i e s  t o  i l l u s t r a t e  t h e  p e r c e n t a g e  i n  
c a t e g o r i e s  l i k e  a c c e p t a b l e  v e r s u s  u n a c c e p t a b l e  g r o w i n g  s t o c k ,  c u l l  t r e e s  a n d  s n a g s .  
W h i l e  m u c h  o f  t h e  w h i t e  p i n e  i s  o f  l o w  q u a l i t y ,  t h e  r e v e r s e  i s  t r u e  f o r  t h e  r e d  o a k .   
 
Appendix C, Table I I I  b r e a k s  d o w n  t h e  s a w t i m b e r  v o l u m e  n o t  o n l y  b y  s p e c i e s  b u t  b y  
d i a m e t e r  a s  w e l l .  O v e r  5 5 %  o f  t h e  s a w t i m b e r  v o l u m e  i s  f o u n d  i n  t r e e s  1 9 ”  D B H  o r  
l a r g e r ;  t h i s  v o l u m e  i s  p r e d o m i n a n t l y  l a r g e  w h i t e  p i n e  a n d  r e d  o a k .  A b o u t  3 3 %  o f  t h e  
v o l u m e  i s  i n  f o u n d  i n  t h e  1 5 - 1 8 ”  D B H  g r o u p .  T i m b e r  h a r v e s t i n g  s h o u l d  n o t  b e  
d i r e c t e d  s o l e l y  a t  t r e e s  o f  a  c e r t a i n  s i z e  o r  e v e n  a  c e r t a i n  s p e c i e s .  T h e  d a t a  i l l u s t r a t e s  
t h a t  t h e  t r a c t  i s  h e a v i l y  s t o c k e d  w i t h  m a t u r e  s a w t i m b e r ,  a n d  t h a t  n o  h a r v e s t i n g  h a s  
o c c u r r e d  f o r  a b o u t  4 0  y e a r s .  T h e  l a c k  o f  t i m b e r  h a r v e s t i n g  o n  t h e  p a r c e l  i s  r e s u l t i n g  i n  
a  d e c l i n e  i n  t h e  v i g o r  o f  t h e  w h i t e  p i n e  a s  w e l l  a s  t h e  r e d  o a k ,  a n d  l o s t  o p p o r t u n i t i e s  
f o r  r e v e n u e  f r o m  r e s p o n s i b l e  f o r e s t  m a n a g e m e n t  a s  w e l l  a s  w i l d l i f e  a n d  i n c r e a s e d  
w a t e r  y i e l d .   
 
H i g h  v o l u m e s  o f  p u l p w o o d  a r e  a l s o  p r e s e n t  a n d  s h o w n  i n  t e r m s  o f  t o n s  p e r  a c r e  f o r  
s o f t w o o d  a n d  h a r d w o o d ;  t o p  w o o d  i s  a l s o  i n c l u d e d .  P r e s e n t  m a r k e t s  f o r  p u l p w o o d  
a n d  c h i p s  a r e  w e a k  b u t  s t i l l  e x i s t .  T h e s e  m a r k e t s  a r e  v i t a l  f o r  t h e  r e m o v a l  o f  
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u n a c c e p t a b l e  g r o w i n g  s t o c k  a s  a  s o u r c e  o f  m o d e s t  r e v e n u e .  S i l v i c u l t u r a l l y ,  t h e y  a r e  
c r i t i c a l  t o  i m p r o v i n g  s p e c i e s  c o m p o s i t i o n ,  u p g r a d i n g  s t a n d  q u a l i t y ,  a n d  c r e a t i n g  
c o n d i t i o n s  f a v o r a b l e  t o  t h e  r e g e n e r a t i o n  o f  d e s i r e d  s p e c i e s .  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  u s e  t h e s e  m a r k e t s  t o  m a x i m u m  s i l v i c u l t u r a l  a d v a n t a g e .   

S t u m p a g e  v a l u e s  s h o w n  b y  s p e c i e s  o r  p r o d u c t  a r e  b a s e d  o n  r e c e n t ,  c o m p a r a b l e  s a l e s  
o f  s t a n d i n g  t i m b e r  m a r k e t e d  a n d  s u p e r v i s e d  b y  t h e  M o n a d n o c k  O f f i c e  o f  N e w  
E n g l a n d  F o r e s t r y  C o n s u l t a n t s ,  I n c .  a n d  c l o s e  t o  t h e  R o a r i n g  B r o o k  w a t e r s h e d .  
Appendix C, Table I V  p r e s e n t s  e s t i m a t e s  b y  s p e c i e s  a n d  f o r  r o u n d w o o d  p r o d u c t s .  
T h e s e  a r e ,  f o r  l a c k  o f  a  b e t t e r  t e r m ,  i d e n t i f i e d  a s  a  t i m b e r  l i q u i d a t i o n  v a l u e .  T h i s  i s  n o t  
t o  s u g g e s t ,  c o n d o n e ,  o r  i n  a n y  w a y  r e c o m m e n d  “ l i q u i d a t i o n ”  a s  a  m a n a g e m e n t  o p t i o n  
b u t  r a t h e r  t o  i d e n t i f y  a n d  q u a n t i f y  t h e  e c o n o m i c  v a l u e  r e p r e s e n t e d  b y  t h e  t i m b e r  
r e s o u r c e  f o r  d i s c u s s i o n  p u r p o s e s .  Appendix C, Chart I I  i s  a  m o r e  v i s u a l  
r e p r e s e n t a t i o n  o f  t h e  v o l u m e  a n d  v a l u e  b y  s p e c i e s  t h a t  c l e a r l y  i l l u s t r a t e s  t h e  
d o m i n a n c e  o f  w h i t e  p i n e  a n d  r e d  o a k  s a w t i m b e r .  
 
P e r  a c r e  d a t a  b y  s p e c i e s  i s  g i v e n  i n  Appendix C, Table V  f o r  t h e  v a r i o u s  s p e c i e s .  
A g a i n ,  i t  i l l u s t r a t e s  t h e  d o m i n a n c e  o f  r e d  o a k  a n d  w h i t e  p i n e  b y  m e t r i c s  s u c h  a s  b a s a l  
a r e a ,  t r e e s  p e r  a c r e .  O f  n o t e  a r e  t h e  l a r g e  Q M D – – q u a d r a t i c  m e a n  d i a m e t e r – – v a l u e s  f o r  
r e d  o a k  a n d  w h i t e  p i n e  a t  1 7 ”  a n d  2 0 ” ,  r e s p e c t i v e l y .  T h e  r e d  o a k  a n d  w h i t e  p i n e  
f o u n d  o n  t h i s  l a n d  a r e  l a r g e  a n d  m a t u r e .  V o l u m e  p e r  a c r e  i s  w e l l  a b o v e  t h e  a v e r a g e  
v o l u m e  f o r  s i m i l a r  l a n d  i n  s o u t h e r n  N e w  H a m p s h i r e .  
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5 
Water Quality 

5.1 Introduction
C u r r e n t  a n d  p o t e n t i a l  f u t u r e  w a t e r  q u a l i t y  i m p a c t s  l i n k e d  t o  b o t h  h u m a n  a c t i v i t i e s  
( e.g . ,  l a n d  d e v e l o p m e n t ,  t i m b e r  h a r v e s t i n g ,  r o a d s )  a n d  n a t u r a l  o c c u r r i n g  e v e n t s  ( e.g., 
i n c r e a s e d  s t o r m  i n t e n s i t y ,  n a t u r a l  e u t r o p h i c a t i o n  p r o c e s s e s )  w e r e  a s s e s s e d  
p a r t i c u l a r l y  w i t h  r e s p e c t  t o  p a r a m e t e r s  w h i c h  a f f e c t  e u t r o p h i c a t i o n  ( n u t r i e n t s  a n d  
a l g a e ) . 14  T h e s e  p a r a m e t e r s ,  r e l a t e d  t o  a l g a l  g r o w t h ,  a r e  i n d i c a t o r s  o f  s u b s t a n c e s  t h a t  
m a y  i n t e r f e r e  w i t h  t h e  d i s i n f e c t i o n  p r o c e s s  a n d  c a n  l e a d  t o  a d d i t i o n a l  r e l e a s e s  o f  
d i s i n f e c t i o n  b y p r o d u c t s  ( D B P s )  w h i c h  w o u l d ,  i n  t u r n ,  a f f e c t  d r i n k i n g  w a t e r  q u a l i t y .   
 
A l t h o u g h  T o t a l  O r g a n i c  C a r b o n  ( T O C )  a n d  t u r b i d i t y  l e v e l s  i n  t h e  C i t y ’ s  s o u r c e  w a t e r  
h a v e  g e n e r a l l y  b e e n  l o w ,  e x i s t i n g  d a t a  d o e s  s h o w  o c c a s i o n a l  t u r b i d i t y  s p i k e s .   T h e s e  
a r e  l i k e l y  r e l a t e d  t o  s t o r m  e v e n t s  t h a t  o c c u r r e d  p r i o r  t o  t h e  m o n i t o r i n g  e v e n t s .  
 
O c c a s i o n a l  e p i s o d i c  d i s t u r b a n c e s  o r  e v e n  p r o l o n g e d  i n c r e m e n t a l  c h a n g e s  i n  w a t e r  
q u a l i t y  c a n  u l t i m a t e l y  a f f e c t  w a t e r  t r e a t m e n t  q u a l i t y  a n d  q u a n t i t y  a n d  t h e  p r o d u c t i o n  
o f  d i s i n f e c t i o n  b y p r o d u c t s .  P r e s e r v i n g  e x c e l l e n t  w a t e r  q u a l i t y  t h r o u g h  a p p r o p r i a t e  
w a t e r s h e d  p r o t e c t i o n  m e a s u r e s  i s  f i s c a l l y  p r u d e n t  s i n c e  i t  a v o i d s  e x p e n d i t u r e s  o n  
t r e a t m e n t  u p g r a d e s .  
 
A l g a e  g r o w t h  i n  t h e  s u p p l y  r e s e r v o i r s  f u e l e d  b y  n u t r i e n t s  f r o m  t h e  w a t e r s h e d  c a n  
d i r e c t l y  a f f e c t  T O C  l e v e l s  i n  t h e  w a t e r  s u p p l y .  M a n a g i n g  w a t e r  q u a l i t y  w i l l  b e  
i m p o r t a n t  i n  t h e  f u t u r e ,  s i n c e  t h e  p r e d i c t e d  e f f e c t s  o f  c l i m a t e  c h a n g e ,  s u c h  a s  h i g h e r  
w a t e r  t e m p e r a t u r e s ,  l o n g e r  g r o w i n g  s e a s o n  a n d  l o w e r  f l u s h i n g  r a t e s  d u e  t o  
p r o l o n g e d  d r o u g h t s ,  h a v e  t h e  p o t e n t i a l  t o  i n c r e a s e  t h e  m a g n i t u d e  a n d  d u r a t i o n  o f  
e l e v a t e d  a l g a l  g r o w t h  i n  t h e  r e s e r v o i r s .  S o m e  o f  t h e  m a n i f e s t a t i o n s  o f  c l i m a t e  c h a n g e  
i n  t h e  n o r t h e a s t  i n c l u d e  m o r e  f r e q u e n t ,  i n t e n s e  s t o r m s  r e s u l t i n g  i n  i n c r e a s e d  r u n o f f  
a n d  s t r e a m b a n k  e r o s i o n ,  i n c r e a s e d  s o i l  t e m p e r a t u r e s  a n d  s h o r t e r  f r o z e n  g r o u n d  
p e r i o d s .   

 
14  Eutrophication is the process of waterbodies being enriched by excessive nutrient concentrations such as phosphorus 

or nitrogen, resulting in high productivity. Eutrophication adversely impacts water quality. 
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C l i m a t e  c h a n g e  m a y  a l s o  r e s u l t  i n  m a j o r  c h a n g e s  t o  t h e  f o r e s t  h e a l t h  f r o m  i n v a s i v e  
s p e c i e s ,  l o s s  o f  n a t i v e  s p e c i e s ,  d r o u g h t ,  d i s e a s e  o r  i n s e c t  i n f e s t a t i o n s .  A  h e a l t h y  f o r e s t  
t h r o u g h o u t  t h e  w a t e r s h e d  i s  e s s e n t i a l  t o  t h e  p r o t e c t i o n  o f  w a t e r  q u a l i t y .  F o r e s t  i s  b y  
f a r  t h e  d o m i n a n t  l a n d  c o v e r  a n d  n o t  o n l y  p r o v i d e s  e x c e p t i o n a l  w a t e r  a n d  n u t r i e n t  
r e t e n t i o n  i t  a l s o  a r m o r s  t h e  l a n d s c a p e  r e d u c i n g  t h e  p o t e n t i a l  f o r  w a t e r  q u a l i t y  i s s u e s  
t o  a r i s e  f r o m  m a n y  o f  t h e  m a n i f e s t a t i o n s  o f  c l i m a t e  c h a n g e .  D e t r i m e n t a l  c h a n g e s  i n  
t h e  f o r e s t  h a v e  t h e  p o t e n t i a l  t o  i n c r e a s e  t h e  d e l i v e r y  o f  n u t r i e n t s  t o  t h e  r e s e r v o i r s  f r o m  
t h e  w a t e r s h e d  a s  t h e  p o t e n t i a l  f o r  t h e  f o r e s t  t o  a b s o r b  t h e m  i s  r e d u c e d .  
 
I n  a d d i t i o n  t o  i s s u e s  r e l a t e d  t o  i n c r e a s e d  T O C  a n d  t h e  f o r m a t i o n  o f  d i s i n f e c t i o n  
b y p r o d u c t s ,  n u t r i e n t  e n r i c h m e n t  c a n  i n c r e a s e  t h e  r i s k  f o r  c y a n o b a c t e r i a  ( b l u e - g r e e n  
a l g a e )  b l o o m s .  M a n y  c y a n o b a c t e r i a  s p e c i e s  c a n  p r o d u c e  t o x i n s  w h i c h  c a n  b e  
p r o b l e m a t i c  i n  d r i n k i n g  w a t e r .   
 
M a n a g i n g  t h e  w a t e r s h e d  i n  a  m a n n e r  t h a t  a n t i c i p a t e s  c u r r e n t  a n d  f u t u r e  r i s k s  i s  
e s s e n t i a l .  T o  t h i s  e n d ,  i d e n t i f y i n g  f a c t o r s  o r  c h a n g e s  i n  t h e  w a t e r s h e d  t h a t  c o u l d  
t r i g g e r  a l g a l  p r o d u c t i o n  i n  W o o d w a r d  a n d  B a b b i d g e  r e s e r v o i r s  i s  c r i t i c a l .  T h e r e f o r e ,  
a s  p a r t  o f  t h i s  s t u d y ,  c h a n g e s  i n  n u t r i e n t  l o a d i n g  a n d  t h e  r e s e r v o i r ’ s  p o t e n t i a l  
r e s p o n s e  t o  s o m e  o f  t h e s e  f a c t o r s  w a s  e v a l u a t e d  a n d  a r e  d i s c u s s e d  f u r t h e r  b e l o w .  A  
m o n i t o r i n g  p l a n  i s  p r o p o s e d  f o r  t h e  f u t u r e  t h a t  w i l l  p r o v i d e  d a t a  t o  e v a l u a t e  t r e n d s  i n  
w a t e r  q u a l i t y  a n d  t o  i d e n t i f y  e p i s o d e s  o f  p o o r  o r  d e c l i n i n g  w a t e r  q u a l i t y  s h o u l d  t h e y  
o c c u r .   

5.2 Water Quality Monitoring
W a t e r  q u a l i t y  m o n i t o r i n g  w a s  c o n d u c t e d  i n  t h e  R o a r i n g  B r o o k  w a t e r s h e d  b y  t h e  
p r o j e c t  t e a m  o n  f o u r  o c c a s i o n s  i n  2 0 1 6 - 2 0 1 7 .  S a m p l i n g  s t a t i o n  l o c a t i o n s  f r o m  t h e  2 0 1 6 -
2 0 1 7  s a m p l i n g  p r o g r a m  a r e  s h o w n  i n  Figure 5- 1 .  A n  i n i t i a l  s a m p l i n g  e v e n t  w a s  
c o n d u c t e d  i n  t h e  f a l l  o f  2 0 1 6  a s  a  p a r t  o f  a  r e c o n n a i s s a n c e  s u r v e y  o f  t h e  w a t e r s h e d .  
M o r e  c o m p r e h e n s i v e  t e s t i n g  i n  t h e  r e s e r v o i r s  a n d  t h e  t r i b u t a r i e s  w a s  c o n d u c t e d  
d u r i n g  t h r e e  e v e n t s  i n  2 0 1 7 .  D a t a  c o l l e c t e d  b y  t h e  N H  D e p a r t m e n t  o f  E n v i r o n m e n t a l  
S e r v i c e s  ( N H D E S )  i n  B a b b i d g e  R e s e r v o i r  i n  2 0 1 6  a n d  2 0 1 7  a s  a  p a r t  o f  t h e  t r o p h i c  
s u r v e y  p r o g r a m  w a s  u s e d  t o  a u g m e n t  t h e  d a t a  c o l l e c t e d  b y  t h e  p r o j e c t  t e a m .  A l l  
s a m p l i n g  w a s  c o m p l e t e d  i n  a c c o r d a n c e  w i t h  a n  a p p r o v e d  m o n i t o r i n g  p l a n  d a t e d  J u n e  
2 3 ,  2 0 1 7 .  ( S e e  Appendix D. )  

5.2.1 Trophic Parameters

A  s u m m a r y  o f  w a t e r  q u a l i t y  p a r a m e t e r s  r e l a t e d  t o  t r o p h i c  s t a t e  i s  p r o v i d e d  i n  Table 
5- 1 . 15  A  f u l l  t a b l e  o f  w a t e r  q u a l i t y  d a t a ,  i n c l u d i n g  t h o s e  c o l l e c t e d  b y  N H D E S ,  i s   

 
15  Trophic state is a description of the various productivity levels of waterbodies. Waterbodies are classified by three 

trophic levels (listed from most productive to least): eutrophic, mesotrophic, and oligotrophic. Oligotrophic waters have 
the best quality for drinking water supplies.
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p r e s e n t e d  i n  Appendix E.  P r o f i l e  d a t a  a r e  p r e s e n t e d  i n  Appendix E, Figures E- 1 
t h r o u g h  E- 6 . T h e  p r o f i l e  g r a p h s  d e p i c t  h o w  t e m p e r a t u r e  a n d  d i s s o l v e d  o x y g e n  v a r y  
w i t h  d e p t h .  B o t h  t e m p e r a t u r e  a n d  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  d e c r e a s e  w i t h  
d e p t h ,  w i t h  t h e  m o s t  p r o n o u n c e d  e f f e c t  o c c u r r i n g  n e a r  t h e  p o n d  b o t t o m  
( a p p r o x i m a t e l y  9  m e t e r s  i n  W o o d w a r d  P o n d  a n d  8  m e t e r s  i n  B a b b i d g e  R e s e r v o i r ) .  
T h e s e  g r a p h s  i n d i c a t e  t h e  a m o u n t  o f  t h e r m a l  s t r a t i f i c a t i o n  p r e s e n t  i n  t h e  w a t e r b o d i e s  
d u r i n g  t h e  s a m p l i n g  e v e n t s ;  a  p r o n o u n c e d  t h e r m o c l i n e  c a n  b e  o b s e r v e d  i n  t h e  g r a p h s  
f o r  m o s t  o f  t h e  s a m p l i n g  e v e n t s .   
 

Table 5-1. Summary of Trophic Parameter Results in the Roaring Brook Watershed (2016-
2017 mean values)

Station Depth1
Total 

Phosphorus
(µg/L)

Soluble 
Reactive 

Phosphorus 
(µg/L)

Chlorophyll a 
(µg/L)

Secchi 
Transparency 

(meters)2

Total 
Nitrogen 

(µg/L)
TN/TP ratio 
(calculated)

Babbidge Deep Spot Core 6.0 1.4 2.5 5.2 399 54
Babbidge Deep Spot Hypo 9.5 799 69
Woodward Deep Spot Core 5.9 <1 2.3 5.9 506 31
Woodward Deep Spot Hypo 9.6 898 75
W-3 0 3.1
W-5 0 6.6
W-6 0 21.4
RB-1 0 5.1
RB-2 0 5.9
B-1 0 4.5
B-3 0 8.0

Note:
1 The “Core” sample is a composite sample of the epilimnion, the region of the water column that receives the most solar radiation, is warmest and most often 

has the highest levels of biological productivity. The “Hypo” sample represents the hypolimnion which is the dense, bottom layer of water in a thermally-
stratified lake. A “0” depth indicates a surface sample from tributaries to the reservoirs. 

2 Secchi transparency is a measure of water transparency or turbidity in bodies of water, determined by using a Secchi disk. 

A l g a e  a r e  f u e l e d  b y  n u t r i e n t s  ( p r i m a r i l y  p h o s p h o r u s )  a n d  r e p r o d u c e  m a i n l y  t h r o u g h  
c e l l  d i v i s i o n ,  a l t h o u g h  r e s t i n g  c y s t s  a r e  a n  i m p o r t a n t  m e c h a n i s m  f o r  s u r v i v i n g  
u n f a v o r a b l e  p e r i o d s .  W h e n  g r o w t h  c o n d i t i o n s  a r e  i d e a l  ( w a r m ,  l i g h t e d ,  n u t r i e n t - r i c h  
w a t e r s ) ,  a l g a e  m u l t i p l y  r a p i d l y  a n d  r e a c h  v e r y  h i g h  d e n s i t i e s  ( b l o o m s )  i n  a  m a t t e r  o f  
w e e k s .  A s  t h e s e  c e l l s  s i n k  o u t  o f  t h e  l i g h t e d  p o r t i o n  o f  t h e  w a t e r  c o l u m n ,  t h e y  
c o n s u m e  m o r e  o x y g e n  t h a n  t h e y  p r o d u c e  t h r o u g h  p h o t o s y n t h e s i s .  E v e n t u a l l y  t h e  
c e l l s  d i e  a n d  c o n s u m e  m o r e  o x y g e n  a s  t h e y  d e c o m p o s e .  T h e  r e s u l t  c a n  b e  d e p r e s s e d  
o x y g e n  c o n c e n t r a t i o n s  i n  t h e  d e e p e r  p o r t i o n s  o f  a  r e s e r v o i r .  I n  t h e  m o s t  e x t r e m e  c a s e ,  
a l l  o f  t h e  o x y g e n  i s  c o n s u m e d  i n  t h e  d e e p e r  w a t e r .  U n d e r  t h o s e  c o n d i t i o n s ,  t e r m e d  
anoxia,  p h o s p h o r u s  p r e v i o u s l y  d e p o s i t e d  i n  t h e  s e d i m e n t s  c a n  b e  r e l e a s e d  b a c k  i n t o  
t h e  w a t e r  c o l u m n  p o t e n t i a l l y  f u e l i n g  f u r t h e r  b l o o m s .   
 
C u r r e n t l y ,  l o w  p h o s p h o r u s  c o n c e n t r a t i o n s  i n  b o t h  W o o d w a r d  a n d  B a b b i d g e  
R e s e r v o i r s  a r e  n o t  p a r t i c u l a r l y  f a v o r a b l e  f o r  a l g a l  g r o w t h .  P h o s p h o r u s  c o n c e n t r a t i o n s  
o b s e r v e d  i n  b o t h  r e s e r v o i r s  w e r e  w e l l  b e l o w  N e w  H a m p s h i r e  c r i t e r i a  f o r  o l i g o t r o p h i c  
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( l o w  n u t r i e n t )  l a k e s .  T h e  c a l c u l a t e d  n i t r o g e n  t o  p h o s p h o r u s  r a t i o  s u g g e s t s  t h a t  b o t h  
r e s e r v o i r s  a r e  h i g h l y  p h o s p h o r u s  l i m i t e d .  T h i s  e m p h a s i z e s  t h e  n e e d  t o  c o n t r o l  
p h o s p h o r u s  a s  p a r t  o f  t h e  w a t e r s h e d  m a n a g e m e n t  p l a n  a s  t h e  b e s t  w a y  t o  c o n t r o l  
a l g a l  g r o w t h  a n d  p r e v e n t  e u t r o p h i c a t i o n  o f  t h e  r e s e r v o i r s .  C h l o r o p h y l l  a d a t a  f r o m  
t h e  r e s e r v o i r s  s u p p o r t s  t h a t  c o n t e n t i o n  a n d  S e c c h i  t r a n s p a r e n c y  i s  r e l a t i v e l y  h i g h .  
P h o s p h o r u s  c o n c e n t r a t i o n s  i n  t h e  d e e p e r  w a t e r s  o f  t h e  r e s e r v o i r s  a r e  s o m e w h a t  
h i g h e r  t h a n  t h o s e  o b s e r v e d  i n  t h e  s u r f a c e  w a t e r s  b u t  a r e  n o t  h i g h  e n o u g h  t o  s u g g e s t  
w i d e s c a l e  r e l e a s e  o f  p h o s p h o r u s  f r o m  t h e  s e d i m e n t s .  F u r t h e r m o r e ,  t h e  d e e p - w a t e r  
a r e a s  o f  b o t h  r e s e r v o i r s  a r e  r e l a t i v e l y  s m a l l ,  r e s t r i c t i n g  t h e  a r e a  t h a t  c o u l d  c o n t r i b u t e  
t o  p h o s p h o r u s  r e l e a s e  u n d e r  a n a e r o b i c  c o n d i t i o n s .  
 
O x y g e n  a n d  t e m p e r a t u r e  p r o f i l e s  s h o w  t h a t  t h e  r e s e r v o i r s  d o  s t r a t i f y  t o  s o m e  d e g r e e  
a n d  t h i s  s t r a t i f i c a t i o n  p e r s i s t s  i n t o  S e p t e m b e r .  D i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  a r e  
d e p r e s s e d  i n  t h e  d e e p e r  w a t e r s  d u r i n g  t h i s  s t r a t i f i c a t i o n ,  b u t  w a t e r s  o n l y  b e c o m e  o r  
a p p r o a c h  a n o x i a  ( n o  o x y g e n )  w i t h i n  a  m e t e r  o r  t w o  o f  t h e  b o t t o m .  A s  s t a t e d  a b o v e ,  
b a s e d  o n  t h e  b a t h y m e t r y  o f  t h e  r e s e r v o i r s ,  a r e a s  t h i s  d e e p  a r e  v e r y  s m a l l .  A s  a  r e s u l t ,  
t h e  p o t e n t i a l l y  n e g a t i v e  e f f e c t s  o f  l o w  o x y g e n  o n  r e s e r v o i r  w a t e r  q u a l i t y  a r e  l i k e l y  
s m a l l  a t  t h i s  t i m e .  I f  t h e  a n o x i c  a r e a  e x p a n d s  ( w h i c h  w o u l d  b e  m o r e  l i k e l y  w i t h  
i n c r e a s e s  i n  p h o s p h o r u s ) ,  p o t e n t i a l  i m p a c t s  o n  w a t e r  q u a l i t y  w o u l d  b e c o m e  a  l a r g e r  
c o n c e r n . T h e s e  c o n c e r n s  m i g h t  i n c l u d e  i r o n  a n d  m a n g a n e s e  r e l e a s e  f r o m  t h e  
s e d i m e n t s  t o  t h e  w a t e r  c o l u m n  o r  p h o s p h o r u s  r e l e a s e  f r o m  t h e  s e d i m e n t s  u n d e r  
a n o x i c  c o n d i t i o n s .   T h i s  p o t e n t i a l  p h o s p h o r u s  r e l e a s e  m a y  f u e l  f u r t h e r  a l g a l  g r o w t h  
w h i c h  w o u l d  d e p r e s s  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  f u r t h e r  i n  a  p o s i t i v e  f e e d b a c k  
l o o p .  

5.2.2 Microbiological Parameters

M i c r o b i o l o g i c a l  p a r a m e t e r s  c o l l e c t e d  a s  a  p a r t  o f  t h e  f i e l d  p r o g r a m  p r o v i d e  i n d i c a t o r s  
o f  p o s s i b l e  p a t h o g e n  s o u r c e s  i n  t h e  w a t e r s h e d .  T h e s e  c o u l d  i n c l u d e  w i l d l i f e ,  
w a t e r f o w l ,  l i v e s t o c k ,  p e t s ,  o r  h u m a n  s o u r c e s .  M e a n s  o f  t h e s e  v a l u e s  a r e  s u m m a r i z e d  
i n  Table 5- 2 .  A l l  r e s u l t s  a r e  p r e s e n t e d  i n  Appendix E.  I n  g e n e r a l ,  n u m b e r s  o f  i n d i c a t o r  
o r g a n i s m s  w e r e  l o w  -  h o w e v e r ,  t h e  s t a n d a r d s  f o r  t o t a l  c o l i f o r m  a n d  E. coli i n  d r i n k i n g  
w a t e r  a r e  0 / 1 0 0  m l .  T h e  p r e s e n c e  o f  a n y  o f  t h e s e  o r g a n i s m s  i s  a  c o n c e r n  h o w e v e r ,  t h e y  
a r e  e f f e c t i v e l y  r e m o v e d  b y  t h e  t r e a t m e n t  p r o c e s s  a n d  a r e  n o t  s e e n  i n  t h e  f i n i s h e d  
w a t e r .  D e s p i t e  e l e v a t e d  c o u n t s  a t  s e v e r a l  t r i b u t a r y  s t a t i o n s ,  a  n o n - n a t u r a l  s o u r c e  
c o u l d  n o t  b e  d e t e r m i n e d .  I t  i s  l i k e l y  t h a t  t h e s e  v a l u e s  c a n  b e  a t t r i b u t e d  t o  w i l d l i f e  ( e.g . ,  
b e a v e r )  a n d  w a t e r f o w l  s o u r c e s .  F u r t h e r  i n v e s t i g a t i o n  a n d  m o n i t o r i n g  u p s t r e a m  o f  t h e  
c o n f l u e n c e  o f  t h e s e  t r i b u t a r i e s  i s  n e c e s s a r y  t o  d e f i n i t i v e l y  i d e n t i f y  t h e  l i k e l y  s o u r c e s .  
T h e  m o n i t o r i n g  p l a n  p r e s e n t e d  i n  Appendix F p r e s e n t s  p r o c e d u r e s  t o  f u r t h e r  c o n f i r m  
t h e  p r e s e n c e  o f  p a t h o g e n s  a n d  t r a c i n g  s o u r c e s  u p s t r e a m  f r o m  t h e  p o i n t  o f  d e t e c t i o n .  
M i t i g a t i o n  o f  t h e  s o u r c e s ,  o n c e  d e t e r m i n e d ,  c a n  b e  a c c o m p l i s h e d  i f  t h e y  a r e  
d e t e r m i n e d  t o  b e  a n t h r o p o g e n i c  o r  f r o m  d o m e s t i c  a n i m a l s  h o w e v e r ,  m i t i g a t i o n  m a y  
b e  d i f f i c u l t  i f  t h e  s o u r c e  i s  d e t e r m i n e d  t o  b e  w i l d l i f e .  
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A t  t h i s  p o i n t ,  b e a v e r  c o n t r o l  ( w h i c h  i s  a  l o n g  t e r m  a n d  c o n t i n u o u s  p r o c e s s ,  i f  
u n d e r t a k e n )  p r o b a b l y  i s n ’ t  j u s t i f i e d  b a s e d  o n  t h e s e  w a t e r  q u a l i t y  r e s u l t s .   I f  i n t a c t ,  t h e  
b e a v e r  p o n d s  p r o v i d e  t h e  o p p o r t u n i t y  f o r  n u t r i e n t s  a n d  s o l i d s  t o  s e t t l e  b e f o r e  t h e y  g e t  
t o  t h e  r e s e r v o i r s .  H o w e v e r ,  i f  s i g n i f i c a n t  f l o o d i n g  o f  p r o p e r t y  o r  t h e  s i g n i f i c a n t  l o s s  o f  
t r e e s  e i t h e r  t h r o u g h  b e a v e r  h a r v e s t  o r  f l o o d - r e l a t e d  m o r t a l i t y  f r o m  f u t u r e  h i g h e r  
w a t e r  l e v e l s  b e c o m e s  a  c o n c e r n ,  b e a v e r  c o n t r o l  s h o u l d  b e  c o n s i d e r e d .  I f  b e a v e r  d a m s  
a r e  l a r g e  a n d  u n s t a b l e  a n d  a r e  a t  r i s k  o f  c a t a s t r o p h i c  f a i l u r e ,  p a r t i a l  r e m o v a l  o r  
i n s t a l l a t i o n  o f  b e a v e r  p i p e s  w o u l d  b e  j u s t i f i e d .  
 
 
Table 5-2. Mean values of microbiological parameters in the Roaring Brook 

watershed in 2017.

Station Depth Fecal coliform 
(#/100 ml) 

Total coliform
(#/100 ml)

E. coli 
(#/100 ml) 

Babbidge Deep Spot 0 5 96 8
Woodward Deep Spot 0 3 125 3
W-3 0 4 587 14
W-5 0 102 1108 152
W-6 0 35 1414 574
RB-1 0 5 810 10
RB-2 0 14 877 13
B-1 0 4 688 9
B-3 0 8 439 5

5.2.3 Other Drinking Water Parameters 

S a m p l e s  w e r e  a n a l y z e d  f o r  a  s u i t e  o f  t y p i c a l  d r i n k i n g  w a t e r  p a r a m e t e r s  i n  2 0 1 7 .  M e a n  
v a l u e s  a r e  p r e s e n t e d  i n  Table 5- 3, a n d  a d d i t i o n a l  r e s u l t s  a r e  p r e s e n t e d  i n  Appendix E.  
T h e s e  v a l u e s  w e r e  w e l l  w i t h i n  d r i n k i n g  w a t e r  s t a n d a r d s .  B o t h  i r o n  a n d  m a n g a n e s e  
( w h i c h  c a n  i m p a c t  a e s t h e t i c s  o f  f i n i s h e d  w a t e r )  w e r e  r e l a t i v e l y  l o w .  S l i g h t l y  e l e v a t e d  
i r o n  v a l u e s  i n  t h e  d e e p e r  w a t e r s  o f  B a b b i d g e  a r e  l i k e l y  r e l a t e d  t o  t h e  l o s s  o f  o x y g e n  
n e a r  t h e  b o t t o m  a n d  s u b s e q u e n t  d i s s o l u t i o n  o f  s e d i m e n t  i r o n .  T o t a l  o r g a n i c  c a r b o n  
v a l u e s  w e r e  h i g h e s t  i n  t r i b u t a r y  W - 6  w h i c h  i s  a  f a i r l y  s m a l l  t r i b u t a r y  h i g h  i n  t h e  
w a t e r s h e d .   
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Table 5-3. Mean Values of Other Drinking Water Parameters in the Roaring 
Brook Watershed, 2017.

Station Depth1 Nitrate + 
Nitite-N Turbidity

Total 
Organic 
Carbon

Iron Mn 

Babbidge Deep Spot Core ND 0.4 4.0 0.2 0.0
Babbidge Deep Spot Hypo #DIV/0! 0.5 0.1
Woodward Deep Spot Core ND 0.3 3.8 0.1 0.0
Woodward Deep Spot Hypo 0.1 0.1
W-3 0 0.1 2.8
W-5 0 1.1 3.1
W-6 0 0.6 8.0
RB-1 0 0.1 3.6
RB-2 0 0.2 4.1
B-1 0 0.0 3.4
B-3 0 0.1 5.9

Note:
1 See explanation in Note 1 of Table 5-1. 

5.3 Watershed and Reservoir Modeling
T h e  p r o j e c t  t e a m  e s t i m a t e d  e x i s t i n g  n u t r i e n t  l o a d s  t o  B a b b i d g e  a n d  W o o d w a r d  
r e s e r v o i r s  u s i n g  w e l l  e s t a b l i s h e d  n u t r i e n t  l o a d - l a k e  r e s p o n s e  m o d e l i n g  ( L L R M )  
t e c h n i q u e s .  T h e  L L R M  m o d e l  i s  a  l i n k e d  w a t e r s h e d  l o a d i n g / l a k e  r e s p o n s e  m o d e l  t h a t  
h a s  b e e n  a p p l i e d  t o  o v e r  5 0  l a k e s  a n d  w a t e r s h e d s  i n  N e w  H a m p s h i r e .  T o  h e l p  
e s t a b l i s h  b a s e l i n e  c o n d i t i o n s  a n d  c a l i b r a t e  t h e  m o d e l ,  d i s c r e t e  w a t e r  q u a l i t y  s a m p l e s  
a n d  l i m n o l o g i c a l  m e a s u r e m e n t s  w e r e  p e r f o r m e d  d u r i n g  t h r e e  s a m p l i n g  e v e n t s  a n d  a t  
c r i t i c a l  t i m e s  i n  t h e  s u m m e r  m o n t h s .  S a m p l e s  w e r e  c o l l e c t e d  i n  t h e  r e s e r v o i r s  a n d  
t r i b u t a r i e s  a s  d e s c r i b e d  a b o v e .  C o m p l e t e  s a m p l i n g  r e s u l t s  a r e  p r e s e n t e d  i n  
Appendix E.  T h e  t r o p h i c  r e l a t e d  p a r a m e t e r s  u s e d  t o  c a l i b r a t e  t h e  w a t e r  q u a l i t y  m o d e l  
a r e  p r e s e n t e d  i n  Table 5- 1 a b o v e .  T h e  m o d e l  r e s u l t s  w e r e  t h e n  u s e d  t o  e v a l u a t e  
s c e n a r i o s  t h a t  m i g h t  p r o d u c e  a  m e a s u r a b l e  c h a n g e  i n  a l g a l  p r o d u c t i o n  w i t h i n  t h e  
r e s e r v o i r s .  T h e  m o d e l i n g  e f f o r t  a n a l y z e d  t h r e e  s c e n a r i o s :  
 

• B u i l d - o u t  u n d e r  c u r r e n t  z o n i n g ,   
• P o t e n t i a l  e f f e c t s  o f  a  s t a g e d  m u l t i - y e a r  t i m b e r  h a r v e s t ,   
• E f f e c t s  o f  a  r o a d  m a i n t e n a n c e  p r o g r a m .  

5.3.1 LLRM Model of Current Conditions

C u r r e n t  w a t e r  a n d  t o t a l  p h o s p h o r u s  ( T P )  l o a d i n g  w a s  a s s e s s e d  u s i n g  t h e  L L R M  
m e t h o d o l o g y ,  w h i c h  i s  a  l a n d  u s e  e x p o r t / l a k e  r e s p o n s e  m o d e l  d e v e l o p e d  f o r  u s e  i n  
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N e w  E n g l a n d  a n d  m o d i f i e d  f o r  N e w  H a m p s h i r e  l a k e s  b y  i n c o r p o r a t i n g  N e w  
H a m p s h i r e  l a n d  u s e  T P  e x p o r t  c o e f f i c i e n t s  w h e n  a v a i l a b l e .   
 
T h e  d i r e c t  a n d  i n d i r e c t  n o n p o i n t  s o u r c e s  o f  w a t e r  a n d  T P  t o  t h e  R o a r i n g  B r o o k  
r e s e r v o i r s  i n c l u d e :  
 

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

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

5.3.2 Hydrologic Inputs and Water Loading

C a l c u l a t i n g  T P  l o a d s  t o  t h e  R o a r i n g  B r o o k  r e s e r v o i r s  r e q u i r e s  e s t i m a t i o n  o f  t h e  
s o u r c e s  o f  w a t e r  t o  t h e  r e s e r v o i r s .  T h e  t h r e e  p r i m a r y  s o u r c e s  o f  w a t e r  a r e :  1 )  
a t m o s p h e r i c  d i r e c t  p r e c i p i t a t i o n ;  2 )  r u n o f f ,  w h i c h  i n c l u d e s  a l l  o v e r l a n d  f l o w  t o  t h e  
t r i b u t a r i e s  a n d  d i r e c t  d r a i n a g e  t o  t h e  r e s e r v o i r s ;  a n d  3 )  b a s e f l o w ,  w h i c h  i n c l u d e s  a l l  
p r e c i p i t a t i o n  t h a t  i n f i l t r a t e s  a n d  i s  t h e n  s u b s e q u e n t l y  r e l e a s e d  t o  s u r f a c e  w a t e r  i n  t h e  
t r i b u t a r i e s  o r  d i r e c t l y  t o  t h e  r e s e r v o i r s  ( i.e . ,  g r o u n d w a t e r ) .  B a s e f l o w  i s  r o u g h l y  
a n a l o g o u s  t o  d r y  w e a t h e r  f l o w s  i n  s t r e a m s  a n d  d i r e c t  g r o u n d w a t e r  d i s c h a r g e  t o  t h e  
r e s e r v o i r s .  T h e  a n n u a l  w a t e r  b u d g e t  i s  b r o k e n  d o w n  i n t o  i t s  c o m p o n e n t s  i n  Table 5- 4 .  
 

• Precipitation -  M e a n  a n n u a l  p r e c i p i t a t i o n  w a s  a s s u m e d  t o  b e  r e p r e s e n t a t i v e  
o f  a  t y p i c a l  h y d r o l o g i c  p e r i o d  f o r  t h e  w a t e r s h e d .  T h e  a n n u a l  p r e c i p i t a t i o n  
v a l u e  w a s  d e r i v e d  f r o m  S t r e a m s t a t s  ( h t t p s : / / w a t e r . u s g s . g o v / o s w / s t r e a m s t a t s  
/ n e w _ h a m p s h i r e . h t m l ) .  F o r  t h e  R o a r i n g  B r o o k  R e s e r v o i r s  w a t e r s h e d s ,  1 . 0 8  m  
( 4 2 . 5  i n )  o f  a n n u a l  p r e c i p i t a t i o n  w a s  u s e d .  
 

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

 
• Baseflow -  T h e  b a s e f l o w  w a s  c a l c u l a t e d  i n  a  m a n n e r  l i k e  t h a t  u s e d  f o r  r u n o f f .  

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

T h e  h y d r o l o g i c  b u d g e t  w a s  c a l i b r a t e d  t o  a  r e p r e s e n t a t i v e  s t a n d a r d  w a t e r  y i e l d  f o r  
N e w  E n g l a n d  ( S o p p e r  a n d  L u l l ,  1 9 7 0 ;  H i g g i n s  a n d  C o l o n e l l ,  1 9 7 0 ) ,  v e r i f i e d  b y  
a s s e s s m e n t  o f  y i e l d  f r o m  v a r i o u s  N e w  E n g l a n d  U S G S  f l o w  g a u g i n g  s t a t i o n s .  
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Table 5-4. Roaring Brook Reservoirs Annual Water 
Budget as Estimated Using LLRM1

Water Budget
Woodward Babbidge

m3/yr m3/yr
Atmospheric 724,821 166,935
Watershed Runoff 803,009 1,488,808
Watershed Baseflow 1,542,369 5,504,0031 

Total 3,070,200 7,159,746
Note:
1 Includes discharge from Woodward Pond.

5.3.3 Nutrient Inputs

Land Use Export

I n  d e v e l o p i n g  t h e  L L R M ,  t h e  R o a r i n g  B r o o k  w a t e r s h e d  w a s  d i v i d e d  i n t o  1 8  s u b -
b a s i n s ,  a s  s h o w n  i n  Figure 5- 2 ,  e a c h  w i t h  t h e i r  o w n  c h a r a c t e r i s t i c s , u s i n g  a  G I S  
d a t a b a s e  d e v e l o p e d  f o r  t h i s  p r o j e c t .  L a n d  u s e s  w i t h i n  t h e  w a t e r s h e d  w e r e  d e t e r m i n e d  
u s i n g  G I S  d a t a  ( N e w  H a m p s h i r e  G R A N I T  2 0 1 7 )  a n d  g r o u n d - t r u t h i n g  ( w h e n  
a p p r o p r i a t e ) .  W a t e r s h e d  l a n d  u s e  i s  s u m m a r i z e d  i n  Table 5- 5.  T h e  T P  l o a d  f o r  t h e  
w a t e r s h e d  w a s  c a l c u l a t e d  u s i n g  e x p o r t  c o e f f i c i e n t s  f o r  e a c h  l a n d  u s e  t y p e .  T h e  
w a t e r s h e d  l o a d i n g  w a s  a d j u s t e d  b a s e d  u p o n  p r o x i m i t y  t o  t h e  r e s e r v o i r s ,  s o i l  t y p e ,  
p r e s e n c e  o f  w e t l a n d s ,  a n d  a t t e n u a t i o n  p r o v i d e d  b y  n a t u r a l  f e a t u r e s  f o r  w a t e r  o r  
n u t r i e n t  e x p o r t  m i t i g a t i o n .  T h e  w a t e r s h e d  l o a d  ( b a s e f l o w  a n d  r u n o f f )  w a s  c o m b i n e d  
w i t h  d i r e c t  l o a d s  ( a t m o s p h e r i c  a n d  w a t e r f o w l )  t o  c a l c u l a t e  T P  l o a d i n g .  B e c a u s e  
W o o d w a r d  P o n d  i s  i n  t h e  w a t e r s h e d  f o r  B a b b i d g e ,  t h e  m o d e l e d  o u t f l o w  
c o n c e n t r a t i o n  f r o m  W o o d w a r d  i s  m o d e l e d  a s  a  p o i n t  s o u r c e  t o  a  s u b w a t e r s h e d  o f  
B a b b i d g e  ( R B  1 ) .  T h e  g e n e r a t e d  l o a d s  t o  t h e  r e s e r v o i r s  w e r e  t h e n  i n p u t  i n t o  a  s e r i e s  o f  
e m p i r i c a l  m o d e l s  t h a t  p r o v i d e d  p r e d i c t i o n s  o f  i n - r e s e r v o i r  T P  c o n c e n t r a t i o n s ,  
c h l o r o p h y l l  a c o n c e n t r a t i o n s ,  a l g a l  b l o o m  f r e q u e n c y ,  a n d  w a t e r  c l a r i t y .   

Atmospheric Deposition

N u t r i e n t  i n p u t s  f r o m  a t m o s p h e r i c  d e p o s i t i o n  w e r e  e s t i m a t e d  b a s e d  o n  T P  c o e f f i c i e n t s  
f o r  d i r e c t  p r e c i p i t a t i o n .  T h e  a t m o s p h e r i c  l o a d  o f  0 . 1 1  k g / h a / y  i n c l u d e s  b o t h  t h e  m a s s  
o f  T P  i n  r a i n f a l l  a n d  t h e  m a s s  i n  d r y f a l l  ( i.e. ,  t h e  d e l i v e r y  o f  n u t r i e n t s  f r o m  d r y  a i r ) .  
T h e  c o e f f i c i e n t  w a s  t h e n  m u l t i p l i e d  b y  t h e  r e s e r v o i r  a r e a s  ( h a )  t o  c a l c u l a t e  a n  a n n u a l  
a t m o s p h e r i c  d e p o s i t i o n  T P  l o a d .   

Waterfowl

T o t a l  p h o s p h o r u s  l o a d  f r o m  w a t e r f o w l  w a s  e s t i m a t e d  u s i n g  a  T P  e x p o r t  c o e f f i c i e n t  
a n d  a n  e s t i m a t e  o f  a n n u a l  m e a n  w a t e r f o w l  p o p u l a t i o n .  I t  w a s  e s t i m a t e d  t h a t  o n  
a v e r a g e  t w e n t y  w a t e r f o w l  r e s i d e  o n  W o o d w a r d  P o n d  a n d  f i v e  o n  B a b b i d g e   
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R e s e r v o i r .  W a t e r f o w l  w e r e  a s s u m e d  t o  b e  p r e s e n t  f o r  h a l f  o f  t h e  y e a r .  T h e  T P  e x p o r t  
c o e f f i c i e n t s  u s e d  f o r  w a t e r f o w l  w a s  0 . 5 6  k g / w a t e r f o w l / y .  W a t e r f o w l  l o a d i n g s  o f  
n u t r i e n t s  a r e  s m a l l  r e l a t i v e  t o  w a t e r s h e d  l o a d s .  
 
Table 5-5. Land Use by Reservoir Watershed 

Land Use
Woodward Pond Babbidge Reservoir
ha Percentage ha Percentage

Residential/Commercial/Industrial 3.1 0.8% 6.9 0.8%
Low Density Industrial 0.7 0.2% 0.0 0.0%
Hay/Pasture 10.3 2.6% 8.4 1.0%
Beech/Oak 161.5 40.5% 343.6 42.2%
Paper Birch/Aspen 12.6 3.2% 38.9 4.8%
Other Hardwoods 74.4 18.7% 65.0 8.0%
White/Red Pine 4.5 1.1% 21.4 2.6%
Spruce/Fir 5.0 1.3% 6.0 0.7%
Hemlock 6.6 1.7% 27.2 3.3%
Mixed Forest 100.6 25.2% 273.6 33.6%
Open Water 12.5 3.1% 6.2 0.8%
Forested Wetland 0.6 0.2% 0.0 0.0%
Open Wetland 1.1 0.3% 11.2 1.4%
Other Cleared 2.1 0.5% 0.0 0.0%
Roads 3.0 0.8% 5.2 0.6%
Total Area 399 100% 8141 100%

Note:
1 Does not include area of Woodward watershed

Internal Loading

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

5.3.4 Phosphorus Loading Assessment Summary

T h e  o v e r a l l  w a t e r s h e d  o f  t h e  R o a r i n g  B r o o k  w a t e r s h e d  c o n s i s t s  o f  a  m i x t u r e  o f  r u r a l ,  
a g r i c u l t u r a l ,  a n d  l o w  d e n s i t y  r e s i d e n t i a l  u s e s .  B e c a u s e  o f  t h e i r  r e l a t i v e l y  h i g h  n u t r i e n t  
e x p o r t  c o e f f i c i e n t s ,  t h e  d e v e l o p e d  a r e a s  o f  t h e  w a t e r s h e d  t e n d  t o  y i e l d  a  l a r g e r  p o r t i o n  
o f  t h e  n u t r i e n t  l o a d  t o  t h e  r e s e r v o i r s .  T P  l o a d s  w e r e  e s t i m a t e d  b a s e d  o n  r u n o f f  a n d  
g r o u n d w a t e r  l a n d  u s e  e x p o r t  c o e f f i c i e n t s .  T h e  T P  l o a d s  w e r e  t h e n  a t t e n u a t e d  b a s e d  
o n  n a t u r a l  f e a t u r e s  t o  m a t c h  t r i b u t a r y  m o n i t o r i n g  d a t a .  L o a d s  f r o m  t h e  w a t e r s h e d  a s  
w e l l  a s  d i r e c t  s o u r c e s  w e r e  t h e n  u s e d  t o  p r e d i c t  i n - p o n d  c o n c e n t r a t i o n s  o f  T P ,  
c h l o r o p h y l l  a,  S e c c h i  d i s k  t r a n s p a r e n c y ,  a n d  a l g a l  b l o o m  p r o b a b i l i t y .  T h e  e s t i m a t e d  
l o a d  a n d  i n - r e s e r v o i r  p r e d i c t i o n s  w e r e  t h e n  c o m p a r e d  t o  i n - r e s e r v o i r  c o n c e n t r a t i o n s  
f r o m  r e c e n t  m o n i t o r i n g .  T h e  a t t e n u a t i o n  f a c t o r s  w e r e  u s e d  a s  c a l i b r a t i o n  t o o l s  t o  
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a c h i e v e  a  c l o s e  a g r e e m e n t  b e t w e e n  p r e d i c t e d  i n - r e s e r v o i r  T P  a n d  o b s e r v e d  
m e a n / m e d i a n  T P .  H o w e v e r ,  p e r f e c t  a g r e e m e n t  b e t w e e n  m o d e l e d  c o n c e n t r a t i o n s  a n d  
m o n i t o r i n g  d a t a  w e r e  n o t  e x p e c t e d  a s  m o n i t o r i n g  d a t a  a r e  l i m i t e d  t o  o n e  s e a s o n ,  
w h i c h  m a y  o r  m a y  n o t  h a v e  b e e n  r e p r e s e n t a t i v e  o f  l o n g  t e r m  a v e r a g e  c o n d i t i o n s  i n  
t h e  r e s e r v o i r s .  T h e  e s t i m a t e d  e x i s t i n g  T P  l o a d s  t o  e a c h  o f  t h e  r e s e r v o i r s  b y  c a t e g o r y  
a r e  p r e s e n t e d  i n  Table 5- 6  a n d  i n  d e t a i l  i n  Figures 5- 3 a n d  5- 4 .  
 
L o a d i n g  f r o m  t h e  w a t e r s h e d  w a s  o v e r w h e l m i n g l y  t h e  l a r g e s t  s o u r c e  o f  p h o s p h o r u s  t o  
e a c h  o f  t h e  r e s e r v o i r s .  T h e  f o r e s t  l a n d  c o v e r  y i e l d s  t h e  l a r g e s t  p o r t i o n  o f  t h e  l o a d  b u t  
i s  o v e r w h e l m i n g l y  t h e  l a r g e s t  p e r c e n t a g e  o f  t h e  l a n d  c o v e r .  R o a d s  a n d  d e v e l o p e d  
p o r t i o n s  o f  t h e  w a t e r s h e d  m a k e  u p  a  r e l a t i v e l y  s m a l l  p r o p o r t i o n  o f  t h e  w a t e r s h e d  
l a n d  c o v e r  b u t  c o n t r i b u t e  d i s p r o p o r t i o n a t e l y  t o  t h e  p h o s p h o r u s  l o a d .  
 
Table 5-6. Roaring Brook Reservoirs 

Modeled TP Loading Summary

Inputs
Reservoir TP loading 

Woodward Babbidge
(kg/y) % of total (kg/y) % of total

Atmospheric 7.4 19 1.7 3
Internal 0.0 0 0.0 0
Waterfowl 5.6 14 1.4 3
Watershed Load 25.9 67 51.91 94
Total 38.9 100 55.0 100

Note:
1 Includes load discharged from Woodward Pond

5.3.5 Phosphorus Loading Assessment 
Limitations

W h i l e  t h e  a n a l y s i s  p r e s e n t e d  a b o v e  p r o v i d e s  a  r e a s o n a b l e  a c c o u n t i n g  o f  s o u r c e s  o f  T P  
l o a d i n g  t o  t h e  R o a r i n g  B r o o k  R e s e r v o i r s ,  t h e r e  a r e  l i m i t a t i o n s  t o  t h e  a n a l y s i s :  

 
• P r e c i p i t a t i o n  v a r i e s  a m o n g  y e a r s  a n d  h e n c e  h y d r o l o g i c  l o a d i n g  w i l l  v a r y .  

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

• S p a t i a l  a n a l y s i s  h a s  i n n a t e  l i m i t a t i o n s  r e l a t e d  t o  t h e  r e s o l u t i o n  a n d  t i m e l i n e s s  
o f  t h e  u n d e r l y i n g  d a t a .  I n  p l a c e s ,  l o c a l  k n o w l e d g e  w a s  u s e d  t o  e n s u r e  t h e  
l a n d  u s e  d i s t r i b u t i o n  i n  t h e  L L R M  m o d e l  w a s  r e a s o n a b l y  a c c u r a t e ,  b u t  d a t a  
l a y e r s  w e r e  n o t  1 0 0 %  v e r i f i e d  o n  t h e  g r o u n d .  I n  a d d i t i o n ,  l a n d  u s e s  w e r e  
a g g r e g a t e d  i n t o  c l a s s e s  w h i c h  w e r e  t h e n  a s s i g n e d  e x p o r t  c o e f f i c i e n t s ;  
v a r i a b i l i t y  i n  e x p o r t  w i t h i n  c l a s s e s  w a s  n o t  e v a l u a t e d  o r  e x p r e s s e d .  

• T P  e x p o r t  c o e f f i c i e n t s  a s  w e l l  a s  r u n o f f / b a s e f l o w  e x p o r t s  w e r e  r e p r e s e n t a t i v e  
b u t  a l s o  h a d  l i m i t a t i o n s  a s  t h e y  w e r e  n o t  c a l c u l a t e d  f o r  t h e  s t u d y  w a t e r  b o d y ,  
b u t  r a t h e r  a r e  r e g i o n a l  e s t i m a t e s .  
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• W a t e r  q u a l i t y  d a t a  f o r  t h e  R o a r i n g  B r o o k  w a t e r s h e d  a r e  l i m i t e d  t o  o n e  f u l l  
y e a r  w i t h  s p a r s e  d a t a  i n  o n e  a d d i t i o n a l  y e a r ,  r e s t r i c t i n g  c a l i b r a t i o n  o f  t h e  
m o d e l .   

 
 

Figure 5-3. Sources of Phosphorus to Woodward Pond

 
Note: Total load is 38.9 kg/yr.
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Figure 5-4. Sources of Phosphorus to Babbidge Reservoir

 
Note: Total load is 55.0 kg/yr.

5.4 Reservoir Response to Current 
Phosphorus Loads

T P  l o a d  o u t p u t s  f r o m  t h e  L L R M  M e t h o d o l o g y  w e r e  u s e d  t o  p r e d i c t  i n - l a k e  T P  
c o n c e n t r a t i o n s  u s i n g  e m p i r i c a l  m o d e l s .  T h e  m o d e l s  i n c l u d e :  K i r c h n e r - D i l l o n  ( 1 9 7 5 ) ,  
V o l l e n w e i d e r  ( 1 9 7 5 ) ,  R e c k h o w  ( 1 9 7 7 ) ,  L a r s e n - M e r c i e r  ( 1 9 7 6 ) ,  J o n e s - B a c h m a n n  ( 1 9 7 6 )  
a n d  N u r n b e r g  ( 1 9 9 8 )  f o r  T P .  T h e s e  e m p i r i c a l  m o d e l s  e s t i m a t e  T P  f r o m  s y s t e m  
f e a t u r e s ,  s u c h  a s  d e p t h  a n d  d e t e n t i o n  t i m e  o f  t h e  w a t e r b o d y .  T h e  l o a d  g e n e r a t e d  f r o m  
t h e  e x p o r t  p o r t i o n  o f  L L R M  w a s  u s e d  i n  t h e s e  e q u a t i o n s  t o  p r e d i c t  i n - r e s e r v o i r  T P .  
T h e  m e a n  p r e d i c t e d  T P  c o n c e n t r a t i o n s  f r o m  t h e s e  m o d e l s  w a s  c o m p a r e d  t o  m e a s u r e d  
( o b s e r v e d )  v a l u e s .   
 
I n p u t  f a c t o r s  i n  t h e  e x p o r t  p o r t i o n  o f  t h e  m o d e l ,  s u c h  a s  e x p o r t  c o e f f i c i e n t s  a n d  
a t t e n u a t i o n ,  w e r e  a d j u s t e d  t o  y i e l d  a n  a c c e p t a b l e  a g r e e m e n t  b e t w e e n  m e a s u r e d  a n d  
a v e r a g e  p r e d i c t e d  T P .  B e c a u s e  t h e s e  e m p i r i c a l  m o d e l s  a c c o u n t  f o r  a  d e g r e e  o f  T P  l o s s  
t o  t h e  l a k e  s e d i m e n t s ,  t h e  i n - r e s e r v o i r  c o n c e n t r a t i o n s  p r e d i c t e d  b y  t h e  e m p i r i c a l  
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m o d e l s  a r e  l o w e r  t h a n  t h o s e  p r e d i c t e d  b y  a  s t r a i g h t  m a s s - b a l a n c e  w h e r e  t h e  m a s s  o f  
T P  e n t e r i n g  e a c h  r e s e r v o i r  i s  e q u a l  t o  t h e  m a s s  e x i t i n g  e a c h  r e s e r v o i r  w i t h o u t  a n y  
r e t e n t i o n .  A l s o ,  t h e  e m p i r i c a l  m o d e l s  a r e  b a s e d  o n  r e l a t i o n s h i p s  d e r i v e d  f r o m  m a n y  
o t h e r  l a k e s  a n d  r e s e r v o i r s .  A s  s u c h ,  t h e y  m a y  n o t  a p p l y  a c c u r a t e l y  t o  a n y  o n e  
r e s e r v o i r ,  b u t  p r o v i d e  a n  a p p r o x i m a t i o n  o f  p r e d i c t e d  i n - p o n d  T P  c o n c e n t r a t i o n s  a n d  a  
r e a s o n a b l e  e s t i m a t e  o f  t h e  d i r e c t i o n  a n d  m a g n i t u d e  o f  c h a n g e  t h a t  m i g h t  b e  e x p e c t e d  
i f  l o a d i n g  i s  a l t e r e d .  T h e s e  e m p i r i c a l  m o d e l i n g  r e s u l t s  a n d  m e a n  f i e l d  d a t a  a r e  
p r e s e n t e d  i n  Table 5- 7 .  
 
I n  g e n e r a l ,  p r e d i c t e d  n u t r i e n t  c o n c e n t r a t i o n  m a t c h  f i e l d  d a t a  f o r  t h e  R o a r i n g  B r o o k  
r e s e r v o i r s  ( Table 5- 7 ) .  B e c a u s e  f r e s h w a t e r  s y s t e m s  a r e  m o s t  f r e q u e n t l y  l i m i t e d  b y  
p h o s p h o r u s  ( f i e l d  d a t a  c o n f i r m s  t h i s  i s  t h e  c a s e  f o r  t h e  R o a r i n g  B r o o k  r e s e r v o i r s ) ,  
c a l i b r a t i o n  f o c u s e d  o n  m a t c h i n g  p r e d i c t e d  p h o s p h o r u s  w i t h  f i e l d  d a t a .  I n  b o t h  
r e s e r v o i r s ,  t h e  m o d e l  s o m e w h a t  u n d e r - p r e d i c t s  c h l o r o p h y l l  a l e v e l s  b u t  t h e  p r e d i c t e d  
S e c c h i  t r a n s p a r e n c y  i s  v e r y  c l o s e  t o  o b s e r v e d  i n  b o t h  r e s e r v o i r s .  A l g a l  b l o o m s  w i t h  
c h l o r o p h y l l  a c o n c e n t r a t i o n s  g r e a t e r  t h a n  1 0  µ g / l  a r e  p r e d i c t e d  0 . 0 %  o f  t h e  t i m e  i n  
b o t h  r e s e r v o i r s  u n d e r  c u r r e n t  c o n d i t i o n s .  T h i s  m a t c h e s  t h e  o b s e r v a t i o n s  o f  K e e n e  
D e p a r t m e n t  o f  P u b l i c  W o r k s  s t a f f  p e r s o n s  r e s p o n s i b l e  f o r  m a n a g i n g  t h e  w a t e r s h e d ;  
n o  a l g a l  b l o o m s  i n  e i t h e r  r e s e r v o i r  h a v e  b e e n  o b s e r v e d .  
  
Table 5-7. Predicted and Measured Water Quality Parameters in Roaring 

Brook Reservoirs Under Current Conditions

Water Quality Parameter Woodward Pond Babbidge Reservoir
Predicted TP (µg/l) 6.1 6.1
Measured TP (2016-17) (µg/l) 5.9 6.0
Predicted Chlorophyll a (µg/l) 1.6 1.6
Measured Chlorophyll a (µg/l) 2.3 2.5
Predicted Secchi transparency (m) 5.7 5.7
Measured Secchi transparency (m) 5.9 5.2
Predicted probability of bloom
(chl a > 10 µg/l) (% of time) 0.0% 0.0%

T h e  T P  l o a d s  e s t i m a t e d  u s i n g  t h e  L L R M  m e t h o d o l o g y  t r a n s l a t e s  t o  a n n u a l  p r e d i c t e d  
m e a n  i n - r e s e r v o i r  T P  c o n c e n t r a t i o n s  o f  6 . 1  µ g / l  f o r  b o t h  r e s e r v o i r s .  T h e s e  
c o n c e n t r a t i o n s  a r e  v e r y  l o w  a n d  s h o u l d  n o t  f u e l  s u b s t a n t i a l  a l g a l  a n d  p l a n t  g r o w t h .  
T r a n s p a r e n c y  v a l u e s  s h o u l d  a l s o  r e m a i n  h i g h  i n  b o t h  r e s e r v o i r s  i f  p h o s p h o r u s  
c o n c e n t r a t i o n s  r e m a i n  l o w .    T h e  m o d e l  s h o u l d  b e  u p d a t e d  t o  r e f l e c t  c u r r e n t  d a t a  
e v e r y  5  y e a r s  u s i n g  d a t a  t o  b e  c o l l e c t e d  a s  a  p a r t  o f  t h e  m o n i t o r i n g  p r o g r a m  p r o p o s e d  
i n  t h i s  p l a n .  
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5.5 Loading Scenarios & Land 
Management Strategies

T o  u n d e r s t a n d  h o w  v a r i o u s  l a n d  m a n a g e m e n t  s t r a t e g i e s  c o u l d  i m p r o v e  o r  i m p a c t  
w a t e r  q u a l i t y  i n  W o o d w a r d  P o n d  a n d  B a b b i d g e  R e s e r v o i r ,  t h e  L L R M  m o d e l  w a s  
u s e d  t o  e v a l u a t e  f o u r  s c e n a r i o s :  

• A  n a t u r a l  b a c k g r o u n d  s c e n a r i o  ( r e p r e s e n t i n g  t h e  b e s t  p o s s i b l e  w a t e r  q u a l i t y  
f o r  t h e  r e s e r v o i r s ) ;   

• A  r o a d  m a n a g e m e n t  p r o g r a m  a i m e d  a t  m a n a g i n g  w a t e r s h e d  r o a d s  t o  a d d r e s s  
s o m e  o f  t h e  i s s u e s  d i s c u s s e d  i n  C h a p t e r  3 ;  

• A  s i m u l a t e d  1 5 - y e a r  s t a g e d  f o r e s t  h a r v e s t  ( b a s e d  o n  a  p o t e n t i a l  t i m b e r  h a r v e s t  
p r o g r a m  a s  d i s c u s s e d  i n  C h a p t e r  4 ) ;  a n d  

• A  b u i l d o u t  o f  l a n d  w i t h i n  t h e  w a t e r s h e d  c u r r e n t l y  n o t  o w n e d  b y  t h e  C i t y  o f  
K e e n e .  

 
T h e  m o d e l l i n g  r e s u l t s  c a n  b e  u s e d  t o  b e t t e r  u n d e r s t a n d  h o w  e a c h  o f  t h e s e  s c e n a r i o s  
c o u l d  a f f e c t  w a t e r  q u a l i t y ,  w h e t h e r  b e n e f i c i a l  o r  d e t r i m e n t a l .  T h i s  i n f o r m a t i o n ,  i n  
t u r n ,  c a n  h e l p  p r i o r i t i z e  m a n a g e m e n t  a c t i o n s  d e s i g n e d  t o  p r o t e c t  t h e  w a t e r s h e d  a s  a  
p u b l i c  r e s o u r c e .  
 
T h e  r e s u l t s  o f  t h e s e  m o d e l s  a r e  p r e s e n t e d  i n  Tables 5- 8 a n d  5- 9 ,  a n d  a r e  d i s c u s s e d  i n  
d e t a i l  i n  t h e  s e c t i o n s  t h a t  f o l l o w .  
 

Table 5-8. Predicted Water Quality Parameters Under Different Loading Scenarios for 
Woodward Pond

Scenario

Total 
Phosphorus 
Load (kg/yr)

Total 
Phosphorus 

(µg/l)
Chlorophyll 

a (µg/l)

Secchi 
Transparency 

(m)

Probability of 
Algal Bloom1  

(%)
Natural Background 29.5 4.6 1.1 7.1 0.0
Current Conditions 38.9 6.1 1.6 5.7 0.0
Road Management 38.7 6.1 1.6 5.8 0.0
Forest Harvest - Year 5 63.3 9.7 3.0 4.0 0.4
Forest Harvest - Year 10 42.3 6.6 1.8 5.4 0.0
Forest Harvest - Year 15 39.2 6.2 1.6 5.7 0.0
Forest Harvest - Year 20 39.2 6.2 1.6 5.7 0.0
Buildout 123.4 19.5 7.3 2.4 18.9

Note:
1 The probability of an algal bloom is the percentage of time where chlorophyll a is predicted to be greater than 10 µg/l. 

5.5.1 Natural Background

T h i s  s c e n a r i o  i s  a  r e p r e s e n t a t i o n  o f  t h e  b e s t  p o s s i b l e  w a t e r  q u a l i t y  f o r  t h e  R o a r i n g  
B r o o k  r e s e r v o i r s  a n d  w a s  g e n e r a t e d  b y  c o n v e r t i n g  a l l  w a t e r s h e d  l a n d  u s e  t o  f o r e s t .  
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W h i l e  i t  i s  n o t  r e a l i s t i c  t o  e x p e c t  t h e  e n t i r e  w a t e r s h e d  t o  r e v e r t  t o  f o r e s t ,  t h i s  s c e n a r i o  
p r o v i d e s  a n  e s t i m a t e  o f  t h e  b e s t  p o s s i b l e  w a t e r  q u a l i t y  f o r  t h e  r e s e r v o i r s .  U n d e r  t h i s  
s c e n a r i o ,  t h e  r e s e r v o i r s  w o u l d  h a v e  b e e n  e x p e c t e d  t o  h a v e  t o t a l  p h o s p h o r u s  
c o n c e n t r a t i o n s  a p p r o x i m a t e l y  1 . 5  µ g / l  l o w e r  t h a n  c u r r e n t  c o n d i t i o n s  a n d  c o n t i n u e  t o  
s u p p o r t  a  t r o p h i c  c l a s s i f i c a t i o n  o f  o l i g o t r o p h i c  o r  v e r y  l o w  p r o d u c t i v i t y  ( Tables 5- 8 
a n d  5- 9 ) .  W a t e r  q u a l i t y  w o u l d  b e  e x c e l l e n t  u n d e r  t h i s  s c e n a r i o .  
 

Table 5-9. Predicted Water Quality Parameters Under Different Loading Scenarios for 
Babbidge Reservoir

Scenario

Total 
Phosphorus 
Load (kg/yr)

Total 
Phosphorus 

(µg/l)
Chlorophyll a

(µg/l)

Secchi 
Transparency 

(m)

Probability of 
Algal Bloom1 

(%)
Natural Background 42.9 4.8 1.1 6.9 0.0
Current Conditions 55.0 6.1 1.6 5.7 0.0
Road Management 54.6 6.1 1.6 5.8 0.0
Forest Harvest - Year 5 73.5 8.1 2.4 4.7 0.1
Forest Harvest - Year 10 81.5 9.0 2.7 4.3 0.2
Forest Harvest - Year 15 87.0 9.5 3.0 4.1 0.4
Forest Harvest - Year 20 56.0 6.2 1.7 5.7 0.0
Woodward Watershed Buildout Only 85.8 9.6 3.0 4.1 0.4
Entire Watershed Buildout 203.6 22.9 8.9 2.1 31.4

Note:
1 The probability of an algal bloom is the percentage of time where chlorophyll a is predicted to be greater than 10 µg/l. 

5.5.2 Road Management

A s  d i s c u s s e d  i n  C h a p t e r  3 ,  t h e  R o a r i n g  B r o o k  w a t e r s h e d  c o n t a i n s  a  n u m b e r  o f  C l a s s  V  
a n d  C l a s s  V I  r o a d s ,  a s  w e l l  a s  u n c l a s s i f i e d  p a t h s .  S o m e  o f  t h e s e  r o a d w a y s  a r e  i n  v e r y  
p o o r  o r  f a i l e d  c o n d i t i o n ;  s u c h  r o a d  s u r f a c e s  d e l i v e r  a  h i g h e r  p h o s p h o r u s  l o a d  t h a n  
f o r e s t e d  a r e a s  d u e  t o  g r e a t e r  r u n o f f  v o l u m e s  a n d  s e d i m e n t  t r a n s p o r t .  D u r i n g  r e c e n t  
w a t e r s h e d  s u r v e y s ,  s e v e r a l  r o a d w a y  s e g m e n t s  w e r e  o b s e r v e d  t o  h a v e  e r o d e d  g u l l i e s  
w i t h i n  o r  a l o n g  t h e  s i d e  o f  t h e  r o a d  w h e r e  r u n o f f  w a s  d i s c h a r g e d  d i r e c t l y  t o  t h e  
n e a r b y  s t r e a m  c r o s s i n g s .  I n  s o m e  c a s e s ,  c u l v e r t s  t h a t  c o n v e y e d  t r i b u t a r i e s  b e n e a t h  
r o a d s  w e r e  d a m a g e d  o r  w e r e  l a c k i n g ,  e n a b l i n g  v e h i c l e s  t o  p a s s  d i r e c t l y  t h r o u g h  t h e  
s t r e a m .  T h i s  c a n  r e s u l t  i n  s h o r t - t e r m  s p i k e s  i n  t u r b i d i t y  a n d  n u t r i e n t  l o a d i n g  d u e  t o  
t h e  s o i l  d i s t u r b a n c e .   
 
T h e  a m o u n t  o f  p h o s p h o r u s  c o n t r i b u t e d  f r o m  r o a d s  d e p e n d s  a  g r e a t  d e a l  o n  t h e  
e r o d i b i l i t y  o f  g r a v e l  s u r f a c e  d u e  t o  s t e e p  s l o p e s ,  s o i l  t y p e s  a n d  t h e  s t o r m w a t e r  
m a n a g e m e n t  c o n t r o l s .  R o a d s  w i t h  c h a n n e l i z e d  f l o w  d u e  t o  e r o d e d  g u l l i e s  t h a t  d r a i n  
d i r e c t l y  i n t o  s t r e a m s  h a v e  p o t e n t i a l  t o  c o n t r i b u t e  r e l a t i v e l y  h i g h  p h o s p h o r u s  l o a d s  
c o m p a r e d  t o  s t a b l e ,  w e l l - m a i n t a i n e d  r o a d s  t h a t  p r o d u c e  s h e e t  f l o w  t o  t h e  r o a d w a y  
e d g e .  T h e  r a t e  a t  w h i c h  s e d i m e n t  a n d  a s s o c i a t e d  p h o s p h o r u s  i s  d e l i v e r e d  t o  
t r i b u t a r i e s  a n d  d o w n s t r e a m  r e s e r v o i r s  c a n  h a v e  s u b s t a n t i a l  e f f e c t s  o n  t h e  l o a d i n g  
f r o m  r o a d  s u r f a c e s .   
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I n  d e v e l o p i n g  a n n u a l  p h o s p h o r u s  l o a d  e s t i m a t e s  f r o m  e x i s t i n g  g r a v e l  r o a d s  w i t h i n  
t h e  w a t e r s h e d  u s i n g  t h e  l a n d  u s e  e x p o r t  m o d e l ,  a  t y p i c a l  a v e r a g e  a n n u a l  l o a d  
e s t i m a t e  o f  1 . 0  k g / h a / y e a r  w a s  u s e d  a c r o s s  t h e  w a t e r s h e d .  T h i s  a v e r a g e  l o a d i n g  r a t e  
r e f l e c t s  o b s e r v a t i o n s  m a d e  d u r i n g  r o a d  i n v e n t o r y  f i e l d  w o r k  w h i c h  f o u n d  t h a t  
a p p r o x i m a t e l y  5 0 %  o f  t h e  e x i s t i n g  r o a d  s u r f a c e s  w e r e  i n  a  s t a b l e  c o n d i t i o n  w h i l e  t h e  
r e m a i n i n g  5 0 %  w e r e  o b s e r v e d  t o  b e  e x p e r i e n c i n g  s o m e  d e g r e e  o f  e r o s i o n  o r  c u l v e r t  
w a s h o u t  c o n d i t i o n .   
 
E f f o r t s  t o  r e s t o r e  a n d  s t a b i l i z e  d e g r a d e d  o r  e r o d e d  r o a d w a y  s e g m e n t s  w o u l d  r e s u l t  i n  
l o w e r  p h o s p h o r u s  l o a d s .  R e s t o r a t i o n  e f f o r t s  c o u l d  i n c l u d e  r o a d  r e g r a d i n g  t o  e l i m i n a t e  
g u l l i e s ,  e s t a b l i s h i n g  a  c r o w n  o n  r o a d s  t o  a l l o w  r u n o f f  t o  d i s p e r s e  i n t o  n e a r b y  w o o d e d  
a r e a s  a n d  r e p l a c i n g  c u l v e r t s  a t  s t r e a m  c r o s s i n g s  w h e r e  c u l v e r t s  h a v e  b e e n  w a s h e d  
a w a y .   
 
R o a d s  a r e  t h e  p h o s p h o r u s  s o u r c e  m o s t  e a s i l y  m a n a g e d  o n  K e e n e - o w n e d  l a n d s  i n  t h e  
w a t e r s h e d .  R o a d  m a n a g e m e n t  c a n  b e  e x p e c t e d  t o  r e d u c e  p h o s p h o r o u s  l o a d s  b y  a s  
m u c h  a s  2 0  t o  6 5 %  f o r  e a c h  r o a d  s e g m e n t ,  d e p e n d i n g  o n  t h e  B M P s  e m p l o y e d . 16

H i g h e r  r e m o v a l  e f f i c i e n c i e s  a r e  g e n e r a l l y  a s s o c i a t e d  w i t h  B M P s  t h a t  c a p t u r e  a n d  
i n f i l t r a t e  s t o r m w a t e r  w h i l e  t h e  l o w e r  r e m o v a l  e f f i c i e n c i e s  a r e  g e n e r a l l y  a s s o c i a t e d  
w i t h  s t a b i l i z e d  f l o w - t h r o u g h  B M P s  s u c h  a s  g r a s s e d  s w a l e s  a n d  l e v e l  s p r e a d e r s .  F o r  
p u r p o s e s  o f  t h i s  a n a l y s i s ,  w e  a s s u m e d  a  c o n s e r v a t i v e  3 0 %  r e m o v a l  e f f i c i e n c y  f o r  
f u t u r e  r o a d  r e s t o r a t i o n  /  m a i n t e n a n c e  a c t i v i t i e s  t h a t  w e r e  a s s u m e d  t o  o c c u r  o n  5 0 %  o f  
t h e  e s t i m a t e d  r o a d  a r e a  w i t h i n  t h e  w a t e r s h e d .   
 
B a s e d  o n  t h e s e  a s s u m p t i o n s ,  t h e  r o a d  m a i n t e n a n c e  a c t i v i t y  c o u l d  r e s u l t  i n  a  l o a d  
r e d u c t i o n  o f  a p p r o x i m a t e l y  0 . 2  k g / y r  i n  W o o d w a r d  P o n d  a n d  0 . 4  k g / y r  i n  B a b b i d g e  
R e s e r v o i r .  T h e  r e d u c t i o n s ,  w h i l e  m o d e s t  o n  a n  a n n u a l  a v e r a g e  b a s i s ,  w o u l d  a l s o  m a k e  
t h e  r o a d s  m o r e  r e s i l i e n t  t o  f u t u r e  e x t r e m e  e v e n t s .  

5.5.3 Forest Management 

A  f o r e s t  h a r v e s t  s c e n a r i o  w a s  d e v e l o p e d  t o  a s s e s s  t h e  r e s e r v o i r  w a t e r  q u a l i t y  
i m p l i c a t i o n s  o f  a  t i m b e r  h a r v e s t  o n  C i t y - o w n e d  l a n d .  T h i s  m o d e l  i s  b a s e d  o n  t h e  
t i m b e r  m a n a g e m e n t  c o n s i d e r a t i o n s  d i s c u s s e d  i n  C h a p t e r  4 ,  w h i c h  w e r e  i n c o r p o r a t e d  
i n t o  t h e  m o d e l i n g  s c e n a r i o  a s  f o l l o w s :  
 

• T i m b e r  w o u l d  b e  h a r v e s t e d  f r o m  t h e  w h o l e  w a t e r s h e d  ( e x c e p t  f o r  b u f f e r s  
d e s c r i b e d  b e l o w )  o v e r  a  1 5 - y e a r  p e r i o d .  

• E a c h  h a r v e s t e d  a r e a ,  i n c l u d i n g  t e m p o r a r y  l o g g i n g  r o a d s  a n d  l a n d i n g s ,  w o u l d  
r e c o v e r  w i t h i n  5  y e a r s  s u c h  t h a t  n u t r i e n t  e x p o r t  w o u l d  r e t u r n  t o  l e v e l s  
e x i s t i n g  p r i o r  t o  h a r v e s t .  

 
16  The UNH Stormwater Center (2011) presented a summary of treatment efficiencies for similar roads in a study 

conducted in the Province Lake watershed in Wakefield, NH.
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• P h o s p h o r u s  e x p o r t  f r o m  h a r v e s t  t o  r e c o v e r y  i s  l i n e a r .  
• S o f t w o o d  s t a n d s  w o u l d  b e  h a r v e s t e d  e a r l y  i n  t h e  h a r v e s t .  
• H a r d w o o d  s t a n d s  w o u l d  b e  h a r v e s t e d  i n  l a t e r  y e a r s .  
• 7 0 %  o f  t h e  s o f t w o o d s  a n d  5 0 %  o f  t h e  h a r d w o o d s  w o u l d  b e  h a r v e s t e d  i n  e a c h  

s t a n d .  
• C l a s s  V I  r o a d s  w o u l d  b e  u p g r a d e d  t o  C l a s s  V  t o  s u p p o r t  a c c e s s  a n d  

t r a n s p o r t a t i o n .  
• E a c h  y e a r ’ s  c u t  w o u l d  r e q u i r e  c o n s t r u c t i o n / g r a d i n g  t o  i n s t a l l  0 . 5  h e c t a r e  ( 1 . 2 5  

a c r e s )  l a n d i n g  a n d  1 . 5  h e c t a r e s  ( 3 . 7 5  a c r e s )  o f  n e w  r o a d s ,  a s s u m e d  t o  b e  
r e s t o r e d  w i t h i n  5  y e a r s  a f t e r  t h e  h a r v e s t .  

• T h e  a r e a  t o  b e  h a r v e s t e d  o v e r  1 5  y e a r s  i s  9 9 6  h e c t a r e s  ( 2 , 4 6 2  a c r e s ) ,  l e s s  
b u f f e r s  a r o u n d  w a t e r  r e s o u r c e s .  

• N o  c u t  b u f f e r s  w e r e  e s t a b l i s h e d  w i t h i n  3 0 0  f e e t  f r o m  R o a r i n g  B r o o k  a n d  
r e s e r v o i r s .  

• N o - c u t  b u f f e r s  w e r e  e s t a b l i s h e d  w i t h i n  1 0 0  f e e t  f r o m  w e t l a n d s  a n d  s t r e a m s  
o t h e r  t h a n  R o a r i n g  B r o o k .  

• B e t w e e n  2 0  a n d  4 0  h e c t a r e s  ( 5 0 - 1 0 0  a c r e s )  w e r e  a s s u m e d  t o  b e  h a r v e s t e d  e a c h  
y e a r .  I n  m o s t  y e a r s  b e t w e e n  3 0  a n d  4 0  h a  ( 7 5  t o  1 0 0  a c r e s )  w e r e  a s s u m e d  t o  b e  
h a r v e s t e d .  

 
F o r  m o d e l i n g  p u r p o s e s ,  t h e  h a r v e s t  s c h e d u l e  w a s  d e v e l o p e d  b a s e d  o n  g u i d a n c e  
( C h a p t e r  4 )  t h a t  r e c o m m e n d s  p r i o r i t i z a t i o n  o f  s o f t w o o d  h a r v e s t i n g .  T h e  h a r v e s t  
s c h e d u l e  u s e d  i n  t h e  s i m u l a t i o n  i s  f o u n d  i n  Table 5- 10 .  T h e  m o d e l  a s s u m e d  t h a t  t h e  
h a r v e s t  w o u l d  g e n e r a l l y  p r o c e e d  f r o m  u p s t r e a m  t o  d o w n s t r e a m  b y  s u b w a t e r s h e d ,  
a n d  a l s o  a s s u m e d  t h a t  a d j a c e n t  s u b w a t e r s h e d s  w e r e  h a r v e s t e d  t o g e t h e r  t o  k e e p  t h e  
h a r v e s t  u n i t s  c o n t i g u o u s .  B e c a u s e  R B 1  a n d  R B 2  a r e  t h e  l a r g e s t  s u b w a t e r s h e d s ,  
h a r v e s t i n g  w i t h i n  t h e s e  a r e a s  w o u l d  o c c u r  o v e r  a  p e r i o d  o f  m u l t i p l e  y e a r s .  E a r l y  y e a r  
h a r v e s t s  i n  t h o s e  s u b w a t e r s h e d s  c o r r e s p o n d  t o  s o f t w o o d  h a r v e s t i n g .   
 
I t  s h o u l d  b e  n o t e d  t h a t  t h e r e  a r e  n u m e r o u s  p o s s i b l e  h a r v e s t  s c h e d u l e s .  H o w e v e r ,  i t  i s  
l i k e l y  t h a t  a l t e r n a t i v e  s c h e d u l e s ,  w h i l e  r e s u l t i n g  i n  p o t e n t i a l l y  d i f f e r e n t  t i m i n g  o f  
p r o j e c t e d  p h o s p h o r u s  a n d  c h l o r o p h y l l  a c o n c e n t r a t i o n s  i n  t h e  r e s e r v o i r s ,  w o u l d  y i e l d  
a  s i m i l a r  m a x i m u m  c h a n g e  i f  t h e  a l t e r n a t i v e  h a r v e s t  i s  c o m p l e t e d  o n  a  1 5 - y e a r  
s c h e d u l e .  T h e  a r e a  a s s u m e d  t o  b e  c u t  i n  e a c h  y e a r  o f  o u r  s i m u l a t i o n  w a s  v a r i a b l e  a n d  
d e p e n d e n t  o n  t h e  a r e a  o f  s o f t w o o d s  o r  h a r d w o o d s  a v a i l a b l e  i n  e a c h  s u b w a t e r s h e d .  
C a r e  w a s  t a k e n  t o  k e e p  h a r v e s t  b l o c k s  i n  e a c h  y e a r  a d j a c e n t .   
 
R e s u l t s  o f  t h e  h a r v e s t  s c e n a r i o  s i m u l a t i o n  a r e  p r e s e n t e d  i n  Figures 5- 5 a n d  5- 6 .  T h e  
s i m u l a t i o n s  p r e d i c t  i n c r e a s e s  i n  p h o s p h o r u s  a n d  c h l o r o p h y l l  a a n d  r e d u c t i o n s  i n  
t r a n s p a r e n c y  i n  b o t h  r e s e r v o i r s .  A  c r i t i c a l  p h o s p h o r u s  c o n c e n t r a t i o n  o f  7 . 2  µ g / l  i s  
s h o w n  o n  Figures 5- 5 a n d  5- 6 .  T h i s  n u m b e r  s h o u l d  b e  c o n s i d e r e d  a  m a x i m u m  
p h o s p h o r u s  v a l u e  f o r  t h e  r e s e r v o i r s  t o  r e m a i n  b e l o w  t h e  N H  l o w  n u t r i e n t  o r  
o l i g o t r o p h i c  c r i t e r i a  ( 8  µ g / l )  w i t h  a  1 0 %  m a r g i n  o f  s a f e t y .  T h e  h a r v e s t  i m p a c t  p e r i o d  i s  
s h o r t e r  i n  W o o d w a r d  a s  t h e  t i m i n g  o f  h a r v e s t  i n  t h e  W o o d w a r d  w a t e r s h e d  i s  i n  t h e  
e a r l y  y e a r s  o f  t h e  s i m u l a t i o n .  B e c a u s e  W o o d w a r d  d r a i n s  t o  B a b b i d g e ,  p r o j e c t e d  
c h a n g e s  t o  W o o d w a r d  r e s u l t  i n  c h a n g e s  i n  B a b b i d g e .  I n  l a t e r  y e a r s  o f  t h e  t i m b e r  
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h a r v e s t  s c e n a r i o ,  h a r v e s t  i s  r e s t r i c t e d  t o  s u b w a t e r s h e d s  d o w n s t r e a m  o f  W o o d w a r d ,  s o  
W o o d w a r d  r e c o v e r s  w h i l e  w a t e r  q u a l i t y  i m p a c t s  a r e  s t i l l  p r o j e c t e d  f o r  B a b b i d g e .   

T h e  r e s u l t s  i n d i c a t e  t h a t  t i m b e r  h a r v e s t i n g  i n c r e a s e s  t h e  p r o b a b i l i t y  o f  a l g a l  b l o o m s  i n  
e a c h  r e s e r v o i r  t o  a  n o n - z e r o  v a l u e ,  i n d i c a t i n g  s o m e  r i s k  t o  w a t e r  q u a l i t y .  T h i s  n o n -
z e r o  p r o b a b i l i t y  i s  p r e d i c t e d  t o  b e  g r e a t e s t  ( 0 . 4 %  o f  t h e  t i m e ,  w h i c h  r e p r e s e n t s  a n  a l g a l  
b l o o m  a p p r o x i m a t e l y  1 . 4  d a y s  i n  a  t y p i c a l  y e a r )  i n  W o o d w a r d  P o n d  i n  Y e a r  5 ,  a n d  i n  
B a b b i d g e  i n  Y e a r  1 5 .  T h e  r i s k  o f  a n  a l g a l  b l o o m  p e r s i s t s  f o r  l o n g e r  i n  B a b b i d g e  t h a n  
W o o d w a r d  d u e  t o  t h e  s i z e  o f  t h e  B a b b i d g e  w a t e r s h e d .  
 
W e  n o t e  t h a t  t h e  m o d e l  r e s u l t s  a r e  b a s e d  o n  s t a n d a r d  f o r e s t r y  p r a c t i c e s .  I t  i s  p o s s i b l e  
t h a t  a  h a r v e s t  u s i n g  v e r y  l o w  i m p a c t  t e c h n i q u e s  c o u l d  r e s u l t  i n  a  l o w e r  i m p a c t  o n  t h e  
r e s e r v o i r s ,  w h i l e  a  p o o r l y  m a n a g e d  h a r v e s t  c o u l d  r e s u l t  i n  g r e a t e r  r i s k  t o  t h e  
r e s e r v o i r s .  
 
Table 5-10. Year(s) of Harvest for each Roaring 

Brook Subwatershed (From Start of 
Harvest Period)

Subwatershed Year(s) of Harvest
W1 3
W2 3
W3 3
W4 4
W5 4
W6 4
W7 5
W8 5

WDD 6
B1 14
B2 14
B3 14
B4 15
B5 15
B6 15

BDD 15
RB1 1,7,8,9,10
RB2 2,11,12,13
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Figure 5-5. Predicted Trophic Parameters, Woodward Pond, 15-Year Forest Harvest

 

Figure 5-6. Predicted Trophic Parameters, Babbidge Reservoir, 15-Year Forest Harvest

 

5.5.4 Watershed Buildout

N u t r i e n t  l o a d i n g  f r o m  d e v e l o p e d  l a n d  i s  g r e a t e r  t h a n  f o r e s t  l a n d ,  a n d  i n c r e a s e d  
d e v e l o p m e n t  a n d  u r b a n i z a t i o n  i s  a s s o c i a t e d  w i t h  w a t e r  q u a l i t y  d e g r a d a t i o n .  
T h e r e f o r e ,  a  m o d e l  o f  t h e  p o t e n t i a l  e f f e c t s  o f  l a n d  d e v e l o p m e n t  o n  p r i v a t e l y - o w n e d  
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l a n d s  w i t h i n  t h e  R o a r i n g  B r o o k  w a t e r s h e d  w a s  g e n e r a t e d  t o  a s s e s s  t h e  p o t e n t i a l  r i s k  
a s s o c i a t e d  w i t h  f u t u r e  d e v e l o p m e n t .  T h i s  “ b u i l d  o u t ”  s c e n a r i o  i n v o l v e d  t h e  f o l l o w i n g :  
 

• I d e n t i f i c a t i o n  o f  a l l  l a n d  w i t h i n  t h e  R o a r i n g  B r o o k  w a t e r s h e d  t h a t  i s  n o t  
c u r r e n t l y  o w n e d  b y  t h e  C i t y  o r  w i t h i n  a  c o n s e r v a t i o n  e a s e m e n t ,  u s i n g  t h e  G I S  
d a t a b a s e  b u i l t  f o r  t h i s  p r o j e c t .  

• C o n v e r t i n g  e x i s t i n g  u n d e v e l o p e d  f o r e s t e d  a n d  a g r i c u l t u r a l  l a n d  n o t  c u r r e n t l y  
o w n e d  b y  t h e  c i t y  o r  i n  c o n s e r v a t i o n  t o  l o w - d e n s i t y  r e s i d e n t i a l  l a n d  u s e  a s  i s  
a l l o w e d  u n d e r  c u r r e n t  z o n i n g .   

• L a n d  c o n v e r s i o n  e x c l u d e d  w e t l a n d s  a n d  s u r f a c e  w a t e r s  a s  w e l l  a s  a r e a s  o f  
h i g h  s l o p e  ( g r e a t e r  t h a n  2 5 % )  b u t  i n c l u d e d  p a r c e l s  w i t h  i n s u f f i c i e n t  r o a d  
f r o n t a g e  ( a s s u m i n g  t h a t  a d d i t i o n a l  r o a d s  c o u l d  b e  b u i l t  t o  s e r v e  t h e s e  a r e a s ) .   

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

• W e  a l s o  a s s u m e d  t h a t  f u t u r e  d e v e l o p m e n t  w o u l d  h a v e  s i m i l a r  l e v e l s  o f  b e s t  
m a n a g e m e n t  p r a c t i c e s ;  f u t u r e  d e v e l o p m e n t  w o u l d  e m p l o y  c o n v e n t i o n a l  
a p p r o a c h e s  w i t h  n o  e x t r a o r d i n a r y  B M P s  o r  l o w  i m p a c t  d e v e l o p m e n t  
p r i n c i p l e s .   

 
P r o j e c t i o n s  o f  r e s e r v o i r  w a t e r  q u a l i t y  u n d e r  t h e  w a t e r s h e d  b u i l d o u t  s c e n a r i o  a r e  
p r e s e n t e d  i n  Tables 5- 8 a n d  5- 9 . U n d e r  t h i s  s c e n a r i o ,  r e s e r v o i r  p h o s p h o r u s  
c o n c e n t r a t i o n s  w o u l d  b e  e x p e c t e d  t o  i n c r e a s e  t h r e e  t o  f o u r  t i m e s  r e l a t i v e  t o  c u r r e n t  
l e v e l s  t o  1 9 . 5  µ g / L  f o r  W o o d w a r d  P o n d  a n d  2 2 . 9  µ g / L  f o r  B a b b i d g e .  C h l o r o p h y l l  a 
c o n c e n t r a t i o n s  w o u l d  i n c r e a s e  s i g n i f i c a n t l y  i n  b o t h  r e s e r v o i r s  a n d  t h e  p r o b a b i l i t y  o f  
a l g a l  b l o o m  c o n d i t i o n s  g r e a t e r  t h a n  1 0  µ g / L  w o u l d  b e  1 8 . 9 %  o f  t h e  t i m e  f o r  
W o o d w a r d  a n d  3 1 . 4 %  o f  t h e  t i m e  f o r  B a b b i d g e .  C l e a r l y ,  t h i s  s c e n a r i o  w o u l d  r e s u l t  i n  
u n a c c e p t a b l e  w a t e r  q u a l i t y  i n  t h e  R o a r i n g  B r o o k  R e s e r v o i r s .   
 
T o  d e t e r m i n e  t h e  r e l a t i v e  i m p o r t a n c e  o f  W o o d w a r d  R e s e r v o i r  a n d  i t s  w a t e r s h e d  t o  
B a b b i d g e  w a t e r  q u a l i t y  a  s c e n a r i o  i s  p r e s e n t e d  i n  Table 5- 9 , w h i c h  e v a l u a t e s  t h e  
i m p a c t  o f  b u i l d o u t  o f  j u s t  t h e  W o o d w a r d  w a t e r s h e d  o n  w a t e r  q u a l i t y  i n  B a b b i d g e .  
B e c a u s e  W o o d w a r d  p r o v i d e s  s u c h  a  s i g n i f i c a n t  p o r t i o n  o f  t h e  l o a d  t o  B a b b i d g e ,  
d e v e l o p m e n t  o f  a v a i l a b l e  l a n d  w i t h i n  t h e  W o o d w a r d  P o n d  s u b - b a s i n  w o u l d  r e s u l t  i n  
a n  a p p r o x i m a t e l y  5 0 %  i n c r e a s e  i n  t h e  a m o u n t  o f  p h o s p h o r u s  i n  B a b b i d g e  R e s e r v o i r .  
T h i s  s c e n a r i o  i l l u s t r a t e s  t h e  p o t e n t i a l  e f f e c t s  o n  w a t e r  q u a l i t y  e v e n  i f  o n l y  a  p o r t i o n  o f  
t h e  R o a r i n g  B r o o k  w a t e r s h e d  i s  d e v e l o p e d  a n d  h i g h l i g h t s  t h e  v a l u e  o f  c o n s i d e r i n g  
a d d i t i o n a l  l a n d  c o n s e r v a t i o n .  
 
T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  p r i m a r y  t h r e a t  t o  w a t e r  q u a l i t y  i n  t h e  R o a r i n g  B r o o k  
w a t e r s h e d  w o u l d  b e  f u t u r e  l a n d  d e v e l o p m e n t  o n  t h e  p o r t i o n s  o f  t h e  w a t e r s h e d  t h a t  
a r e  n o t  u n d e r  c i t y  o w n e r s h i p  o r  s u b j e c t  t o  c o n s e r v a t i o n  e a s e m e n t s .  W h i l e  t h e  C i t y ’ s  
o w n e r s h i p  a n d  m a n a g e m e n t  o f  a  l a r g e  p o r t i o n  o f  t h e  w a t e r s h e d  h a s  r e s u l t e d  i n  
e x c e l l e n t  w a t e r  q u a l i t y  w i t h i n  t h e  p o n d s ,  a  s u b s t a n t i a l  r i s k  o f  f u t u r e  w a t e r  q u a l i t y  
d e g r a d a t i o n  c o u l d  r e s u l t  i f  s u b s t a n t i a l  d e v e l o p m e n t  w i t h i n  t h e  n o n - c o n s e r v e d  p o r t i o n  
o f  t h e  w a t e r s h e d  o c c u r s .  T h i s  r i s k  c a n  b e  m i t i g a t e d  b y  e m p l o y i n g  i m p r o v e d  b e s t  
m a n a g e m e n t  p r a c t i c e s  f o r  f u t u r e  d e v e l o p m e n t  t h a t  r e d u c e  n u t r i e n t  e x p o r t  f r o m  
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d e v e l o p e d  p a r c e l s ,  s o  t h e  a c t u a l  i n c r e a s e s  i n  l o a d i n g  m i g h t  b e  l o w e r  t h a n  t h o s e  
p r o j e c t e d .  T h e s e  m a n a g e m e n t  p r a c t i c e s  c o u l d  i n c l u d e  m e a s u r e s  s u c h  a s  l o w  i m p a c t  
d e v e l o p m e n t  r e q u i r e m e n t s  f o r  n e w  p r o j e c t s  o r  l i m i t a t i o n s  o n  t h e  d e n s i t y  o f  
d e v e l o p m e n t .  H o w e v e r ,  m o r e  i n t e n s i v e  l a n d  u s e s  c o u l d  a l s o  o c c u r  a s  a l l o w e d  b y  
c u r r e n t  r e g u l a t i o n s ,  w h i c h  w o u l d  i n c r e a s e  t h e  l o a d i n g  e s t i m a t e s  a n d  a s s o c i a t e d  r i s k  o f  
w a t e r  q u a l i t y  i m p a c t s .  
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6  
Discussion &  Recommendations 

6.1 Introduction
T h i s  s e c t i o n  s u m m a r i z e s  t h e  m a j o r  f i n d i n g s  o f  t h e  R o a r i n g  B r o o k  w a t e r s h e d  
a s s e s s m e n t ,  d i s c u s s e s  r e c o m m e n d e d  a c t i o n s ,  a n d  d i s c u s s e s  p o t e n t i a l  r e v e n u e  s o u r c e s  
t h a t  c o u l d  b e  u s e d  t o  f u n d  f u t u r e  w a t e r s h e d  w o r k .  A  s u m m a r y  o f  t h e  r e c o m m e n d e d  
a c t i o n s  w i t h  c o s t s  i s  p r o v i d e d  i n  T a b l e  6 - 1 .  

6.2 Water Quality 

Key Findings

Water quality sampling demonstrates that Woodward Pond and Babbidge Reservoir are 
oligotrophic, and provide an excellent source of high water quality drinking water. 

C u r r e n t l y ,  l o w  p h o s p h o r u s  c o n c e n t r a t i o n s  i n  b o t h  W o o d w a r d  a n d  B a b b i d g e  
R e s e r v o i r s  a r e  n o t  p a r t i c u l a r l y  f a v o r a b l e  f o r  a l g a l  g r o w t h .  P h o s p h o r u s  c o n c e n t r a t i o n s  
o b s e r v e d  i n  b o t h  r e s e r v o i r s  a r e  w e l l  b e l o w  t h e  N e w  H a m p s h i r e  c r i t e r i a  f o r  
o l i g o t r o p h i c  ( l o w  n u t r i e n t )  l a k e s .  T h e  c a l c u l a t e d  n i t r o g e n  t o  p h o s p h o r u s  r a t i o  
s u g g e s t s  t h a t  b o t h  r e s e r v o i r s  a r e  h i g h l y  p h o s p h o r u s  l i m i t e d .   

T h i s  e m p h a s i z e s  t h e  n e e d  t o  c o n t r o l  p h o s p h o r u s  a s  p a r t  o f  t h e  w a t e r s h e d  
m a n a g e m e n t  p l a n  a s  t h e  b e s t  w a y  t o  c o n t r o l  a l g a l  g r o w t h  a n d  p r e v e n t  e u t r o p h i c a t i o n  
o f  t h e  r e s e r v o i r s .  C h l o r o p h y l l  a d a t a  f r o m  t h e  r e s e r v o i r s  s u p p o r t s  t h a t  c o n t e n t i o n ,  a n d  
S e c c h i  t r a n s p a r e n c y  i s  r e l a t i v e l y  h i g h .  P h o s p h o r u s  c o n c e n t r a t i o n s  i n  t h e  d e e p e r  
w a t e r s  o f  t h e  r e s e r v o i r s  a r e  s o m e w h a t  h i g h e r  t h a n  t h o s e  o b s e r v e d  i n  t h e  s u r f a c e  
w a t e r s  b u t  a r e  n o t  h i g h  e n o u g h  t o  s u g g e s t  w i d e s c a l e  r e l e a s e  o f  p h o s p h o r u s  f r o m  t h e  
s e d i m e n t s .  F u r t h e r m o r e ,  t h e  d e e p - w a t e r  a r e a s  o f  b o t h  r e s e r v o i r s  a r e  r e l a t i v e l y  s m a l l ,  
r e s t r i c t i n g  t h e  a r e a  t h a t  c o u l d  c o n t r i b u t e  t o  p h o s p h o r u s  r e l e a s e  u n d e r  a n a e r o b i c  
c o n d i t i o n s .  
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Table 6-1. Summary of Recommended Actions with Preliminary Costs

Recommendation Initial Cost Annual Cost Priority Comment
The City should develop and implement 
a long-term water quality monitoring 
program.

$12,300 $22,000 High Detailed water quality monitoring plan with 
cost estimate provided in Appendix F.

Preservation of additional lands within 
the watershed should be considered.

$15,000-$25,000 TBD Medium Cost of this program is dependent on the 
number of acres to be acquired and the type 
of acquisition (fee simple vs. easement). 
Because these factors are currently 
unknown, a total cost cannot be determined 
at this time. The initial cost is to develop 
identified specific target parcels, with support 
from a licensed surveyor and city legal staff.

The City should address erosion and 
sedimentation caused by recreational 
use of roads.

- $2,000-$5,000 High Costs assume that City staff would conduct 
maintenance, and annual costs are based on 
typical annual costs provided by the City.

The City should consider development 
of a forest management plan which 
would address harvesting timber from a
portion of the watershed.

$15,000-$20,000 $200,000 - $250,000
(revenue)

Medium Initial cost assumes professional forester to 
develop harvest plan. This recommendation 
is revenue positive once harvest begins.

The City should develop a long-term 
stewardship and monitoring program to 
be conducted on an annual basis to 
monitor and protect water quality and 
natural resources.

$18,000-$22,000 $1,500 Medium Initial cost assumes consultant assistance to 
develop the stewardship and monitoring plan. 
Annual costs assume monitoring and update 
to plan conducted by City staff.

The City should commission a detailed 
survey of the property.

$15,000-$30,000 - High One time cost to develop the survey. Cost 
will be dependent on specifications.

The City should review the status of 
roadway classifications and consider 
petitioning for further discontinuances 
or re-classifications.

$2,500 - High One time costs to finalize research and for 
legal support if a petition is to be developed.
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The City should take additional steps to 
monitor and secure the property.

Signage/Gates at three uncontrolled 
access points

$4,500 - High Install vehicle barriers at Southern Access 
(near Oak Hill) and at Grimes Road and 
Horse Hill Road.

Additional watershed signage $4,000 - Medium Assumes up to 200 signs along property 
boundary, installed.

Targeted Security at Key Infrastructure $35,000-$79,000 - High Assumes approximately 1,200 LF of fencing, 
with access gates at $29-$66/LF, depending 
on final specification.

Additional Inspection Vehicle to Monitor 
the Watershed

$8,000-$12,000 $400 High Cost to purchase a new side-by-side utility 
vehicle to allow watershed monitoring and 
operations.

The City should work with the Town of 
Roxbury and other stakeholders to 
improve education and awareness of the 
sensitivity and value of the watershed. 

$500 - High Task would involve coordination time for City 
staff and production of printed materials.

Note: All costs are preliminary planning level estimates and subject to change as the specific implementation of the recommended action is further defined.
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The primary threat to a continued high-quality water supply is potential future development of the 
watershed.
 
O f  t h e  t o t a l  3 , 1 5 7 - a c r e  w a t e r s h e d ,  t h e  C i t y  o f  K e e n e  o w n s  1 , 9 6 5  a c r e s ,  w i t h  a n  
a d d i t i o n a l  3 0 2  a c r e s  c u r r e n t l y  i n  c o n s e r v a t i o n  e a s e m e n t s  o r  o w n e d  b y  a  c o n s e r v a t i o n  
a g e n c y ,  a n d  t h e  r e m a i n i n g  8 9 0  a c r e s  a r e  o w n e d  b y  p r i v a t e  i n t e r e s t s ,  w i t h  n o  k n o w n  
c o n s e r v a t i o n  r e s t r i c t i o n s .  T h u s ,  w h i l e  a p p r o x i m a t e l y  7 2 %  o f  t h e  w a t e r s h e d  i s  
p r o t e c t e d ,  t h e  r e m a i n i n g  2 8 %  c o u l d  b e  d e v e l o p e d  i n  t h e  f u t u r e .   
 
W h i l e  w a t e r  s u p p l y  l a n d s  c a n  a c c o m m o d a t e  l o w - i m p a c t  d e v e l o p m e n t ,  m o d e l i n g  
c o n d u c t e d  a s  p a r t  o f  t h i s  s t u d y  s h o w s  t h a t  a  r e a l i s t i c  b u i l d - o u t  o f  t h e  w a t e r s h e d  c o u l d  
i n c r e a s e  r e s e r v o i r  p h o s p h o r u s  c o n c e n t r a t i o n s  b y  a s  m u c h  a s  t h r e e  t o  f o u r  t i m e s  
c u r r e n t  l e v e l s  ( 1 9 . 5  µ g / L  f o r  W o o d w a r d  P o n d  a n d  2 2 . 9  µ g / L  f o r  B a b b i d g e  R e s e r v o i r ) .  
C h l o r o p h y l l  a c o n c e n t r a t i o n s  w o u l d  i n c r e a s e  s i g n i f i c a n t l y  i n  b o t h  r e s e r v o i r s  a n d  t h e  
p r o b a b i l i t y  o f  a l g a l  b l o o m  c o n d i t i o n s  g r e a t e r  t h a n  1 0  µ g / L  w o u l d  b e  1 8 . 9 %  o f  t h e  t i m e  
f o r  W o o d w a r d  P o n d  a n d  3 1 . 4 %  o f  t h e  t i m e  f o r  B a b b i d g e  R e s e r v o i r .  U n d e r  t h i s  
s c e n a r i o ,  a l g a l  b l o o m s  c o u l d  o c c u r  w i t h i n  B a b b i d g e  R e s e r v o i r  m o r e  t h a n  1 0 0  d a y s  p e r  
y e a r .  C l e a r l y ,  t h i s  s c e n a r i o  w o u l d  r e s u l t  i n  u n a c c e p t a b l e  w a t e r  q u a l i t y  i n  t h e  R o a r i n g  
B r o o k  r e s e r v o i r s  a n d  a d v e r s e l y  i m p a c t  t h e  C i t y ’ s  a b i l i t y  t o  s u p p l y  w a t e r  t o  i t s  
r e s i d e n t s .   
 
A d d i t i o n a l  r i s k s  t o  w a t e r  q u a l i t y  i n c l u d e  t h e  p o t e n t i a l  f o r  e r o s i o n  f r o m  r o a d s ,  a n d  t h e  
p o t e n t i a l  f o r  i n t r o d u c t i o n  o f  c o n t a m i n a t i o n  o r  p a t h o g e n s  b y  r e c r e a t i o n a l  o r  i l l i c i t  
a c c e s s  t o  t h e  p r o p e r t y .  

Recommendation Related to Water 
Quality

The City should develop and implement a long-term water quality monitoring program.

B a s e d  o n  t h e  m o d e l  r e s u l t s  a n d  b a s e l i n e  d a t a  c o l l e c t i o n ,  t h e  p r o j e c t  t e a m  r e c o m m e n d s  
a  l o n g - t e r m  w a t e r  q u a l i t y  m o n i t o r i n g  p r o g r a m  g e a r e d  t o w a r d  p r o v i d i n g  e a r l y  
d e t e c t i o n  o f  w a t e r  q u a l i t y  c h a n g e s ,  i n c l u d i n g  n u t r i e n t  m o n i t o r i n g ,  p a t h o g e n  
m o n i t o r i n g ,  a n d  m o n i t o r i n g  f o r  c y a n o b a c t e r i a .  T h e  m o n i t o r i n g  p r o g r a m  s h o u l d  
i n c l u d e  r e c o m m e n d e d  t h r e s h o l d s  o r  a c t i o n  l e v e l s  f o r  b o t h  v i s u a l  i n s p e c t i o n s  a n d  t h e  
c o l l e c t i o n  o f  w a t e r  q u a l i t y  d a t a  a t  c r i t i c a l  a r e a s .  A  f u t u r e  m o n i t o r i n g  p l a n  f o r  t h e  
r e s e r v o i r s ,  i n c l u d i n g  a  d e t a i l e d  c o s t  e s t i m a t e ,  i s  p r e s e n t e d  i n  Appendix F.  
 
Preservation of additional lands within the watershed should be considered. 

T h e  a b s e n c e  o f  d e v e l o p m e n t  o n  C i t y - o w n e d  a n d  a b u t t i n g  l a n d s  h a s  c r e a t e d  
c o n d i t i o n s  f a v o r a b l e  t o  e x c e l l e n t  w a t e r  q u a l i t y .  P e r m a n e n t  p r e s e r v a t i o n  o f  t h e  
r e m a i n i n g  l a n d s  w i t h i n  t h e  w a t e r s h e d  w o u l d  h e l p  t o  e n s u r e  c o n t i n u e d  h i g h  q u a l i t y  o f  
t h i s  r e s o u r c e  a n d  m i t i g a t e  t h e  r i s k  o f  f u t u r e  w a t e r  q u a l i t y  d e g r a d a t i o n .  T h e  C i t y  
s h o u l d  e x p l o r e  t h e  p o t e n t i a l  f o r  p r o t e c t i n g  a d d i t i o n a l  l a n d s ,  e i t h e r  t h r o u g h  f e e  s i m p l e  
o w n e r s h i p ,  o r  t h r o u g h  t h e  a c q u i s i t i o n  o f  c o n s e r v a t i o n  e a s e m e n t s .  P a r t n e r s h i p s  w i t h  
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t h e  T o w n  o f  R o x b u r y  o r  c o n s e r v a t i o n  o r g a n i z a t i o n s  s u c h  a s  t h e  M o n a d n o c k  
C o n s e r v a n c y  o r  t h e  F o r e s t  S o c i e t y  m a y  b e  a b l e  t o  f a c i l i t a t e  t h i s  p r o g r a m .  ( S e e  b e l o w  
f o r  p o t e n t i a l  f u n d i n g  o p p o r t u n i t i e s . )  

The City should address erosion and sedimentation caused by recreational use of roads.
 
I n v e n t o r y  a n d  a s s e s s m e n t  o f  r o a d s  w i t h i n  t h e  w a t e r s h e d  i n d i c a t e s  t h a t  c u r r e n t  r o a d  
c o n d i t i o n s  a c c o u n t  f o r  a  m i n o r ,  b u t  d i s p r o p o r t i o n a t e ,  a m o u n t  o f  n u t r i e n t  p o l l u t a n t  
l o a d i n g .  T h i s  r e s u l t s  p r i m a r i l y  f r o m  r e c r e a t i o n a l  v e h i c l e s  o p e r a t i n g  i n  a  m a n n e r  t h a t  
c r e a t e s  e r o s i o n ,  p a r t i c u l a r l y  w h e r e  c u l v e r t s  o r  b r i d g e s  a r e  l a c k i n g  a t  t r i b u t a r i e s  t o  
R o a r i n g  B r o o k .  N o t a b l e  u n s t a b l e  a r e a s  o c c u r  a l o n g  S c h o l t z  R o a d ,  W o o d w a r d  P o n d  
R o a d ,  G r i m e s  R o a d ,  a n d  a  f e w  o t h e r  l o c a t i o n s  w i t h i n  t h e  w a t e r s h e d .  W a t e r  q u a l i t y  
m o d e l i n g  i n d i c a t e s  t h a t  a d d r e s s i n g  t h e s e  e r o d e d  a r e a s  w o u l d  h a v e  s o m e  b e n e f i t .  T h i s  
p r o g r a m  s h o u l d  b e  l i m i t e d  i n  s c o p e  a n d  s h o u l d  n o t  r e q u i r e  s i g n i f i c a n t  c o n s t r u c t i o n ;  a  
b e n e f i t  w o u l d  b e  d e r i v e d  b y  a d d r e s s i n g  a  r e l a t i v e l y  s m a l l  n u m b e r  o f  a r e a s  w h e r e  
s u b s t a n t i a l  a n d  a c t i v e  o n - g o i n g  e r o s i o n  a t  w a t e r c o u r s e s  i s  c u r r e n t l y  o c c u r r i n g .  T h e  
o b j e c t i v e  o f  t h i s  p r o g r a m  s h o u l d  b e  t o  a d d r e s s  a r e a s  o f  s e v e r e  a n d  m o d e r a t e  e r o s i o n ,  
e s p e c i a l l y  i n  a r e a s  f o u n d  t o  b e  i n  f a i l e d  o r  p o o r  c o n d i t i o n .  T h i s  p r o g r a m  s h o u l d  n o t  
s e e k  t o  e x p a n d  t h e s e  r o a d s ,  b u t  r a t h e r  t o  e n s u r e  t h a t  e r o s i o n  i s  f u l l y  m a n a g e d  a n d  t o  
i n s t a l l  a p p r o p r i a t e  s t r e a m  c r o s s i n g s  ( c u l v e r t s  o r  s m a l l  s p a n s )  t o  r e d u c e  s e d i m e n t  
l o a d s  t o  w a t e r s h e d  t r i b u t a r i e s .   

6.3 Natural Resource Management

Key Findings

The City-owned land contains an exceptional timber resource, but the lack of a forest 
management plan has impacted its quality and value.

A  t i m b e r  i n v e n t o r y  c o n d u c t e d  a s  p a r t  o f  t h i s  s t u d y  f o u n d  t h a t  t h e  p r o p e r t y  h o l d s  a n  
e x c e p t i o n a l  v o l u m e  o f  h i g h  v a l u e  r e d  o a k  ( a l m o s t  1 1  m i l l i o n  b o a r d  f e e t ) ,  w h i c h  i s  
c u r r e n t l y  t h e  m o s t  v a l u a b l e  h a r d w o o d  s p e c i e s  i n  N e w  H a m p s h i r e .  T h e  p r o p e r t y  a l s o  
h o l d s  a  l a r g e  v o l u m e  o f  w h i t e  p i n e .  H o w e v e r ,  m u c h  o f  t h e  w h i t e  p i n e  i s  u n a c c e p t a b l e  
g r o w i n g  s t o c k  -  t h e y  a r e  o f  p o o r  f o r m  d u e  t o  m a n y  b r a n c h e s  o r  c r o o k e d  s t e m s ,  t h e y  
s h o w  s i g n s  o f  o v e r - m a t u r i t y  i n  t h e  f o r m  o f  r e d u c e d  c r o w n  r a t i o s ,  o r  t h e y  d i s p l a y  s i g n s  
o f  s e r i o u s  i n t e r n a l  d e f e c t .  T h i s  r e f l e c t s  t h e  f a c t  t h a t  t h e  p r o p e r t y  l a c k s  a  t i m b e r  
m a n a g e m e n t  p l a n ;  t i m b e r  h a s  n o t  b e e n  h a r v e s t e d  f r o m  t h e  p r o p e r t y  s i n c e  t h e  1 9 8 0 s .   
 
N e w  E n g l a n d  F o r e s t r y  C o n s u l t a n t s ’  a s s e s s m e n t  e s t i m a t e s  t h a t  t h e  t o t a l  t i m b e r  o n  t h e  
K e e n e - o w n e d  p r o p e r t y  i s  a l m o s t  2 4  m i l l i o n  b o a r d - f e e t ,  w i t h  a  t o t a l  v a l u e  o f  $ 6 . 7  
m i l l i o n .  O f  t h i s  t o t a l ,  N e w  E n g l a n d  F o r e s t r y  C o n s u l t a n t s  e s t i m a t e s  t h a t  t h e  t i m b e r  
p o t e n t i a l l y  a v a i l a b l e  f o r  h a r v e s t  i s  a p p r o x i m a t e l y  1 3  m i l l i o n  b o a r d - f e e t ,  w i t h  a  v a l u e  
o f  a p p r o x i m a t e l y  $ 3 . 3  m i l l i o n .  T h i s  h a r v e s t  w o u l d  l i k e l y  b e  s t a g e d  o v e r  a  p e r i o d  o f  1 5  
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y e a r s ,  g e n e r a t i n g  a n  a v e r a g e  o f  $ 2 2 1 , 0 0 0  p e r  y e a r .  T h i s  e s t i m a t e  i s  b a s e d  o n  r e c e n t  
t i m b e r  m a r k e t  c o n d i t i o n s ,  a n d  i s  s u b j e c t  t o  c h a n g e .  
 
A s  d i s c u s s e d  e l s e w h e r e  i n  t h i s  r e p o r t ,  t i m b e r  h a r v e s t i n g  c a n  h e l p  i n c r e a s e  w a t e r s h e d  
y i e l d  ( w a t e r  q u a n t i t y ) ,  b u t  a l s o  p r e s e n t s  r i s k s  t o  w a t e r  q u a l i t y  t h a t  n e e d  t o  b e  
c a r e f u l l y  c o n s i d e r e d  a n d  m a n a g e d .  
 
The Roaring Brook watershed has very high ecological integrity.

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

Recommendation Related to 
Natural Resource Management

The City should consider development of a forest management plan which would address
harvesting timber from a portion of the watershed.

F o r e s t  m a n a g e m e n t  c a n  p r o v i d e  b e n e f i t s  r e s u l t i n g  f r o m  c a r e f u l  s t e w a r d s h i p  o f  
w a t e r s h e d  l a n d :  o p p o r t u n i t i e s  t o  i n c r e a s e  w a t e r  y i e l d ,  g e n e r a t i o n  o f  s i g n i f i c a n t  
i n c o m e  ( p o t e n t i a l l y  $ 3 . 3  m i l l i o n ) ,  a n d  b e n e f i t s  t o  t h e  r e g i o n ’ s  w i l d l i f e .  A  r e a s o n a b l e  
t i m b e r  m a n a g e m e n t  p l a n  w o u l d  c o n s i d e r  l o n g - t e r m  f o r e s t  m a n a g e m e n t  p r i n c i p l e s ,  
t h e  q u a l i t y  a n d  a c c e s s i b i l i t y  o f  t h e  v a r i o u s  t i m b e r  s t a n d s  o n  t h e  p r o p e r t y ,  a n d  a c c o u n t  
f o r  a e s t h e t i c  s e t b a c k s  t o  n e a r b y  r o a d w a y s  a n d  w a t e r  q u a l i t y  b u f f e r s  t o  W o o d w a r d  
P o n d ,  B a b b i d g e  R e s e r v o i r ,  R o a r i n g  B r o o k ,  a n d  o t h e r  s t r e a m s  a n d  w e t l a n d s .   
 
T h e  m a n a g e m e n t  p l a n  m u s t  a l s o  b a l a n c e  t h e  p o t e n t i a l  f o r  w a t e r  q u a l i t y  i m p a c t s ;  t h e  
w a t e r  q u a l i t y  m o d e l  d e v e l o p e d  a s  p a r t  o f  t h i s  s t u d y  i n d i c a t e s  t h a t  t i m b e r  h a r v e s t i n g  
i n c r e a s e s  t h e  p r o b a b i l i t y  o f  a l g a l  b l o o m s  i n  e a c h  r e s e r v o i r  t o  a  n o n - z e r o  v a l u e ,  
i n d i c a t i n g  s o m e  r i s k  t o  w a t e r  q u a l i t y .  T h i s  n o n - z e r o  p r o b a b i l i t y  i s  p r e d i c t e d  t o  b e  
g r e a t e s t  ( 0 . 4 %  o f  t h e  t i m e ,  w h i c h  r e p r e s e n t s  a n  a l g a l  b l o o m  a p p r o x i m a t e l y  1 . 4  d a y s  i n  
a  t y p i c a l  y e a r )  i n  W o o d w a r d  P o n d  i n  Y e a r  5 ,  a n d  i n  B a b b i d g e  i n  Y e a r  1 5 .  I t  i s  p o s s i b l e  
t h a t  a  h a r v e s t  u s i n g  v e r y  l o w  i m p a c t  t e c h n i q u e s  c o u l d  r e s u l t  i n  a  l o w e r  i m p a c t  o n  t h e  
r e s e r v o i r s ,  w h i l e  a  p o o r l y  m a n a g e d  h a r v e s t  c o u l d  r e s u l t  i n  g r e a t e r  r i s k  t o  t h e  
r e s e r v o i r s .  
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The City should develop a long-term stewardship and monitoring program to be conducted on an 
annual basis to monitor and protect water quality and natural resources.

A  s t e w a r d s h i p  a n d  m o n i t o r i n g  p l a n  w o u l d  p r o v i d e  a  m e a n s  f o r  o r g a n i z e d  a n d  
s y s t e m a t i c  m o n i t o r i n g  o f  t h e  p r o p e r t y .  T h e  p l a n  s h o u l d  d e s c r i b e  h o w  t h e  l a n d  i s  t o  b e  
m a n a g e d ,  w h o  w i l l  b e  r e s p o n s i b l e  f o r  a n n u a l  m o n i t o r i n g ,  h o w  m o n i t o r i n g  w i l l  b e  
c o n d u c t e d  i n c l u d i n g  f r e q u e n c y ,  w h a t  d a t a  w i l l  b e  c o l l e c t e d ,  a n d  h o w  o b s e r v e d  
p r o b l e m s  o r  i s s u e s  w o u l d  b e  a d d r e s s e d .  A n n u a l  m o n i t o r i n g  b y  C i t y  s t a f f  c o u l d  b e  
c o n d u c t e d  i n  c o n j u n c t i o n  w i t h  t h e  K e e n e  a n d / o r  R o x b u r y  C o n s e r v a t i o n  C o m m i s s i o n s .  
T h e  s t e w a r d s h i p  p l a n  s h o u l d  a l s o  c o n s i d e r  m a n a g e m e n t  o f  t h e  n o t a b l e  n a t u r a l  
r e s o u r c e s  o n  t h e  p r o p e r t y ,  i n c l u d i n g  t h e  l o o n  p o p u l a t i o n .  B e c a u s e  p r e v e n t i n g  t h e  
e s t a b l i s h m e n t  o f  i n v a s i v e  s p e c i e s  i s  m u c h  m o r e  e f f e c t i v e  a n d  c o s t l y  t h a n  e r a d i c a t i o n ,  
t h e  C i t y  c o u l d  u s e  t h e  s t e w a r d s h i p  p l a n  t o  a d o p t  p r a c t i c e s  t o  l i m i t  t h e  p o t e n t i a l  t h e i r  
p o t e n t i a l  i n t r o d u c t i o n .   
 
T h i s  s t e w a r d s h i p  p l a n  s h o u l d  d e v e l o p  p o l i c i e s  f o r  t h e  m a n a g e m e n t  o f  w i l d l i f e .  F o r  
e x a m p l e ,  i f  s i g n i f i c a n t  f l o o d i n g  o f  p r o p e r t y  o r  t h e  s i g n i f i c a n t  l o s s  o f  t r e e s  e i t h e r  
t h r o u g h  b e a v e r  h a r v e s t  o r  f l o o d - r e l a t e d  m o r t a l i t y  f r o m  f u t u r e  h i g h e r  w a t e r  l e v e l s  
b e c o m e s  a  c o n c e r n ,  b e a v e r  c o n t r o l  s h o u l d  b e  c o n s i d e r e d .  I f  b e a v e r  d a m s  a r e  l a r g e  a n d  
u n s t a b l e  a n d  a r e  a t  r i s k  o f  c a t a s t r o p h i c  f a i l u r e ,  p a r t i a l  r e m o v a l  o r  i n s t a l l a t i o n  o f  
b e a v e r  p i p e s  w o u l d  b e  j u s t i f i e d .  

6.4 Security & Public Access

Key Findings

Prohibition of public access to the watershed is important to protecting water quality. 
 
A c t i v i t y  w i t h i n  t h e  w a t e r s h e d  c r e a t e s  a  r i s k  o f  w a t e r  q u a l i t y  i m p a c t s  f r o m  
i n t r o d u c t i o n  o f  p a t h o g e n s  o r  c o n t a m i n a n t s  i n t o  t h e  r e s e r v o i r s ,  w h e t h e r  t h r o u g h  
a c c i d e n t s ,  u n i n t e n t i o n a l  a c t i o n s ,  o r  d e l i b e r a t e  o r  n e g l i g e n t  a c t i v i t y .  T h e  s u r f a c e  w a t e r  
t r e a t m e n t  f a c i l i t y  m a n a g e d  b y  t h e  C i t y  c a n  g r e a t l y  r e d u c e ,  b u t  n o t  c o m p l e t e l y  
e l i m i n a t e ,  c o n t a m i n a n t s  a n d  p a t h o g e n i c  o r g a n i s m s .  T h u s ,  p r o h i b i t i n g  p u b l i c  a c c e s s  
a n d  u s e  o f  t h e  C i t y - o w n e d  p r o p e r t y  b y  p o s t i n g  i t  a g a i n s t  t r e s p a s s  a n d  e n s u r i n g  
c o m p l i a n c e  w i t h  t h i s  p o l i c y  i s  a n  a p p r o p r i a t e  a n d  r e a s o n a b l e  m e a s u r e  t o  m i t i g a t e  t h e  
r i s k  t o  t h e  w a t e r  s u p p l y .   T h e  f a c t  t h a t  t h e  p r o p e r t y  i s  b i s e c t e d  b y  s e v e r a l  C l a s s  V I  
r o a d s  ( i.e., p u b l i c  h i g h w a y s ) ,  h o w e v e r ,  i n t r o d u c e s  c o n f l i c t s  w i t h  t h i s  s t r a t e g y .  

While access points to the City-owned parcels are reasonably well controlled, its boundaries in 
general are not well marked. 
 
G a t e s  a n d  s i g n a g e  a r e  p r e s e n t  a t  m o s t  o f  t h e  e n t r a n c e s  t o  t h e  p r o p e r t y ,  a l e r t i n g  t h e  
p u b l i c  t o  t h e  r e s t r i c t i o n s  i n  p l a c e  t o  p r o t e c t  w a t e r  q u a l i t y .  H o w e v e r ,  f i e l d  w o r k  
c o n d u c t e d  a s  p a r t  o f  t h i s  s t u d y  f o u n d  t h a t  t h e  c o n d i t i o n  o f  t h e  b o u n d a r y  l i n e s  f o r  t h e  
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p e r i m e t e r  o f  t h e  p r o p e r t y  w a s  g e n e r a l l y  p o o r .  F e w  s e c t i o n s  o f  w e l l  b l a z e d  a n d  
m a r k e d  l i n e s  w e r e  e n c o u n t e r e d ,  a n d  r e l a t i v e l y  f e w  s i g n s  e x i s t  a l o n g  t h e  p e r i m e t e r  o f  
t h e  p r o p e r t y .  

Recommendations Related to 
Access and Security

The City should commission a detailed survey of the property.
 
I t  i s  r e c o m m e n d e d  t h a t  t h e  C i t y  c o n d u c t  a  d e t a i l e d  p r o p e r t y  s u r v e y  t o  b e t t e r  l o c a t e  
t h e  p r o p e r t y  b o u n d a r i e s .  T h i s  w o r k  w o u l d  a l l o w  v e r i f i c a t i o n  o f  t h e  p r e l i m i n a r y  
f i n d i n g s  c o n t a i n e d  i n  t h i s  r e p o r t  r e g a r d i n g  t h e  s t a t u s  o f  p u b l i c  h i g h w a y s ,  a n d  s h o u l d  
i n c l u d e  b l a z i n g  a n d  p a i n t i n g  o f  t h e  b o u n d a r i e s ,  w i t h  i n s t a l l a t i o n  o f  w i t n e s s e s  o n  a l l  
c o r n e r s  f o r  t h e  e n t i r e  p e r i m e t e r  ( a p p r o x i m a t e l y  1 8 . 5  m i l e s  a n d  1 1 4 +  c o r n e r s ) ,  t o  c l e a r l y  
m a r k  t h e  p r o p e r t y .  L i n e s  a n d  c o r n e r s  c l e a r l y  m a r k e d  b y  b l a z i n g  a n d  p a i n t i n g  t h e  l i n e s  
a n d  w i t n e s s  t r e e s  a t  c o r n e r s  m i n i m i z e  t h e  r i s k  o f  b o u n d a r y  d i s p u t e s  i n  t h e  f u t u r e  o r  a  
t i m b e r  t r e s p a s s  r e s u l t i n g  f r o m  c o n f u s i o n  a s  t o  t h e  l o c a t i o n  o f  t h e  b o u n d a r y .  A n d ,  
i n s t a l l a t i o n  o f  s i g n s  a l o n g  t h e  b o u n d a r y  w i l l  h e l p  t o  e d u c a t e  t h e  p u b l i c  a b o u t  t h e  
s e n s i t i v e  r e s o u r c e s  p r e s e n t  w i t h i n  t h e  w a t e r s h e d .  

The City should review the status of roadway classifications and consider petitioning for further 
discontinuances or re-classifications.
 
T h e  C i t y ,  w o r k i n g  w i t h  t h e  T o w n  o f  R o x b u r y ,  s h o u l d  r e v i e w  t h e  c u r r e n t  
u n d e r s t a n d i n g  o f  t h e  c l a s s i f i c a t i o n  o f  t h e  v a r i o u s  r o a d s  a n d  t r a i l s  w i t h i n  t h e  
w a t e r s h e d .  A s  n e e d e d ,  t h e  C i t y  a n d  T o w n  s h o u l d  c o n s i d e r  d i s c o n t i n u i n g  o r  
r e c l a s s i f y i n g  c e r t a i n  r o a d s  o r  p o r t i o n s  o f  c e r t a i n  r o a d s .  T h i s  c o u l d  i n c l u d e  r e -
d e s i g n a t e  s e c t i o n s  o f  c l a s s  V I  r o a d s  w h e r e  t h i s  w o u l d  b e  a p p r o p r i a t e .   

The City should take additional steps to monitor and secure the property.
 
I n  a d d i t i o n  t o  t h e  r e s u m p t i o n  o f  r e g u l a r  p a t r o l s  o f  t h e  w a t e r s h e d ,  t h e  f o l l o w i n g  
p o t e n t i a l  i m p r o v e m e n t s  t o  s e c u r i t y  p r a c t i c e s  s h o u l d  b e  c o n s i d e r e d :  
 

• Additional Signage/ Gates: W h i l e  t h e  m o s t  p r o m i n e n t  r o a d  a c c e s s  p o i n t s  a r e  
c u r r e n t l y  c o n t r o l l e d ,  a c c e s s  t o  t h e  p r o p e r t y  f r o m  C l a s s  V I  o r  p r i v a t e  r o a d s  i s  
n o t  c o m p l e t e .  A d d i t i o n a l  s i g n a g e  a n d  g a t e s  s h o u l d  b e  c o n s i d e r e d  a t  a  
m i n i m u m  o f  t h r e e  l o c a t i o n s :  
 

o Southern Access Point: A t  t h e  s o u t h w e s t  b o u n d a r y  o f  t h e  C i t y -
o w n e d  p r o p e r t y ,  w h e r e  a n  u n c l a s s i f i e d  r o a d  p r o v i d e s  a c c e s s  t o  
B a b b i d g e  R e s e r v o i r  a n d  D a k i n  R o a d .  F i e l d  o b s e r v a t i o n s  i n d i c a t e  t h a t  
t h i s  r o a d  i s  u s e d  b y  A T V s ,  w h i c h  h a v e  c a u s e d  s o m e  e r o s i o n  a n d  r o a d  
d a m a g e .  B e c a u s e  t h i s  r o a d  i s  l i k e l y  a  p r i v a t e  w a y ,  p r o h i b i t i o n  o f  
p u b l i c  a c c e s s  a t  t h i s  l o c a t i o n  i s  l i k e l y  j u s t i f i e d .  A n y  n e w  g a t e  a t  t h i s  
l o c a t i o n  s h o u l d  b e  c a p a b l e  o f  b l o c k i n g  A T V  a c c e s s  w h i l e  s t i l l  
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a l l o w i n g  a c c e s s  t o  a u t h o r i z e d  p e r s o n s ,  e s p e c i a l l y  a s  n e e d e d  t o  
m a i n t a i n  a n  a i r p o r t  b e a c o n  i n  t h i s  v i c i n i t y .  
 

o Grimes Road: A  p o r t i o n  o f  G r i m e s  R o a d  i s  u s e d  t o  a c c e s s  a  p r i v a t e  
r e s i d e n c e ,  a n d  n o  g a t e s  a r e  p r e s e n t  o n  t h i s  r o a d  c u r r e n t l y .  G r i m e s  
R o a d  w a s  d i s c o n t i n u e d ,  s u b j e c t  t o  g a t e s  a n d  b a r s ,  i n  1 9 3 9 .  T h e r e f o r e ,  
a n  a d d i t i o n a l  g a t e  o n  t h i s  r o a d  i s  w a r r a n t e d .  T h e  l o c a t i o n  o f  t h e  g a t e  
s h o u l d  a v o i d  i n t e r f e r e n c e  w i t h  a c c e s s  t o  t h e  p r i v a t e  r e s i d e n c e .  

 
o Horse Hill: A n  u n c l a s s i f i e d  r o a d  a c c e s s e s  t h e  C i t y - o w n e d  p r o p e r t y  

n e a r  t h e  h e i g h t - o f - l a n d  a t  H o r s e  H i l l .  E v i d e n c e  o f  r e c r e a t i o n a l  a c c e s s  
w a s  o b s e r v e d ,  i n c l u d i n g  e x c e s s i v e  e r o s i o n  a t  t h e  l o c a t i o n s  o f  
i n t e r m i t t e n t  t r i b u t a r i e s  a l o n g  t h i s  r o a d .  T h e  l o c a t i o n  i s  a t  t h e  b o r d e r  
o f  t h e  C i t y - o w n e d  p r o p e r t y  w i t h  a  p r i v a t e  c o n s e r v a t i o n  p a r c e l ,  w h i c h  
h a s  b e e n  p o s t e d .  A  s m a l l  g a t e  w a s  p r e v i o u s l y  i n  p l a c e  i n  t h i s  l o c a t i o n  
( p r e s u m a b l y  p l a c e d  b y  o t h e r s ) ,  b u t  h a s  f a l l e n  i n t o  d i s r e p a i r  a n d  h a s  
b e e n  r e m o v e d .  B e c a u s e  t h i s  r o a d  i s  l i k e l y  a  p r i v a t e  w a y ,  p r o h i b i t i o n  
o f  p u b l i c  a c c e s s  a t  t h i s  l o c a t i o n  i s  l i k e l y  j u s t i f i e d .  

 
• Additional Perimeter Signage: B o u n d a r y  m a r k i n g s  a n d  p e r i m e t e r  s i g n a g e  i s  

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

 
• Targeted Security at Key I nfrastructure:  C u r r e n t l y ,  l i m i t e d  f e n c i n g  a t  t h e  

B a b b i d g e  a n d  W o o d w a r d  D a m s  a l l o w s  t h e  p u b l i c  t o  a c c e s s  t h e s e  s t r u c t u r e s .  
K e e n e  D P W  s t a f f  r e p o r t  t h a t  p r e v i o u s  u n a u t h o r i z e d  a c c e s s  t o  B a b b i d g e  D a m  
c r e a t e d  d a m a g e  t o  t h e  e a r t h e n  d a m ,  a n d  e v i d e n c e  o f  v a n d a l i s m  i s  p r e s e n t  o n  
s t r u c t u r e s  a t  t h e s e  l o c a t i o n s .  D u e  t o  t h e  i m p o r t a n c e  o f  t h e s e  d a m s  a n d  t h e  
l i a b i l i t y  i n v o l v e d ,  a d d i t i o n a l  s e c u r i t y  m e a s u r e s  i n c l u d i n g  s e c u r e  f e n c i n g  o f  
t h e s e  v u l n e r a b l e  p o i n t s  s h o u l d  b e  i n s t a l l e d .  

 
• Additional I nspection V ehicle to Monitor the Watershed: W h i l e  t h e  C i t y  h a s  

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

 
The City should work with the Town of Roxbury and other stakeholders to improve education and 
awareness of the sensitivity and value of the watershed.  
 
T h e  C i t y  h a s  t a k e n  m e a s u r e s ,  i n  a c c o r d a n c e  w i t h  t h e  N H D E S  r u l e s  r e g u l a t i n g  a c t i v i t y  
w i t h i n  t h e  w a t e r s h e d ,  t o  p r o h i b i t  p u b l i c  a c c e s s  t o  t h e  w a t e r s h e d .  M a i n t e n a n c e  o f  t h e  
c u r r e n t  p r a c t i c e s  i s  w a r r a n t e d .  I n  a d d i t i o n ,  t h e  C i t y  s h o u l d  d e v e l o p  a  p r o g r a m ,  i n  
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c o n s u l t a t i o n  w i t h  R o x b u r y  a n d  o t h e r  s t a k e h o l d e r s ,  t o  f u r t h e r  e d u c a t e  t h e  p u b l i c .  A n y  
a d d i t i o n a l  s e c u r i t y  m e a s u r e s  s h o u l d  b e  a c c o m p a n i e d  b y  a n  o u t r e a c h  p r o g r a m  t h a t  
b r o a d l y  e n g a g e s  s t a k e h o l d e r s .  T h e  t a r g e t  a u d i e n c e  f o r  t h i s  p r o g r a m  s h o u l d  i n c l u d e  
R o x b u r y  m u n i c i p a l  o f f i c i a l s ,  R o x b u r y  r e s i d e n t s ,  a n d  o t h e r  s t a k e h o l d e r s  i n c l u d i n g  
a b u t t i n g  l a n d o w n e r s  a n d  r e g i o n a l  r e c r e a t i o n a l  c l u b s  s u c h  a s  t h e  R S S C .  

6.5 Potential Revenue Opportunities
P o t e n t i a l  o p p o r t u n i t i e s  t o  g e n e r a t e  f u n d i n g  f o r  w a t e r s h e d  m a n a g e m e n t  a c t i v i t i e s  a r e  
o u t l i n e d  b e l o w .  

Timber Harvesting

A s  d i s c u s s e d  e l s e w h e r e ,  h a r v e s t i n g  o f  t i m b e r  c o u l d  g e n e r a t e  a n  e s t i m a t e d  $ 3 . 3  m i l l i o n  
o v e r  t h e  c o u r s e  o f  a  1 5 - y e a r  p e r i o d ,  o r  a b o u t  $ 2 2 1 , 0 0 0  p e r  y e a r .  T h i s  s u b s t a n t i a l  
r e v e n u e  o p p o r t u n i t y  w o u l d  m o r e  t h a n  o f f s e t  t h e  c o s t s  o f  w a t e r s h e d  m a n a g e m e n t  
a c t i v i t i e s .  

NHDES Local Source Protection 
Grants

N H D E S  a d m i n i s t e r s  t h e  L o c a l  S o u r c e  W a t e r  P r o t e c t i o n  G r a n t  p r o g r a m ,  w h i c h  
p r o v i d e s  m o n e y  t o  d e v e l o p  a n d  i m p l e m e n t  p r o g r a m s  t o  p r o t e c t  e x i s t i n g  s o u r c e s  o f  
p u b l i c  d r i n k i n g  w a t e r . 17  T h e  g r a n t  a w a r d  f o r  a n y  o n e  p r o j e c t  c a n n o t  b e  m o r e  t h a n  
$ 2 0 , 0 0 0 .  H o w e v e r ,  a p p l i c a n t s  c a n  s u b m i t  a p p l i c a t i o n s  f o r  m u l t i p l e  p r o j e c t s  i n  t h e  
s a m e  g r a n t  y e a r .  L o c a l  m a t c h  f u n d s  a r e  n o t  r e q u i r e d ,  b u t  a r e  c o n s i d e r e d  d u r i n g  
a p p l i c a t i o n  s c o r i n g .   T h e s e  g r a n t  f u n d s  c a n  b e  a p p l i e d  t o  s e v e r a l  a c t i v i t i e s ,  i n c l u d i n g :  
 
Planning :  G r a n t s  c a n  b e  u s e d  t o  i d e n t i f y  a p p r o p r i a t e  p r o t e c t i o n  m e a s u r e s ,  s u c h  a s  
e d u c a t i o n a l  p r o g r a m s ,  p r o g r a m s  t o  e n s u r e  i m p l e m e n t a t i o n  o f  B M P s ,  l o c a l  l a n d  u s e  
r e g u l a t i o n s ,  g r o u n d w a t e r  r e c l a s s i f i c a t i o n ,  a d o p t i o n  o f  s o u r c e  w a t e r  p r o t e c t i o n  r u l e s  
u n d e r  t h e  p r o v i s i o n s  o f  R S A  4 8 5 : 2 3 ,  a n d  p l a n n i n g  f o r  l a n d  a c q u i s i t i o n .   
 
I mplementation :  G r a n t s  c a n  b e  u s e d  t o  i m p l e m e n t  p r o t e c t i o n  a n d  s e c u r i t y  m e a s u r e s  
i n  s o u r c e  w a t e r  p r o t e c t i o n  a r e a s .  G r a n t s  c a n  b e  u s e d  t o  p r i o r i t i z e  l a n d s  f o r  
c o n s e r v a t i o n  b u t  c a n n o t  b e  u s e d  t o  p u r c h a s e  l a n d s  o r  e a s e m e n t s .  G r a n t s  c a n  b e  u s e d  
f o r  l a n d  t r a n s a c t i o n  c o s t s  a s s o c i a t e d  w i t h  p e r m a n e n t  p r o t e c t i o n  o f  S o u r c e  W a t e r  
P r o t e c t i o n  A r e a  ( S W P A ) ,  s u c h  a s :  p e r f o r m i n g  l a n d  s u r v e y s  a s  a  p r e c u r s o r  t o  l a n d  
a c q u i s i t i o n ,  a s s o c i a t e d  l e g a l  a n d  t r a n s a c t i o n  c o s t s  ( i n c l u d i n g  r e q u i r e d  s t e w a r d s h i p  
f e e s  i n  a c c o r d a n c e  w i t h  a  c o n s e r v a t i o n  o r g a n i z a t i o n ’ s  w r i t t e n  p o l i c y  r e g a r d i n g  s u c h  
f e e s ) ,  t i t l e  o p i n i o n ,  a t t o r n e y  f e e s ,  b a s e l i n e  d o c u m e n t a t i o n ,  a n d  s t e w a r d s h i p  p l a n s .   

 
17  See https://www.des.nh.gov/organization/divisions/water/dwgb/dwspp/index.htm for more information on NHDES grant 

opportunities.
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G r a n t s  c a n  a l s o  b e  u s e d  f o r  s o u r c e  s u s t a i n a b i l i t y  ( e.g., p r e s e r v i n g  g r o u n d w a t e r  
r e c h a r g e )  a n d  “ c o n s u m p t i o n - s i d e ”  w a t e r  c o n s e r v a t i o n  ( e.g., c o m m u n i t y - b a s e d  s o c i a l  
m a r k e t i n g ,  c u s t o m e r  a u d i t s ,  l o w - f l o w  f i x t u r e s )  b u t  n o t  f o r  p r o j e c t s  e l i g i b l e  f o r  l o a n s  
u n d e r  t h e  D r i n k i n g  W a t e r  S t a t e  R e v o l v i n g  F u n d ,  s u c h  a s  “ s y s t e m - s i d e ”  c o n s e r v a t i o n  
( e.g., l e a k  d e t e c t i o n ,  s y s t e m  a u d i t s ,  a n d  m e t e r i n g ) .   
 
Security: G r a n t s  c a n  b e  u s e d  t o  i m p l e m e n t  s e c u r i t y  m e a s u r e s ,  a s  l o n g  a s  t h e  p r o j e c t  
p r o t e c t s  t h e  s o u r c e  i t s e l f .  T h i s  c a n  i n c l u d e  f e n c i n g  a r o u n d  w e l l s  o r  i n t a k e s .  T h e  
f e n c i n g  c a n  i n c l u d e  o t h e r  b u i l d i n g s  a s  w e l l ,  a s  l o n g  a s  t h e  s o u r c e  i s  p a r t  o f  t h e  f e n c e d -
i n  a r e a .  G a t e s  f o r  w e l l  a n d  i n t a k e  a c c e s s  r o a d s  a r e  e l i g i b l e ,  a l o n g  w i t h  a c c e s s  c o n t r o l  
f o r  t h o s e  a r e a s .  A l a r m s ,  s i g n s ,  c a m e r a s ,  l o c k s ,  a n d  l i g h t s  f o r  s o u r c e s  a r e  a l s o  e l i g i b l e .   
A p p l i c a t i o n s  f o r  s e c u r i t y  i m p l e m e n t a t i o n  p r o j e c t s  s h o u l d  i n c l u d e  a  d e t a i l e d  c o s t  
b r e a k d o w n  i d e n t i f y i n g  c o m p o n e n t s  t h a t  w i l l  p r o t e c t  s o u r c e s  a n d  t h o s e  t h a t  w i l l  
p r o t e c t  o t h e r  p o r t i o n s  o f  t h e  w a t e r  s y s t e m .  G r a n t s  c a n n o t  b e  u s e d  t o  i m p l e m e n t  
s e c u r i t y  m e a s u r e s  u n l e s s  t h e  s o u r c e  i s  d i r e c t l y  p r o t e c t e d  a s  a  r e s u l t  o f  t h e  p r o j e c t .   

NHDES Water Supply Land 
Protection Grants

F u n d i n g  a s s i s t a n c e  t o  a c q u i r e  l a n d  o r  o b t a i n  e a s e m e n t s  i s  a v a i l a b l e  f r o m  t h e  W a t e r  
S u p p l y  L a n d  C o n s e r v a t i o n  G r a n t  P r o g r a m .  N e w  H a m p s h i r e  m u n i c i p a l i t i e s  a n d  n o n -
p r o f i t  5 0 1 ( c ) ( 3 )  o r g a n i z a t i o n s  h a v i n g  w a t e r  s u p p l y  o r  l a n d  c o n s e r v a t i o n  a s  a  p r i n c i p a l  
m i s s i o n  a r e  e l i g i b l e  t o  a p p l y .  T h e  l a n d  m u s t  b e  w i t h i n  a  S W P A  f o r  a n  e x i s t i n g ,  
p r o p o s e d ,  o r  f u t u r e  w a t e r  s u p p l y  a n d  i t  m u s t  b e  f r o m  a  w i l l i n g  s e l l e r .  T h e  a m o u n t  o f  
f u n d i n g  v a r i e s  e a c h  y e a r ,  a n d  t h e  p r o g r a m  i s  c o m p e t i t i v e .  N H D E S  n o r m a l l y  p r o v i d e s  
2 5 %  o f  t o t a l  p r o j e c t  c o s t s .  M a t c h  s o u r c e s  c a n  i n c l u d e  d o n a t e d  l a n d  o r  e a s e m e n t s  t h a t  
a l s o  l i e  w i t h i n  t h e  S W P A ,  p u b l i c  f u n d s ,  d o n a t e d  t r a n s a c t i o n  e x p e n s e s ,  o r  p r i v a t e  
f u n d s .  G r a n t s  i s s u e d  f r o m  2 0 0 3  t h r o u g h  2 0 1 4  h a v e  a v e r a g e d  a b o u t  $ 1 7 0 , 0 0 0  p e r  
p r o j e c t . 18  

NH Drinking Water and 
Groundwater Trust Fund

T h e  N H  D r i n k i n g  W a t e r  a n d  G r o u n d w a t e r  T r u s t  F u n d  i s  a n o t h e r  g r a n t  a v a i l a b l e  
t h r o u g h  N H D E S .  T h i s  g r a n t ,  e s t a b l i s h e d  u n d e r  R S A  4 8 5 - F ,  i s  a v a i l a b l e  f o r  v a r i o u s  
k i n d s  o f  w a t e r  s u p p l y  p r o j e c t s  i n c l u d i n g  t h o s e  t h a t  p r o t e c t  w a t e r  s u p p l y  l a n d .  F u n d s  
f o r  t h e  g r a n t  c a m e  f r o m  a  l a w s u i t  w o n  b y  t h e  S t a t e  o f  N e w  H a m p s h i r e  r e g a r d i n g  
n e g a t i v e  i m p a c t s  f r o m  g a s o l i n e  a d d i t i v e  m a n u f a c t u r e r s  o n  t h e  s t a t e ’ s  g r o u n d w a t e r  
a n d  d r i n k i n g  w a t e r  r e s o u r c e s .  A  c o m m i s s i o n  o f  n i n e t e e n  ( 1 9 )  d i v e r s e  a n d  q u a l i f i e d  
m e m b e r s  d e c i d e  h o w  t h e  f u n d s  s h o u l d  b e  d i s b u r s e d  o n  a  q u a r t e r l y  b a s i s .  T h e  
c o m m i s s i o n  a l s o  m o n i t o r s  t h e  p r o j e c t s  b e i n g  c o m p l e t e d  u n d e r  t h e  g r a n t .  G r a n t s  t h a t  
h a v e  b e e n  a w a r d e d  o v e r  t h e  l a s t  t w o  y e a r s  r a n g e d  f r o m  $ 1 0 , 0 0 0  t o  $ 2 , 5 0 0 , 0 0 0 .  

 
18 NH Department of Environmental Services. 2014. Water Supply Land Protection Grant Program – Sixth Report. June 

2012 – July 2014. 
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D r i n k i n g  W a t e r  a n d  G r o u n d w a t e r  T r u s t  F u n d  g r a n t s  a r e  a v a i l a b l e  t o  m u n i c i p a l i t i e s  o r  
m u n i c i p a l i t y - o w n e d  w a t e r  u t i l i t i e s ,  a s  w e l l  a s  p r i v a t e l y  o w n e d  w a t e r  u t i l i t i e s  
a s s o c i a t e d  w i t h  p u b l i c  w a t e r  s u p p l i e s .  P r o j e c t s  i n v o l v i n g  c o n t a m i n a t e d  s o i l  o r  
g r o u n d w a t e r  a r e  n o t  e l i g i b l e  f o r  t h i s  g r a n t ;  h o w e v e r ,  p r o j e c t s  i n v o l v i n g  c o n t a m i n a t e d  
s u r f a c e  w a t e r s  c a n  s t i l l  a p p l y .  A p p l i c a n t s  f o r  p r o j e c t s  i n c l u d i n g  l a n d  p r e s e r v a t i o n  a r e  
e n c o u r a g e d  t o  p r o v i d e  m a t c h i n g  f u n d s .  E a c h  p r o j e c t  i s  e v a l u a t e d  a g a i n s t  s e l e c t i o n  
c r i t e r i a  a n d  e s t a b l i s h e d  f u n d i n g  q u a l i f i c a t i o n s .  
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TITLE L
WATER MANAGEMENT AND 

PROTECTION
CHAPTER 485

NEW HAMPSHIRE SAFE DRINKING WATER ACT

Water Pollution Control

Section 485:23

 485:23 Petition to Protect Water Supplies. –
I. Whenever any board of water commissioners, local board of health, local health officer or 10 or 
more citizens of any town or city have reason to believe that a public water or ice supply is being 
contaminated or is in danger of contamination, and that the local regulations are not sufficient or 
effective to prevent such pollution, they may petition the department to investigate the case, and to 
adopt rules under RSA 541-A as the department may deem necessary for the protection of the said 
supply against any pollution that in its judgment would endanger the public health. Citizens 
petitioning under this section shall designate a signatory of the petition as the person to whom the 
department shall send its response. 
II. Whenever any board of water commissioners, local board of health, or other owner of a public 
water supply has reason to believe that a public water supply is in danger of being contaminated or is 
otherwise threatened and that an emergency condition exists such that a petition pursuant to paragraph 
I to the department and the adoption of rules would not adequately protect the water supply, the board 
or owner may petition the governor to declare a state of emergency for the public water supply. At the 
request of the governor, the department shall consult with the owner of the water supply and make a 
recommendation as to emergency protections that may be necessary. If the governor declares a state 
of emergency for a public water supply, those additional protections that the governor deems 
necessary shall be effective immediately and for the duration of the emergency. The declaration of a 
state of emergency for a public water supply shall not exceed 6 months. The governor may renew the 
declaration one time for up to 6 additional months upon further request by the original petitioner. At 
such time as any of the emergency protections are to become permanent, the department shall initiate 
rulemaking in accordance with RSA 485:24. Any protections in the governor's declaration shall be 
enforced in the same manner as rules adopted pursuant to RSA 485:24 or RSA 485:25 with violations 
of the protections subject to RSA 485:4 and RSA 485:58. 

Source. 1989, 339:1. 1996, 228:106. 2002, 141:1, eff. May 13, 2002.

Page 1 of 1Section 485:23 Petition to Protect Water Supplies.

3/28/2018http://www.gencourt.state.nh.us/rsa/html/L/485/485-23.htm



TITLE L
WATER MANAGEMENT AND 

PROTECTION
CHAPTER 485

NEW HAMPSHIRE SAFE DRINKING WATER ACT

Water Pollution Control

Section 485:24

 485:24 Investigations; Rules. –
I. The department shall respond in writing to a petition filed under RSA 485:23, I, after due 
investigation, but not later than 30 days after receipt of the petition, informing the petitioners of the 
department's intended action. In response to a petition, or upon its own motion, the department shall 
adopt such rules under RSA 541-A as it may deem best to protect the water or ice supply against any 
dangerous contamination. If requested by the department, the local board of water commissioners, the 
local board of health, or the local health officer, shall enforce such rules in cooperation with the 
department. 
II. In the case of water supplies any part of which may be outside the town or city concerned, the 
health officer of such town or city may act as an agent of the department for the enforcement of these 
rules when so designated by the department. The department may empower the board of water 
commissioners, local board of health, or local health officer and their agents of the affected 
municipality to enforce rules adopted under the provisions of this section. 

Source. 1989, 339:1. 1996, 228:106. 2002, 141:2, eff. May. 13, 2002.

Page 1 of 1Section 485:24 Investigations; Rules.

3/28/2018http://www.gencourt.state.nh.us/rsa/html/L/485/485-24.htm
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I. Background	
The City’s interest in maintaining high quality water in its surface water supply is well understood given the rising 

costs to install and maintain advanced treatment at the Water Treatment facility. Current and potential future water 

quality threats linked to both human activities and natural occurring events (i.e. increased storm intensity, natural 

eutrophication processes) can be evaluated using data collected through this monitoring plan.  Historic data 

collected by Keene suggests periodic increased total organic carbon (TOC) and turbidity.  These parameters can 

interfere with the disinfection process and can lead to additional releases of disinfection byproducts (DBP’s). 

Although TOC and turbidity levels in the City’s source water have generally been low, existing data does show 

occasional turbidity spikes with two of the highest readings in the last five years occurring this past year in August 

and November. These are likely related to moderate intense storm events that occurred during each of these 

months. 

Occasional episodic disturbances or even prolonged incremental changes in water quality can ultimately affect 

water treatment effectiveness and the production of disinfection byproducts. Preserving excellent water quality 

through appropriate watershed protection measures is not only fiscally prudent as it could avoid costly treatment 

upgrades but enables the City to provide safe and aesthetically pleasing water to its customers which is essential to 

a sustainable program. 

Recent research suggests that climate change could increase future TOC levels. Algae growth in the supply reservoirs 

fueled by nutrients from the watershed can directly affect TOC levels in the water supply.  Higher water 

temperatures, longer growing season and lower flushing rates due to prolonged droughts have the potential to 

increase the magnitude and duration of elevated algal growth in the reservoirs.  More frequent, intense storms 

resulting in increased runoff and streambank erosion, increased soil temperatures, shorter frozen ground periods as 

well as major changes in the forest stand due to climate change, wind, ice storms, disease or insect infestations also 

have the potential to increase the delivery of nutrients to the reservoirs from the watershed.  Maintaining a healthy 

forest to minimize the vulnerability to these threats will be a primary focus in the watershed plan.  In addition to 

issues related to increased TOC and the formation of disinfection byproducts, nutrient enrichment can increase the 

risk for cyanobacteria (blue‐green algae) blooms.  Many cyanobacteria species have the ability to produce toxins, 

obviously not a desired situation for a drinking water resource. 

A comprehensive monitoring program will allow detection of trends in parameters of concern before concentrations 

reach critical levels.  This will allow the water utility to either adapt treatment processes and/or increase levels of 

watershed protection to keep water quality high.  

II. Sampling	Plan	
Collection of high quality water quality monitoring data in conjunction with a program such as this serves several 

purposes.  First, collection of water quality data allows tabulation of accurate loading estimates from the watershed 

and accurate modeling of reservoir concentrations.   Second, collection of data allows identification of and ranking 

of sources to characterize loading and to inform the selection of appropriate structural and non‐structural BMPs to 

address the identified problems.  Finally, a water quality sampling program allows evaluation of effectiveness of 

existing and future control measures.   This will allow the water utility to be adaptively managed into the future and 

designs and strategies to be modified as‐needed based on real‐world performance data.    
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Sampling will be conducted by a combination of contractors and/or city employees.  Water quality sampling is 

proposed for specific locations in the Woodward and Babbidge reservoirs and watersheds.  Sampling will be 

conducted in accordance with the University of New Hampshire Lakes Lay Monitoring Program protocols (UNH 

2016).  The sampling will be conducted for two purposes.  First it will be used to screen or confirm existing water 

quality problems that may be addressed through changes in management and second it will be used to calibrate a 

water quality model of the Woodward/Babbidge system.   Samples will be analyzed for a variety of water quality 

parameters as discussed below.  Because many of the parameters of concern are related to nutrient enrichment, an 

increased focus will be placed on parameters related to algal growth (nutrients) in addition to the traditional 

parameters used to evaluate treatment of the finished water. 

The New Hampshire Department of Environmental Services (NHDES) is currently evaluating Babbidge Reservoir as a 

part of the Trophic Survey program.  This program includes collection of water quality parameters with an emphasis 

on those related to trophic state (nutrients, chlorophyll a, dissolved oxygen etc.).  This program started in August of 

2016 with one sampling event and incudes upcoming sampling events in July of 2017 and June of 2018.    Sampling 

dates in this monitoring plans were chosen to not overlap with the NHDES program to avoid duplication of effort. 

 

A.			Sampling	Design	
Tributary sampling will be conducted over the next growing season beginning in spring 2017 and continuing through 

the fall.  Sampling target three (3) separate precipitation events roughly coinciding with spring, summer and fall 

depending on precipitation patterns.  Sample analyses will be performed by City of Keene or the UNH LLMP lab in 

Durham.  This sampling is expected to be shore based with grab sample collection.  Locations are described in Table 

1 and depicted in Figure 1. 

In reservoir monitoring will occur in the deep spot of each reservoir on three occasions.  Samples will be collected on 

one of these occasions by NHDES (July 2017).  Other sampling times will include early spring (after ice‐out), late 

summer/early fall and late fall (after turnover).   One of the lake sampling events (July 2017) in Babbidge Reservoir 

will be conducted by NHDES as a part of its Lake Trophic Survey.  NHDES will also collect samples in June of 2018 to 

complete their assessment of Babbidge Reservoir.  Data from the 2018 event as well as sampling conducted by 

NHDES in August 2016 can be used to assess the variability of water quality in Babbidge Reservoir. 

The monitoring consists of runoff sampling at seven (7) tributary locations (Figure 1) and one (1) in‐reservoir 

sampling station in each reservoir.   Each sampling event will include a duplicate sample collected at a randomly 

chosen location.   

Three separate precipitation events will be targeted for the tributary runoff sampling   These events targets include 

spring runoff, mid‐summer and late summer early fall.  Results of the sampling will be summarized in a technical 

memorandum, highlighting any discernable trends or differences and will be used to calibrate the water quality 

model being constructed as a part of this project.  A proposed sampling schedule is provided in Table 2. 

 

 

 



 

4 
 

Table 1. Proposed Sampling Location Descriptions 

Sampling ID #  Location Description 
 
W‐3  Northwest tributary to Woodward Reservoir 

 
W‐5  Northeast tributary to Woodward Reservoir 
 
W‐6  East Tributary to Woodward Reservoir 

Woodward Reservoir  Deep Spot 

RB‐1  Roaring Brook at North Hill Road 

RB‐2  Roaring Brook at Babbidge Reservoir 

B‐1  Northwest tributary to Babbidge Reservoir 

B‐3  East tributary to Babbidge Reservoir 

Babbidge Reservoir  Deep Spot 

 

 

Table 2. Baseline Sampling Schedule 

Target Period Target Conditions Location 
Within 2 weeks of ice out Spring turnover-well mixed Reservoir stations 

Spring Pre leaf-out spring runoff Tributary stations 
July Mid-summer stratification Reservoir Stations 

Summer Summer rain event Tributary Stations 
Late summer/early fall Maximum stratification prior 

to fall turnover 
Reservoir Stations 

Late summer/early fall Fall runoff event Tributary Stations 
 

 
B.			Baseline	Sampling	
Nine (9) sites will be monitored as part of this project in 2017: These stations are shown on Figure 1.   Sampling 

parameters are described in Table 3.  These include 7 stream locations and two reservoir locations. Samples will be 

collected in accordance with the latest UNH LLMP QAPP protocols (UNH 2016) which are summarized below. 

Tributary sampling events will occur during 2017 during runoff events.  Since flow in many of the small tributaries is 

primarily storm related, sampling will occur as soon as practicable after a rainfall of at least 0.25 inches or a period 

of snowmelt.  Three (3) baseline sampling events will be conducted.  One event will occur in spring prior to leaf‐out.  

The second event will occur in the mid‐summer and the third event will occur in the mid‐fall.  Parameters to be 

analyzed in tributary water samples are presented in Table 3. 

Reservoir sampling will occur on a similar schedule to tributary sampling and may coincide with the tributary events 

if conditions allow.  Samples will be collected on three occasions: within a few weeks of ice out, in mid‐summer and 

in mid to late September, prior to lake turnover.  It is expected that the July 2017 sample in Babbidge will be 
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collected by NHDES as a part of their Lake Trophic surveys.   If the reservoir is stratified, both an epilimnetic core and 

a deep sample will be collected from each reservoir.  Detail on sampling methods is provided below. 

 

Figure 1.  Monitoring locations for Roaring Brook watershed.  
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Table 3: List of Parameters for the Roaring Brook Watershed Monitoring Program with lab 

responsibility. 

Laboratory Parameter  Field Parameter 

Reservoir Stations 

UNH Laboratory  
Chlorophyll a (chlor a) (surface layer only)  Temperature (T) 

Dissolved color  Dissolved Oxygen (DO) 

Total phosphorus as P (TP)  pH 

Soluble reactive phosphorus as P (SRP)  Secchi transparency 

TN/TP ratio (calculated)  Specific Conductance 

Nitrite plus nitrate as N (NO2 + NO3)  Turbidity 

Organic nitrogen (ON calculated)   

Total nitrogen as N (TN calculated)   

City of Keene Laboratory  

Iron   

Manganese 

Ammonia as N 

Total Kjehldahl Nitrogen (TKN) 

 

Total organic carbon as C (TOC)   

Total coliform (surface layer only)   

Fecal coliform (surface layer only)   

Escherichia coli (E. coli) (surface layer only)   

Tributary Stations 

UNH Laboratory  Temperature (T) 

Total phosphorus as P (TP) Dissolved Oxygen (DO) 

City of Keene Laboratory pH 

Total organic carbon as C (TOC)  Specific Conductance 

Total coliform  Turbidity 

Fecal coliform   

Escherichia coli   
 

C.			Future	Monitoring	Recommendations	–	Cyanobacteria	and	Hydrology	
Monitoring of the Roaring Brook watershed should be continued beyond the conduct of this watershed plan 

however, the intensity of the monitoring effort is dependent on the findings.  The minimal plan, consistent with 

other water utilities with surface water supplies should include a combination of parameters designed to assist with 

treatability of the raw water and parameters to measure trophic state or the relative fertility of the reservoirs.  

Increases in the concentrations of parameters related to trophic state may lead to more serious long‐term 

ramifications for the water supply including increases or changes in treatment, the presence of harmful algal 

blooms, depression of oxygen at depth in the reservoirs and a more favorable environment for invasive aquatic 

species, particularly plants.  



 

7 
 

 
A final future monitoring plan will be presented as a part of the final watershed plan for Roaring Brook.   This 

monitoring plan will incorporate the baseline data information to be collected in 2017.  It is expected that this 

program will include a minimum of two sampling events per year and a subset of the parameters evaluated during 

the baseline survey in 2017.  Specific details on parameters, methods and timing will be included.  

Cyanobacteria related parameters should be added to the list of monitoring program once equipment and training 

of staff have been completed.  Protocols would follow those listed in the Quality Assurance Program Plan (QAPP) for 

the Cyanobacteria Monitoring Collaborative Program (USEPA 2017).  Specifically, protocols for the BloomWatch (Tier 

1), Cyanoscope (Tier 2) and Cyanomonitoring (Tier 3) would be followed at reservoir stations during regularly 

scheduled monitoring events or if raw water results of observations suggest a bloom is in progress.   

In addition to routine monitoring, consideration should be given to installing staff gages in the major tributary 

streams and establishing stage discharge curves for these gages.  This will allow flow to be estimated during future 

monitoring events. 

D.			Sampling	Protocol	
This project Standard Operating Procedure (SOP) defines the procedures for the collection of water samples from a 

shore based station and an in‐lake station. 

The collection of water samples is limited to the parameters described in Table 3. 

D.1	 Health	and	Safety	Considerations	
Daily safety briefs are to be conducted at the start of each sampling event before any work commences.  These daily 

briefs are to be facilitated by the sampling coordinator or his/her designee to discuss the day’s events and any 

potential health risk areas covering every aspect of the work to be completed.  Weather conditions are often part of 

these discussions.  Everyone on the field team has the authority to stop work if an unsafe condition is perceived and 

not resume work until the conditions are fully remedied. 

D.2	 Equipment	and	Materials	
The equipment list in Table 4 contains materials which may be needed in carrying out the procedures contained in 

this monitoring plan.  Not all equipment listed below may be necessary for a specific activity.  Additional equipment 

may be required, pending field conditions. 

D.3	 Sample	Collection	Procedures	
Sample collection information will be recorded at the time of collection using either standardized forms, a field 

logbook, or a combination.  This information will include, but not be limited to, the station ID, time and date of 

sample collection, the sampler’s name, and any pertinent observations on weather, rainfall, presence of wildlife or 

waterfowl and other circumstances potentially relevant to water quality.  A sample data sheet is provided in 

Appendix A. 
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Table 4.  Sampling Equipment List 

Water sample containers. 

Sample Bottle Labels 

Sample collection forms (Appendix A) 

Field logbook (optional) 

Dipper with long handle 

Chain of Custody forms (Appendix B) 

YSI multiparameter water quality meter (or equivalent) equipped with Dissolved Oxygen, Temperature 
and Specific Conductance sensors. 

Turbidity meter 

Integrating tube sampler 

Alpha Bottle (or equivalent) 

Boat and boat related safety equipment

Anchor and line 

Depth sounder (optional) 

 

Sample bottles are labeled in the field with waterbody name/town, sample location, sample date, sample time, and 

the collector’s initials.  Sampling procedures will follow the University of New Hampshire Lakes Lay Monitoring 

Program protocols (UNH 2016).  Those protocols are summarized below but the original reference should be 

consulted for detailed field procedures. 

If collecting a sample from a culvert: 1) Direct fill bottles from culvert outlet taking care to not disturb and collect 

sediment from the bottom of the culvert. If the culvert is submerged or partially submerged, collect samples as far 

up inside the pipe as possible to avoid collecting water from the receiving water body.  This may require the use of a 

dipper on a pole at some stations.  Rinse dipper three times with sample water at the point of collection then collect 

sample.  Pre labeled sample bottles should be filled directly from the dipper. 2) Samples should be stored on ice in 

the dark. 

If collecting samples from an open channel: 1) Direct fill bottles at the station or use a dipper to collect sample from 

the main portion of the flow.  Rinse dipper three times with sample water at the point of collection then collect 

sample.  Take care not to disturb sediments in the channel upstream of the sample collection location. Pre‐labeled 

sample bottles should be filled directly from the dipper.  2) Samples should be stored on ice in the dark. 

In‐lake sampling will consist of field measurements of Secchi depth transparency and pH as well as performing 

temperature/dissolved oxygen/specific conductance profiles at the deep spot locations in the each reservoir. Water 

quality samples will be collected at these two deep stations.  If the temperature profile indicates that the reservoir is 

stratified (greater than 4 °C difference between surface and bottom temperatures), samples will be drawn by a core 

of the epilimnion (thermocline defined as a greater than 1°C drop in temperature for a 1 meter change in depth). 

All samples should be placed on ice in the dark and delivered to the laboratory in Keene, NH within 6 hours of 

sample collection to meet the holding time for pathogens.  Samples to be analyzed by UNH should be preserved and 
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delivered to the lab within the prescribed holding time.  Samples should be accompanied with standard Chain of 

Custody forms (Appendix B). 

III. References	
United States Environmental Protection Agency. 2017.  Quality Assurance Program Plan (QAPP) for the 

Cyanobacteria Monitoring Collaborative Program.  Office of Measurement and Evaluation, North 

Chelmsford, Ma. 

University of New Hampshire. 2016.  Quality Assurance Project Plan for Water Quality Monitoring and Lake Surveys.  

New Hampshire Center for Freshwater Biology and Lakes Lay Monitoring Program. 
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Field Sheet 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

Appendix B 

Chain of Custody Form 

   



 

 

 

 



    
 

Appendix E 

Water Quality Data 





Appendix E:  Roaring Brook Water Quality Data (2016‐2017)

Total 

Phosphorus

Soluble 

Reactive 

Phosphorus

Chlorophyll 

a

Secchi 

Transparency

Nitrate + 

Nitite‐N

Total 

Nitrogen ‐N

Total 

Kjehldahl 

Nitrogen Ammonia

Organic 

Nitrogen 

(calculated)1
TN/TP ratio 

(calculated) pH

Dissolved 

Oxygen Temperature

Specific 

Conductance

Dissolved 

color Turbidity

Total 

Organic 

Carbon Iron Mn

Fecal 

coliform

Total 

coliform E coli

Standards/Criteria µg/l µg/l µg/l m mg/l mg/l mg/l mg/l mg/l mg/l °C mS/cm PCU NTU mg/l mg/l mg/l #/100ml #/100ml #/100ml

Drinking water MCL2 10 0 0

Acute Aquatic Life Criteria 6.5‐8.0 2.755

Chronic Aquatic Life Criteria 6.5‐8.0 0.835 1

Oligotrophic criteria <8 <3.3

Sampling Date Sampling Group Station Depth of sample (m)

3/22/2016 NHDES Babbidge Deep Spot 2 9.6 2.28 5.7 ND ND 5.8 0.00212 15 0.5

3/22/2016 NHDES Babbidge Deep Spot 6 8.8 3.36 ND ND 5.9 0.00217 15 0.5

8/16/2016 NHDES Babbidge Deep Spot 1.5 <5.0 ND ND 6.4 0.00206 27 3.3

8/16/2016 NHDES Babbidge Deep Spot core(0‐6) 4.02 5.7

10/21/2016 VHB/DK/Keene Babbidge Dam 0 8

10/21/2016 VHB/DK/Keene Woodward Dam 0 3.8

10/21/2016 VHB/DK/Keene RB‐2 0 4.5

4/27/2017 VHB/DK/Keene Babbidge Deep Spot 0 profile profile profile <1 51 <1

4/27/2017 VHB/DK/Keene Babbidge Deep Spot core (0‐7) 5.8 <1.0 1.3 5.4 <0.100 0.36 0.17 0.19 5.9 profile profile profile 16.7 0.3 4.6 0.13 0.019

4/27/2017 VHB/DK/Keene Woodward Deep Spot 0 profile profile profile <1 28 <1

4/27/2017 VHB/DK/Keene Woodward Deep Spot core (0‐8) 5.2 <1.0 1.6 6.8 <0.100 0.53 <0.06 0.50 6.7 profile profile profile 13.2 0.3 3.6 0.09 0.014

4/27/2017 VHB/DK/Keene W‐3 0 2.1 5.5 10 6.8 0.0179 0 2.9 <1 >2420 <1

4/27/2017 VHB/DK/Keene W‐5 0 4.3 6.6 11.1 8.8 0.0298 0.2 2.8 <1 387 1

4/27/2017 VHB/DK/Keene W‐6 0 10.3 5.7 10.1 9.9 0.0175 0.1 6.4 <1 1414 <1

4/27/2017 VHB/DK/Keene RB‐1 0 4.2 6.3 0 3.7 4.1 1203 2

4/27/2017 VHB/DK/Keene RB‐2 0 3.8 6.1 10.6 11.5 0.0214 0.2 4 2 1300 1

4/27/2017 VHB/DK/Keene B‐1 0 4.3 5.6 10.9 8.9 0.0305 0 4 <1 921 <1

4/27/2017 VHB/DK/Keene B‐3 0 4.4 4.9 11.9 6.5 0.0206 0 4.7 <1 411 <1

7/11/2017 NHDES Babbidge Deep Spot 2 7.52 ND 6.29 0.01987 30

7/11/2017 NHDES Babbidge Deep Spot core (0‐5) 1.62 5.3

7/14/2017 VHB/DK/Keene Babbidge Deep Spot 0 profile profile profile 6.3 39 8

7/14/2017 VHB/DK/Keene Babbidge Deep Spot core (0‐3) 7.4 1.5 2.2 4.4 <0.05 0.399 0.25 0.16 0.09 54 6.1 profile profile profile 33.3 0.5 3.8 0.18 0.024

7/14/2017 VHB/DK/Keene Babbidge Deep Spot 7 11.5 0.799 0.23 0.11 0.12 69 profile profile profile 0.46 0.089

7/14/2017 VHB/DK/Keene Woodward Deep Spot 0 profile profile profile 3.1 76 4

7/14/2017 VHB/DK/Keene Woodward Deep Spot core (0‐4) 6.9 <1.0 3.2 5.3 <0.05 0.212 0.29 0.06 0.23 31 6.4 profile profile profile 13.1 0.2 3.3 <0.06 <0.01

7/14/2017 VHB/DK/Keene Woodward Deep Spot 8 11.9 0.898 0.21 0.06 0.15 75 profile profile profile 0.08 0.072

7/14/2017 VHB/DK/Keene W‐3 0 2.9 5.8 8.2 13.3 0.0137 0.2 2.8 5.2 866 12

7/14/2017 VHB/DK/Keene W‐5 0 10.1 6.4 9.1 14.3 0.0317 1.6 3.8 52.9 1733 165

7/14/2017 VHB/DK/Keene W‐6 0 18.7 5.6 6.8 15.4 0.0318 0.4 9.3 55.6 >2420 1099

7/14/2017 VHB/DK/Keene RB‐1 0 6 6.2 0.2 4.1 6.3 579 15

7/14/2017 VHB/DK/Keene RB‐2 0 7.2 6.2 9.7 16.1 0.0187 0.2 4.9 22.8 286 27

7/14/2017 VHB/DK/Keene B‐1 0 4.1 5.5 8.9 14.7 0.0271 0.1 3.7 4.1 457 10

7/14/2017 VHB/DK/Keene B‐3 0 6.2 4.7 9.3 13.8 0.0195 0.1 8.1 7.5 326 9

9/21/2017 VHB/DK/Keene Babbidge Deep Spot 0 profile profile profile 3 197 <1

9/21/2017 VHB/DK/Keene Babbidge Deep Spot core (0‐3) 4.8 1.2 3.6 5.3 0.22 0.05 0.17 6.9 profile profile profile 0.4 3.6 0.25 0.022

9/21/2017 VHB/DK/Keene Babbidge Deep Spot 5 8.3 profile profile profile

9/21/2017 VHB/DK/Keene Woodward Deep Spot 0 profile profile profile 272 2

9/21/2017 VHB/DK/Keene Woodward Deep Spot core (0‐6) 5.5 <1.0 2.1 5.6 0.16 <0.05 0.14 6.9 profile profile profile 0.4 4.4 0.06 0.018

9/21/2017 VHB/DK/Keene Woodward Deep Spot 8 7.3 profile profile profile

9/21/2017 VHB/DK/Keene W‐3 0 4.3 3.4? 6 15.5 0.0191 0 2.8 3.1 308 16

9/21/2017 VHB/DK/Keene W‐5 0 5.5 6.9 8.5 16 0.0462 1.4 2.7 151.5 1203 291

9/21/2017 VHB/DK/Keene W‐6 0 35.2 6.9 5.8 16.7 0.0196 1.4 8.2 14.6 >2420 49

9/21/2017 VHB/DK/Keene RB‐1 0 5.2 6.4 0.1 3.0 <1 649 12

9/21/2017 VHB/DK/Keene RB‐2 0 8.0 6.8 8.3 18.3 0.0229 0.3 3.3 16 1046 11

9/21/2017 VHB/DK/Keene B‐1 0 5.2 5.8 7.1 16.4 0.0305 0 2.4 3 687 7

9/21/2017 VHB/DK/Keene B‐3 0 13.4 5.7 9 14.8 0.0206 0.1 5.0 <1 579 1
1Where vaues were below detection limit, a value of 0.5(detection limit) was used for calculations
2Maximum Contamination Level (MCL) is based on NH Env‐Wq 1700.



Figure E-1. Dissolved oxygen and temperature profile for Woodward Reservoir, 4/27/17. 

 
 
Figure E-2. Dissolved oxygen and temperature profile for Babbidge Reservoir, 4/27/17. 
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Figure E-3. Dissolved oxygen and temperature profile for Woodward Reservoir, 7/14/17. 

 
 

Figure E-4. Dissolved oxygen and temperature profile for Babbidge Reservoir, 7/14/17. 
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Figure E-5. Dissolved oxygen and temperature profile for Woodward Reservoir, 9/21/17. 

 
 

Figure E-6. Dissolved oxygen and temperature profile for Babbidge Reservoir, 9/27/17. 
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Background 
 

The City of Keene has a very strong interest in maintaining high quality water in its surface water supply. 
Current and potential future water quality threats linked to both human activities (development, roads, 
timber harvesting) and natural processes and episodic events (i.e. intense storms, increased runoff and 
natural lake aging processes) can be evaluated using data collected through this monitoring plan.   
 
Occasional episodic disturbances or even prolonged incremental changes in water quality can ultimately 
affect water treatment effectiveness and the production of disinfection byproducts. Preserving excellent 
water quality through appropriate watershed protection measures is not only fiscally prudent by avoiding 
costly treatment upgrades but also enables the City to consistently provide safe and aesthetically 
pleasing water to its customers. 
 
Recent research suggests that future climate could increase future nutrient runoff and associated algal 
growth which will be reflected in higher TOC concentrations. More frequent, intense storms resulting in 
increased runoff and streambank erosion, increased soil temperatures, shorter frozen ground periods as 
well as major changes in the forest stand due to climate change, wind, ice storms, disease or insect 
infestations also have the potential to increase the delivery of nutrients to the reservoirs from the 
watershed.  Higher water temperatures, longer growing seasons and seasonally lower flushing rates due 
to prolonged droughts also have the potential to increase the magnitude and duration of elevated algal 
growth in the reservoirs.  In addition to issues related to increased TOC and the potential formation of 
disinfection byproducts, nutrient enrichment can also increase the risk for cyanobacteria (blue-green 
algae) blooms.  Many cyanobacteria species produce toxins which can be problematic in drinking water. 
A comprehensive monitoring program allows detection of trends in parameters of concern before 
concentrations reach critical levels.  This gives the water utility time to either adapt treatment processes 
and/or increase levels of watershed protection to keep finished water quality high.  
 
Historic raw water data collected by Keene shows occasionally elevated total organic carbon (TOC) and 
turbidity.  These parameters can interfere with the disinfection process and can lead to additional 
releases of disinfection byproducts (DBP’s).   These are likely related to storm events and associated 
runoff.  Coliform bacteria are occasionally detected in Roaring Brook and several other small tributaries.  
These bacteria are likely from wildlife sources. 

Few data currently exist to describe the nutrient concentrations or cyanobacteria in the Roaring Brook watershed 
beyond those data collected as a part of this watershed planning effort.  Because the watershed is largely 
undeveloped, and the reservoirs are relatively nutrient poor, concern has been low for many years.  However, 
recent study throughout the northeast U.S. has documented the presence of cyanobacteria in many lakes and 
reservoirs including low nutrient systems (Cottingham et al 2015) like the Roaring Brook reservoirs.  These findings 
coupled with advances in methodologies to detect and identify cyanobacteria has led to a recommendation of more 
intensive monitoring in the Roaring Brook reservoirs and watershed as a part of Keene’s source monitoring program. 

 



 

4 
 

Introduction 
 

Collection of high-quality watershed and reservoir water quality monitoring data in conjunction with a 
program such as this serves several purposes.  First, collection of water quality data allows tabulation of 
accurate loading estimates from the watershed and accurate modeling of reservoir concentrations.   
Second, collection of data allows identification of and ranking of sources to characterize loading and to 
inform the selection of appropriate structural and non-structural best management practices (BMPs) to 
address identified problems.  Third, source water quality data are critical to optimal operation of the water 
treatment plant by providing advance notice of potential treatment challenges.  Finally, a water quality 
monitoring program allows evaluation of effectiveness of existing and future treatment measures.   This 
allows the water utility to adaptively manage the watershed and treatment process.    

It is assumed that routine monitoring will be conducted by city employees.  Water quality sampling is 
proposed for specific locations in the Woodward and Babbidge reservoirs and watersheds.  Monitoring will 
be conducted in accordance with the University of New Hampshire Lakes Lay Monitoring Program 
protocols (UNH 2016), the Cyanobacteria Monitoring Collaborative QAPP (USEPA 2017), NHDES guidance 
for cyanobacteria monitoring in public water supplies (NHDES 2017) and the Roaring Brook Cyanobacteria 
Monitoring SSPP (DKWRC 2018).   In-situ monitoring will be conducted, and samples collected will be 
analyzed for a variety of water quality parameters as discussed below.  Because many of the parameters of 
concern are related to nutrient enrichment, an increased focus will be placed on parameters related to 
algal growth (nutrients) in addition to the traditional parameters used to evaluate treatment of the 
finished water.   

a.   Monitoring Design 
 
 
In-reservoir monitoring will occur in the deep spot of each reservoir as soon as practicable after ice-out 
and twice monthly from mid-May through mid-October.  After mid-October, monitoring should continue 
monthly until the reservoirs freeze.   It is estimated that this will result in 15 reservoir monitoring events 
over the course of a typical year.   These data can be used to assess the variability of water quality in 
Woodward and Babbidge Reservoirs and detect seasonal changes.  Locations are described in Table 1 and 
depicted in Figures 1 and 2.  A schedule is presented in Table 2.   

Tributary monitoring will be conducted three times each year.  Monitoring will target three (3) separate 
runoff events roughly coinciding with spring, summer and fall depending on precipitation patterns.  Since 
flow in many of the small tributaries is primarily storm related, monitoring will occur as soon as practicable 
after a rainfall of at least 0.25 inches or a period of snowmelt.    One event will occur in spring prior to leaf-
out.  The second event will occur in the mid-summer and the third event will occur in the mid-fall.   Sample 
analyses will be performed by City of Keene or the UNH LLMP lab in Durham.  This monitoring is expected 
to be shore based with grab sample collection.  Locations are described in Table 1 and depicted in Figures 
1 and 2.  A schedule is presented in Table 2.  Consistently high readings of one or more parameter may 
trigger additional investigation upstream in the tributary to identify the source of the high readings.   

The monitoring consists of runoff monitoring at seven (7) tributary locations (Figure 1) and one (1) in-
reservoir monitoring station in each reservoir.   Each tributary monitoring event will include a duplicate 
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sample collected at a randomly chosen location.  Every other reservoir sampling event will include the 
collection of a duplicate sample at a randomly selected station/depth.  

 

Table 1. Baseline Monitoring Location Descriptions 
 

 

Monitoring ID # 
GPS Coordinates 

(latitude – longitude) Location Description 

 
W-3 42.963165 -72.177719 Northwest tributary to Woodward 

Reservoir 

 
W-5 42.963852 -72.171224 Northeast tributary to Woodward 

Reservoir 
 
W-6 42.961387 -72.170307 East Tributary to Woodward Reservoir 

Woodward 
Reservoir 42.9962011 -72.174689 Deep Spot 

RB-1 42.944127 -72.200866 Roaring Brook at North Hill Road 

RB-2 42.935013 -72.213558 Roaring Brook at Babbidge Reservoir 

B-1 42.935898 -72.217711 Northwest tributary to Babbidge 
Reservoir 

B-3 42.932874 -72.213315 East tributary to Babbidge Reservoir 

Babbidge 
Reservoir 42.934297 -72.218125 Deep Spot 

Babbidge and 
Woodward various BloomWatch twice-weekly monitoring 
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Figure 1.  Babbidge Reservoir Sampling Locations 

 

Figure 2. Woodward Reservoir Sampling Locations  
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Table 2. Baseline Monitoring Schedule 
 

Target Period Frequency Target Conditions Location 
Ice-free season Twice weekly BloomWatch-all 

conditions 
Reservoirs 

Within 2 weeks of ice 
out 

Once/yr Spring turnover-well 
mixed 

Reservoir stations 

Spring Once/yr Pre leaf-out spring 
runoff 

Tributary stations 

May through mid-
October 

Twice Monthly Growing season Reservoir Stations 

Summer Once/yr Summer rain event Tributary Stations 
Late fall Once/month Fully mixed pre-winter Reservoir Stations 

Late summer/early fall Once/yr Fall runoff event Tributary Stations 
 

 
b.   Baseline Monitoring 

 
 
Nine (9) sites have been identified as permanent monitoring stations. These stations, shown in Figure 1 
were monitored as a part of the baseline monitoring program conducted for the watershed plan in 
2016 and 2017.     These include 7 stream locations and two reservoir locations. Monitoring 
parameters are described in Table 3.  Samples for laboratory analysis will be collected in accordance 
with the latest UNH LLMP QAPP protocols (UNH 2016) and the Cyanobacteria Monitoring Collaborative 
QAPP (USEPA 2017) which are summarized below.  Parameters to be analyzed in tributary water 
samples are presented in Table 3. Monitoring protocols can be found in the latest UNH LLMP QAPP 
(UNH 2016). 
 
Reservoir monitoring will occur throughout the open water season and may coincide with the tributary 
events if conditions allow.  BloomWatch monitoring will occur twice weekly throughout the ice-free 
season.   A full suite of monitoring parameters and samples will be collected as soon as practicable after 
ice-out, twice monthly from May through mid-October and monthly from mid-October until ice-in.   When 
the reservoir is stratified (defined as a temperature difference of >4 °C between surface and bottom), both 
an epilimnetic core and a deep sample will be collected from each reservoir.  Samples for laboratory 
analysis will be collected in accordance with the latest UNH LLMP QAPP protocols (UNH 2016) which are 
summarized below. 

Cyanobacteria related parameters are to be included as part of the monitoring program.  Protocols should 
follow those listed in the Quality Assurance Program Plan (QAPP) for the Cyanobacteria Monitoring 
Collaborative Program (USEPA 2017) (Appendix F-1).  Specifically, protocols for the BloomWatch (Tier 1) 
will be followed twice a week while CyanoScope (Tier 2) and CyanoMonitoring (Tier 3) will be followed at 
reservoir stations twice monthly from June through September and once per month in May and October 
or if raw water results or BloomWatch observations suggest a bloom is in progress.   
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Table 3:  List of Parameters for the Roaring Brook Watershed Monitoring Program with laboratory 
responsibility. 

Laboratory Parameter Field Parameter 
Reservoir Stations 

UNH Laboratory  
Chlorophyll a (chlor a) (epilimnetic core only) Temperature (T) (profile) 

Dissolved color Dissolved Oxygen (DO) (profile) 
Total phosphorus as P (TP) pH (from epilimnetic core) 

Soluble reactive phosphorus as P (SRP) Secchi transparency 
TN/TP ratio (calculated) Specific Conductance (profile) 

Nitrite plus nitrate as N (NO2 + NO3) Turbidity (from epilimnetic core) 
Organic nitrogen (ON calculated) BloomWatch observations 

Total nitrogen as N (TN calculated) Phycocyanin (0-3 m core) 
City of Keene Laboratory  

Iron  

Manganese 
Ammonia as N 

Total Kjehldahl Nitrogen (TKN) 

 

Total organic carbon as C (TOC)  

Total coliform (surface layer only)  

Fecal coliform (surface layer only)  

Escherichia coli (E. coli) (surface layer only)  

CyanoScope (epilimnetic net tow)  

CyanoScope (cyanobacteria cell numbers 0-3m 
core) 

 

CyanoMonitoring (contingency-cyanobacteria 
toxins) 

 

Tributary Stations 

UNH Laboratory Temperature (T) 
Total phosphorus as P (TP) Dissolved Oxygen (DO) 
City of Keene Laboratory pH 

Total organic carbon as C (TOC) Specific Conductance 
Total coliform Turbidity 
Fecal coliform  

Escherichia coli  
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c. Contingency Monitoring 

 
At times, unanticipated conditions in the Roaring Brook watershed will trigger additional monitoring effort.  In nearly 
all instances, the additional monitoring will result in an increase in frequency of monitoring effort until the 
underlying conditions return to baseline levels.  Some of the more likely scenarios are detailed in Table 4 below with 
suggested responses.   

Table 4.  Contingency Monitoring Triggers and Actions 

 Trigger Response 
1.  BloomWatch Observations suggest a bloom is in progress. Collect samples for CyanoScope 

analysis at the site of the bloom and 
determine if Cyanobacteria are 
causing the bloom.  

2. CyanoScope analysis indicates the presence of a toxin 
forming species of cyanobacteria. 

Complete BloomWatch 
observations daily until the bloom 
dissipates.  Conduct cyano-
monitoring toxicity testing on core 
sample from the reservoir. 

3. Presence of cyanotoxins confirmed Continue monitoring for 
cyanotoxins twice weekly until 
concentrations decline. 

4. Tributary samples are consistently elevated with respect to 
one or more parameters. 

Investigate upstream for sources.  
Consider     collecting samples at 
the next upstream stream junction 
to determine which branch is the 
cause of the elevated concentration 

5. Cyanobacteria bloom is confirmed in Woodward Reservoir Collect CyanoScope and 
CyanoMonitoring samples in 
Woodward, at RB2 and at Babbidge 
Deep Spot. 

 
 
d.   Future Monitoring Recommendations 

 
Monitoring of the Roaring Brook watershed should be continued for the foreseeable future however, the 
intensity of the monitoring effort is dependent on the findings.  The minimal plan, consistent with other 
water utilities with surface water supplies should include a combination of parameters designed to assist 
with treatability of the raw water and parameters to measure trophic state or the relative fertility of the 
reservoirs.  Increases in the concentrations of parameters related to trophic state may lead to more 
serious long-term ramifications for the water supply including increases or changes in treatment, the 
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presence of harmful algal blooms (cyanobacteria), depression of oxygen at depth in the reservoirs and a 
more favorable environment for invasive aquatic species, particularly plants.  
 
In addition to routine monitoring, consideration should be given to installing staff gages in the major 
tributary streams and establishing stage discharge curves for these gages.  This will allow flow to be 
estimated during future monitoring events. 
 
 

 e.   Monitoring Protocol 
 

This project Standard Operating Procedure (SOP) defines the procedures for the collection of water 
samples from a shore-based station and an in-lake station.  The collection of water samples is limited to 
the parameters described in Table 3. 

 
1.0 Health and Safety Considerations 

 
Daily safety briefs are to be conducted at the start of each monitoring event before any work commences.  
These daily briefs are to be facilitated by the monitoring coordinator or his/her designee to discuss the 
day’s events and any potential health risk areas covering every aspect of the work to be completed.  
Weather conditions are often part of these discussions.  Everyone on the field team has the authority to 
stop work if an unsafe condition is perceived and not resume work until the conditions are fully remedied. 
 

2.0 Equipment and Materials 
 
The equipment list in Table 5 contains materials which may be needed in carrying out the procedures 
contained in this monitoring plan.  Not all equipment listed below may be necessary for a specific activity.  
Additional equipment may be required, pending field conditions. 
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Table 5.  Monitoring Equipment List 
Water sample containers. 
Sample Bottle Labels 
Sample collection forms (Appendix F-1) 
Field logbook (optional) 
Dipper with long handle 
Chain of Custody forms (Appendix F-2) 
YSI multiparameter water quality meter (or equivalent) equipped with Dissolved Oxygen, Temperature and 
Specific Conductance sensors. 
Field Turbidity meter 
Secchi Disk and line 
Turbidity meter 
pH meter 
Phycocyanin/chlor a fluorometer 
Integrated tube sampler (for epilimnion) 
Alpha Bottle (or equivalent) 
Boat and boat related safety equipment 
Anchor and line 
Depth sounder (optional) 
CyanoScope 3m integrated tube sampler 
Plankton Net 
Squeeze bottle for rinsing plankton net. 
250 ml plastic beaker for in-situ field readings 
 

3.0 Sample Collection Procedures 
  
Sample collection information will be recorded at the time of collection using either standardized forms, a 
field logbook, or a combination.  This information will include, but not be limited to, the station ID, time 
and date of sample collection, the sampler’s name, and any pertinent observations on weather, rainfall, 
presence of wildlife or waterfowl and other circumstances potentially relevant to water quality.  A sample 
data sheet is provided in Appendix F-1. 
Sample bottles are labeled in the field with waterbody name/town, sample location, sample date, sample 
time, and the collector’s initials.  Monitoring procedures will follow the University of New Hampshire Lakes 
Lay Monitoring Program protocols (UNH 2016) and the Cyanobacteria Monitoring Collaborative protocols 
(USEPA 2017).  Those protocols are summarized below but the original reference should be consulted for 
detailed field procedures. 
BloomWatch observations will be made twice weekly throughout the open water season.  Observations at 
each reservoir should be made along the downwind shore of each reservoir.   
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In-lake monitoring will consist of field measurements of Secchi depth transparency and pH as well as 
performing temperature/dissolved oxygen/specific conductance profiles at 1-meter intervals (starting at 
the surface) at the deep spot locations in each reservoir. Water quality samples will be collected at these 
two deep stations.  If the temperature profile indicates that the reservoir is stratified (greater than 4 °C 
difference between surface and bottom temperatures), samples will be drawn by a core of the epilimnion 
(thermocline defined as a greater than 1°C drop in temperature for a 1-meter change in depth).  Sampling 
steps for reservoir monitoring are summarized in Table 6. 
If collecting samples from an open tributary channel: 1) Direct fill bottles at the station or use a dipper to 
collect sample from the main portion of the flow.  Rinse dipper three times with sample water at the point 
of collection then collect sample.  Take care not to disturb sediments in the channel upstream of the 
sample collection location. Pre-labeled sample bottles should be filled directly from the dipper.  2) Samples 
should be stored on ice in the dark. Sampling steps for tributary monitoring are summarized in Table 7. 
 
Table 6.  Reservoir station sampling instructions. 

Step Action 
1. Arrive at station  Use GPS to locate in-lake station 
2. Record station depth Use fathometer to record depth 
3. Anchor Lower anchor carefully to bottom.  Release a minimum of rope to equal 1.5 

times the water depth 
4. Site conditions Record site conditions including wind, cloud cover, time and field crew 

participants 
5. Transparency Determine Secchi transparency 
6. Complete profile Use YSI to complete the water quality profile starting at the surface and 

then at 1m intervals for dissolved oxygen, temperature and specific 
conductance.  

7. Collect bacteriological 
parameters from 
surface 

Fill bottles from reservoir surface 

8. Determine 
epilimnetic depth 

Using profile data, determine epilimnetic depth 

9. Collect integrated 
samples  

0-3 meters for CyanoScope and CyanoMonitoring, epilimnetic depth for 
others.  Fill 1-liter Amber plastic bottle, mix and then fill all sample bottles 
from the 1-liter bottle.  Refill the 1-liter bottle with full cores as needed to 
retrieve sufficient volume.  Fill 1-liter bottle after all bottles have been 
filled and place in cooler (to be filtered for chlorophyll a and color).  

10. Phycocyanin/chlor a Use aliquot of 0-3 meter core for phycocyanin and chlorophyll a 
measurement 

11. Turbidity and pH Measure turbidity and pH from epilimnetic core sample (1-liter bottle) 
12. Collect net sample 0-

3 meters for 
phytoplankton ID 

Lower net to 3 meters and retrieve slowly through the water column.  
Rinse plankton to bottom of net using squeeze bottle. 

13. Collect hypolimnetic 
sample  

Collect sample using Alpha bottle 1.5 meters from the bottom.  Fill all 
appropriate bottles from Alpha bottle. 

14. Check all bottles and Check that all collections have been made 
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field book 
15. Lift anchor Move to next site. 

Table 7.  Tributary station sampling instructions. 
Step Action 

1. Arrive at station Use GPS to locate tributary station 
2. Site conditions Record site conditions including wind, cloud cover, time and field crew 

participants 
3. Complete field

measurements
Use YSI to complete the water quality measurements for dissolved oxygen, 
temperature and specific conductance.  

4. Turbidity and pH Measure turbidity and pH from surface grab. 
5. Collect bacteriological

and water quality
parameters from
surface

Fill bottles from tributary surface 

6. Check all bottles and
field book

Check that all collections have been made 

All samples should be placed on ice in the dark and delivered to the laboratory in Keene, NH within 6 hours 
of sample collection to meet the holding time for pathogens.  Samples to be analyzed by UNH or NHDES 
should be preserved and delivered to the lab within the prescribed holding time.  Samples should be 
accompanied with standard Chain of Custody forms (Appendix F-2). 

5.0 Estimated Cost of Program 

It is estimated that the proposed baseline monitoring program will cost the City of Keene $21,886 per year with an 
initial capital outlay of $12,300 for equipment in the first year.  This budget does not include cost associated with 
the ongoing operations of the laboratory in Keene.  There are also no costs included for contingency monitoring.   A 
detailed cost estimate is provided in Appendix F-3. 
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Chain of Custody Form 



STANDARD

PHONE:
FAX:
EMAIL:

10 - 15 Business Days
PROJECT MANAGER

ID# DATE TIME SMPL # OF
(For lab Use Only) SAMPLED SAMPLED TYPE CONT. COMMENTS

RELINQUISHED BY DATE / TIME RECEIVED BY

RELINQUISHED BY DATE / TIME RECEIVED BY Received On Ice           Y  /  N
Preserved Y  /  N
Evidence Seals Present  Y  /  N
Container Attacked     Y  /  N

RELINQUISHED BY DATE / TIME RECEIVED BY Preserved at Lab           Y  /  N

SPECIAL REQUIREMENTS / BILLING INFORMATION

COC version 042707  

SAMPLER

CLIENT NAME: 

ADDRESS:

SD = Sediment
OL = Oil

NA= Non Aqueous
SL = Sludge
DW = Drinking Water

SAMPLE CONDITION:

OT = Other Matrix

WW = Waste Water
RW = Rain Water
GW = Ground Water

SO = Soil

Actual Temperature:

SAMPLE TYPE CODE:
AQ=Aqueous

QA/QC Data Package

 Charges will apply for weekends/holidays

SAMPLE IDENTIFICATION/SITE LOCATION
 Method of Shipment:

Rush Extractions 50%

Same Day Rush 150%

24 Hour Rush 100%

48-72 Hour Rush 75%

4 - 5 Day Rush 30%

PROJECT: ANALYSES REQUESTED SPECIAL HANDLING

CHAIN OF CUSTODY RECORD

    Page___1____Of____1______



Appendix F-3 

Monitoring Program Cost Estimate 



 Cost Estimate for Roaring Brook Watershed Monitoring
Summary

Number of events  Labor Costs/event Non-Labor costs/event Cost per year
Task 1 Reservoir Routine Water Quality Sampling (per event) 15 820.00$                   138.00$                         14,370.00$        

Task 2 Tributary Routine Water Quality Sampling (per event) 3 500.00$                   192.00$                         2,076.00$          

Task 3 : Bloomwatch (per day- 2 reservoirs) 68 80.00$                     5,440.00$          

Task 4 : Capital Expenses (first year only) 1 -$                         12,300.00$                    12,300.00$        

First year total 34,186.00$        
Subsequent Year total 21,886.00$        

Detail

Task 1 Reservoir Routine Water Quality Sampling (per event)
Per Event: Mobilize, travel to site, collect, filter, preserve and deliver samples to lab.

Labor Hours Rate Costs

Field Tech 5 40.00$                     200.00$             
Scientist 6 50.00$                     300.00$             (includes mobilization)
Technician (Cyanoscope) 4 40.00$                     160.00$             
Technician (CyanoMonitoring) 4 40.00$                     160.00$             

19 Labor subtotal 820.00$             

Non Labor Expenses Units* Unit Cost Costs Laboratory
Analytic Laboratory (UNH)

Total Phosphorus (TP) 4.5 12 /analysis 54.00$               UNH LLMP
Chlorophyll a 2.5 12 /analysis 30.00$               UNH LLMP
Dissolved Color 2.5 0 /analysis -$                   UNH LLMP
Soluble Reactive Phosphorus as P 4.5 12 /analysis 54.00$               UNH LLMP
Total Organic Carbon (TOC) 2.5 0 /analysis -$                   assumed completed by city
Nitrate + nitrite (NO2 + NO3) 2.5 0 /analysis -$                   assumed completed by city
Ammonia as N 2.5 0 /analysis -$                   assumed completed by city
Total Kjehldahl Nitrogen 2.5 0 /analysis -$                   assumed completed by city
Iron 4.5 0 /analysis -$                   assumed completed by city
Manganese 4.5 0 /analysis -$                   assumed completed by city
Total coliform 2.5 0 /analysis -$                   assumed completed by city
Fecal coliform 2.5 0 /analysis -$                   assumed completed by city
Escerichia coli (E. coli) 2.5 0 /analysis -$                   assumed completed by city
Cyanobacteria toxins 2.5 0 /analysis -$                   assumed completed by city

boat rental 0 50 /day -$                   
mileage (per round trip) 0 0.55 /mile -$                   
Meters (specific conductance,temperature, oxygen, pH, turbidity) 0 -$                   

Non labor subtotal 138.00$             

Total Cost Per Event 958.00$             
*Partial units are to account for duplicate sample to be collected during every other reservoir sampling event

Field Assumptions - Resevoirs
1) Laboratory samples will be analyzed under standard turnaround of 3 weeks.  Fast turnaround, if required, may result in a surcharge.  
2) Any changes in the specified program may result in a change in associated costs.
3) Estimate assumes that City has watercraft and appropriate safety gear to collect samples on reservoirs.
4) Assumed that Phosphorus, Soluble Reactive Phosphrus, Iron and Manganese will be collected from epilimnetic core and deep discrete sample on each sampling date.
5) QA samples should be collected at a rate on one duplicate per 2 routine reservoir sampling events.  This sample will be at one randomly selected reservoir and one depth.

Task 2 Tributary Routine Water Quality Sampling (per event)
Per Event: Mobilize, travel to site, collect, filter, preserve and deliver samples to lab.

Labor Hours Rate Costs

Field Tech 5 40.00$                     200.00$             
Scientist 6 50.00$                     300.00$             (includes mobilization)

11 Labor subtotal 500.00$             

Non Labor Expenses Units* Unit Cost Costs Laboratory
Analytic Laboratory (UNH)

Total Phosphorus (TP) 8 12 /analysis 96.00$               UNH LLMP
Chlorophyll a 0 12 /analysis -$                   UNH LLMP
Dissolved Color 0 0 /analysis -$                   UNH LLMP
Soluble Reactive Phosphorus as P 8 12 /analysis 96.00$               UNH LLMP
Total Organic Carbon (TOC) 0 0 /analysis -$                   assumed completed by city
Nitrate + nitrite (NO2 + NO3) 0 0 /analysis -$                   assumed completed by city
Ammonia as N 0 0 /analysis -$                   assumed completed by city
Total Kjehldahl Nitrogen 0 0 /analysis -$                   assumed completed by city
Iron 0 0 /analysis -$                   assumed completed by city
Manganese 0 0 /analysis -$                   assumed completed by city
Total coliform 8 0 /analysis -$                   assumed completed by city
Fecal coliform 8 0 /analysis -$                   assumed completed by city
Escerichia coli (E. coli) 8 0 /analysis -$                   assumed completed by city
Cyanobacteria toxins 0 0 /analysis -$                   assumed completed by city

boat rental 0 50 /day -$                   
mileage (per round trip) 0 0.55 /mile -$                   
Meters (specific conductance,temperature, oxygen, pH, turbidity) 0 -$                   

Non labor subtotal 192.00$             

Total Cost Per Event 692.00$             
*One duplicate sample per sampling event will be collected for QA purposes.

Field Assumptions-tributaries
1) Lack of flow in the stream due to drought or freezing may cause a break in the sampling schedule until conditions allow sampling.
2) Samples will be collected in the main flow (thalweg) of the stream, in stream instrument readings will be collected at the same location. 
3) Laboratory samples will be analyzed under standard turnaround of 3 weeks.  Fast turnaround, if required, may result in a surcharge.  
4) Any changes in the specified program may result in a change in associated costs.
5) QA samples should be collected at a rate on one duplicate per tributary sampling event.  This sample will be at one randomly selected tributary.

Task 3 : Bloomwatch (per day- 2 reservoirs)
Labor

Hours Rate Costs
Lab Tech 2 40.00$                     80.00$               assumed completed by city

subtotal 80.00$               

Task 4 : Capital Expenses (first year only)
Non- Labor

Quantity Cost Costs
Jon Boat, Electric motor and safety equipment 1 2,500.00$                2,500.00$          
Water Quality Meter (oxygen, temperature specific 
conductance, 30 meter cable) 1 2,200.00$                2,200.00$          
Secchi Disk and line 1 50.00$                     50.00$               
Field turbidity meter 1 1,000.00$                1,000.00$          
Field pH meter 1 200.00$                   200.00$             
Alpha Sampling Bottle (horizontal) with messenger and 
line 1 250.00$                   250.00$             
Cyanoscope sampling kit and microscope 1 900.00$                   900.00$             
Integrated tube sampler 1 200.00$                   200.00$             
Hand held depth sounder 1 100.00$                   100.00$             
Phycocyanin/chlor a 2 channel fluorometer 1 1,700.00$                1,700.00$          

Elisa Test kit(s) for cyanotoxins (Microcystins, anatoxin a, 
BMAA, cylindrospermopsin, anabaenopeptin) 5 600.00$                   3,000.00$          
Miscellaneous sampling supplies 1 200.00$                   200.00$             

subtotal 12,300.00$        
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NEW ENGLAND WATER WORKS ASSOCIATION, INC. 
WATER RESOURCES COMMITTEE 

 
FINAL REVISED POLICY 

 
DECEMBER 20, 2006 

 
RESOLUTION & POLICY CONCERNING RECREATIONAL USE OF 

PUBLIC WATER SUPPLIES 
 
 
It is a fundamental principle of water supply development and protection that water 
should be obtained from the highest quality source feasible, and every effort should be 
made to prevent contaminants from entering the source.  When faced with efforts by 
recreational users or others to increase recreational access to water supply reservoirs 
and/or surrounding land, utilities should oppose such efforts on the basis of increased risk 
and communicate those risks accordingly. 
 
Maximizing drinking water quality to protect public health is of the highest priority to 
public water suppliers.  Public water suppliers recognize that multiple barrier protection 
of drinking water supplies and their watersheds is essential in order to meet these goals.  
 
 
WHEREAS: 
 
In New England, many public water supply reservoirs were created and developed 
primarily as sources of drinking water that now serve approximately 80% of the region’s 
population, while other surface water sources accommodate recreational uses that 
predated their use as water supply sources.  
 
Body-contact recreation introduces disease-causing organisms into  water bodies, and 
many other forms of water-dependent recreation are known to introduce contaminants 
into source waters as well. 
 
As the science of pathogen detection improves, new waterborne diseases associated with 
drinking water continue to emerge. 
 
Most surface water treatment facilities are designed to greatly reduce, but not completely 
eliminate, the activity of known pathogenic organisms present in the source water. 
 



 
NOW, THEREFORE, BE IT RESOLVED: 
 
That New England Water Works Association recognizes society’s wish to accommodate 
legally existing recreational uses on or adjacent to water supply sources, despite the risk 
to the quality of the water supply and to public health. 
 
That the New England Water Works Association (NEWWA) opposes legislation or any 
administrative action that would permit or require the opening of domestic water supply 
reservoirs and adjacent lands to increased recreational use, and 
 
That the official policy of the NEWWA with respect to recreational usage of water 
supply reservoirs, including reservoirs that provide storage of water at various points in 
the watershed, and adjacent lands is as follows: 
 
 

POLICY – Recreational use of or upon any natural lake, artificial reservoir or 
impoundment used as a source of water supply as well as the supporting land-
based infrastructure necessary to support recreational activities, increases the 
potential for microbial, physical, and chemical contaminants in the drinking water 
produced from these source waters.  Body-contact recreation (e.g., swimming, 
bathing, water skiing, wind surfing, and use of personal watercraft) should not be 
allowed on water bodies used as sources of public water supply.  Where it is 
allowed to occur, it should be separated from the water intake by the greatest 
distance possible, and it should not be expanded or increased. 
 
Non-body-contact water-based recreation, particularly the use of two-stroke 
carbureted gasoline engines that discharge exhaust into the water and the use of 
petroleum-powered vehicles and tools on the ice, should be discouraged.   Where 
it is allowed to occur, it should be separated from the water intake by the greatest 
distance possible, and it should not be expanded or increased. 
 
Recreation on land adjacent to the water supply source and its tributaries should 
be restricted to prevent the disturbance of soil and vegetation, the depositing of 
waste or other contaminants, and the channelization of overland flow; and to 
maintain the ability of the buffer to trap nutrients, sediment, and other pollutants 
and to infiltrate runoff. The suggested minimum distance based on maintaining 
the functions of an undisturbed buffer is several hundred feet. This may vary 
based on the topography and site-specific features of the surrounding area and the 
intensity of the recreational use. 

 
 
IN ADDITION, IT IS RECOMMENDED that water suppliers develop watershed 
protection plans and policies, and that all proposals to allow recreation activities, or the 
expansion or increase of existing recreation activities, on a water supply reservoir or 
within the watershed and other contributing sources to a water supply reservoir should be 



reviewed for consistency with said plans and policies. This will insure that such proposed 
activities do not conflict with measures required to protect source water quality. 
 
A proponent of recreational use near or on a public water supply must be required to 
provide technical evidence supporting the claim that such activity will not adversely 
affect the water quality, or the public health of the water consumer served by said water 
supply.  When a proposal for recreational use is inconsistent with this policy it should be 
opposed by the water supplier. 
 
Where recreational or other non-water supply uses of a drinking water source are 
permitted, the public health risks of this practice should be communicated to the 
recreational users, drinking water consumers and public decision makers. Efforts should 
be made to unify all three of these factions in protection, enforcement and outreach 
activities designed to minimize the risk of contamination and degradation of water 
quality. 
 
The water utility and its ratepayers should not be forced to bear the burden of financing 
recreational use. Consequently, any cost for water quality monitoring, evaluations and 
mitigation programs should be borne by those proposing or benefiting from the 
recreational activity, not by the water utility or its customers. 
 
Adopted by vote of the Executive Board:  December 20, 2006 
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