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Figure 1.1a. General study area map. The rectangle surrounds the study region.
Dashed lines indicate town boundaries.



Figure 1.1.b. Topographic map information for the study area. The sources of the information were digitized,
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Figure 1.2. Study area map.
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Figure 3.1.1. Locations of the major biological, chemical, and discharge monitoring sites.
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Figure 3.1.2. Surficial geology map of the study area. See Appendix A for the legend and description of
the various surficial geology units. Straight black lines delineate the four quadrangles included in this map
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Figure 3.1.3. Percent total impervious area (PTIA) of the various subwatersheds of Long Creek (LC) and Red
Brook (RB). PTIA values in the boxes are cumulative values (i.e., they take into account the land included in

upstream subwatersheds.
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Figure 3.1.4a. Map "key" for smaller-scale watershed survey maps presented in Figures 3.1.4b-e.
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Figure 3.1.4b. Stream habitat walk and watershed survey findings for the Quadrant | (see Figure 3.1.4a8). Numbers
following the codes depicted on the map represent "survey site number”. Sitelocations are approximated. Red text
symbols indicate amgjor problem location. Aerial photographs 997-1998.
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L on Cr eek_ Figure 3.1.4c. Stream habitat walk and watershed survey findings for the Quadrant Il (see Figure 3.1.4a). Numbers
g following the codes depicted on the map represent "survey site number". Site locations are approximated. Red text
Red B rOOk symbols indicate amajor problem location. Aerial photographs dates are 1997-1998.
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Figure 3.1.4d. Stream habitat walk and watershed survey findings for the Quadrant |11 (see Figure 3.1.48). Numbers
following the codes depicted on the map represent "survey site number”. Sitelocations are approximated. Red text
symbols indicate amgjor problem location. Aerial photographs dates are 1997-1998.
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L on Cr eek_ Figure 3.1.4e. Stream habitat walk and watershed survey findings for the Quadrant IV (see Figure 3.1.4a). Numbers
g following the codes depicted on the map represent "survey site number". Site locations are approximated. Red text
Red B rOOk symbols indicate amajor problem location. Aerial photographs dates are 1997-1998.
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Figure 3.1.5. Pollutant "hotspot" map of the study watersheds. Inthelegend, "Ti", "Tr", and "S-G"
represent tire, truck, and sand/gravel-piles respectively.
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Figure 3.1.6. Statutory classification of streams and riversin the vicinity of the study watersheds.
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Figure 3.2.1. Mean chlorophyll-a values for sites in the Long Creek and Red Brook watersheds. Errors bars are
equal to one standard deviation.
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Figure 3.2.2. Mean chlorophyll-a values versus percent shading by canopy for sites in the Long Creek and Red

Brook watersheds. Errors bars are equal to + one standard deviation.
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Figure 3.2.4b. Metric results for "rockbag" macroinvertebrate samples collected in the Long Creek and Red Brook watersheds during 1999,
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Figure 3.2.4c. Metric results for "rockbag"” macroinvertebrate samples collected in the Long Creek and Red Brook watersheds during 1999.
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Figure 3.2.4d. Metric results for "rockbag" macroinvertebrate samples collected in the Long Creek and Red Brook watersheds during 1999,
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Figure 3.2.4e. Metric results for "rockbag" macroinvertebrate samples collected in the Long Creek and Red Brook watersheds during 1999,




O® Long Creek 5 1004 @ e o °
® RedBrook e o ®
@ 5o+
“ o
g = ] ® O
O % 60
§ 5
= "'6 A0 4
5 Cle oo o o © oy
8 4
0
2
o
0 - ] o]
. 104 e
=
Ad @ (]
@ a0
o
g s m
] 9 60
= )
o CH e ® o o o
% ‘S 40+
$
2 20
MA, . @ -E
a
0 ®% o o o
Q 5 J\QI 1\6 rLQI rf‘)l fb()l ,56 b‘()l b?‘; ¢
Percent Total Impervious Area (%) L 1001
@ ®
B
@ g
o
o
AR
)
Q
B 40
ol
8 4
0
2
o ®
0 we o < Q

Q 5 A0 Ab rLQI rf‘)l fb()l ,56 Y D D

Percent Total Impervious Area (%)
Figure 3.2.5a. Metric results for "rockbag" macroinvertebrate samples versus percent total impervious area. Samples were collected in the Long Creek and Red Brook
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Figure 3.2.5b. Metric results for "rockbag" macroinvertebrate samples versus percent total impervious area. Samples were collected in the

Long Creek and Red Brook watersheds during 1999.
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Figure 3.2.5c. Metric results for "rockbag"” macroinvertebrate samples versus percent total impervious area. Samples were collected in the

Long Creek and Red Brook watersheds during 1999.
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Figure 3.2.5d. Metric results for "rockbag" macroinvertebrate samples versus percent total impervious area. Samples were collected in the

Long Creek and Red Brook watersheds during 1999.
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Figure 3.2.5e. Metric results for "rockbag" macroinvertebrate samples versus percent total impervious area. Samples were collected in the

Long Creek and Red Brook watersheds during 1999.



Model data not available for the "multihabitat" macroinvertebrate samples.

Figure 3.2.6a. Metric results for "multihabitat" macroinvertebrate samples collected in the Long Creek and Red Brook watersheds during 1999.
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Figure 3.2.6b. Metric results for “multlhabltat“ macromvertebrate samples collected in the Long Creek and Red Brook watersheds durlng 1999, A letter "M" at
the end of a site code (x-axis) indicates that the stream bottom was covered by a substantial amount of macrophytes, while an "R" indicates that the stream
bottom was either a riffle or an accumulation of road debris. Additionally, LC-N-1.000~ contained a small amount of pea gravel within the mostly sand-silt
channel bottom. An asterisk indicates that a 25% subsample was used as opposed to an entire sample due to high numbers of animals. Sampling area

was approximately 2.359 m”.
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Figure 6.3.6d. Metric results for “multlhabltat“ macromvertebrate samples collected in the Long Creek and Red Brook watersheds during 1999. A letter "M" at
the end of a site code (x-axis) indicates that the stream bottom was covered by a substantial amount of macrophytes, while an "R" indicates that the stream
bottom was either a riffle or an accumulation of road debris. Additionally, LC-N-1.000~ contained a small amount of pea gravel within the mostly sand-silt
channel bottom. An asterisk indicates that a 25% subsample was used as opposed to an entire sample due to high numbers of animals. Sampling area

was approximately 2.359 m’.
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Figure 3.2.6e. Metric results for "multihabitat" macromvertebrate samples collected in the Long Creek and Red Brook watersheds during 1999. A letter "M" at
the end of a site code (x-axis) indicates that the stream bottom was covered by a substantial amount of macrophytes, while an "R" indicates that the stream
bottom was either a riffle or an accumulation of road debris. Additionally, LC-N-1.000~ contained a small amount of pea gravel within the mostly sand-silt
channel bottom. An asterisk indicates that a 25% subsample was used as opposed to an entire sample due to high numbers of animals. Sampling area

was approximately 2.359 m’.
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Figure 3.2.7. Fish species richness at the sites in the Long Creek and Red Brook watersheds.
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Flgure 3.2.8. Abundance of various fish species in the Long Creek and Red Brook watersheds.
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Figure 3.2.9. Fish abundance, by species, versus percent total impervious area at the study sites in the Long Creek and Red Brook watersheds.
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Figure 3.3.1. Concentrations of metals at sites in the Long Creek and Red Brook watersheds during stormflow conditions. The detection limit for
mercury was 0.00005 ppm (0.05 ppb or 500x1 o’ ppm).
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Figure 3.3.2. Concentrations of nutrients and suspended solids at sites in the Long Creek and Red Brook watersheds during stormflow conditions.
The detection limit for NOz and NO3 was assumed be the same as that for NO3 alone.

21.0 -

_ NO, + NO,
20.5 Detection Limit
20.0 )/ .
1.0 4 .
4 e
] * e *
0.5 - ®e
] - L]
E ] L L ] : [ ] ] '
0.0 . : bt * N
350 s
5 Chloride
300 - .
250
200
150 - e, .
L ]
100 - ¢ %
o * -
50 - . : . : . o8
0 . . 3 2
600 -
. Suspended Solids
500
300
- .
200 . 2
L ]
L ] L ]
100
% 3
- e ® ™
0 » l ‘ ‘ ] " s L g
LS & LS LS &S

LC-5-0.186 LC-M-0.595 LC-N-0.585 RB-1.69%4




Concentration (ppm) Concentration (ppm)

Concentration (ppm)

0.1000

0.0800

0.0600

0.0400

0.0200

0.0000
0.004

0.003

0.002

0.001

0.000

0.300

0.250

0.200

0.150

0.100

0.050

0.000

Lead

Cadmium
- MEG (2000)
——— CCC (1986)

1| - Human Health Criteria (Water + Organisms)
Detection Limit
Zinc
MEG = 2.0

o o 09° 1 'L’ﬂ
WO T o

0.0500

0.0400

0.0300

0.0200

0.0100

0.0000
0.035

0.030
0.025
0.020
0.015
0.010
0.005
0.000
200.250x10%

200.000x10%
1.000x10°%

750.000x10°

500.000x10°

250.000x 107

0

Copper
| MEG = 1.3
Lo % e e e 8 o o e e e e
Nickel
MEG = 0.140
Mercury

*

FlR - ’ﬂ 6"3’ 61 @b gt

\95,0 s \p,\k“ \k"jl\p, 78 .\\\,0 o @ o?
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plots are different from those on the storm-event plots. The detection limit for mercury was 0.00005 ppm (0.05 ppb or 50x1 0" ppm).



0.7000
0.6000
0.5000
0.4000
0.3000
0.2000

Concentration (ppm)

0.1000

0.0000

0.020

0.015

0.010

Concentration (ppm)

0.005

0.000
2.000

1.500

1.000

0.500

Concentration (ppm)

0.000

Figure 3.3.5. Concentrations of nutrients and suspended solids at sites in the Long Creek and Red Brook watersheds during baseflow conditions.

Total Phosphorous
Detection Limit
j L .
98 8 0 e ¥ 5
Ortho-Phosphorous
*
| L ] *
*
-
| L ] * *
* *
* *
Total Kjeldahl Nitrogen
B : L ] * *
* * *
] ] ] ]
" s s
o I ?_-9%" g‘\(; ”I q;lbl‘ gﬁé ‘()14 g:,%‘;‘ 964
\p,q,,o \p,\iv(’ ¢ o g WA o (¥ \px\'(’ &Y @V P

21.000 -
20.500 -

20.000 )
1.000 ,

0.500 -

0.000 -

£ 14

NO, +NO,

1 . Py
-8

350

4

300 +
250 +

Chloride

CCC 1986

200 +
150 -
100 -
50 -

T T e T T T T

600

500 +

400 -

300 +

200 +

100 ~

»

Total Suspended Solids

Y i

\S‘J

L

il
PEEINTS

o

yorid
Ny

R M (o
’ @,’Lfﬁ ,\Nﬂt O,’c\’

b b
21
05%6 gl

?9’0‘

hy

& o

A !
&

The yaxes here are the same as those for storm event plots. The detection limit for NOz and NO3 was assumed be the same as that for NO3

alone.




0.0800 0.400

Total Phosphorous NO, + NO,
— | - . & ‘
§ 0.0600 5 0.300
=
e . . »
® 0.0400 - . ° 0.200 s e
+= *
g HEEE * .
[ *
S 0.0200 + . 0.100 *
' s 3 ¢
*
| . ., !
0.0000 T T T T T T T T T 0.000 T *» - *» +* T T T -
0.020 300 .
Ortho-Phosphorous Chloride
= * 250 - .
£ 0.015 A .
g S CCC 1986
C
Rel
g 0.010 - o . . 150 - . ; ) .
8 . 100 | . o |
S 0.005 . . . s g .
. M 50 - |
. . 4
0000 T T 1 T 1 T : T 1 0 T T T T T T T T T
0.800 T - 10 -
Total Kjeldahl Nitrogen Total Suspended Solids
0600 . 87
& -
g - - - - 6 | Py
'ﬁ 0.400 - . . .
‘E,: . - . . . 4 bl bl ol
C
S 0.200 e« o @
Q 2 4 .
* L ]
0.000 : - 5 . : N @A r 0 » » » » * »
Y-SR S e T AT AN AN & R R P i‘ o g 69“‘ ot
Nealits iy Q\p,\k""ﬂ\p,\ﬁ"l N @ @ @ NealR \p"kg\p, 2F O,\NV{L N ?350 @ @

Figure 3.3.6. Concentrations of metals at sites in the Long Creek and Red Brook watersheds during baseﬂow condltlons. Note that the y-axes on these
plots are different from those on the storm-event plots. The detection limit for NOz + NOz was assumed to be the same as that for NOz alone. Also,
values below the detection limit line of total suspended solids are considered approximate values.
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Figure 3.3.7. Percent saturation of dissolved oxygen at study sites in the Long Creek and Red Brook watersheds. Note: (LC-M-0.380) was used as a surrogate
for (LC-M-0.595), (LC-N-0.415) was used as a surrogate for (LC-N-0.585), and (RB-1.474) was used as a surrogate for (RB-1.694) during 9/99 sampling.
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Figure 3.3.10. Specific conductivity at study sites in the Long Creek and Red Brook watersheds. Note: (LC-M-0.380) was used as a surrogate for (LC-M-0.595),
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Figure 3.3.11. Water temperature at study sites in the Long Creek and Red Brook watersheds. Note: (LC-M-0.380) was used as a surrogate for (LC-M-0.595),
{LC-N-0.415) was used as a surrogate for (LC-N-0.585), and (RB-1.474) was used as a surrogate for (RB-1.694) during 9/99 sampling.
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Figure 3.4.2. Maximum weekly temperatures at various sites throughout the Long Creek and Red Brook watersheds. Please note that, in the legend,

the space between LC-Mn-2.714 and LC-N-0.415 is an artifact of the software program and nothing else.
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Figure 3.4.3. Mean weekly temperatures at various sites throughout the Long Creek and Red Brook watersheds. Please note that, in the legend,
the space between LC-Mn-2.714 and LC-N-0.415 is an artifact of the software program and nothing else.
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Figure 3.4.4. Minimum weekly temperatures at various sites throughout the Long Creek and Red Brook watersheds. Note that symbols in this

figure for 2000 do not exactly match those used in the 1999 minimum temperature figure.
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Figure 3.4.5. Maximum weekly temperatures at various sites throughout the Long Creek and Red Brook watersheds. Note that symbols in this

figure for 2000 do not exactly match those used in the 1999 maximum temperature figure.
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Figure 3.4.6. Mean weekly temperatures at various sites throughout the Long Creek and Red Brook watersheds. Note that symbols in this
figure for 2000 do not exactly match those used in the 1999 mean temperature figure.




Change in Stage (%)

100.0

80.0

LC-S LC-M RB
—L_C -M—aine Mall ===LC - Mall Plaza —T-'vtéd Brook

C.A (acres) 388.7 1449.7 13491
PTIA 47% 13% 6%

60.0

40.0

20.0 |

0.0

"
S

300 600 900 1200 1500 1800 2100

) ) Time (Minutes)
Figure 3.5.1. Change in stream stage (expressed in percent) during a storm between 3/28/00 and 3/29/00.

C.A. = catchment area in acres and PTIA = percent total impervious area.
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Figure 3.5.2. Change in discharge during a storm between 3/28/00 and 3/29/00. measured during ISCO meter calibrations.

C.A. = catchment area in acres and PTIA = percent total impervious area.
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Figure 3.5.3. Change in stream stage (expressed in percent) during a storm between 10/18/00 and 10/19/00.
C.A. = catchment area in acres and PTIA = percent total impervious area.
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Figure 3.5.4. Change in discharge during a storm between 10/18/00 and 10/19/00. measured during ISCO meter calibrations.

C.A. = catchment area in acres and PTIA = percent total impervious area.
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Figure 3.5.6. Change in stream stage (expressed in percent) during a storm between 9/25/01 and 9/26/01.

C.A. = catchment area in acres and PTIA = percent total impervious area.
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Figure 3.5.7. Change in discharge during a storm betwee'n 9;’25;’.01 and 9/26/01. e fealoring 1EES awderan netions
C.A. = catchment area in acres and PTIA = percent total impervious area.
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Figure 3.5.9. The ratios of runoff volume to total rainfall volume (corrected for each stations watershed size) at

storm discharge monitoring stations in the study watersheds.
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Figure 3.5.10. Low-flow discharge versus watershed area for discharge monitoring sites in the study watersheds.
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Figure 3.5.11. Low-flow discharge : watershed area ratios versus percent total impervious area for discharge monitoring

sites in the study watersheds.
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Figure 3.6.1. Diversity of flows in the thalweg at sites throughout the Long Creek and Red Brook watersheds. Velocity was measured at 2-m intervals
walking up the channel. Gradient, in this case water surface slope, is expressed in terms of ft/ft.
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