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Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points
Runoff by SCS TR-20 method, UH=SCS
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment 10S: Overland runoff to the northwest Runoff Area=3.210 ac  Runoff Depth>4.91"
Flow Length=625" Tc=15.8 min CN=88 Runoff=13.98 cfs 1.313 af

Subcatchment 20S: Overland runoff to grass channel Runoff Area=1.410 ac Runoff Depth>5.34"
Flow Length=190" Tc=5.0 min CN=92 Runoff=8.77 cfs 0.628 af

Subcatchment 30S: Overland runoff to south Runoff Area=3.020 ac Runoff Depth>4.91"
Flow Length=521" Tc=16.2 min CN=88 Runoff=13.04 cfs 1.235 af

Subcatchment 40S: Roof Runoff to Grass Channel Runoff Area=0.380 ac Runoff Depth>5.87"
Flow Length=300' Tc=5.0 min CN=98 Runoff=2.48 cfs 0.186 af

Subcatchment 50S: Overland runoff to southwest Runoff Area=0.300 ac Runoff Depth>3.45"
Flow Length=110' Tc=5.0 min CN=74 Runoff=1.30 cfs 0.086 af

Reach 12R: Driveway Crossing Peak Depth=1.15' Max Vel=6.0 fps Inflow=13.98 cfs 1.313 af
D=15.0" n=0.013 L=100.0' S=0.0100'/" Capacity=12.92 cfs Outflow=13.88 cfs 1.312 af

Link DP1: Design Point 1 Inflow=33.27 cfs 3.448 af
Primary=33.27 cfs 3.448 af

Total Runoff Area = 8.320 ac Runoff Volume = 3.448 af Average Runoff Depth = 4.97"
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Subcatchment 10S: Overland runoff to the northwest

Runoff = 13.98 cfs @ 12.21 hrs, Volume= 1.313 af, Depth> 4.91"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type lll 24-hr Rainfall=6.60"

Area (ac) CN Description
1.920 98 Paved parking & roofs
0.740 74 >75% Grass cover, Good, HSG C
0.550 70 Woods, Good, HSG C

3.210 88 Weighted Average

Tc Length Slope Velocity Capacity Description
{(min)  (feet) (ft/ft)  (ft/sec) (cfs)

12.7 50 0.0200 0.1 Sheet Flow, Path 1
Woods: Light underbrush n=0.400 P2=3.00"
1.9 275 0.0146 2.5 Shallow Concentrated Flow, Path 2
Paved Kv=20.3 fps
1.2 300 0.0133 4.0 32.08 Channel Flow, Path 3

Area= 8.0 sf Perim=13.6' r=0.59'
n=0.030 Earth, grassed & winding

15.8 625 Total

Subcatchment 10S: Overland runoff to the northwest
Hydrograph

e %Type m 24- hr~—-

Flow (cfs)

5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20
Time (hours)
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Hydrograph for Subcatchment 10S: Overland runoff to the northwest

Time Precip. Excess Runoff Time Precip. Excess Runoff
(hours) (inches) (inches) (cfs) (hours) (inches) (inches) (cfs)

5.00 0.37 0.01 0.03 17.75 6.10 4,72 0.38

5.25 0.40 0.01 0.04 18.00 6.12 475 0.35
5.50 0.42 0.02 0.05 18.25 6.15 477 0.33
5.75 0.45 0.02 0.06 18.50 6.18 4.80 0.32
6.00 0.48 0.03 0.07 18.75 6.20 4.82 0.31
6.25 0.50 0.03 0.08 19.00 6.23 4.84 0.31
6.50 0.53 0.04 0.10 19.25 6.25 4.87 0.30
6.75 0.56 0.05 0.12 19.50 6.27 4.89 0.29

7.00 0.60 0.06 0.14 19.75 6.29 4.91 0.28

7.25 0.63 0.08 0.16 20.00 6.32 4.93 0.28
7.50 0.67 0.09 0.18

7.75 0.71 0.11 0.20

8.00 0.75 0.12 0.23

8.25 0.80 0.15 0.26

8.50 0.85 0.17 0.30

8.75 0.90 0.20 0.34

9.00 0.96 0.23 0.40

9.25 1.03 0.27 0.45

9.50 1.10 0.31 0.51

9.75 1.17 0.36 0.57

10.00 1.25 0.41 0.63

10.25 1.33 0.46 0.70

10.50 1.43 0.53 0.81

10.75 1.563 0.61 0.92

11.00 1.65 0.69 1.05

11.25 1.79 0.80 1.23

11.50 1.97 0.94 1.61

11.75 2.34 1.25 2.71

12.00 3.30 2.09 6.49

12.25 4,26 2.97 13.51

12.50 463 3.32 7.00

12.75 4.81 3.49 3.09

13.00 495 3.62 1.99

13.25 5.07 3.73 1.54

13.50 517 3.83 1.36

13.75 5.27 3.92 1.24

14.00 5.35 4.00 1.12

14.25 5.43 4.08 1.01

14.50 5.50 4.15 0.94

14.75 5.57 422 0.88

15.00 5.64 4.28 0.83

15.25 5.70 4.34 0.77

15.50 5.75 4.39 0.71

15.75 5.80 4.44 0.65

16.00 5.85 4.48 0.59

16.25 5.89 4.52 0.54

16.50 5.93 4.56 0.51

16.75 5.97 4.59 0.48

17.00 6.00 4.63 0.46

17.25 6.04 4.66 0.43

17.50 6.07 4.69 0.41
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Subcatchment 20S: Overland runoff to grass channel

Runoff = 8.77 cfs @ 12.07 hrs, Volume= 0.628 af, Depth> 5.34"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type lll 24-hr Rainfall=6.60"

Area (ac) CN Description

1.070 98 Paved parking & roofs
0.340 74 >75% Grass cover, Good, HSG C

1.410 92 Weighted Average

Tc Length Slope Velocity Capacity Description
{(min)  (feet) (ft/ft)  (ft/sec) (cfs)
5.0 190 0.6 Direct Entry, Path 1

Subcatchment 20S: Overland runoff to grass channel

Hydrograph
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Hydrograph for Subcatchment 20S: Overland runoff to grass channel

Time Precip. Excess Runoff Time Precip. Excess Runoff
(hours) (inches) (inches) (cfs) (hours) (inches) (inches) (cfs)

5.00 0.37 0.04 0.04 17.75 6.10 5.17 0.16

5.25 0.40 0.05 0.05 18.00 6.12 5.19 0.15

5.50 0.42 0.06 0.06 18.25 6.15 5.22 0.15

5.75 0.45 0.07 0.06 18.50 6.18 5.24 0.14
6.00 0.48 0.08 0.07 18.75 6.20 5.27 0.14
6.25 0.50 0.09 0.07 19.00 6.23 5.29 0.13

6.50 0.53 0.10 0.08 19.25 6.25 5.31 0.13

6.75 0.56 0.12 0.09 19.50 6.27 5.34 0.13

7.00 0.60 0.14 0.10 19.75 6.29 5.36 0.12

7.25 0.63 0.16 0.12 20.00 6.32 5.38 0.12

7.50 0.67 0.18 0.13

7.75 0.71 0.20 0.14

8.00 0.75 0.23 0.15

8.25 0.80 0.26 0.17

8.50 0.85 0.29 0.20

8.75 0.90 0.33 0.22

9.00 0.96 0.37 0.25

9.25 1.03 0.42 0.27

9.50 1.10 0.47 0.30

9.75 1.17 0.53 0.33

10.00 1.25 0.59 0.36

10.25 1.33 0.66 0.40

10.50 1.43 0.74 0.46

10.75 1.53 0.83 0.52

11.00 1.65 0.93 0.57

11.25 1.79 1.05 0.73

11.50 1.97 1.21 0.93

11.75 2.34 1.55 2.31

12.00 3.30 2.45 6.08

12.25 4.26 3.36 3.78

12.50 463 3.73 1.71

12.75 4.81 3.90 0.94

13.00 4,95 4.04 0.73

13.25 5.07 4.15 0.63

13.50 5.17 4.26 0.58

13.75 5.27 4.35 0.52

14.00 5.35 4.43 0.47

14.25 5.43 4.51 0.43

14.50 5.50 4.58 0.41

14.75 5.57 465 0.38

15.00 5.64 4,71 0.35

15.25 5.70 4.77 0.33

15.50 5.75 4,83 0.30

15.75 5.80 4.88 0.27

16.00 5.85 492 0.25

16.25 5.89 4,96 0.23

16.50 5.93 5.00 0.22

16.75 5.97 5.04 0.21

17.00 6.00 5.07 0.20

17.25 6.04 5.11 0.19

17.50 6.07 5.14 0.17




100 Year Storm

357 Electric Avenue - Post development2 Type Ill 24-hr Rainfall=6.60"
Prepared by {enter your company name here} Page 6
HydroCAD® 7.10 s/n 000655 © 2005 HydroCAD Software Solutions LLC 11/20/2015

Subcatchment 30S: Overland runoff to south

Runoff = 13.04 cfs @ 12.22 hrs, Volume= 1.235 af, Depth> 4.91"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-20.00 hrs, dt=0.05 hrs
Type Il 24-hr Rainfall=6.60"

Area (ac) CN Description
1.860 98 Paved parking & roofs
0.490 74 >75% Grass cover, Good, HSG C
0.670 70 Woods, Good, HSG C

3.020 88 Weighted Average

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)

12.7 50 0.0200 0.1 Sheet Flow, Path 1
Woods: Light underbrush n=0.400 P2=3.00"
2.7 421 0.0162 2.6 Shallow Concentrated Flow, Path 2
Paved Kv=20.3 fps
0.2 25 0.0600 1.7 Shallow Concentrated Flow, Path 3
Short Grass Pasture Kv=7.0 fps
0.6 25 0.0200 0.7 Shallow Concentrated Flow, Path 4

Woodland Kv= 5.0 fps

16.2 521 Total

Subcatchment 30S: Overland runoff to south
Hydrograph

..... Type m 24-hr.~

Filow (cfs)

5 6 7 8 9 10 11 12 13 14
Time (hours)
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Hydrograph for Subcatchment 30S: Overland runoff to south

Time Precip. Excess Runoff Time Precip. Excess Runoff
(hours) (inches) (inches) (cfs) (hours) (inches) (inches) (cfs)

5.00 0.37 0.01 0.03 17.75 6.10 472 0.36

5.25 0.40 0.01 0.04 18.00 6.12 475 0.33

5.50 0.42 0.02 0.05 18.25 6.15 4.77 0.31

5.75 0.45 0.02 0.06 18.50 6.18 4.80 0.30
6.00 0.48 0.03 0.07 18.75 6.20 482 0.30
8.25 0.50 0.03 0.08 19.00 6.23 4.84 0.29

6.50 0.53 0.04 0.09 19.25 6.25 4.87 0.28

6.75 0.56 0.05 0.1 19.50 8.27 4.89 0.27

7.00 0.60 0.06 0.13 19.75 8.29 4,91 0.27

7.25 0.63 0.08 0.15 20.00 6.32 4.93 0.26

7.50 0.67 0.09 0.17

7.75 0.71 0.11 0.19

8.00 0.75 0.12 0.21

8.25 0.80 0.15 0.24

8.50 0.85 0.17 0.28

8.75 0.90 0.20 0.32

9.00 0.96 0.23 0.37

9.25 1.03 0.27 0.42

9.50 1.10 0.31 0.48

9.75 1.17 0.36 0.53

10.00 1.25 0.41 0.59

10.25 1.33 0.46 0.66

10.50 1.43 0.53 0.76

10.75 1.53 0.61 0.87

11.00 1.65 0.69 0.98

11.25 1.79 0.80 1.15

11.50 1.97 0.94 1.50

11.75 2.34 1.25 2.51

12.00 3.30 2.09 6.00

12.25 4.26 2.97 12.71

12.50 4.63 3.32 6.71

12.75 4.81 3.49 2.98

13.00 4.95 3.62 1.89

13.25 5.07 3.73 1.45

13.50 5.17 3.83 1.29

13.75 5.27 3.92 1.17

14.00 5.35 4.00 1.05

14.25 5.43 4.08 0.95

14.50 5.50 4.15 0.89

14.75 5.57 422 0.83

15.00 5.64 4.28 0.78

15.25 5.70 4.34 0.72

15.50 5.75 4.39 0.67

15.75 5.80 4.44 0.61

16.00 5.85 4.48 0.56

16.25 5.89 4,52 0.51

16.50 5.93 4.56 0.48

16.75 5.97 4.59 0.45

17.00 6.00 463 0.43

17.25 6.04 4.66 0.41

17.50 6.07 4.69 0.38
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Subcatchment 40S: Roof Runoff to Grass Channel

Runoff = 248 cfs @ 12.07 hrs, Volume= 0.186 af, Depth> 5.87"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type lll 24-hr Rainfall=6.60"

Area (ac) CN Description
0.380 98 Roof Runoff

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/fit)  (ft/sec) (cfs)
5.0 300 1.0 Direct Entry, Path 1

Subcatchment 40S: Roof Runoff to Grass Channel

Hydrograph

. Type m 24- hr

Ao Ralnfall660
| Runoff Area—O 380 ac
0 Runoff Vqume—O 186 af
z ~ Runoff Depth>5.87"

1. I\ FlowLength=300"
Tc—5 0 min
CN 98

O_?;'é } - é o $I3 o 1:'Ol ‘1;1' o ‘152' ' '1i3. - 154. I ‘1i5l o ’1;6. o ‘1:'7 o 118 159. ?jo

Time (hours)
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Hydrograph for Subcatchment 40S: Roof Runoff to Grass Channel

Time Precip. Excess Runoff Time Precip. Excess Runoff
(hours) (inches) (inches) (cfs) (hours) (inches) (inches) (cfs)

5.00 0.37 0.21 0.03 17.75 6.10 5.86 0.04

5.25 0.40 0.23 0.03 18.00 6.12 5.89 0.04

5.50 0.42 0.25 0.03 18.25 6.15 5.91 0.04

575 0.45 0.27 0.03 18.50 6.18 5.94 0.04
6.00 0.48 0.30 0.04 18.75 6.20 5.96 0.04
6.25 0.50 0.32 0.04 19.00 6.23 5.99 0.04
6.50 0.53 0.35 0.04 19.25 6.25 6.01 0.04
6.75 0.56 0.38 0.05 19.50 6.27 6.03 0.04

7.00 0.60 0.41 0.05 19.75 6.29 6.06 0.03

7.25 0.63 0.44 0.05 20.00 6.32 6.08 0.03

7.50 0.67 0.48 0.05

7.75 0.71 0.51 0.06

8.00 0.75 0.55 0.06

8.25 0.80 0.60 0.07

8.50 0.85 0.64 0.07

8.75 0.90 0.70 0.08

9.00 0.96 0.75 0.09

9.25 1.03 0.82 0.10

9.50 1.10 0.88 0.10

9.75 1.17 0.96 0.1

10.00 1.25 1.03 0.12

10.25 1.33 1.12 0.13

10.50 1.43 1.21 0.15

10.75 1.53 1.31 0.16

11.00 1.65 1.43 0.18

11.25 1.79 1.57 0.22

11.50 1.97 1.74 0.28

11.75 2.34 2.12 0.68

12.00 3.30 3.07 1.73

12.25 4.26 4.02 1.05

12.50 4.63 4.40 0.47

12.75 4.81 457 0.26

13.00 4.95 4.71 0.20

13.25 5.07 4.83 0.17

13.50 5.17 4.93 0.16

13.75 5.27 5.03 0.14

14.00 5.35 5.12 0.13

14.25 5.43 5.19 0.12

14.50 5.50 5.27 0.11

14.75 5.57 5.34 0.10

15.00 5.64 5.40 0.10

15.25 5.70 5.46 0.09

15.50 5.75 5.51 0.08

15.75 5.80 5.56 0.08

16.00 5.85 5.61 0.07

16.25 5.89 5.65 0.06

16.50 5.93 5.69 0.06

16.75 5.97 573 0.06

17.00 6.00 5.76 0.05

17.25 6.04 5.80 0.05

17.50 6.07 5.83 0.05
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Subcatchment 50S: Overland runoff to southwest

Runoff = 1.30cfs @ 12.08 hrs, Volume= 0.086 af, Depth> 3.45"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type 1l 24-hr Rainfali=6.60"

Area (ac) CN Description

0.030 98 Paved parking & roofs
0.070 74  >75% Grass cover, Good, HSG C
0.200 70 Woods, Good, HSG C

0.300 74 Weighted Average

Tc Length Slope Velocity Capacity Description
(min)  (feet) (f/ft)  (ft/sec) (cfs)
5.0 110 0.4 Direct Entry, Path 1

Subcatchment 50S: Overland runoff to southwest

Hydrograph
. Type ||| 24- hr
Ralnfall"6 60"

Y | I Rﬁ ﬁb'ff "I-\‘i‘éé‘;()"3‘0‘0“éé"""

g Runoff Volume=0.086 af
3 | Runoff Depth>3 45"
i ~ Flow Length=110'
- Tc=5.0 min
CN 74

Time (hours)



100 Year Storm

357 Electric Avenue - Post development2 Type Il 24-hr Rainfall=6.60"
Prepared by {enter your company name here} Page 11
HydroCAD® 7.10 s/n 000655 © 2005 HydroCAD Software Solutions LLC 11/20/2015

Hydrograph for Subcatchment 50S: Overland runoff to southwest

Time Precip. Excess Runoff Time Precip. Excess Runoff
(hours) (inches) (inches) (cfs) (hours) (inches) (inches) (cfs)

5.00 0.37 0.00 0.00 17.75 6.10 3.27 0.03

5.25 0.40 0.00 0.00 18.00 6.12 3.29 0.03

5.50 0.42 0.00 0.00 18.25 6.15 3.31 0.03

5.75 0.45 0.00 0.00 18.50 6.18 3.33 0.03
6.00 0.48 0.00 0.00 18.75 6.20 3.35 0.03
6.25 0.50 0.00 0.00 19.00 6.23 3.38 0.02
6.50 0.53 0.00 0.00 19.25 6.25 3.40 0.02
6.75 0.56 0.00 0.00 19.50 6.27 3.41 0.02
7.00 0.60 0.00 0.00 19.75 6.29 3.43 0.02
7.25 0.63 0.00 0.00 20.00 6.32 3.45 0.02

7.50 0.67 0.00 0.00

7.75 0.71 0.00 0.00

8.00 0.75 0.00 0.00

8.25 0.80 0.00 0.00

8.50 0.85 0.01 0.00

8.75 0.90 0.01 0.01

9.00 0.96 0.02 0.01

9.25 1.03 0.03 0.01

9.50 1.10 0.04 0.02

9.75 1.17 0.05 0.02

10.00 1.25 0.07 0.02

10.25 1.33 0.10 0.03

10.50 1.43 0.12 0.04

10.75 1.53 0.16 0.04

11.00 1.65 0.20 0.05

11.25 1.79 0.26 0.07

11.50 1.97 0.33 0.10

11.75 2.34 0.52 0.28

12.00 3.30 1.10 0.85

12.25 4.26 1.79 0.61

12.50 463 2.08 0.29

12.75 4.81 2.21 0.16

13.00 4.95 2.32 0.13

13.25 5.07 2.42 0.11

13.50 5.17 2.50 0.10

13.75 5.27 2.58 0.09

14.00 5.35 2.65 0.08

14.25 5.43 2.71 0.08

14.50 5.50 2.77 0.07

14.75 5.57 2.83 0.07

15.00 5.64 2.88 0.06

15.25 5.70 2.93 0.06

15.50 5.75 2.98 0.05

15.75 5.80 3.02 0.05

16.00 5.85 3.06 0.04

16.25 5.89 3.09 0.04

16.50 5.93 3.13 0.04

16.75 5.97 3.16 0.04

17.00 6.00 3.19 0.04

17.25 6.04 3.22 0.03

17.50 6.07 3.24 0.03
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Reach 12R: Driveway Crossing

Inflow Area = 3.210 ac, Inflow Depth > 4.91"
Inflow = 13.98 cfs @ 12.21 hrs, Volume= 1.313 af
Outflow = 13.88 cfs @ 12.22 hrs, Volume= 1.312 af, Atten=1%, Lag= 0.7 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Max. Velocity= 6.0 fps, Min. Travel Time= 0.3 min
Avg. Velocity = 2.7 fps, Avg. Travel Time= 0.6 min

Peak Depth= 1.15' @ 12.21 hrs

Capacity at bank full= 12.92 cfs

Inlet Invert= 503.00', Outlet Invert= 502.00'

A factor of 2.00 has been applied to the supplied storage and discharge data
15.0" Diameter Pipe, n=0.013 Corrugated PE, smooth interior
Length=100.0' Slope=0.0100 "/

Reach 12R: Driveway Crossing

Hydrograph
15’2 e A —""—_ ' F 3ascfs """""""""""""""""""""""""""""""""""""""""""""""" = Inflow
3 ; , = Quiflow

A Inflow Area—3 210_36..,,

Flow (cfs)

B ,,,,,,,,, ,,,,,,,,, ...o 013._
: """"" ”””””” I;;“‘1 00 )

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time (hours)
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Reach 12R: Driveway Crossing
Stage-Discharge
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Hydrograph for Reach 12R: Driveway Crossing

Time Inflow Storage Elevation Outflow
(hours) (cfs) (cubic-feet) (feet) (cfs)
5.00 0.03 0 503.00 0.00
5.50 0.05 4  503.06 0.05
6.00 0.07 5 503.07 0.07
6.50 0.10 6 503.08 0.10
7.00 0.14 8 503.09 0.13
7.50 0.18 10 503.10 0.18
8.00 0.23 11 503.11 0.23
8.50 0.30 14  503.13 0.29
9.00 0.40 17  503.15 0.39
9.50 0.51 20 503.17 0.50
10.00 0.63 23  503.19 0.63
10.50 0.81 27  503.21 0.80
11.00 1.05 33 503.24 1.04
11.50 1.61 45  503.30 1.59
12.00 6.49 122  503.62 6.31
12.50 7.00 131 503.66 7.18
13.00 1.99 52  503.33 2.01
13.50 1.36 40  503.27 1.37
14.00 1.12 35 503.25 1.12
14.50 0.94 31  503.23 0.94
15.00 0.83 28  503.21 0.83
15.50 0.71 25  503.20 0.71
16.00 0.59 22 503.18 0.59
16.50 0.51 20 503.17 0.51
17.00 0.46 18 503.16 0.46
17.50 0.41 17  503.15 0.41
18.00 0.35 15  503.14 0.36
18.50 0.32 14  503.14 0.32
19.00 0.31 14 503.13 0.31
19.50 0.29 13 503.13 0.29

20.00 0.28 13 503.13 0.28
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Stage-Discharge for Reach 12R: Driveway Crossing

Elevation Velocity Discharge Elevation Velocity Discharge Elevation Velocity Discharge
(feet) (ft/sec) (cfs) (feet) (ft/sec) (cfs) (feet) (ft/sec) (cfs)
503.00 0.0 0.00 503.51 4.8 4.51 504.02 6.0 12.87
503.01 0.4 0.00 503.52 4.8 4.68 504.03 6.0 12.98
503.02 0.6 0.01 503.53 4.9 4.84 504.04 6.0 13.09
503.03 0.8 0.01 503.54 4.9 5.00 504.05 6.0 13.19
503.04 1.0 0.02 503.55 5.0 5.17 504.086 6.0 13.29
503.05 1.2 0.04 503.56 5.0 5.34 504.07 6.0 13.38
503.06 1.3 0.06 503.57 5.1 5.51 504.08 6.0 13.47
503.07 1.5 0.08 503.58 5.1 5.68 504.09 6.0 13.55
503.08 1.6 0.10 503.59 5.1 5.85 504.10 6.0 13.62
503.09 1.7 0.13 503.60 5.2 6.02 504.11 5.9 13.69
503.10 1.8 0.17 503.61 5.2 6.20 504.12 5.9 13.74
503.11 1.9 0.21 503.62 5.2 6.37 504.13 5.9 13.79
503.12 2.1 0.25 503.63 53 6.55 504.14 5.9 13.83
503.13 22 0.29 503.64 5.3 6.72 504.15 5.9 13.87
503.14 2.3 0.34 503.65 54 6.90 504.16 5.8 13.89
503.15 24 0.40 503.66 5.4 7.08 504.17 5.8 13.90
503.16 25 0.45 503.67 5.4 7.26 504.18 5.8 13.89
503.17 26 0.51 503.68 54 7.43 504.19 5.8 13.88
503.18 2.7 0.58 503.69 55 7.61 504.20 5.7 13.84
503.19 27 0.65 503.70 55 7.79 504.21 57 13.79
503.20 2.8 0.72 503.71 55 7.97 504.22 5.6 13.71
503.21 29 0.79 503.72 5.6 8.15 504.23 5.6 13.59
503.22 3.0 0.87 503.73 5.6 8.32 504.24 5.5 13.41
503.23 3.1 0.96 503.74 5.6 8.50 504.25 5.3 12.92
503.24 3.2 1.04 503.75 5.6 8.68
503.25 3.2 1.13 503.76 5.7 8.86
503.26 3.3 1.22 503.77 5.7 9.03
503.27 3.4 1.32 503.78 57 9.21
503.28 3.5 1.42 503.79 57 9.38
503.29 3.5 1.53 503.80 5.8 9.56
503.30 3.6 1.63 503.81 5.8 9.73
503.31 3.7 1.74 503.82 5.8 9.90
503.32 3.7 1.85 503.83 5.8 10.07
503.33 3.8 1.97 503.84 5.8 10.24
503.34 3.9 2.09 503.85 5.9 10.41
503.35 3.9 2.21 503.86 5.9 10.57
503.36 4.0 2.34 503.87 5.9 10.74
503.37 4.1 2.47 503.88 5.9 10.90
503.38 4.1 2.60 503.89 5.9 11.06
503.39 4.2 273 503.90 5.9 11.21
503.40 4.2 2.86 503.91 5.9 11.37
503.41 4.3 3.00 503.92 6.0 11.52
503.42 4.3 3.14 503.93 6.0 11.67
503.43 4.4 3.29 503.94 6.0 11.82
503.44 4.5 3.43 503.95 6.0 11.96
503.45 45 3.58 503.96 6.0 12.10
503.46 46 3.73 503.97 6.0 12.24
503.47 4.6 3.88 503.98 6.0 12.37
503.48 4.7 4.04 503.99 6.0 12.50
503.49 47 4.20 504.00 6.0 12.63
503.50 4.7 4.35 504.01 6.0 12.75
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Stage-Area-Storage for Reach 12R: Driveway Crossing

Elevation Storage Elevation Storage Elevation Storage
(feet) (cubic-feet) (feet) (cubic-feet) (feet) (cubic-feet)
503.00 0 503.51 94 504.02 214
503.01 0 503.52 97 504.03 216
503.02 1 503.53 99 504.04 218
503.03 2 503.54 102 504.05 220
503.04 2 503.55 104 504.06 222
503.05 3 503.56 106 504.07 224
503.06 4 503.57 109 504.08 225
503.07 5 503.58 111 504.09 227
503.08 7 503.59 114 504.10 229
503.09 8 503.60 116 504.11 230
503.10 9 503.61 119 504.12 232
503.11 11 503.62 121 504.13 233
503.12 12 503.63 124 504.14 235
503.13 14 503.64 126 504.15 236
503.14 15 503.65 129 504.16 238
503.15 17 503.66 131 504.17 239
503.16 18 503.67 134 504.18 240
503.17 20 503.68 136 504.19 241
503.18 22 503.69 139 504.20 242
503.19 24 503.70 141 504.21 243
503.20 25 503.71 144 504.22 244
503.21 27 503.72 146 504.23 245
503.22 29 503.73 149 504.24 245
503.23 31 503.74 151 504.25 245
503.24 33 503.75 154
503.25 35 503.76 156
503.26 37 503.77 159
503.27 39 503.78 161
503.28 41 503.79 163
503.29 43 503.80 166
503.30 45 503.81 168
503.31 47 503.82 171
503.32 50 503.83 173
503.33 52 503.84 175
503.34 54 503.85 178
503.35 56 503.86 180
503.36 59 503.87 182
503.37 61 503.88 185
503.38 63 503.89 187
503.39 65 503.90 189
503.40 68 503.91 191
503.41 70 503.92 194
503.42 72 503.93 196
503.43 75 503.94 198
503.44 77 503.95 200
503.45 80 503.96 202
503.46 82 503.97 204
503.47 84 503.98 206
503.48 87 503.99 208
503.49 89 504.00 210
503.50 92 504.01 212
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Link DP1: Design Point 1

Inflow Area = 8.320 ac, Inflow Depth > 4.97"
inflow = 3327 cfs @ 12.18 hrs, Volume= 3.448 af
Primary = 3327 cfs @ 12.18 hrs, Volume= 3.448 af, Atten=0%, Lag= 0.0 min

Primary outflow = Inflow, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs

Link DP1: Design Point 1
Hydrograph

= Inflow

33'27 ofs | i 5 ' | i _
; = Primary

Flow (cfs)

Time (hours)
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Hydrograph for Link DP1: Design Point 1

Time Inflow Elevation Primary Time Inflow Elevation Primary
(hours) (cfs) (feet) (cfs) (hours) (cfs) (feet) {cfs)
5.00 0.11 0.00 0.11 17.75 0.98 0.00 0.98
525 0.16 0.00 0.16 18.00 0.91 0.00 0.91
5.50 0.19 0.00 0.19 18.25 0.86 0.00 0.86
5.75 0.21 0.00 0.21 18.50 0.83 0.00 0.83
6.00 0.24 0.00 0.24 18.75 0.81 0.00 0.81
6.25 0.27 0.00 0.27 19.00 0.79 0.00 0.79
6.50 0.32 0.00 0.32 19.25 0.77 0.00 0.77
6.75 0.36 0.00 0.36 19.50 0.75 0.00 0.75
7.00 0.41 0.00 0.41 19.75 0.73 0.00 0.73
7.25 0.47 0.00 0.47 20.00 0.71 0.00 0.71
7.50 0.53 0.00 0.53
7.75 0.59 0.00 0.59
8.00 0.65 0.00 0.65
8.25 0.73 0.00 0.73
8.50 0.85 0.00 0.85
8.75 0.97 0.00 0.97
9.00 1.11 0.00 1.11
9.25 1.25 0.00 1.25
9.50 1.40 0.00 1.40
9.75 1.55 0.00 1.55
10.00 1.72 0.00 1.72
10.25 1.92 0.00 1.92
10.50 2.20 0.00 2.20
10.75 2.51 0.00 2.51
11.00 2.83 0.00 2.83
11.25 3.39 0.00 3.39
11.50 4.41 0.00 4.41
11.75 8.40 0.00 8.40
12.00 20.99 0.00 20.99
12.25 31.84 0.00 31.84
12.50 16.35 0.00 16.35
12.75 7.52 0.00 7.52
13.00 4.96 0.00 4.96
13.25 3.92 0.00 3.92
13.50 3.49 0.00 3.49
13.75 3.17 0.00 3.17
14.00 2.86 0.00 2.86
14.25 2.59 0.00 2.59
14.50 2.42 0.00 2.42
14.75 2.27 0.00 227
15.00 2.12 0.00 2.12
15.25 1.97 0.00 1.97
15.50 1.82 0.00 1.82
15.75 1.66 0.00 1.66
16.00 1.51 0.00 1.51
16.25 1.39 0.00 1.39
16.50 1.31 0.00 1.31
16.75 1.24 0.00 1.24
17.00 1.18 0.00 1.18
17.25 1.1 0.00 1.11
17.50 1.04 0.00 1.04
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TSS REMOVAL CALCULATIONS

(REDEVELOPMENT - TO THE MAXIMUM EXTENT PRACTICABLE)
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RECHARGE VOLUME CALCULATIONS



RECHARGE VOLUME CALCULATION November 20, 2015

Calculate recharge volume lost to existing developed impervious area.

» Urban Land soil (Assume C soil) —
Total of 6.81 acres of impervious area in C soils group
Recharge volume =
(6.81 AC)(0.25"/12"/ft)(43,560 SF/AC) = 6,180 Cubic Feet (CF)

TOTAL RECHARGE VOLUME LOST
DUE TO EXISINTING SITE CONDITIONS =6,180 CF

Calculate recharge volume gained due to re-developed site area.

= Urban Land soil (Assume C soil) —
Total of 5.26 acres of impervious area in C soils group
Recharge volume =
(5.26 AC)(0.25"/12"/ft)(43,560 SF/AC) = 4,774 Cubic Feet (CF)

TOTAL RECHARGE VOLUME GAINED
DUE TO PROPOSED SITE CONDITIONS =6,180 CF — 4,774 CF = 1,406 CF



AERIAL MAP
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CLOSED DRAINAGE SYSTEM

CALCULATIONS
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OPERATION AND MAINTENANCE PLAN



WHITMAN @ BINGHAM

A S S O C A T E S

510 Mechanic Street

Leominster, Massachusetts 01453
(978) 537-5296

FAX (978) 537-1423

STORMWATER MANAGEMENT SYSTEM
INSPECTION AND MAINTENANCE PLAN

Proposed Unitil Facility
357 Electric Avenue
Lunenburg, Massachusetts

Prepared for:

Unitil
Fitchburg Gas and Electric Light Company
6 Liberty Lane West
Hampton, NH 03842

Date: November 20, 2015

REGISTERED ENGINEERS, LAND SURVEYORS & ENVIRONMENTAL PLANNERS
CIVIL SITE DESIGN « PLANNING + SURVEYING « MORTGAGE INSPECTION PLANS + ALTA SURVEYS -
SEWAGE DISPOSAL SYSTEMS « SEWAGE DISPOSAL INSPECTIONS « SOIL ANALYSIS -
WETLAND STUDIES « ENVIRONMENTAL SCIENCES




The proposed Unitil Facility site has been designed to function properly provided that
routine maintenance is performed. Maintenance of the parking area, driveways, catch
basin, vegetated filter strip, stone check dams and grass channels are required to ensure
that sedimentation and pollution is controlled and storm water retention capacity is

sustained. To ensure the proper functioning of these facilities the following maintenance
practices will be used:

Owner and Party Responsible for Maintenance:

Unitil
Fitchburg Gas and Electric Light Company
6 Liberty Lane West
Hampton, NH 03842
Office: 603-772-0775

The owner shall develop a chart with a list of the following Best Management Practices
(BMP’s) with the chart listing the maintenance requirement, frequency of maintenance
and the date the maintenance was performed.

WHITMAN & BINGHAM ASSOCIATES, INC.
Registered Engineers and Land Surveyors
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PART 1 - INSPECTION AND MAINTENANCE (DURING CONSTRUCTION)

A

It shall be the responsibility of the General Contractor to ensure that the
inspection, maintenance and protection of the stormwater management system
(defined in Section 2a below) is performed during the construction phase of the
project and up to final stabilization of the site (refer to attached plan).

The on-site stormwater management system shall be protected from the
introduction of sediments and debris both during installation and throughout the
duration of site construction in order to provide a fully functioning and long lasting
system upon completion of construction.

The following steps shall be implemented, at a minimum, to protect the
stormwater management system during construction:

1.

During construction of the grass channels the open excavation shall be
protected from on-site sediments from storm runoff and snow melt by
providing a line of erosion controls consisting of haybales or silt fence or a
combination of both. In the event that the excavation is compromised by
sediment, the sediments shall be removed and the bottom of the excavation
restored.

An inspection of the stormwater management system shall be conducted by
the General Contractor weekly as well as during and after all rainstorms until
the completion of construction. In case of any noted introduction of
sediments into the system, the General Contractor shall immediately remove
said sediments and take any necessary steps to limit further introduction of
sediments and notify the engineer of any problems involving storm water
management systems.

a) The stormwater management system shall be defined as the catch
basin, drain manhole, vegetated filter strip, stone check dams and grass
channels.

b) A rainstorm shall be defined by all or one of the following thresholds:

i.  Any storm in which rain is predicted to last for twelve consecutive
hours or more.

ii.  Any storm for which a flash flood watch or warning is issued.

ii. Any single storm predicted to have a cumulative rainfall of greater
than one-half inch.

iv.  Any storm not meeting the previous three thresholds but which
would mark a third consecutive day of measurable rainfall.

The General Contractor shall also inspect the stormwater management
systems at times of significant increase in surface water runoff due to rapid
thawing when the risk of sediment migration is significant.

All collected/removed sediments shall be removed from the site and
disposed of in a legal manner.

WHITMAN & BINGHAM ASSOCIATES, INC,
Registered Engineers and Land Surveyors
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PART 2 - INSPECTION AND MAINTENANCE (POST-CONSTRUCTION)

A.

It shall be the responsibility of the Owner to ensure that the long-term inspection
and maintenance of the stormwater management system on-site is performed.
The on-site system shall include the following individual components of the
stormwater management system: catch basin, drain manhole, vegetated filter
strip, stone check dams and grass channels on the approved plans. The Owner
shall obtain the services of a qualified Contractor to perform the required
inspections and maintenance of the individual components of the stormwater
management system on-site, as listed above. All inspections and maintenance
of the components of the stormwater management system.

It shall be the responsibility of the Owner to maintain adequate records to
demonstrate conformance with this inspection and maintenance plan.

The inspection and maintenance plan for the on-site stormwater management
system (as listed in Section A above) shall be carried out by the current owner
(project applicant) and by any and all future owners of the site in perpetuity.

The inspection and maintenance plan shall be carried out as outlined below upon
completion and final stabilization of the project site:

During the first six months of operation of the facility the stormwater management
system shall be inspected a minimum of once per month and after every
rainstorm (defined in Part 1 above). A portion of this time period must be in the
growing season. As warranted by these inspections maintenance of the system
shall be performed including, but not limited to the following:

1. Visual inspection of the catch basin, vegetated filter strip, stone check dams
and grass channels to ensure that the system is not backed up and is
emptying properly.

After the six month time period above has elapsed, thorough investigations shall
be conducted four times a year. Maintenance requirements may be adjusted
based upon the results obtained from the first year of operation. As warranted by
these inspections maintenance of the system shall be performed including, but
not limited to the following:

1. The vegetated filter strip, stone check dams, grass channel and retention
basin requires an annual inspection for necessary maintenance (refer to
attached plan). This consists of visually inspecting for the accumulation of
sediment; obstructions within the dams, filter strip and grass channels.
Remove sediments from the stone check dams (replace stone as
necessary), filter strip and grass channels. Sediment, which is removed,
shall be legally disposed of. The grass channels shall be monitored at
several intervals during and after a small and large rainfall event to ensure
they are functional.

WHITMAN & BINGHAM ASSOCIATES, INC.
Registered Engineers and Land Surveyors
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MAINTENANCE LOGS

Maintain a log of all operation and maintenance activities including without limitation
inspections, repairs, replacement and disposal (for disposal, the log shall indicate the
type of material and disposal location). A copy of the yearly maintenance logs shall be
made accessible to the following agencies:

Planning Board

Ritter Memorial Building
960 Massachusetts Avenue
Lunenburg, MA 01462

Department of Environmental Protection
Central Regional Office

627 Main Street

Worcester, MA 01608

WHITMAN & BINGHAM ASSOCIATES, INC.
Registered Engineers and Land Surveyors
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CATCH BASIN INSPECTION FORM

Unitil

Fitchburg Gas and Electric Light Company
6 Liberty Lane West

Hampton, NH 03842

Owner:

Property Manager:

Inspected By:

Date of Inspection:

Catch Basins Inspected (circle):

Acceptable [ ] Needs Work [ ]

Add notes below if structures need work:

Date of cleaning: By Whom:

Date of repair: By Whom:

Below note any further actions that need to be taken as necessary:

WHITMAN & BINGHAM ASSOCIATES, INC,
Registered Engineers and Land Surveyors
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DRAIN MANHOLE INSPECTION FORM

Unitil

Fitchburg Gas and Electric Light Company
6 Liberty Lane West

Hampton, NH 03842

Owner:

Property Manager:

Inspected By:

Date of Inspection:

Drain Manhole Inspected (circle):

Acceptable [ ] Needs Work [ ]

Add notes below if structures need work:

Date of cleaning: By Whom:

Date of repair: By Whom:

Below note any further actions that need to be taken as necessary:

WHITMAN & BINGHAM ASSOCIATES, INC.
Registered Engineers and Land Surveyors
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STONE CHECK DAMS

Unitil

Fitchburg Gas and Electric Light Company
6 Liberty Lane West

Hampton, NH 03842

Owner:

Property Manager:

Inspected By:

Date of Inspection:

Stone Check Dams Inspected (Describe location of dam):

Acceptable [ ] Needs Work []

Add notes below if structures need work:

Date of cleaning: By Whom:

Date of repair: By Whom:

Below note any further actions that need to be taken as necessary:

WHITMAN & BINGHAM ASSOCIATES, INC.
Registered Engineers and Land Surveyors
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GRASS CHANNEL INSPECTION FORM

Unitil

Fitchburg Gas and Electric Light Company
6 Liberty Lane West

Hampton, NH 03842

Owner:

Property Manager:

Inspected By:

Date of Inspection:

Grass Channel Inspected (Describe location of channel):

Acceptable [ ]  Needs Work [ ]

Add notes below if structures need work:

Date of cleaning: By Whom:

Date of repair: By Whom:

Below note any further actions that need to be taken as necessary:

WHITMAN & BINGHAM ASSOCIATES, INC.
Registered Engineers and Land Surveyors
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VEGETATED FILTER STRIP INSPECTION FORM

Unitil

Fitchburg Gas and Electric Light Company
6 Liberty Lane West

Hampton, NH 03842

Ownet:

Property Manager:

Inspected By:

Date of Inspection:

Vegetated Filter Strip Inspected (Describe location of filter strip):

Acceptable [ ] Needs Work [ ]

Add notes below if structures need work:

Date of cleaning: By Whom:

Date of repair: By Whom:

Below note any further actions that need to be taken as necessary:

WHITMAN & BINGHAM ASSOCIATES, INC.
Registered Engineers and Land Surveyors
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SOIL TESTING DATA
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Whitman & Bingham Associates
Soil Evaluation Report

Whitman & Bingham Associates 510 Mechanic Street Leominster, MA 01453
Tel. (978) 537-5296 Civil/Site Engineers Fax (978) 537-1426
Performed By: Mark F. Piermarini Date:11-19-15
Witnessed By:
Location Address or Lot # Applicant’s Name and address:
357 Electric Avenue Unitil
Lunenburg, MA 01462 306 Highlander Way
Manchester, NH 03103
New Construction Repair D
Telephone # 603-314-5900
On-site Review

Deep Hole Number: 1115-1 Date: 11-19-15 Time: 7:30 am Weather: Cloudy, 50's
Location (identify on site plan) See Plan
Land Use: Drive-In Theatre Slope (%): 4% Surface Stones: none
Vegetation: Pavement
Landform: Outwash Plain
Position on landscape (see attached sketch)
Distances from:

Open Water Body N/A feet Drainage way 50 feet

Possible Wet Area >100 feet Property Line 50 feet

Drinking Water Well N/A feet Other

DEEP OBSERVATION HOLE LOG*

Depth from Soil Horizon Soil Texture Soil Color Soil Other
Surface (Inches) (USDA) (Munsell) Mottling (Structure, Stones, Boulders,
Consistency, % Gravel)
0-60 - FILL Pavement, Gravel, Fill
60 - 96 C Sandy Loam 2.5Y 5/4 7.5YR 5/6 SAB, damp, some stones
@32”
Parent Material (geologic): pro-glacial outwash Depth to Bedrock: not encountered

Depth to Groundwater: Standing Water in the Hole: none Weeping from Pit Face: 32"

Estimated Seasonal High Ground Water: 32"

DEP APPROVED FORM - 12/07/95




Whitman & Bingham Associates
Soil Evaluation Report

510 Mechanic Street
Civil/Site Engineers

Leominster, MA 01453
Fax (978) 537-1426

Whitman & Bingham Associates
Tel. (978) 537-5296

Performed By: Mark F. Piermarini Date:11-19-15

Witnessed By:

Location Address or Lot # Applicant’s Name and address:

357 Electric Avenue Unitil

Lunenburg, MA 01462 306 Highlander Way
Manchester, NH 03103

New Construction Repair |:|

Telephone # 603-314-5900

On-site Review

Deep Hole Number: 1115-2
Location (identify on site plan)
Land Use: Drive-In Theatre
Vegetation: Pavement
Landform: Outwash Plain
Position on landscape (see attached sketch)
Distances from:

Date: 11-19-15
See Plan
Slope (%): 2%

Time: 7:50 am Weather: Cloudy, 50's

Surface Stones: none

Open Water Body N/A feet
Possible Wet Area >100 feet
Drinking Water Well N/A feet

Drainage way 40 feet
Property Line 40 feet

Other

DEEP OBSERVATION HOLE LOG*

Depth from Soil Horizon Soil Texture Soil Color Soil Other
Surface (Inches) (USDA) (Munsell) Mottling (Structure, Stones, Boulders,
Consistency, % Gravel)
0-18 - FILL Pavement, Gravel, Fill
18- 60 C Sandy Loam 2.5Y 5/4 7.5YR 5/6 SAB, damp, some stones
@1 8”

Parent Material (geologic): pro-glacial outwash Depth to Bedrock: not encountered

Depth to Groundwater: Standing Water in the Hole: none Weeping from Pit Face: 18"

Estimated Seasonal High Ground Water: 18"

DEP APPROVED FORM - 12/07/95




Whitman & Bingham Associates
Soeil Evaluation Report

Whitman & Bingham Associates 510 Mechanic Street Leominster, MA 01453
Tel. (978) 537-5296 Civil/Site Engineers Fax (978) 537-1426
Performed By: Mark F. Piermarini Date:11-19-15
Witnessed By:
Location Address or Lot # Applicant’s Name and address:
357 Electric Avenue Unitil
Lunenburg, MA 01462 306 Highlander Way
Manchester, NH 03103
New Construction IXI Repair D
Telephone # 603-314-5900

On-site Review

Deep Hole Number: 1115-3 Date: 11-19-15 Time: 8:10 am Weather: Cloudy, 50's
Location (identify on site plan) See Plan

Land Use: Drive-In Theatre Slope (%): 2% Surface Stones: none

Vegetation: Pavement

Landform: Outwash Plain

Position on landscape (see attached sketch)
Distances from:

Open Water Body N/A feet Drainage way N/A feet
Possible Wet Area >100 feet Property Line >100 feet
Drinking Water Well N/A  feet Other

DEEP OBSERVATION HOLE LOG*

Depth from Soil Horizon Soil Texture Soil Color Soil Other
Surface (Inches) (USDA) (Munsell) Mottling (Structure, Stones, Boulders,
Consistency, % Gravel)
0-12 - FILL Pavement, Gravel
12-48 C Sandy Loam 2.5Y 5/4 7.5YR 5/6 SAB, damp, some stones
@12”
Parent Material (geologic): pro-glacial outwash Depth to Bedrock: 48"

Depth to Groundwater: Standing Water in the Hole: none Weeping from Pit Face: 36"

Estimated Seasonal High Ground Water: 12"

DEP APPROVED FORM - 12/07/95




Whitman & Bingham Associates
Soil Evaluation Report

510 Mechanic Street
Civil/Site Engineers

Leominster, MA 01453
Fax (978) 537-1426

Whitman & Bingham Associates
Tel. (978) 537-5296

Performed By: Mark F. Piermarini Date:11-19-15
Witnessed By:

Location Address or Lot # Applicant’s Name and address:
357 Electric Avenue Unitil

Lunenburg, MA 01462 306 Highlander Way

Manchester, NH 03103

New Construction Repair l:l

Telephone # 603-314-5900

On-site Review

Date: 11-19-15
See Plan
Slope (%6): 2%

Deep Hole Number: 1115-4
Location (identify on site plan)
Land Use: Drive-In Theatre
Vegetation: Pavement
Landform: Outwash Plain
Position on landscape (see attached sketch)
Distances from:

Time: 8:30 am Weather: Cloudy, 50's

Surface Stones: none

Open Water Body N/A feet
Possible Wet Area 60 feet
Drinking Water Well N/A feet

Drainage way N/A feet
Property Line >100 feet

Other

DEEP OBSERVATION HOLE LOG*

Depth from Soil Horizon Soil Texture Soil Color Soil Other
Surface (Inches) (USDA) (Munsell) Mottling (Structure, Stones, Boulders,
Consistency, % Gravel)
0-40 - FILL Pavement, Gravel, Fill
40 - 84 C Sandy Loam 2.5Y 5/4 7.5YR 5/6 SAB, damp, some stones
@36”

Parent Material (geologic): pro-glacial outwash

Depth to Groundwater:

Estimated Seasonal High Ground Water: 36"

DEP APPROVED FORM - 12/07/95

Standing Water in the Hole: none

Depth to Bedrock: no refusal

Weeping from Pit Face: 36"




Whitman & Bingham Associates
Soil Evaluation Report

Whitman & Bingham Associates 510 Mechanic Street Leominster, MA 01453
Tel. (978) 537-5296 Civil/Site Engineers Fax (978) 537-1426
Performed By: Mark F. Piermarini Date:11-19-15
Witnessed By:
Location Address or Lot # Applicant’s Name and address:
357 Electric Avenue Unitil
Lunenburg, MA 01462 306 Highlander Way
Manchester, NH 03103
New Construction |X| Repair D
Telephone # 603-314-5900

On-site Review

Deep Hole Number: 1115-5 Date: 11-19-15 Time: 8:50 am Weather: Cloudy, 50's
Location (identify on site plan) See Plan

Land Use: Drive-In Theatre Slope (%6): 2% Surface Stones: none

Vegetation: Pavement

Landform: Outwash Plain

Position on landscape (see attached sketch)
Distances from:

Open Water Body N/A feet Drainage way N/A feet
Possible Wet Area >100 feet Property Line >100 feet
Drinking Water Well N/A  feet Other

DEEP OBSERVATION HOLE LOG*

Depth from Soil Horizon Soil Texture Soil Color Soil Other
Surface (Inches) (USDA) (Munsell) Mottling (Structure, Stones, Boulders,
Consistency, % Gravel)
0-40 - FILL Pavement, Gravel
40 - 54 C Sandy Loam 2.5Y 5/4 7.5YR 5/6 SAB, damp, some stones
@24”
Parent Material (geologic): pro-glacial outwash Depth to Bedrock: 54"

Depth to Groundwater: Standing Water in the Hole: 52" Weeping from Pit Face: 40"

Estimated Seasonal High Ground Water: 24"

DEP APPROVED FORM - 12/07/95




Whitman & Bingham Associates
Soil Evaluation Report

Whitman & Bingham Associates 510 Mechanic Street Leominster, MA 01453
Tel. (978) 537-5296 Civil/Site Engineers Fax (978) 537-1426
Performed By: Mark F. Piermarini Date:11-19-15
Witnessed By:
Location Address or Lot # Applicant’s Name and address:
357 Electric Avenue Unitil
Lunenburg, MA 01462 306 Highlander Way
Manchester, NH 03103
New Construction Repair D
: Telephone # 603-314-5900

On-site Review

Deep Hole Number: 1115-6 Date: 11-19-15 Time: 9:10 am Weather: Cloudy, 50's
Location (identify on site plan) See Plan

Land Use: Drive-In Theatre Slope (%): 2% Surface Stones: none

Vegetation: Pavement

Landform: Outwash Plain

Position on landscape (see attached sketch)
Distances from:

Open Water Body N/A  feet Drainage way N/A feet
Possible Wet Area 60 feet Property Line >100 feet
Drinking Water Well N/A  feet Other

DEEP OBSERVATION HOLE LOG*

Depth from Soil Horizon Soil Texture Soil Color Soil Other
Surface (Inches) (USDA) (Munsell) Mottling (Structure, Stones, Boulders,
Consistency, % Gravel)
0-60 - FILL Pavement, Gravel
60 - 84 C Sandy Loam 2.5Y 5/4 7.5YR 5/6 SAB, damp, some stones
@60”
Parent Material (geologic): pro-glacial outwash Depth to Bedrock: no refusal

Depth to Groundwater: Standing Water in the Hole: none Weeping from Pit Face: none

Estimated Seasonal High Ground Water: 60"

DEP APPROVED FORM - 12/07/95




information related to change in retention basin design - Mark Piermarini  https://outlook.office365.com/owa/#tviewmodel=ReadMessageltem&...

information related to change in retention basin design

Mark Sweeney <marks007 @charter.net>

Mon 10/26/2015 8:23 PM

To:Mark Piermarini <mpiermarini@whitmanbingham.com>;

Greetings Mark:

Thanks for taking the time to speak with me today about the invoice | received from the site contractor for the change in the
retention basin. | appreciate the quick response on the redesign and am writing because | will need information so | can have a
discussion with the original surveyor. As discussed | think it would be helpful if you could print me a copy of the existing
conditions plan received and highlight the area for the retention basin and then print a drawing with the actual elevations
identified on it.

Also, this is my draft suggestion for a letter that | would appreciate receiving to explain the change:
“Dear Mr. Sweeney:

The following two drawings are being forward to you for your reference to assist in understanding the need for changes to the
original retention basin design. The Existing Conditions survey plan received from Todd Chapin of Chappelle Engineering is
identified as drawing #1. This drawing was used as the starting point of our site plan submitted to the City of Worcester for
approval by the Planning Board, Zoning Board of Appeals and the Conservation Commission.

Once all board approvals were received the plan was recorded at the registry of deeds. The first step in the construction process
required by the DPW was to secure the perimeter area and clear the lot. Information was then gathered by our survey crew, the
actual conditions evident in the proposed retention basin area are shown on drawing #2. Once construction began the
significant changes in elevations were viewed by Ed Kochling, the Department of Public Works representative to the
Conservation Commission during a site inspection visit. At his request we had an initial phone conversation to discuss the
changes in elevations observed; he then requested a meeting at the site which resulted in the modifications to the perimeter
area supporting the retention basin. The changes were conveyed to Glenn Hines Excavation Contractor and the work has been
completed.

If you have any questions or need additional information please feel free to contact me at mpiermarini@whitmanbingham.com
or by calling 978 537 5296.”

Mark, this is my attempt at providing wording for a letter, feel free to use any or all it. Let me know what you think.
Cheers:

Mark

l1ofl 11/20/2015 7:18 AM



RIPRAP PAD CALCULATIONS
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NRCS SOIL MAP
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Soil Map—Worcester County, Massachusetts, Northeastern Part

357 Electric Avenue - Fitchburg, MA

Map Unit Legend

Worcester County, Massachusetts, Northeastern Part (MA613)
Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

1 Water 1.3 1.3%

71B Ridgebury fine sandy loam, 3 to 5.5 5.7%
8 percent slopes, extremely
stony

72A Whitman loam, 0 to 3 percent 9.6 9.9%
slopes

73A Whitman loam, 0 to 3 percent 1.2 1.2%
slopes, extremely stony

102C Chatfield-Hollis-Rock outcrop 14.1 14.6%
complex, 3 to 15 percent
slopes

102D Chatfield-Hallis-Rock outcrop 0.0 0.0%
complex, 15 to 25 percent
slopes

305D Paxton fine sandy loam, 15 to 8.0 8.2%
25 percent slopes

310B Woodbridge fine sandy loam, 3 19.9 20.5%
to 8 percent slopes

310C Woodbridge fine sandy loam, 8 4.2 4.3%
to 15 percent slopes

311B Woodbridge fine sandy loam, 0 1.0 1.0%
to 8 percent slopes, very
stony

602 Urban land 16.9 17.4%

622C Paxton-Urban land complex, 8 15.3 15.8%
to 15 percent slopes

Totals for Area of Interest 97.0 100.0%

uspA Natural Resources Web Soil Survey 11/15/2015
s Conservation Service National Cooperative Soil Survey Page 3 of 3
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TABLES AND CHARTS



Table 2-2a.—Runoff curve numbers for'urban areas!

Curve numbers for

Cover description - hydrologic soil group—

Average percent

Cover type and hydrologic condition impervious area® A B C D
Fully developed urban areas (vegetation. established)
Open space (lawns, parks, golf courses, cemeteries,
ete.Pr -
Poor condition (grass cover < 50%) «.vcovevon.nnt 68 79 86 39
Fair condition (grass cover 50% to 76%). .......... 49 69 79 4
Good condition (grass cover > T5%) «eevvuveesnn-e 39 61 4 80
Impervious areas: :
Paved parking lots, roofs, driveways, etc.
(excluding right-of-way). «.coovvieraermnreraaenee 98 98 98 98
Streets and roads:
Paved; curbs and storm sewers {excluding
right-ofway).......... [ e 98 98 98 a3
Paved; open ditches (including right-of-way) .. ... . 83 - 89 92 a3
Gravel (including right-of-way) ..... ereeraeraes 76 85, 89 91
Dirt (including right-of-way) e e 72 82 87 89
Western desert urban areas: :
Natural desert landscaping (pervious areas only)... 63 77 85 88
Artificial desert landscaping (impervious weed
barrier, desert shrub with 1- to 2-inch sand
or gravel mulch and basin borders) ceseeresaccees 96 96 96 96
Urban districts: -
Commercial and business......cocvvsenennacenes . 85 39 92 94 95
Industrial...oveeeveiinnraneanaonnns e 12 81 88 91 93
Residential districts by average lot size:
1/8 acre or less (town houses)........ Ceeeveenae e 65 7 85 90 92
14 acre ..ovveevnvnannes o eieaeneseraarenaaaens 38 61 75 83 37
1/3 BCTE v ieeervnaranasnsersosnssnsnasnsaasssssnncs 30 57 T2 81 i
1/2 acre ...... R 25 54 70 80 o
T 2 - D PR 20 51 68 79 3!
A T - S A 12 46 65 Tl 82
Developing urban areas
Newly graded areas (pervious areas only,
7 36 91 94

no vegetationl® ... . iiiiiiiiiaiiiiea e
Idle lands (CN’s are determined using cover types
similar to those in table 2-2c).

tAverage runoff condition. and [, = 0.25.

zThe average percent impervious area shown was used to develop the composite CN's. Other assumplinns are ias follows: impervious areas

are directly connected to the dininage system, impervinus areas have a CN of 93, and pervivus areas are eomnsidered equivilent o open
space in good hydmlogie condition. C'N's for other combinations of conditions naay be computed uxing figure 23 or 2.4,

ACN"s shown are equivalent to those of pasture. Composite CN's may be computed for other combinations al ppen space cver ype.
*Compusite CN's for natural desert landscaping should be computed using ligures 223 or 2-4 based on the imper\'iu(ls wreat pereentage (CN
= 93) and the pervious arex CN. The pervious areu CN's are assumed equivalent to desert shruh in poor hydrologic condition.
sComposite CN's to use for the design of temporary measures during grading and construction shoulil he computerd using figure 23 or 24,
based on the degree of development (impervious area percentage) and the CN's for the newly grded pervious areas. :

to
95

(210-VI-TR-55, Second Ed., June 1986)
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Table 2

Je.—Runoff curve numbers for other ugricult&él fands!

Curve numbers for

Cover description hydrologic soil group—

Hydrologic

Cover type condition A B C D
Pasture, grassland, or range—continuous ’ Poor 68 9 86 39
forage for grazing.? Fair 49 69 79 34
Good 39 61 T 30
Meadow—continuous grass, protected from — 30 - b8 7l 78

grazing and generally mowed for hay.
Brush—brush-weed-grass mixture with brush Poor 48 67 It 33
the major element.? Fair 35 . a6 70 77
Good 430 43 65 73
Woods—grass combination {orchard : Poor a7 13 32 36
or tree farm).® .~ Fair 43 69 6 32
: Good 32 58 2 9
Woods.® Poor 45 6 T 23
Fair -36 60 - 73 79
Good 430 55 © - T 7
’thi*rnsteads:“—buildings., lanes, drive'\‘s'z'\ys. — 59 T4 T 82 86

and surrounding lots. ) : . I

1Average runoff condition, and I, = 0.25.

2P <500 ground cover or heavily grazed with no mulch. - e e e
i 50 to 7% ground cover ancd not heavily grazed.
Gl >T5% gvound cover and lightly vr only aceasionally mazed.

Ao <B0% ground cover

Fair: 30 to 7% ground cover.

Gowl:  >T5% ground cover.
spetunl curve number is less than 307 use CN = 30 for runoff computations.
ACN's shown were computed for areas \with 50% wouwls i 507 s (pasture) cover. Other combinations of conditions may be camputed
from the CN's for wonds and pasture. :

&P Forest litter, small trees, and brush ave destioyed by heavy grazing or regrubue buming.

Fuir: Woods are grazed but not burned, and some forest litter covers the soil.
Gomd: Wonds are protected from grazinge, wid litter and brush adequately cover the =uil.

T £F Qerond Ed.. June 1986)
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Sheet flow is flow over plane surfaces. It usually
oceurs in the headwater of streams. With sheet tlow,
the friction value (Manning’s n) is an effective
roughness coefficient that includes the effect of
-aindrop impact; drag over the plane surface;
obstacles such as litter, crop ridges, and rocks; and
erosion and transportation of sediment. These n
values are for very shallow flow depths of about 0.1
foot or so. Table 3-1 gives Manning’s n values for
sheet flow for various surface conditions.

For sheet flow of less than 300 feet, use Manning’s
Kinematic solution (Overton and Meadows 1976) to
compute Ty -

0.007 (nL)0-8
bl Uit
E T (P05 804

[Eq. 33]

Table 3-1.—Roughness coefficients (Manning's n) for
) sheet flow

Surface description n!

Smooth surfaces (conerete, asphalt, gravel, or

bare S0 cveverrarianeaes e reesanaaaaaans 0.011
Fallow (no residue) .. .oeveveenreoarmaeermres 0.05
Cultivated soils:

Residue cover 20% ...ovrvvaeenanennnees 0.06

Residue cover 320% ....cooveroonencnaeess 0.17
Grass:

Short grass prairie «.....eoseveeereemeree 0.15

Dense grasses? .. ..eeveeeesrarerrcsseteey 0.24

Belrmudagrass . .. ooeveeesenrrsessrssserss 0.41
Range (natuwral) coooovooiearramerermeeeey 0.13
Woods:3

Light underbrush....coooovvaveeennemenees 0.10

Dense underbrush ...... PPN 0.80

1The n values are a compusite of information compiled by Emgman
(1986).

2ncludes species such us weeping lovegrass, bluegruss, bultalo
prass, blue grama gruss, and native grass mixtures.

3When selecting n, consider cover Lo height of about 0.1 L. This

is the only pirt of the plant enver that will ubstruet sheet flow.

(210-VI-TR-55, Second Ed., June 1956)

‘where

= pravel time (hr),

= Manning's roughness coelficient (table 3-1),
= flow length (fU),

= 2-year, 24-hour rainfall (in), and

= slope of hydraulic prade line Uand slope,
fe/ft).

Ull?r::a
{

This simplified form of the Manning's kinematie
solution is based on the following: (1) shallow steady
uniform flow, (2) constant intensity of rainfall excess
(that part of a rain available for runoff), (3) rainfall
duration of 24 hours, and (1) minov effect of
infiltration on travel time. Rainfall depth can be

obtained from appendix B.

Shallow concentrated flow

After a maximum of 300 feet, sheet flow usually
becomes shallow concentrated flow. The average
velocity for this flow can be determined from figure
3-1, in which average velocity is a function of

watercourse slope ang type of chamn lopes
lés§ thaw 0.005 fE/ft] use equy th appendix

Fifo-figure 351 Tillage can affect the divection of
shallow concentrated flow. Flow may not always be
directly down the watershed slope if tillage runs
acrvss the slope.

After determining average velocity in figure 3-1, use
equation 3-1 to estimate travel time for the shallow
concentrated flow segnent.

Open channels

Open channels are assumed to begin where surveyed
cross section information has been obtained, where
channels are visible on aevial photographs, or where
Llue lines (indicating streams) appear on United
States Geological Survey (USGS) quacdhrangle sheets.
Manning's equation or water surface profile
information can be used to estimate average flow
velocity. Average flow velocity is usually determined
for bank-full elevation.

3-3
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Figure 3.10. Nomégraph for Manning's Equation.
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