; APPENDIXH
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STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPL.S0902

LOCATION: Salem Township

PREPARED BY:NKG

DATE:07/21/11

CHECKED BY:JEM

DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 1.1 1.1 1.2 12 .
Unveg | Veg Unveg Veg
PROTECTIVE LINING ** SC250 | SC250 S75. Grass
CHANNEL TOP WIDTH (FT)@ D 12.00 12.00 11.00 11.00
CHANNEL TOP WIDTH (FT)@ d 3.35 5.53 4.00 6.70
CHANNEL SIDE SLOPES (H:V) 2 2 3 3
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 2.0 2.0
d (FLOW DEPTH IN FT) 0.33 0.50 0.33 0.50
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 6:1 4:1 6:1 1:1
A (AREAIN SQ. FT.) .89 1.50 .97 1.73
R (HYDRAULIC RADIUS) 0.25 0.35 0.24 0.34
S (BED SLOPE, FT/FT)* 0.1000 | 0.1000 0.0521 0.0521
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)* 0.0400 | 0.0840 0.05650 0.124
V (AT FLOW DEPTH d, CFS) 4.72 2.79 2.37 1.33
Q (AT FLOW DEPTH d, CFS) 4.2 4.2 2.30 2.30
Q, (REQUIRED CAPACITY) CFS - - - -
S. (CRITICAL SLOPE) 0.0384 | 0.1341 0.0724 0.2948
78, 0.0268 | 0.0938 0.0506 0.0471
1.3S, 0.0499 | 0.1743 0.0941 0.0875
STABLE FLOW? (Y/N) Y Y N Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - 1.17 -
FREEBOARD BASED ON STABLE FLOW FT 1.16 0.62 - 0.72
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D.(TOTAL DEPTH) FT 1.50 1.50 1.50 1.50
dso STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S) .
V. (ALLOWABLE VELOCITY) FPS 9.5 15.0 5.0 3.5
74 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.37 0.72 1.08 0.64
72 (MAX ALLOWABLE SHEAR STRESS) LB/FT? 3.0 8.0 1.55 4.20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

_ conditions in separate columns.
Minimum Freeboard,F, is 0.5 ft.

" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method

may be used for any channel bed slope.




STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902
LOCATICN: Salem Township

PREPARED BY: NKG DATE: 07/21/11

CHECKED BY: JEM DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 1.3 1.3 1.4 1.4

Unveg Veg Unveg Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 16.50 | 16.50 10.00 10.00
CHANNEL TOP WIDTH (FT)@ d 12.50 12.62 4.49 6.13
CHANNEL SIDE SLOPES (H:V) 3 3 3 3
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 1.0 1.0
d (FLOW DEPTH IN FT) 1.58 2.13 0.58 0.83
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 2:1 1:1 2:1 1:1
A (AREAIN SQ. FT.) 12.18 | 19.96 1.57 2.89
R (HYDRAULIC RADIUS) 0.94 1.21 0.34 0.46
S (BED SLOPE, FT/FT)* 0.0049 | 0.0049 0.0200 0.0200
VEGETATIVE LINING RETARDANCE - C - C

n (MANNING’S COEFFICIENT)** 0.0310 | 0.0590 0.053 0.121
V (AT FLOW DEPTH d, CFS) 3.26 1.99 1.91 1.04
Q (AT FLOW DEPTH d, CFS) 39.7 39.7 3.0 3.0
Q, (REQUIRED CAPACITY) CFS - - - -
S: (CRITICAL SLOPE) 0.0149 | 0.0536 0.0610 0.285
7S, 0.0104 | 0.0375 0.0427 .1995
1.3S. 0.0193 | 0.0696 .0793 0.3705
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 0.67 .065 0.92 0.64
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.25 225" 1.50 1.50
dss STONE SIZE (IN) ' - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR

STRESS (8)

V., (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
74 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.48 0.65 0.73 1.07
7o (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 4.20 1.55 4.20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

_ conditions in separate columns.

" Minimum Freeboard,F, is 0.5 ft.

" Permissible velocity lining design method is not acceptabie for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/21/11
CHECKED BY: JFM DATE: 07/27/11
CHANNEL OR CHANNEL SECTION 1.5 1.5 1.6 1.6
Unveg Veg Unveg Veg
PROTECTIVE LINING ** ‘ SC250 | SC250 S§75- Grass
CHANNEL TOP WIDTH (FT)@ D 8.00 8.00 10.00 10.00
CHANNEL TOP WIDTH (FT)@ d ' 4.97 5.88 5.69 6.74
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 2.0 2.0
d (FLOW DEPTH IN FT) 0.74 0.97 0.91 1.18
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 2:1 2:1 2:1
A (AREAIN SQ. FT.) 2.59 3.79 1.33 5.17
R (HYDRAULIC RADIUS) 0.49 0.60 3.50 0.71
S (BED SLOPE, FT/FT)* 0.0451 | 0.0451 0.0133 0.0133
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)*™ 0.0350 | 0.0600 0.0460 0.0770
V (AT FLOW DEPTH d, CFS) 5.53 3.77 2.60 1.76
Q (AT FLOW DEPTH d, CFS) | 14.3 14.3 9.10 9.10
Q, (REQUIRED CAPACITY) CFS - - - -
S (CRITICAL SLOPE) 0.0243 | 0.0669 0.0398 0.1048
7S 0.0170 | 0.0468 0.0278 0.0733
1.3S. 0.0315 | 0.0869 0.0517 0.1362
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 0.76 0.53 1.08 0.81
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 1.50 1.50 2.00 2.00
dsy STONE SIZE (IN) - - ‘ - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 9.5 15.0 5.0 3.5
19 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 2.09 272 0.77 0.99
t, (MAX ALLOWABLE SHEAR STRESS) LB/FT? 3.00 8.00 1.65 4,20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns.

™ Minimum Freeboard,F, is 0.5 ft.

" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



" STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902
LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11
CHECKED BY: JFM DATE: 07/27/11
CHANNEL OR CHANNEL SECTION 1.7 1.7 1.8 1.8
: Unveg | Veg Unveg Veg
PROTECTIVE LINING ** S75 | Grass SC250 SC250
CHANNEL TOP WIDTH (FT)@ D 16.00 | 16.00 18.75 18.75
CHANNEL TOP WIDTH (FT)@ d 11.56 | 12.75 13.32 15.44
CHANNEL SIDE SLOPES (H:V) 3 3 2,3 2.3
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 5.0 5.0
d (FLOW DEPTH IN FT) 0.48 0.77 1.44 2.08
BOTTOM WIDTH:DEPTH RATIO (1221 MAX) | 6:1 4:1 3:1 2:1
A (AREAIN SQ. FT)) 2.12 4.05 12.39 21.26
R (HYDRAULIC RADIUS) 0.35 0.52 0.97 1.31
S (BED SLOPE, FT/IFT)* 0.0111 | 0.0111 0.0100 0.0100
VEGETATIVE LINING RETARDANCE . C . C
n (MANNING’S COEFFICIENT)* 0.055 | 0.136 0.0220 0.0460
V (AT FLOW DEPTH d, CFS) 1.42 0.74 6.67 3.89
Q (AT FLOW DEPTH d, CFS) 3.0 3.0 82.70 82.70
Q, (REQUIRED CAPACITY) CFS - - - -
S, (CRITICAL SLOPE) 0.0713 | 0.3684 0.0125 0.0296
7S, 0.0499 | 0.2578 0.0087 0.0207
1.3S, ' ' 0.0926 | 0.4789 0.0162 0.0384
STABLE FLOW? (Y/N) Y Y N Y
FREEBOARD BASED ON UNSTABLE FLOW FT . . 1.09 -
FREEBOARD BASED ON STABLE FLOW FT 0.74 54 - 10.66
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 1.0 1.0 2.75 2.75
dso STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING V/S VIS V/S /S
PERMISSIBLE VELOCITY (V) OR SHEAR :
STRESS (S)
V. (ALLOWABLE VELOCITY) FPS 5.0 3.5 9.5 15.0
¢ (SHEAR STRESS AT FLOW DEPTH d) LB/FT? | 0.33 0.53 0.90 1.30
7, (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 4.20 3.00 '8.00

~* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

_. conditions in separate columns.

.. Minimum Freeboard,F, is 0.5 ft. ]

™ Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LLOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11

CHECKED BY: JFM DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 1.9 1.9 1.10 1.10

~ ' Unveg Veg Unveg Veg

PROTECTIVE LINING ** SC250 | SC250 SC250 SC250
CHANNEL TOP WIDTH (FT)@ D 19.00 | 19.00 8.00 8.00
CHANNEL TOP WIDTH (FT)@ d 9.35 | 11.13 4,25 4.91
CHANNEL SIDE SLOPES (H:V) 3,6 3,6 2 2
CHANNEL BOTTOM WIDTH (FT) 1.0 1.0 2.0 2.0
d (FLOW DEPTH IN FT) 0.82 1.13 0.51 0.72
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 1:1 1:1 4:1 3:1
A (AREA IN SQ. FT.) 3.87 6.82 1.53 2.47
R (HYDRAULIC RADIUS) - 0.45 0.60 0.36 0.47
S (BED SLOPE, FT/FT)* 0.0270 | 0.0270 0.0477 0.0477
VEGETATIVE LINING RETARDANCE - c - C

n (MANNING’S COEFFICIENT)* 1 0.0340 | 0.0720 0.0400 0.0780
V (AT FLOW DEPTH d, CFS) 4,24 2.40 411 2.55
Q (AT FLOW DEPTH d, CFS) 16.4 16.4 6.3 6.3
Q; (REQUIRED CAPACITY) CFS - - - -
S (CRITICAL SLOPE) 0.0379 | 0.0915 0.0482 | 0.1212
7S 0.0265 | 0.0640 0.0337 0.0848
1.3S, : 0.0492 | 0.1189 0.0626 0.1575
STABLE FLOW? (Y/N) N Y N Y
FREEBOARD BASED ON UNSTABLE FLOW FT | 1.07 - 0.94 -
FREEBOARD BASED ON STABLE FLOW FT - 0.87 - 0.77
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT L 2.0 2.0 1.50 1.50
ds; STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS V/S
PERMISSIBLE VELOCITY (V) OR SHEAR :

STRESS (S)

V. (ALLOWABLE VELOCITY) FPS 9.5 15.0 9.5 15.0
74 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 1.39 1.90 1.51 2.14
1, (MAX ALLOWABLE SHEAR STRESS) LB/FT? 3.0 8.0 3.0 8.0

* Slopes may not be averaged.

“* For vegetated channels, provide data for temporary Immgs and vegetated
conditions in separate columns.

™" Minimum Freeboard,F, is 0.5 ft. .

™ Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902
LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11

CHECKED BY: JFM DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 1.1 1.11 1.12 1.12

Unveg | Veg Unveg Veg

PROTECTIVE LINING ** S75 Grass SC250 SC250
CHANNEL TOP WIDTH (FT)@ D - 11.00 | 11.00 8.50 8.50
CHANNEL TOP WIDTH (FT)@ d 5.03 7.13 4.20 5.25
CHANNEL SIDE SLOPES (H:V) 3 3 3 3
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 2.5 2.5
d (FLOW DEPTH IN FT) 0.46 0.75 0.28 0.45
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 4:1 31 9:1 6:1
A (AREAIN SQ. FT.) 1.56 3.20 0.94 1.74
R {(HYDRAULIC RADIUS) 0.32 0.47 0.22 0.33
S (BED SLOPE, FT/FT)* 0.0127 | 0.0127 0.1000 0.1000
VEGETATIVE LINING RETARDANCE - C - C

n (MANNING’S COEFFICIENT)* 0.055 | 0.148 0.040 0.0970
V (AT FLOW DEPTH d, CFS) 1.41 0.69 4,27 2.30
Q (AT FLOW DEPTH d, CFS) 2.2 2.2 4.0 4.0
Q. (REQUIRED CAPACITY) CFS - - - -
S. (CRITICAL SLOPE) 0.0650 | 0.0850 0.0394 0.2041
7S, 0.0455 | 0.0455 0.0275 0.1428
1.3S,; - 0.0845 | 0.0845 0.0512 0.2653
STABLE FLOW? (Y/N) . Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 0.99 0.64 0.72 0.54
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT ' 1.50 1.50 1.0 1.0
dso STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR

STRESS (S) ‘

V. (ALLOWABLE VELOCITY) FPS 5.0 3.5 9.5 15.0
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.36 0.60 1.75 2.82
1. (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 4.20 3.0 8.00

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns.

" Minimum Freeboard,F, is 0.5 ft.

™" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11

CHECKED BY: JFM____ ‘ DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 1.13 1.13 1.14 1.14

Unveg | Veg Unveg Veg

PROTECTIVE LINING ** S75 | Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 10.00 | 10.00 8.00 8.00
CHANNEL TOP WIDTH (FT)@ d 3.20 6.33 3.68 4,83
CHANNEL SIDE SLOPES (H:V) 2 2 S 2 2
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 2.0 2.0
d (FLOW DEPTH IN FT) ‘0.71 1.03 0.36 0.61
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 31 2:1 6:1 31
A (AREA N SQ. FT.) 2.42 4.16 0.99 1.97
R {HYDRAULIC RADIUS) 0.47 0.63 0.27 0.42
S (BED SLOPE, FT/FT)* 0.0100 | 0.0100 0.0200 0.0200
VEGETATIVE LINING RETARDANCE - C - C

n (MANNING’S COEFFICIENT)™ 0.0500 | 0.106 0.0550 0.144
V (AT FLOW DEPTH d, CFS) © 1,78 1.03 1.61 0.81
Q (AT FLOW DEPTH d, CFS) 4.3 4.3 1.6 1.6
Q, (REQUIRED CAPACITY) CFS ' - - - - _
S¢ (CRITICAL SLOPE) 0.0025 | 0.2031 0.0687 0.4160
7S, ' 0.0017 | 0.1421 0.0480 0.2912
1.3S, 0.0032 | 0.2640 0.0893 0.5408
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 1.70 0.92 1.80 0.79
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.0 2.0 1.5 1.5
dso STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS V/iS V/S VIS
PERMISSIBLE VELOCITY (V) OR SHEAR

STRESS (S) ‘

V. (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.44 0.64 0.45 0.76
7a (MAX ALLOWABLE SHEAR STRESS) LBIFT? 1.55 4.20 1.55 4.20

{
* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

conditions in separate columns.

... Minimum Freeboard,F, is 0.5 ft.
Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902
LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11
CHECKED BY: JFM DATE: 07/27/11
CHANNEL OR CHANNEL SECTION 1.15 1.15 1.16 1.16
Unveg | Veg Unveg Veg
PROTECTIVE LINING ** S75 | Grass S75 Grass ~
CHANNEL TOP WIDTH (FT)@ D 15.00 | 15.00 10.00 10.00
CHANNEL TOP WIDTH (FT)@ d 8.25 9.92 5.17 6.04
CHANNEL SIDE SLOPES (H:V) 3 3 2 2
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 2.0 2.0
d (FLOW DEPTH IN FT) 0.88 1.15 0.79 1.00
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) KR 3:1 3:1 2:1
A (AREAIN SQ. FT.) 4.94 7.43 2.84 4,03
R (HYDRAULIC RADIUS) 0.58 0.72 0.51 0.62
S (BED SLOPE, FT/FT)* 0.0112 | 0.0112 0.0200 | 0.0200
VEGETATIVE LINING RETARDANCE - o) - c
n (MANNING’S COEFFICIENT)** 0.0460 | 0.0810 0.0480 | 0.0780
V (AT FLOW DEPTH d, CFS) 2.35 1,56 2.78 1.96
Q (AT FLOW DEPTH d, CFS) 11.6 11.6 7.9 . 7.9
Q, (REQUIRED CAPACITY) CFS . - - -
S, (CRITICAL SLOPE) 0.0383 | 0.1104 0.0449 | 0.1119
7S, 0.0268 | 0.0772 0.0314 | 0.0783
1.3S, 0.0497 | 0.1435 0.0583 | 0.1454
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - . - .
FREEBOARD BASED ON STABLE FLOW FT 1.13 0.85 1.21 0.99
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT  ~ 2.0 2.0 2.0 2.0
ds; STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS V/S V/S WS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.61 0.80 0.99 1.25
1. (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 4.20 1.55 4.20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns.

™ Minimum Freeboard,F, is 0.5 ft.

™ Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11
CHECKED BY: JFM DATE: 07/27/11
CHANNEL OR CHANNEL SECTION 117 | 147 1.18 1.18
Unveg Veg Unveg Veg
PROTECTIVE LINING ** S75 | Grass $75 Grass
CHANNEL TOP WIDTH (FT)@ D 9.00 | 9.00 17.00 17.00
CHANNEL TOP WIDTH (FT)@ d 484 | 6.18 7.21 9.55
CHANNEL SIDE SLOPES (H:V) |2 2 - 3,4 3,4
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 3.0 3.0
d (FLOW DEPTH IN FT) 044 | 0.70 0.59 0.90
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 7:1 4:1 5:1 3:1
A (AREA IN SQ. FT.) 1.70 3.10 3.02 5.51
R (HYDRAULIC RADIUS) 0.34 | 0.50 0.41 0.58
S (BED SLOPE, FT/FT)* 0.0133 | 0.0133 0.0100 | 0.0100
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)** 0.0550 | 0.0550 0.0530 0.121
V (AT FLOW DEPTH d, CFS) 1.53 | 0.84 | 1.56 0.85
Q (AT FLOW DEPTH d, CFS) 2.6 2.6 4.7 4.7
Q, (REQUIRED CAPACITY) CFS - - - -
S. (CRITICAL SLOPE) 0.0649 | 0.3124 0.0561 0.2599
7S, 0.0454 | 0.2186 0.0392 | 0.1819
1.3S, 0.0843 | 0.4061 0.0729 | 0.3378
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED-ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 1.04 | 0.71 1.40 1.06
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 1.5 1.5 2.0 2.0
ds; STONE SIZE (IN) ' - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V. (ALLOWABLE VELOCITY) FPS 5.0 35 50 | 35
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? | 0.36 | 0.58 0.37 0.56
7, (MAX ALLOWABLE SHEAR STRESS) LB/FT? | 155 | 4.20 1.55 4.20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns.

Minimum Freeboard,F, is 0.5 ft.

™ Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0802
LLOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11
CHECKED BY: JFM DATE: 07/27/11
CHANNEL OR CHANNEL SECTION 1.19 1.19 1.20 1.20
Unveg Veg Unveg Veg
PROTECTIVE LINING ** S75 Grass 875 Grass
CHANNEL TOP WIDTH (FT)@ D 19.26 | 19.25 31.00 31.00
CHANNEL TOP WIDTH (FT)@ d 6.31 8.54 9.13 11.11
CHANNEL SIDE SLOPES (H:V) 3,35 ] 3,35 3 3
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 5.0 5.0
d (FLOW DEPTH IN FT) 0.48 0.78 0.66 0.94
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 6:1 4:1 10:1 7:1
A (AREAIN SQ. FT)) 2.17 4.31 4.60 7.35
R (HYDRAULIC RADIUS) 0.35 0.52 0.50 0.67
S (BED SLOPE, FT/FT)* 0.0100 { 0.0100 0.0091 0.0091
VEGETATIVE LINING RETARDANCE ' - - C - C
n (MANNING’S COEFFICIENT)* 0.0550 | 0.1430 0.0510 0.100
V (AT FLOW DEPTH d, CFS) | 1.34 0.67 1.74 1.09
Q (AT FLOW DEPTH d, CFS) 2.9 2.9 8.0 8.0
Q; (REQUIRED CAPACITY) CFS - - - -
S. (CRITICAL SLOPE) 0.0630 | 0.3722 0.0561 0.2215
7S¢ 0.0441 | 0.2605 0.3927 0.1550
1.3S, _ 10.0819 | 0.4838 0.0729 0.2879
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 1.99 1.65 2.81 2.48
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.5 2.5 3.5 3.5
dss STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING * A5 V/S VIS V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.30 0.49 0.37 0.53
1, (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 4,20 1.66 4.20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

_. conditions in separate columns.

" Minimum Freeboard,F, is 0.5 ft.

" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPL.S0902

LOCATION: Salem Township

PREPARED BY: NKG

DATE: 07/22/11

CHECKED BY: JEM

DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 1.21 1.21 1.22 1.22
Unveg | Veg Unveg Veg
PROTECTIVE LINING ** S75 Grass 875 Grass
CHANNEL TOP WIDTH (FT)@ D 7.5 7.00 26.00 26.00
CHANNEL TOP WIDTH (FT)@ d 3.63 4.54 8.47 10.69
CHANNEL SIDE SLOPES (H:V) 2 2 3 3
CHANNEL BOTTOM WIDTH (FT) 1.5 1.5 5.0 5.0
d (FLOW DEPTH IN FT) 0.51 0.74 0.56 0.85
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 2:1 9:1 6:1
A (AREAIN SQ. FT.) 1.28 2.19 3.78 6.43
R (HYDRAULIC RADIUS) 0.34 0.46 0.44 0.62
S (BED SLOPE, FT/FT)* 0.0235{ 0.0235 0.0091 0.0091
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)** 0.0550 | 0.114 0.0540 0.1140
V (AT FLOW DEPTH d, CFS) 2.02 1.18 1.53 0.90
Q (AT FLOW DEPTH d, CFS) 260 | 260 5.80 5.80 _
Q, (REQUIRED CAPACITY) CFS - - - L.
S, (CRITICAL SLOPE) 0.0667 | 0.2629 0.0588 | 0.2973
78, 0.0466 | 0.1840 0.0411 0.2081
1.38, 0.0867 | 0.3417 0.0764 0.3864
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 0.97 0.74 292 2.55
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 1.5 1.5 3.50 3.50
ds; STONE SIZE (IN) - - - N
DESIGN METHOD FOR PROTECTIVE LINING ~ V/S S VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
19 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.75 1.08 0.32 0.48
1.55 4,20 1.55 4.20

t, (MAX ALLOWABLE SHEAR STRESS) LB/FT?

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

conditions in separate columns.
. Minimum Freeboard,F, is 0.5 ft.

" Permissible velocity lining design method is not acceptable for channels with a bed

slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method

may be used for any channel bed slope.




STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902 -

LOCATION: Salem Township

PREPARED BY: NKG

DATE: 07/22/11

CHECKED BY: JEM

DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 1.23 1.23 1.24 1.24
Unveg | Veg Unveg Veg
PROTECTIVE LINING ** S75 | Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 8.00 | 8.00 8.00 8.00
CHANNEL TOP WIDTH (FT)@ d 3.97 5.13 5.15 _6.02
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 2.0 2.0
d (FLOW DEPTH IN FT) 045 | 0.69 0.79 1.00
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 4:1 3:1 3:1 2:1
A (AREAIN SQ. FT.) 132 | 2.34 2.82 4.00
R {HYDRAULIC RADIUS) 0.33 | 0.46 0.51 0.62
S (BED SLOPE, FT/FT)* 0.0200 | 0.0200 0.0200 | 0.0200 -
VEGETATIVE LINING RETARDANCE - C - c
n (MANNING’S COEFFICIENT)* 0.0550 | 0.122 0.0480 | 0.0790
V (AT FLOW DEPTH d, CFS) 1.82 1.02 2.77 1.95
Q (AT FLOW DEPTH d, CFS) 240 | 2.40 7.8 7.8
Q, (REQUIRED CAPACITY) CFS - - - -
S. (CRITICAL SLOPE) 0.0662 | 0.2914 0.0450 | 0.1120
7S, 0.0463 | 0.2039 0.0315 | 0.0784
1.3S, 0.0860 | 0.3788 0.0585 | 0.1456
"STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - . -
FREEBOARD BASED ON STABLE FLOW FT 1.01 0.72 0.71 0.50
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 15 1.5 15 1.5
ds; STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING * V/S VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR '
STRESS (S) :
V, (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 35
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? | 0.57 | 0.86 0.98 1.25
12 (MAX ALLOWABLE SHEAR STRESS) LB/FT? 155 | 4.20 1.55 4,20

" * Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

.., conditions in separate columns.
Minimum Freeboard,F, is 0.5 ft.

" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method

may be used for any channel bed slope.




STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11

CHECKED BY: JFM DATE: 07/27/11
CHANNEL OR CHANNEL SECTION 1.26 1.25 1.26 1.26
Unveg Veg Unveg Veg
PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 10.50 | 10.50 10.00 10.00
CHANNEL TOP WIDTH (FT)@ d 5.28 6.50 6.14 7.40
CHANNEL SIDE SLOPES (H:V) 2,65 | 2,65 2 2
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 2.0 2.0
d (FLOW DEPTH IN FT) 0.30 0.46 1.03 1.35
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 10:1 71 2:1 1:1
A (AREA IN SQ. FT.) 1.23 217 4.18 6.32
R (HYDRAULIC RADIUS) , 0.23 0.33 0.63 0.79
S (BED SLOPE, FT/FT)* 0.0571 | 0.0571 0.0101 0.0101
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)** 0.0550 | 0.1230 0.0430 0.0750
V (AT FLOW DEPTH d, CFS) 2.43 1.38 2.56 1.69
Q (AT FLOW DEPTH d, CFS) 3.0 3.0 10.7 10.7
Q; (REQUIRED CAPACITY) CFS - - - -
S. (CRITICAL SLOPE) 0.0725 | 0.3231 0.0338 0.0962
7S, 0.0507 | 0.2261 0.0236 0.0673
1.3S; 0.0942 | 0.4200 0.0439 0.1250
STABLE FLOW? (Y/N) N Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT 0.70 - - -
FREEBOARD BASED ON STABLE FLOW FT - 0.53 0.97 0.65
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 1.0 1.0 2.0 2.0
dso STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING V/IS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR '
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 1.07 1.64 0.65 0.85
7, (MAX ALLOWABLE SHEAR STRESS) LB/FT2 | 1.55 4.20 1.556 4.20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns.

™" Minimum Freeboard,F, is 0.5 ft.

™ Permissible velocity fining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining designh method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11

CHECKED BY: JFM ' DATE: 07/27/11
" CHANNEL OR CHANNEL SECTION 1.27 1.27 1.28 1.28
Unveg Veg Unveg Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 10.50 | 10.50 8.00 8.00
CHANNEL TOP WIDTH (FT)@ d 6.07 8.86 6.33 8.02
CHANNEL SIDE SLOPES (H:V) 2,65 | 2,55 2 2
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 2.0 2.0
d (FLOW DEPTH IN FT) 0.41 0.77 1.08 1.50
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 7:1 4:1 2:1 1.1
A (AREAIN SQ. FT.) 1.84 4.51 4.47 7.49
R (HYDRAULIC RADIUS) 0.30 0.50 0.66 0.86
S (BED SLOPE, FT/FT)* 0.0571 | 0.0571 0.0059 0.0059
VEGETATIVE LINING RETARDANCE - C - C

n (MANNING’S COEFFICIENT)* 0.0550 | 0.1910 0.0420 0.084
V (AT FLOW DEPTH d, CFS) 2.88 1.17 2.06 1.23
Q (AT FLOW DEPTH d, CFS) 5.3 5.3 9.2 9.2
Q, (REQUIRED CAPACITY) CFS ‘ - - - -
S. (CRITICAL SLOPE) 0.0669 | 0.6798 0.0319 0.1174
7S 0.0468 | 0.4758 0.0223 0.0821
1.3S, 0.0869 | 0.8837 0.0414 0.1526
STABLE FLOW? (Y/N) N Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT 1.09 - - -
FREEBOARD BASED ON STABLE FLOW FT - 0.72 1.17 0.74
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 1.50 1.50 2.00 2.00
dsp STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ A A/ \/S VIS
PERMISSIBLE VELOCITY (V) OR SHEAR

STRESS (S)

V., (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 35
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 1.45 2.73 0.40 0.55
1, (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 4.20 1.55 4.20

* Slopes may not be averaged.
** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns.
" Minimum Freeboard,F, is 0.5 ft.
™ Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope. ' '



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG

DATE: 07/22/11

CHECKED BY: JEM

DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 1.29 1.29 1.30 1.30
Unveg | Veg Unveg Veg
PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 8.00 8.00 8.00 8.00
CHANNEL TOP WIDTH (FT)@ d 3.38 4.25 3.38 4.47
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 2.0 2.0
d (FLOW DEPTH IN FT) 0.33 0.51 0.31 0.52
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 6:1 4:1 6:1 4:1
A (AREA IN SQ. FT.) 0.89 1.82 0.82 1.56
R (HYDRAULIC RADIUS) 0.25 0.36 0.24 0.36
S (BED SLOPE, FT/FT)* 0.0476 | 0.0476 0.0343 | 0.0343
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)** 0.0550 | 0.1180 0.0550 0.1370
V (AT FLOW DEPTH d, CFS) 2.37 . 1.38 1.84 1.03
Q (AT FLOW DEPTH d, CFS) 2.1 2.1 1.6 1.6
Q, (REQUIRED CAPACITY) CFS - - - -
S, (CRITICAL SLOPE) 0.0721 | 0.2950 0.0721 0.3890
NEH 0.5047 | 0.2065 0.0504 0.2723
1.38, 0.0937 | 0.3835 0.0937 | 0.5057
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 1.15 0.94 1.15 0.88
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 05
D (TOTAL DEPTH) FT 1.50 1.50 1.50 1.50
[ ds, STONE SIZE (IN) ; i ) ;
DESIGN METHOD FOR PROTECTIVE LINING VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S) |
V, (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
14 (SHEAR STRESS AT FLOW DEPTH d) LBIFT?. 0.99 1.50 0.67 1.10
1, (MAX ALLOWABLE SHEAR STRESS) LBIFT? 1.55 4.20 1.55 4.20

A Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

__conditions in separate columns.
Minimum Freeboard,F, is 0.5 ft.

" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method

may be used for any channel bed slope.
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STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG

DATE: 07/22/11

CHECKED BY: JEM

DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 2.1 2.1 2.2 2.2
Unveg Veg Unveg Veg
PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 10.00 | 10.00 14.00 14.00
CHANNEL TOP WIDTH (FT)@ d 5.84 7.25 7.76 0.63
CHANNEL SIDE SLOPES (H:V) 2 2 3 3
CHANNEL BOTTOM WIDTH (FT) 20 2.0 2.0 2.0
d (FLOW DEPTH IN FT) ' 0.95 1,31 0.95 1.27
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 2:1 2:1 2:1 2:1
A (AREA IN SQ. FT.) 3.72 6.03 4,64 7.36
R (HYDRAULIC RADIUS) 0.59 0.77 0.58 0.73
S (BED SLOPE, FT/FT)* 0.0080 | 0.0080 0.0100 0.0100
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)** 0.0450 | 0.0860 0.0450 0.0830
V (AT FLOW DEPTH d, CFS) 2.10 1.29 2.31 1.45
Q (AT FLOW DEPTH d, CFS) 7.8 7.8 10.7 10.7
Q, (REQUIRED CAPACITY) CFS - - - -
S, (CRITICAL SLOPE) 0.0377 | 0.1274 0.0368 0.1158
.7Se 0.0263 | 0.0891 | 0.0257 | 0.0810
1.3S, 0.0490 | 0.1656 0.0478 0.1505
STABLE FLOW? (YIN) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FL.OW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 1.04 0.69 1.04 0.73
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.0 2.0 2.0 2.0
dsg STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ~ VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (8S)
V. (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
74 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.48 0.65 0.60 0.78
7, (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 4,20 1.55 4,20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary l:nmgs and vegetated

_, conditions in separate columns.
Minimum Freeboard,F, is 0.5 ft.

™ Permissible velocity lining design method is not acceptable for channels thh a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method

may be used for any channel bed slope.




STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11

CHECKED BY: JFM DATE: 07/27/11
CHANNEL OR CHANNEL SECTION 2.3 2.3 2.4 2.4

Unveg | Veg Unveg Veg

PROTECTIVE LINING ** ‘ SC250 | SC250 S75 Grass
CHANNEL TOP WIDTH (FT)@ D 1550 | 15.50 14.00 14.00
CHANNEL TOP WIDTH (FT)@ d 10.67 | 14.48 6.58 9.39
CHANNEL SIDE SLOPES (H:V) 3 3 3 3
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 2.0 2.0
d (FLOW DEPTH IN FT) 144 | 2.08 0.74 1.18
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 2:1 1:1 3:1 2:1
A (AREA IN SQ. FT.) 9.10 | 17.20 3.13 6.40
R (HYDRAULIC RADIUS) ' 0.82 1.13 0.47 0.68
S (BED SLOPE, FT/FT)* - 0.0100 | 0.0100 0.0050 | 0.0050
VEGETATIVE LINING RETARDANCE - | C - C
n {(MANNING’S COEFFICIENT)** 0.0220 | 0.0510 0.0500 | 0.1300
V (AT FLOW DEPTH d, CF$) 5.96 3.15 1.28 0.62
Q (AT FLOW DEPTH d, CFS) ; 54.20 | 54.20 4,00 4.00
Q, (REQUIRED CAPACITY) CFS - - - - -
S. (CRITICAL SLOPE) » 0.0079 | 0.0380 0.0482 | 0.2867
7S 0.0055 | 0.0266 0.0337 | 0.2006
1.3S, 0.0102 | 0.0494 .0.0626 | 0.3727
STABLE FLOW? (Y/N) - N Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT | 1.31 - - -
FREEBOARD BASED ON STABLE FLOW FT . 0.67 1.24 0.77
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.75 2.75 2.0 2.0
dso STONE SIZE (IN) _ - - - -
DESIGN METHOD FOR PROTECTIVE LINING V/s VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 9.5 15.0 5.0 35
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? .| 0.90 1.30 0.23 0.36
1a (MAX ALLOWABLE SHEAR STRESS) LB/FT? 3.0 8.0 1.55 4.20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegstated
conditions in separate columns.

™" Minimum Freeboard,F, is 0.5 ft.

™ Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG 'DATE: 07/22/11
CHECKED BY: JEM DATE: 07/27/11
CHANNEL OR CHANNEL SECTION 2.5 25 2.6 26
. .| Unveg Veg Unveg Veg
PROTECTIVE LINING ** S75 Grass SC250 SC250
CHANNEL TOP WIDTH (FT)@ D 8.00 8.00 15.50 15.50
CHANNEL TOP WIDTH (FT)@ d 4,87 5.75 9.17 12.30
CHANNEL SIDE SLOPES (H:V) 2 2 3 3
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 2.0 2.0
d (FLOW DEPTH IN FT) ) 0.71 0.83 1.19 1.71
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 2:1 2:1 1:1
A {(AREA IN SQ. FT.) 2.44 3.59 6.61 12.18
R (HYDRAULIC RADIUS) , 0.47 0.58 0.70 0.95
S (BED SLOPE, FT/FT)* 0:0200 | 0.0200 0.0100 0.0100
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)** - 0.0500 | 0.0850 0.0270 0.0610
V (AT FLOW DEPTH d, CFS) 2.54 1.73 4.37 2.37
Q (AT FLOW DEPTH d, CFS) 6.2 6.2 28.9 . 289
Q, (REQUIRED CAPACITY) CFS : - - - -
S: (CRITICAL SLOPE) 0.0500 | 0.1353 0.0125 0.0575
7S, 0.0350 | 0.0947 0.0087 0.0402
1.3S, 0.0650 | 0.1758 0.0162 0.0747
STABLE FLOW? (YIN) Y Y N Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - 1.05 -
FREEBOARD BASED ON STABLE FLOW FT 0.78 0.56 - 0.53
MINIMUM REQUIRED FREEBOARD FT* 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 1.6 1 15 2.25 2.25
dso STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 5.0 3.5 9.5 15.0
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.89 1.16 0.74 1.07
1. (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 4.20 : 3.0 8.0

* Slopes may not be averaged.
** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns.
" Minimum Freeboard,F, is 0.5 ft.
Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method

may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11
CHECKED BY: JFM DATE: 07/27/11
CHANNEL OR CHANNEL SECTION 2.7 2.7
Unveg | Veg
PROTECTIVE LINING ** S75 Grass
CHANNEL TOP WIDTH (FT)@ D 14.00 | 14.00
CHANNEL TOP WIDTH (FT)@ d 5.85 8.42
CHANNEL SIDE SLOPES (H:V) 3 3
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0
d (FLOW DEPTH IN FT) 0.61 0.93
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 2:1
A (AREAIN SQ. FT.) 2.34 4.44
R (HYDRAULIC RADIUS) 0.40 | 0.56
S (BED SLOPE, FT/FT)* 0.0100 | 0.0100
VEGETATIVE LINING RETARDANCE - C
n (MANNING’S COEFFICIENT)** - 0.0520 | 0.125
V (AT FLOW DEPTH d, CFS) 1.54 | 0.81
Q (AT FLOW DEPTH d, CFS) 3.6 3.6
Q; (REQUIRED CAPACITY) CFS - -
S (CRITICAL SLOPE) 0.0611 | 0.3862
IS, 0.0427 | 0.2703
1.3S, . 0.0794 | 0.5020
STABLE FLOW? (Y/N) Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - oo
FREEBOARD BASED ON STABLE FLOW FT 1.36 0.93
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5
D (TOTAL DEPTH) FT 2.0 2.0
dsg STONE SIZE (IN) - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S) '
V. (ALLOWABLE VELOCITY) FPS 5.0 3.5
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.38 0.58
7 (MAX ALLOWABLE SHEAR STRESS) LBIFT? 1.85 4.20

* Slopes may not be averaged.
** For vegetated channels, provide data for temporary linings and vegetated
__ conditions in separate columns.

" Minimum Freeboard,F, is 0.5 ft.

" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope. :



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG

DATE: 07/22/11

CHECKED BY: JEM

DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 3.1 3.1 3.2 3.2
Unveg Veg Unveg Veg
PROTECTIVE LINING ** S75 Grass SC250 SC250
CHANNEL TOP WIDTH (FT)@ D 8.00 8.00 17.00 17.00
CHANNEL TOP WIDTH (FT)@ d 4.90 5.66 10.17 13.84
CHANNEL SIDE SLOPES (H:V) 2 2 3 3
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 2.0 2.0
d (FLOW DEPTH IN FT) 0.72 0.91 1.37 1.97
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 2:1 1:1 1:1
A (AREAIN SQ. FT.) 2.48 3.47 8.34 15.56
R (HYDRAULIC RADIUS) 0.47 0.57 0.78 1.08
S (BED SLOPE, FT/FT)* 0.0250 | 0.0250 0.0100 0.0100
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING'S COEFFICIENT)* 0.0500 | 0.0790 0.0230 0.0540
V (AT FLOW DEPTH d, CFS) 2.86 2.05 5.43 2.91
Q (AT FLOW DEPTH d, CFS) 7.1 7.0 45.3 45.3
Q. (REQUIRED CAPACITY) CFS - - - -
S (CRITICAL SLOPE) 0.0498 | 0.1176 0.0087 0.0433
78 0.0348 | 0.0823 0.0060 0.0303
1.3S. 0.0647 | 0.1528 0.0113 0.0562
STABLE FLOW? (Y/N) Y Y N Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - 1.14 -
FREEBOARD BASED ON STABLE FLOW FT 0.77 0.59 - 0.563
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 1.5 1.5 2.5 2.5
dso STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS V/iS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V., (ALLOWABLE VELOCITY) FPS 5.0 3.5 9.5 15.0
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 112 | 1.42 0.85 1.23
172 (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 4.20 3.00 8.00

o Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

... conditions in separate columns.
Minimum Freeboard,F, is 0.5 ft.

" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method

may be used for any channel bed slope.




STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11
CHECKED BY: JFM DATE: 07/27/11
CHANNEL OR CHANNEL SECTION 3.3 3.3 3.4 3.4
Unveg Veg Unveg Veg
PROTECTIVE LINING ** SC250 | SC250 S75 Grass
CHANNEL TOP WIDTH (FT)@ D 32.00 | 32.00 8.00 8.00
CHANNEL TOP WIDTH (FT)@ d 9.48 12.65 4,99 5.76
CHANNEL SIDE SLOPES (H:V) 3 3 2 2
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 2.0 2.0
d (FLOW DEPTH IN FT) 1.24 1.78 0.75 0.93
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 2:1 1:1 3:1 2:1
A (AREA IN SQ. FT.) A 7.08 13.06 2.61 3.60
R (HYDRAULIC RADIUS) ‘ 0.72 0.99 0.49 0.58
S (BED SLOPE, FT/FT)* 0.0100 | 0.0100 0.0250 0.0250
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)™ 1 0.0260 | 0.0580 0.0490 0.0770
V (AT FLOW DEPTH d, CFS) 4.64 2.52 2.95 2.14
Q (AT FLOW DEPTH d, CFS) 32,90 | 32.90 7.7 7.7
Q, (REQUIRED CAPACITY) CFS - - - -
S; (CRITICAL SLOPE) 0.0114 | 0.0515 0.0475 0.1110
7S, 0.0079 | 0.0360 0.0332 0.0777
1.35, : . 10.0148 | 0.0669 0.0617 0.1443
STABLE FLOW? (Y/N) N Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT 375 | - - -
FREEBOARD BASED ON STABLE FLOW FT - 3.22 0.75 0.56
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 5.0 5.0 1.5 1.5
dso STONE SIZE (IN) : - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 9.6 15.0 5.0 3.5
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.77 1.11 1.17 1.45
7, (MAX ALLOWABLE SHEAR STRESS) LB/FT? 3.00 8.00 1.55 4.20

* Slopes may not be averaged.
** For vegetated channels, provide data for temporary hmngs and vegetated
conditions in separate columns.
" Minimum Freeboard,F, is 0.5 ft.
™ Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11

CHECKED BY: JFM DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 3.5 3.5 3.6 3.6

Unveg Veg Unveg Veg

PROTECTIVE LINING ** S75 | Grass SC250 | SC250
CHANNEL TOP WIDTH (FT)@ D 10.00 | 10.00 26.00 26.00
CHANNEL TOP WIDTH (FT)@ d 598 | 7.40 7.17 8.66
CHANNEL SIDE SLOPES (H:V) 2 2 3 3
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 2.0 2.0
d (FLOW DEPTH IN FT) 0.99 1.35 0.86 1.11
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 2:1 1:1 2:1 2:1
A (AREA N SQ. FT.) 394 | 632 3.94 5.88
R (HYDRAULIC RADIUS) 0.61 0.79 0.53 0.65
S (BED SLOPE, FT/FT)* 0.0080 | 0.0080 0.0400 | 0.0400
VEGETATIVE LINING RETARDANCE . C - C

n (MANNING'S COEFFICIENT)* 0.0440 | 0.0830 0.0330 | 0.0570
V (AT FLOW DEPTH d, CFS) 2.18 1.36 5.89 3.94
Q (AT FLOW DEPTH d, CFS) 8.6 8.6 23.2 23.2
Q, (REQUIRED CAPACITY) CFS - - - -
S. (CRITICAL SLOPE) 0.0357 | 0.1179 0.0204 | 0.0567
78, 0.0249 | 0.0825 0.0142 | 0.0396
1.3S, 0.0464 | 0.1532 0.0265 | 0.0737
STABLE FLOW? (Y/N) Y Y Y N
FREEBOARD BASED ON UNSTABLE FLOW FT - - - 2.89
FREEBOARD BASED ON STABLE FLOW FT 1.00 | 0.65 3.14 -
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.0 2.0 4.0 4.0
ds, STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR

STRESS (S) . ,

V, (ALLOWABLE VELOCITY) FPS 5.0 35 9.5 15.0
4 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? | 049 | 0.67 2.15 2.76
5 (MAX ALLOWABLE SHEAR STRESS) LB/FT? 155 | 4.20 3.00 8.00

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns. ‘

" Minimum Freeboard,F, is 0.5 ft.
Permissible velocity lining design method is not acceptable for channels with a bed

slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11

CHECKED BY: JFM DATE: 07/27/11
CHANNEL OR CHANNEL SECTION 3.7 3.7 3.8 3.8

' Unveg Veg Unveg Veg

PROTECTIVE LINING * S75 | Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 23.00 | 23.00 23.00 23.00
CHANNEL TOP WIDTH (FT)@ d 530 | 6.49 4.20 4.99
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 3.0 3.0
d (FLOW DEPTH IN FT) 0.56 0.82 0.29 0.45
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 5:1 4:1 10:1 7:1
A (AREA IN SQ. FT.) 233 | 3.82 1.06 1.77
R (HYDRAULIC RADIUS) 042 | 0.57 0.24 0.35
S (BED SLOPE, FT/FT)* 0.0133 | 0.0133 0.0500 | 0.0500
VEGETATIVE LINING RETARDANCE - c - C
n (MANNING’S COEFFICIENT)* 0.0540 | 0.1080 0.0550 | 0.1180
V (AT FLOW DEPTH d, CFS) 1.80 1.10 2.36 1.41
Q (AT FLOW DEPTHdJ,CFS) 4.2 42 25 2.5
Q, (REQUIRED CAPACITY) CFS - - - -
S. (CRITICAL SLOPE) - 0.0592 | 0.2141 0.0723 | 0.2929
78 ~ 0.0414 | 0.1498 0.0506 | 0.2050
1.3S, 0.0769 | 0.2783 0.0939 | 0.3807
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT . - - -
FREEBOARD BASED ON STABLE FLOW FT 443 | 413 4.70 4.50
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT - ' 5.0 5.0 5.0 5.0
ds; STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ | V/S VIS V/S VIS
PERMISSIBLE VELOCITY (V) OR SHEAR ‘
STRESS (S) .
V, (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? | 0.47 | 0.68 0.92 1.42
72 (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 4.20 1.55 4.20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns.

™ Minimum Freeboard,F, is 0.5 ft.

™ Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11
CHECKED BY: JEM DATE: 07/27/11
CHANNEL OR CHANNEL SECTION 3.9 3.9 3.10 3.10
Unveg | Veg | - Unveg Veg
PROTECTIVE LINING ** SC250 | SC250 SC250 SC250
CHANNEL TOP WIDTH (FT)@ D 10.50 | 10.50 9.00 9.00
CHANNEL TOP WIDTH (FT)@ d 4.91 5.83 6.13 6.96
CHANNEL SIDE SLOPES (H:V) 2,3 2,3 2 2
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 3.0 3.0
d (FLOW DEPTH IN FT) 0.38 0.56 0.79 0.99
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 8:1 5:1 4:1 3.1
A (AREAIN SQ. FT.) ' 1.50 2.48 3.61 4.90
R (HYDRAULIC RADIUS) 0.30 0.40 0.55 0.66
S (BED SLOPE, FT/FT)* _ 0.0667 | 0.0667 0.0500 0.0500
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)** 0.0400 | 0.0820 0.0340 0.0530
V (AT FLOW DEPTH d, CFS) 4.27 2.58 6.51 4.80
Q (AT FLOW DEPTH d, CFS) ' | 6.4 64 | | 235 23.5
Q, (REQUIRED CAPACITY) CFS - - - -
S: (CRITICAL SLOPE) 0.0359 | 0.1363 0.0218 0.0500
78 0.0251 | 0.0954 0.0152 0.0350
1.3S 0.0466 | 0.1771 0.0283 0.0650
STABLE FLOW? (Y/N) Y Y Y N
FREEBOARD BASED ON UNSTABLE FLOW FT - - - 0.51
FREEBOARD BASED ON STABLE FLOW FT 1.12 0.93 0.72 -
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 1.50 1.50 1.50 1.50
dso STONE SIZE (IN) _ - - - -
DESIGN METHOD FOR PROTECTIVE LINING VIS V/S V/S Vis
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S) '
V, (ALLOWABLE VELOCITY) FPS 9.5 15.0 9.5 15.0
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 1.58 2.34 2.46 3.07
1, (MAX ALLOWABLE SHEAR STRESS) LB/FT? 3.00 8.00 3.00 8.00

* Slopes may not be averaged.
** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns.
™ Minimum Freeboard,F, is 0.5 ft.
™ Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method

may be used for any channel bed slope.




STANDARD WORKSHEET #21
Channel Design-Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG ' DATE: 07/22/11
CHECKED BY: JFM DATE: 07/27/11
CHANNEL OR CHANNEL SECTION 3.11 3.11 3.12 3.12
Unveg Veg Unveg Veg
PROTECTIVE LINING ** \ S75 | Grass SC250 | SC250
CHANNEL TOP WIDTH (FT)@ D 6.00 | 6.00 9.00 9.00
CHANNEL TOP WIDTH (FT)@ d 0.65 1.14 5.49 6.35
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 0.0 0.0 3.0 3.0
d (FLOW DEPTH IN FT) 0.20 0.35 0.62 0.83
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 0:1 0:1 5:1 4:1
A (AREAIN SQ. FT.) 0.08 | 0.24 2.62 3.89
R (HYDRAULIC RADIUS) 009 | 0.16 0.45 0.58
S (BED SLOPE, FT/FT)* - 0.0571 | 0.0571 0.0381 | 0.0381
VEGETATIVE LINING RETARDANCE . C - c
n (MANNING’S COEFFICIENT)* 0.0550 | 0.2500 0.0380 0.066
V (AT FLOW DEPTH d, CFS) 1.28 | 0.41 4.54 3.06
Q (AT FLOW DEPTH d, CFS) 0.1 0.1 11.9 11.9
Q; (REQUIRED CAPACITY) CFS : - - - -
S (CRITICAL SLOPE) 0.1181 ] 2.0192 0.0288 | 0.0808
7S, 0.0826 | 1.4134 0.0201 0.0565
1.3S, ' 0.1535 | 2.6249 0.0374 | 0.1050
STABLE FLOW? (Y/N) | % Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 1.34 1,21 0.88 0.66
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 1.5 15 1.5 15
ds; STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS | VIS V/S VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 5.0 3.5 9.5 15.0
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT* | 0.70 1.24 1.47 1.98
1. (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 4.20 3.00 8.00

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

... conditions in separate columns.

Minimum Freeboard,F, is 0.5 ft.

” Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11
CHECKED BY: JFM DATE: 07/27/11
CHANNEL OR CHANNEL SECTION 3.13 3.13 3.14 3.14
Unveg Veg Unveg Veg
PROTECTIVE LINING ™ ' SC250 | SC250 SC250 SC250
CHANNEL TOP WIDTH (FT)@ D 9.00 9.00 10.00 10.00
CHANNEL TOP WIDTH (FT)@ d 4.33 4.95 6.62 8.56
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 2.0 2.0
d (FLOW DEPTH IN FT) 0.33 | 0.48 1.16 1.63
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 9:1 6:1 2:1 1:1
A (AREA IN SQ. FT.) 1.20 1.92 5.00 8.60
R (HYDRAULIC RADIUS) 0.27 0.37 0.70 - 0.92
S (BED SLOPE, FT/FT)* 0.1000 | 0.1000 0.0136 0.0136
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)™ 0.0400 | 0.0790 0.0270 0.0570
V (AT FLOW DEPTH d, CFS) 4.90 3.08 5.00 2.91
Q (AT FLOW DEPTH d, CFS) 5.9 5.9 25.0 25.0
Q; (REQUIRED CAPACITY) CFS - - - -
S, (CRITICAL SLOPE) 0.0373 | 0.1320 0.0130 0.0529
7S¢ 0.0261 | 0.0924 0.0091 0.0370
1.3S; 0.0484 | 0.1716 0.0169 0.0687
STABLE FLOW? (Y/N) Y N N Y
FREEBOARD BASED ON UNSTABLE FLOW FT - 1.01 1.09 -
FREEBOARD BASED ON STABLE FLOW FT 1.17 - - 0.61
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT : 1.5 1.5 2:25 2.256
dsp STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 9.5 15.0 9.5 15.0
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 2.05 3.02 0.98
17, (MAX ALLOWABLE SHEAR STRESS) LB/FT? 3.00 8.00 3.00 8.00

* Slopes may not be averaged.
** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns.
" Minimum Freeboard,F, is 0.5 ft.
™" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
~ channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPL 50902

LOCATION: Salem Township

PREPARED BY: NKG

DATE: 07/22/11

CHECKED BY: JEM

DATE: 07/27/11

N

ta (MAX ALLOWABLE SHEAR STRESS) LB/FT?

CHANNEL OR CHANNEL SECTION 3.15 3.16
PROTECTIVE LINING ** CONC CONC
CHANNEL TOP WIDTH (FT)@ D 10.00 10.00
CHANNEL TOP WIDTH (FT)@ d 3.97 4.26
CHANNEL SIDE SLOPES (H:V) 2 2
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0
d (FLOW DEPTH IN FT) 0.49 0.57
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 4:1 3:1
A (AREA IN SQ. FT.) 1.47 1.77
R (HYDRAULIC RADIUS) 0.35 0.39
S (BED SLOPE, FT/FT)* 0.2130 0.2130
VEGETATIVE LINING RETARDANCE - -
n (MANNING'S COEFFICIENT)*™ 0.0200 0.0200
V (AT FLOW DEPTH d, CFS) 17.04 18.34
Q (AT FLOW DEPTH d, CFS) 25.1 325
Q, (REQUIRED CAPACITY) CFS - -
S. (CRITICAL SLOPE) 0.0087 0.0085
7S, 0.0060 0.0059
1.3S, 0.0113 0.0110
STABLE FLOW? (Y/N) Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - -
FREEBOARD BASED ON STABLE FLOW FT 1.51 1.43
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5
D (TOTAL DEPTH) FT 2.0 2.0
ds; STONE SIZE (IN) _ - -
DESIGN METHOD FOR PROTECTIVE LINING S s
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 14.5 14.5
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT2 | 6.56 7.52
N/A N/A

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

... conditions in separate columns.
. Minimum Freeboard,F, is 0.5 ft.

" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method

may be used for any channel bed slope.




STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11

CHECKED BY: JFM DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 5.1 5.1 5.2 5.2

Unveg Veg Unveg Veg

PROTECTIVE LINING ** S75 -| Grass SC250 SC250
CHANNEL TOP WIDTH (FT)@ D 12.00 | 12.00 156.00 156.00
CHANNEL TOP WIDTH (FT)@ d 7.40 8.60 7.90 9.79
CHANNEL SIDE SLOPES (H:V) 3 3 .3 3
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 3.0 3.0
d (FLOW DEPTH IN FT) 0.73 0.93 0.81 1.13
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 4:1 3:1 41 3:1
A (AREAIN SQ. FT.) 3.78 5.36 4.43 7.19
R (HYDRAULIC RADIUS) 0.50 0.60 0.54 0.71
S (BED SLOPE, FT/FT)* 0.0200 | 0.0200 0.0200 0.0200
VEGETATIVE LINING RETARDANCE - C - C

n (MANNING’S COEFFICIENT)** 0.0500 { 0.0810 0.0340 0.0660
V (AT FLOW DEPTH d, CFS) 2.65 1.86 4.13 2.54
Q (AT FLOW DEPTH d, CFS) 10.0 10.0 18.3 18.3
Q, (REQUIRED CAPACITY) CFS - - - -

S; (CRITICAL SLOPE) 0.0474 | 0.1167 0.0213 0.0737
7S, 0.0331 { 0.0816 0.0149 0.0515
1.38, ' ‘ 0.0616 | 0.1617 0.0276 0.0958
STABLE FLOW? (Y/IN) Y Y N Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - 1.18 -
FREEBOARD BASED ON STABLE FLOW FT 0.77 0.57 - 0.87
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 1.5 1.5 2.0 2.0
dso STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR

STRESS (S) '

V. (ALLOWABLE VELOCITY) FPS 5.0 3.5 95 15.0
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.91 1.16 1.02 1.41
1. (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 4.20 3.00 8.00

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns. - '

" Minimum Freeboard,F, is 0.5 ft.

" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



N

STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

. LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11

CHECKED BY: JFM DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 5.3 5.3 : 5.4 5.4

’ Unveg Veg Unveg Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 14.00 | 14.00 14.00 14.00
CHANNEL TOP WIDTH (FT)@ d 6.06 7.65 7.17 9.06
CHANNEL SIDE SLOPES (H:V) 3 3 3 - "3
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 2.0 2.0
d (FLOW DEPTH IN FT) 0.67 0.94 0.86 1.17
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 2:1 2:1 2:1
A (AREAIN SQ. FT.) . 2.70 4.50 3.92 6.45
R (HYDRAULIC RADIUS) 0.43 0.57 ' 0.53 0.69
S (BED SLOPE, FT/FT)* 0.0150 | 0.0150 0.0100 0.0100
VEGETATIVE LINING RETARDANCE - C - C

n (MANNING'S COEFFICIENT)** 0.0510 { 0.1020 0.0470 | 0.0920
V (AT FLOW DEPTH d, CFS) : 2.04 1.22 2.07 1.26
Q (AT FLOW DEPTH d, CFS) 5.5 5.5 8.1 8.1
Q, (REQUIRED CAPACITY) CFS - - - -
S, (CRITICAL SLOPE) 0.0518 | 0.1899 0.0413 0.1454
.78, 0.0362 | 0.1329 0.0289 0.1017
1.3S, 0.0673 | 0.2468 0.0536 0.1890
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 1.32 1.06 1.14 0.82
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.0 2.0 2.0 2.0
ds, STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS V/S VIS
PERMISSIBLE VELOCITY (V) OR SHEAR T

STRESS (S)

V, (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.63 0.88 ’ 0.53 0.73
1, (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 4.20 1.55 4.20

* Slopes may not be averaged.
** For vegetated channels, provide data for temporary linings and vegetated
.. conditions in separate columns.

" Minimum Freeboard,F, is 0.5 ft.

" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11
© CHECKED BY: JFM DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 5.5 5.5 5.6 5.6

_ Unveg Veg Unveg Veg
PROTECTIVE LINING ** SC250 { SC250 SC250 SC250
CHANNEL TOP WIDTH (FT)@ D [ 11.00 | 11.00 13.00 13.00
CHANNEL TOP WIDTH (FT)@ d 7.08 8.94 7.85 10.34
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 2.0 2.0
d (FLOW DEPTH IN FT) 1.27 1.73 1.45 2.09
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 2:1 1:1 11 11
A (AREAIN SQ. FT.) 5.77 9.43 7.1 12.92
R (HYDRAULIC RADIUS) 0.75 0.97 0.84 1.14
S (BED SLOPE, FT/FT)* 0.0200 | 0.0200 0.0125 0.0125
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)* 0.0250 | 0.0490 0.0220 0.0480
V (AT FLOW DEPTH d, CFS) 6.92 4.23 6.83 3.76
Q (AT FLOW DEPTH d, CFS) 30.9 39.9 48.6 48.6
Q; {(REQUIRED CAPACITY) CFS - - - -
S; (CRITICAL SLOPE) 0.0109 | 0.0385 0.0081 0.0352
IS, 0.0076 | 0.0269 .0.0056 0.0246
1.38; 0.0141 | 0.0500 0.0105 0.0457
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 0.98 0.51 1.29 0.66
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.25 2.25 275 2.75
dso STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V., (ALLOWABLE VELOCITY) FPS 9.5 15.0 9.5 15.0
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 1.59 2.16 1.13 1.63
1, (MAX ALLOWABLE SHEAR STRESS) LB/FT? 3.00 8.00 3.00 8.00

* Slopes may not be averaged.
** For vegetated channels, provide data for temporary linings and vegetated
., conditions in separate columns.
" Minimum Freeboard,F, is 0.5 ft.
™ Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11
CHECKED BY: JFM ‘ DATE: 07/27/11
CHANNEL OR CHANNEL SECTION 57 57 5.8 5.8
Unveg | Veg Unveg Veg
PROTECTIVE LINING ** _ S75 Grass 875 Grass
CHANNEL TOP WIDTH (FT)@ D 8.00 8.00 8.00 8.00
CHANNEL TOP WIDTH (FT)@ d 5.19 6.07" 3.84 5.03
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 2.0 2.0
d (FLOW DEPTH IN FT) 0.80 1.01 0.42 0.66
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 2:1 5:1 - 3:1
A (AREAIN SQ. FT.) 2.86 4.05 1.20 2.21
R (HYDRAULIC RADIUS) 0.51 0.62 0.31 0.44
S (BED SLOPE, FT/FT)* 0.0200 | 0.0200 0.0200 0.0200
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)** 0.0480 | 0.0780 0.0550 0.1290
V (AT FLOW DEPTH d, CFS) 2.80 1.98 1.75 0.95
Q (AT FLOW DEPTH d, CFS) 8.0 8.0 2.1 21
Q, (REQUIRED CAPACITY) CFS - - - -
S: (CRITICAL SLOPE) : 0.0449 | 0.1117 0.0673 || 0.3284
78, 0.0314 | 0.0781 0.0471 | 0.2208
1.3S, 0.0583 | 0.1452 0.0874 0.4269
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 1.20 0.98 1.04 0.74
MINIMUM REQUIRED FREEBOARD FT 05 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.00 2.00 1.50 1.50
dso STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING VIS VIS’ VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V. (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.99 1.26 0.53 0.83
1, (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 4.20 1.55 4.20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

.. conditions in separate columns.

.. Minimum Freeboard,F, is 0.5 ft.
Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Beli Bend, PPLS0902 ‘ N

LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11

CHECKED BY: JFM DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 59 5.9 5.10 5.10

Unveg | Unveg Unveg Veg

PROTECTIVE LINING ** S75 Grass 875 Grass
CHANNEL TOP WIDTH (FT)@ D - 8.00 8.00 8.00 8.00
CHANNEL TOP WIDTH (FT)@ d 4.56 5.86 4.46 5.49
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) o 2.0 2.0 2.0 2.0
d (FLOW DEPTH IN FT) 0.61 0.89 ~ 0.61 0.84
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) - 31 2:1 3:1 2:1
A (AREAIN SQ. FT.) 1.94 3.38 1.97 3.08
R (HYDRAULIC RADIUS) 0.41 0.56 0.42 0.54
S (BED SLOPE, FT/FT)* 0.0125 | 0.125 0.0200 0.0200
VEGETATIVE LINING RETARDANCE - - - -

n (MANNING’S COEFFICIENT)* 0.0530 { 0.1130 0.0520 0.0970
V (AT FLOW DEPTH d, CFS) . 1.75 1.00 2.23 1.43
Q (AT FLOW DEPTH d, CFS) 34 3.4 4.4 4.4
Q, (REQUIRED CAPACITY) CFS - - - . -

S; (CRITICAL SL.OPE) 0.0577 | 0.2375 0.0561 0.1794
I8. 0.0403 | 0.1662 0.0392 0.12565
1.35; 0.0750 | 0.3087 0.0729 0.2332
STABLE FLOW? (Y/N) _ Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT /0.86 0.53 0.89 0.63
MINIMUM REQUIRED FREEBOARD FT 05 0.5 - 05 0.5
D (TOTAL DEPTH) FT 1.5 1.5 1.5 1.5
dsp STONE SIZE (IN) - - L. -
DESIGN METHOD FOR PROTECTIVE LINING VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR :

STRESS (S) _

V., (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
14 (SHEAR STRESS AT FLOW DEPTH d) LBIFT? 0.47 8.70 0.76 1.05
s (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.56 4.20 1.55 4.20

* Slopes may not be averaged. .

** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns.

™ Minimum Freeboard,F, is 0.5 ft.

™ Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPL.S0902

LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11
CHECKED BY: JEM ‘ DATE: 07/27/11
CHANNEL OR CHANNEL SECTION 6.1 6.1 6.2 6.2
Unveg | Veg Unveg Veg
PROTECTIVE LINING ** SC250 | SC250 S75 Grass
CHANNEL TOP WIDTH (FT)@ D 32.00 | 32.00 11.00 11.00
CHANNEL TOP WIDTH (FT)@ d 9.28 | 12.06 5.28 7.20
CHANNEL SIDE SLOPES (H:V) 3 3 3 3
CHANNEL BOTTOM WIDTH (FT) : 2.0 2.0 2.0 2.0
d (FLOW DEPTH IN FT) 1.22 1.68 0.54 - 0.80
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 2:1 1:1 4:1 3:1
A {(AREAIN SQ. FT.) 6.87 | 11.82 1.94 3.55
R (HYDRAULIC RADIUS) 0.71 0.94 0.36 0.50
S (BED SLOPE, FT/FT)* 0.0150 | 0.0150 0.0150 0.0150
VEGETATIVE LINING RETARDANCE ) - - - -
n (MANNING’S COEFFICIENT)*™ 0.0260 | 0.0540 0.0540 0.1230
V (AT FLOW DEPTH d, CFS) 5.53 3.21 1.70 0.93
Q (AT FLOW DEPTH d, CFS) 38.0 38.0 " 3.3 3.3
Q, (REQUIRED CAPACITY) CFS - - - -
S (CRITICAL SLOPE) 0.0115 | 0.0454 0.0614 0.2824
7S¢ 0.0080 | 0.0317 0.0429 | 0.1976
1.38; 0.0149 | 0.0590 0.0798 0.3671
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 3.79 3.32 0.95 0.63
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 5.0 50 ¢ 1.5 1.5
dse STONE SIZE (IN) - . - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S) ‘
V. (ALLOWABLE VELOCITY) FPS 9.5 15.0 5.0 3.5
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 1.14 1.57 0.50 0.75
7a (MAX ALLOWABLE SHEAR STRESS) LB/FT? 3.00 8.00 1.55 4.20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns.

" Minimum Freeboard,F, is 0.5 ft.

™ Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress hmng design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0802

LOCATION: Salem Township

PREPARED BY: NKG

DATE: 07/22/11

CHECKED BY: JFM

DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 6.3 6.3
Unveg | Veg
PROTECTIVE LINING ** S75 Grass
CHANNEL TOP WIDTH (FT)@ D 11.00 | 11.00
CHANNEL TOP WIDTH (FT)@ d 472 6.71
CHANNEL SIDE SLOPES (H:V) 3 3
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0
d (FLOW DEPTH IN FT) 0.41 0.68
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 5:1 31
A (AREAIN SQ. FT.) 1.34 2.76
R (HYDRAULIC RADIUS) 0.29 0.44
S (BED SLOPE, FT/FT)* 0.0160 | 0.0160
VEGETATIVE LINING RETARDANCE - C
n (MANNING’S COEFFICIENT)** 0.0550 | 0.0550
V (AT FLOW DEPTH d, CFS) 1.50 0.72
Q (AT FLOW DEPTH d, CFS) 2.0 2.0
Q; (REQUIRED CAPACITY) CFS - -
S; (CRITICAL SLOPE) 0.0669 | 0.4310
TS 0.0468 | 0.3017
1.3S5, 0.0869 | 0.5603
STABLE FLOW? (Y/N) Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - -
FREEBOARD BASED ON STABLE FLOW FT 1.05 0.71
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5
D (TOTAL DEPTH) FT 1.6 | 15
dso STONE SIZE (IN) - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR .
STRESS (S) -
V, (ALLOWABLE VELOCITY) FPS 5.0 3.5
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.41 0.68
1, (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 4.20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

... conditions in separate columns.
Minimum Freeboard,F, is 0.5 ft.

" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining deSIgn method

may be used for any channel bed slope.




STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: NKG DATE: 07/22/11

CHECKED BY: JFM DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 10.1 10.1 10.2 10.2

Unveg Veg Unveg Veg

PROTECTIVE LINING ** S75 | Grass S75 Grass
CHANNEL TOP WIDTH (FT)@D 11.00 | 11.00 11.00 11.00
CHANNEL TOP WIDTH (FT)@ d , 3.94 5.29 3.99 5.35
CHANNEL SIDE SLOPES (H:V) ) 3 3 3 3
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 2.0 2.0
d (FLOW DEPTH IN FT) 032 | 0.50 0.32 0.51
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) - 61 4:1 6:1 4:1
A (AREAIN SQ. FT.) 0.93 1.75 0.96 1.79
R (HYDRAULIC RADIUS) 0.23 0.34 0.24 0.34
S (BED SLOPE, FT/FT)* 0.0444 | 0.0444 0.0444 | 0.0444
VEGETATIVE LINING RETARDANCE - c - c

n (MANNING’S COEFFICIENT)** 0.0550 | 0.1330 0.0550 | 0.1310
V (AT FLOW DEPTH d, CFS) 2.15 1.14 2.18 1.18
Q (AT FLOW DEPTH-d, CFS) 2.0 2.0 2.1 2.1
Q; (REQUIRED CAPACITY) CFS _ - - - .-
S (CRITICAL SLOPE) 0.0730 | 0.3722 0.0725 0.3596
7Sc 0.0511 | 0.2605 0.0507 | 0.2517
1.3S, 0.0949 | 0.4838 0.09042 | 0.4674
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT . . . .
FREEBOARD BASED ON STABLE FLOW FT 1.18 0.95 1.17 0.94
MINIMUM REQUIRED FREEBOARD FT 0.5 05 | 0.5 0.5
D (TOTAL DEPTH) FT 1.5 1.5 15 1.5
dsy STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR

STRESS (S)

V, (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.87 1.39 0.90 1.41
1, (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 4.20 1.55 4.20

* Slopes may not be averaged.
** For vegetated channels, provide data for temporary linings and vegetated
_ conditions in separate columns.
" Minimum Freeboard,F, is 0.5 ft.
Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



Rational Eguaiion Stormwater Calculations T

(Pennor/u
Clienl: PPL0902 e
Project: POL1 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPL0902
Date: 15 Sep 11 JFM
Governing Equation: Q= K C 1A (where k=1 for english units)
Description: SWALE 1.1 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoft
Soil Group Land Land Coefficient, Area, A A°C
__(ABC.D) Use Slope C (acres) (acres)
Lawn 0.40 ' 1.950 0.780

Total A* G: 0.78 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's Average Length Velocity  Concentratn Calculation
Type of Flow / Ground Cover n Slope (f1) {1V/s) {min} Method
A 4
L 4 Shallow Concentrated v
w
Channel or Pipe Flow Enter Value Manning’s £q or other
Channel or Pipe Flow Enter Value Manning's Eq or other
Channel or Pipe Flow Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for T¢? @ves O no Te= 5.0
Rainfali intensity for Use T, = 5.0 minutes

T T

STEP 4: Calcutate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q (cfs)= 4.2

PLS\PPLSD902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT{PPLS0802-Rational Method-Conveyance xlsmiSwale 1.1



INarth American Gieen - ECHMDS Version 4.3

[7/22/2011 [10.03 AMJCOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

JPROJECT NO.: PPLS0802

FROM STATION/REACH:
HYDRAULIC RESULTS

[TO STATION/REACH:; UNVEG

[DRAINAGE AREA: SWALE 1.1

|DESIGN FREQUENCY: 25'YR
SC250 [n=0.040)

Discharge | Peak Flow {Velocily (fps)] Area [sq.ft] | Hydraulic Notmal
(cfs) Peatiod {hs) Radius(ft} | Depth {ft) ‘
42 01 4.72 0.89 0.25 033
1
Battom
2.0 Width = 2.00 ft 20
LINER RESULTS Not to Seale
Matting Type Vegetation Characteristics
Reach Stability Analysis| Permissible Calculated Safety Factor Remarks
Patt ol Shear Stiess | Shear Stress
Staple Pattern Phase | Class | Type [Density (osh) (0sh)
Straight -§C250 Unvegetated 1 3.00 2.08 1.44 STABLE
Staple E




[Noith American Green - ECMDS Version 4.3 JzAs/2011 10315 PMICOMPUTED BY: MNKG

|PROJECT NAME: PPL BBNPP JPROJECT NO.: PPLS0902
[FROM STATION/REACH: ITO STATION/REACH: IDRAINAGE AREA: SWALE 1.1 {DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS '
- - - SC250 (n=0.084)
Discharge | Psak Flow [Velocity [fps} Area (sq.f) | Hydiaulic | Nommal .
{cfs) Period (his) Radius{it) | Depth [f) : [ l
4.2 0.1 279 1.50 0.35 0.50

S =0.1000

'L
20

Bott
Width =200 70
LINER RESULTS Notto Scale
Matting Type Vegetation Characleristics
Reach Stablity Analysis Permissible Calculated Safety Factar Remarks
tapl . | ShearStess | Shear Stress
Staple Patten Phase | Class | Type |Density (ps) SN
Straight SC250 Vegetation 3 C |Bunch|75-95% 10.00 313 320 STABLE
Staple E Sail Sandy Loam 0.800 0.351 228 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: PO 1 Print Date: 17 Aug 11 3:6 PM
Prepared by: JMO Project #: PPLS0902

Date: 15 Sep 11 Checked by:
JFM

Objective:

Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
. . ' A (23
Manning's Equation: o _ 1.486 , (-—; ) . \/;
n
. . Bare - Velocily  Grass - Velocity. Grass - Capacity
Given Input Data; Swale 1.1 Check oneck Check
Discharge, Q= 4.20 4,20 4,20 cfs
Left Side Slope = 2.0 2.0 2.0 H:1v
Right Side Slope = 20 2.0 2.0 H:1V
Base width of Channel, b= 2.0 2.0 20 feet
Bed slope, s= 0.1000 0.1000 0.1000 fut
Available depth of channel: 1.50 1.50 1.50 feet
(OPTIONAL}  Input Manning's 'n": 0.0400 0.0840 0.0840
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.34 0.51 0.51 feet

Calculated Results: Design Acceplable? V 100 high ¥ 100 high ¥ tgo high
" Freeboard, f= 1.16 0.99 0.99 feet
Calculated Velocity, V= 4.65 2.76 2.76 fps
Flow Top Width, T= 3.35 4.02 4.02 feet
Flow Area, A= 0.90 1.52 1.52 sq ft
Wetted Perimeter, P= 3.51 4.26 4.26 feet
Hydraulic Radius, R= 0.26 0.36 0.36 feet
Shear stress on channel bottom, T = 2.1 3.16 3.16 Ibs/sf
Critical Slope, S,= 0.0384 0.1533 0.1533 ft/ft
Flow stable? (no if .7S, < 5 < 1.38,)= yes yes yes
Required Freeboard= 0.5 0.5 0.8 feet
Allowabte Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

\PROJECTS\PPLSIPPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCSWERMANENT\Swales.xls}Swale 1.1



Rational Equation Stormwater Calculations T
(Pennoni-
Client: PPL0902 o™
Project: PO 1 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPLO9D2
Date: 15 Sep 11 JFM
Governing Equation: Q= K C i A (where k = 1 for english unils)
Description: SWALE 1.2 ’ Structure: -
Route: -
Station: -
STEP 1: Caiculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group tand Land Coefficient, Area, A A*C
(A,B,C,D) Use Slope C {acres) (acres)
Impervious 0.95 0.013 0.012
Lawn 0.40 1.020 0.408

Total A* C: 0.42035 acres

STEP 2: Calculate Time of Concentration:

_ Flow Average Time of Velocity
Manning's  Average Length Velocity ~ Concentraln Calcutation
Type of Flow / Ground Cover n Slope (ft) (WA {min) Method
v
v Shallow Concentrated
v
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow , .............. : Enter Value Manning's Eq or other
Channel or Pipe Flow .............. Enter Value Manning's Eq or other
‘Caiculated Total Time of Concentration, T.: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, i: Override calculation for Tc? ®ves O No Te= 5.0
Rainfall Intensity for Use T = 5.0 minutes

years): . 25 year
(8RN 540

thded S

s

STEP 4: Cailculate Peak Rate of Runoff, Q: Q=kCiA

2 ar

Calculated Flow, Q (cfs) = 2.3

PLS\PPLS0902-Bell Bend Land Developmen\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT[PPLS0802-Rational Method-Conveyance xism]Swale 1.2



1772072011 111 42 AM{COMPUTED BY: NKG

Morth Ametican Green - ECMDS Yersion 4.3

PROJECT NAME: PPL BBNPP PROJECT NO.: PPLS0802

FmOM STATIONZRCACI: ITO STATIONMCACI I UNVLG DNAINAGL ARCA: SwaLL 1.2 IDCSIGN MECQUENCY: 25YN

HYDRAULIC RESULTS : ‘
e —————————— 575(n=0.055)
Discharge | Peak Flow [Velccity (stII Area(saf) | Hydrauic | Momal
(ct:) | Peiiod {hs) Radus(t) | Depth (1] : I ’
2.3 0.1 237 | 0.97 0.24 0.33 N
i . §$=00521
N ' /
1 \" 1
Bot
30 \o/dth—’UUR 3.0
LINER RESULTS Nolla Scalz
Matting ‘Type N Yegetation Characteristics :
Reach Stabilily Anabsis Permissible Calculated Safety Factor Renarks
Stape Paltem Phase ] Class | Type |Density| >hear Suess | Shear Stress
P *® » i T [ps)
Straight S75 Urvegetated 1.58 1.05 1.46 STABLE
Staple D :




[Norh American Gieen - ECMDS Version 4.3

1772072011 J11:43AM[COMPUTED EY: NKG

PROJECT NAME: PPL BENPP

PROJECT NO.: PPLS0802

FROM STATION/REACH:

ITO STATION/REACH: VEG

HYDRAULIC RESULTS

DRAINAGE AREA: SWALE 1.2

ISESIGN FREQUENCY. 25 VA

Urieinforced Vagetation (h=0.124)

Dischaige | Peak Flow [Velocity {frs)] Area {sqft) | Hydradic Normal
[cfs) Period (tus’ Radiusift} { Depthift}
k3 0.1 1.33 1.73 0.34 0.50
« $-00521
1 Ny 1
Bott
36 Widho200k 30
UNER RESULTS Not to Scale
; Matting Type N Vegetaton Charactenistics .
Reach Stebility Analysis Pemmissible Calculated Safely Factor Remarks
Staple Pattein Phase] Cass | Type {Density Shear Stiess | Shear Stress
[psf] {psh)
Straight Unreirforced Yegetation C |Bunch|75:95% 4,20 1.61 260 STABLE
Soil Sandy Loam 0.035 0.013 273 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description; POI 1
Prepared by: JMO
Date: 15 Sep 11 Checked by:

Print Date: 17 Aug 11 3:6 PM
Project #: PPLS0902

JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelings. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.,
[Yop) . . A (23
Manning's Equation:  _ 1486 , ( al ) /s
n P
. . Bare - Velocily ~ Grass - Velocity Grass - Capagity
Given Input Data; Input Data; Swale 1.2 Check Check Check
Discharge, Q= 2.30 2.30 2.30 cfs
Left Side Slope = 3.0 3.0 3.0 H:1V
Right Side Siope = 3.0 3.0 3.0 H1v
Base width of Channel, b= 20 20 20 feet
Bed slope, s= 0.0521 0.0521 0.0521 fuft
Available depth of channel: 1.50 1.50 1.50 feet
{crTionat) Input Manning's 'n'; 0.0550 0.1240 0.1240

Lining Type:

Calculate Flow Depth:

Flow depth,d= - 0.33 0.55 0.55 feet
Calculated Results: Desian Acceptable? V too high V too high V too high
Freeboard, f= 1.17 0.95 0.95 feet
Calculated Velocity, V= 2.29 1.16 1.16 fps
Flow Top Width, T= 4.00 5.28 5.28 feet
Flow Area, A= 1.00 1.99 1.99 sq ft
Wetled Perimeter, P= 4.1 5.45 5.45 feet
Hydraulic Radius, R= 0.24 0.36 0.36 feet
Shear stress on channel bottom, 1= 1.08 1.77 1.77 Ibs/sf
Critical Slope, S,= 0.0724 0.3240 0.3240 fi/ft
Flow stable? (no if .78, <s < 1.38;)= no yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 00 fps

Conclusions _
A temporary erosion control blanket (ECB) is needed.

1\PROJECTS\PPLS\PPLSDE02-Bell Bend Land DevelopmenNANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT{Swales.xls)Swale 1.2



Rational Equation Stormwater Calculations

Client: PPL0S02

TN
Pennoni’
N S

- ——

Project: PO} 1 Print Dale: 17 Apg 17 11:49 AM
Prepared by: NKG Checked by: Project #: PPL0902
‘Date: 15 Sep 13 JFM
Governing Equation: Q= K C i A (wherek = 1 for english units)
Description: SWALE 1.3 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoit
Soil Group Land Land - - Coefficient, Area, A A*C
(AB,C,0) Use Slope C : {acres) (acres)
Impervious 0.95 1.820 1.729
Lawn 0.40 5.150 2.060
Stone 0.85 4.200 3.570

STEP 2: Calculate Time of Concentration:

Total A* C: 7.359 acres

. Flow Average Time of Velocity
Manning's  Average Length Velocity  Concentratn Galculation
Type of Flow / Ground Cover n Slope {ft) (it/'s) (min) Method
[
v h 4
- Shallow Concentrated v
- h 4
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channet or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other -
Calculated Total Time of Concentration; T,: 5.0 minutes
STEP 3: Calculate Rainfall intensity, I Override caleulation for T¢? @ ves O No Tc= 5.0
Use T, = 5.0 minutes

Rainfall intensity for

STEP 4: Calculate Peak Rate of Runoff, Q:

Q=kCIiA

Calculated Flow, Q (cfs) =

25 vear
39.7

PLS\PPLS0802-Bell Bend Land Development ANALYTICALVCALCULATIONS\SWALE CALCS\PERMANENTPPLS(902-Rational Method-Conveyance.xism]Swale 1.3



- INoith Arnerican Green - ECMDS Version 4.3

[7/18/2011 03:20 PMJCOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0902

FROM STATION/REACH: UNVEG

fTO STATION/REACH: UNVEG

DRAINAGE AREA: SWALE 1.3

IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS $75 (n=0.031)
Discharge | Peak Flow [Velocity {fps)] Area {sqft) | Hydraulic Normal —
{cfs) Period [hs) Radius(ft} | Depth [ ‘
B3.7 o1 326 1218 0.94 1.58
1
Bottom .
§ 3.0 Width=3.00ft 3.0
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattein Phase | Class | Type |Density She?l:r) S]Uess Sheat;ift]ress
Straight S75 Unvegetated 1.55 0.48 322 STABLE
Staple D




Noith American Green - ECMDS Version 4.3 17119/2011 103:37 PM [COMPUTED BY: NKG

PROJECT NAME: PPL BENPP {PROJECT NO.: PPLS0902
[FROM STATION/REACH: VEG JTO STATION/REACH: VEG [DRAINAGE AREA; SWALE 1.3 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS Unnsinforced Vegelation (n=0.059)
Discharge | Peak Flow [Velocily (fpst Area [sq.it) | Hydraulic Normal niemoiced vegeaon I
{cfs) Perind {hrs) Radius(ft) | Depth[ft} I
ps.7 a1 1.99 19.96 1.21 213 R
$=0.0049
Bolt
30 widh=300k EXi]
LINER RESULTS Not to Scele
Matting Type Vegetation Characteristics
Reach Stabiity Analysis Pesmissible Calculated Safety Factor Remarks
Staple Pattemn Phase | Class | Type |Density] Sheat Stress | Shear Stiess .
fpsh) {psi)
Straight Unreinforced Vegetation C |Bunch}75-85% 4,20 0.65 6.45 STABLE
Soil Sandy Loam 0.035 0.022 1.56 STABLE




Trapezoidal Channel Analysis - Open Channel Flow {w/ Manning's £q)

Client/Subject: PPL Beli Bend
Description: POI 1 : Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by:

JFM

Objective: .
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
. o 1 A (23
Manning's Equation: Q= 1.486 *A ( = ) * \/S—
n P
. , Bare - Velocity  Grass - Velocity Grass - Capagity
Given Input Data: Swale 1.3 Check Check Check
Discharge, Q= 39.70 "39.70 39.70 cfs
Left Side Slope = 3.0 3.0 3.0 H:V
Right Side Slope = 3.0 3.0 3.0 H:1v
Base width of Channel, b= 2 3.0 3.0 feet
Bed slope, s= 0.0049 0.0049 0.0049 fuft
Available depth of channel: 2.75 2.75 2.75 feet
{OPTIONAL}  Input Manning's 'n": 0.0310 0.0590 0.0590
Lining Type:

Calculate Flow Depth:

Flow depth, d= 1.58 212 2.12 feet
Calculated Results: Design Acteptable? ¥ 00 high ¥ log high ¥ 1o high
Freeboard, f= 117 0.63 0.63 feet
Calculated Velocity, V= 3.23 2.00 2.00 fps
Flow Top Width, T= 12.50 15.71 16.71 feet
Flow Area, A= 12.27 19.81 19.81 sq ft
Wetted Perimeter, P= 13.02 16.39 16.39 feet
Hydraulic Radius, R= 0.94 1.21 1.21 feet
Shear stress on channel bottom, 1= 0.49 0.65 0.65 Ibs/st
Critical Slope, S.= 0.0149 0.0497 0.0497 fuft
Flow stabie? {no if .78, < s < 1.38;)= yes yes yes
Required Freeboard= 0.5 06 - 0.6 feet
Allowable Velocity for Lining Material= 0.0 fps
Conclusions ,

A temporary erosion contro! blanket {ECB) is needed.

IAPROJECTSYWPLS\PPLS0802-Bell Bend Land DevelopmentANALYTICALICALCULATIONSISWALE CALCS\PERMANENT\Swales.xis}Swale 1.3



" Rational Equation Stormwater Calculations

.,

. P -
Pennoni’/
Client: PPL0902 ™"
Project: POL1 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPL0902
Date: 15 Sep 11 JEM
Governing Equation: Q = K C 1A (wherek =1 for english units)
Description: SWALE 1.4 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runcif Coefficient, C:
Hydrologic Runoff {
Soil Group Land Land Coellicient, Area, A A*'C
(A.B.C.0) Use Slope C (acres) (acres)
Impervious 0.95 0.090 0.086
) Lawn 0.40 1.170 0.468

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover’

Channef or Pipe Flow ...............

Channel or Pipe Flow .. ...
Channel or Pipe Flow

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Total A*

C: 0.5535 acres

Flow Average Time of Velocity
Manning's  Average Length Velocity  Concentratn Calculation
n Slope (1) {f¥/s) (min) Method
. -
Shallow Concentrated v
w
Enter Value Manning's Eq or ather
Enter Value Manning's Eq or other
Enter Value Manning's Eq or other
Calculated Totat Time of Concentration, T.: 5.0 minutes
Overtide calculation for Tc? ®ves Qo Te= 5.0
Use T, = 5.0 minutes

25 year

STEP 4: Calculate Peak Rate of Runoff, Q:

Q=kCIiA

Calculated Flow, Q (cfs) =

25 year
3.0

PLS\PPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0802-Rationat Method-Conveyance. xlsm]Swale 1.4



North Ametican Green - ECMDS Version 4.3

1771972011 103:24 PM{COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

|PRCJECT NC.: PPLS0902

FROM STATION/REACH: UNVEG
HYDRAULIC RESULTS

]T0 STATION/REACH: UNVEG

Dischaige | Peak Flow {Velocity {fps)] Area (sq.ft} | Hydiaulic Normal
[cfs) Period {hrs} Radius{ft] | Depth (ft]
30 01 1.91 157 0.34 058

[DRAINAGE AREA: SWALE 1.4

IDESIGN FREQUENCY: 25YR

575 [h=0.053}

S =0.0200

Bottom
Width=1.0G ft

3.0 30
LINER RESULTS Notto Scele
Matting Type Vegetation Characteristics ‘
Reach Stability Analysis Permissible Calculated Safety Factor Remaiks
Staple Pattein . Phase| Ciass | Type [Densiy] ShearStess | Shear Stiess
(psf] (psf)
Straight §75 - Unvegetated 1.86 0.72 218 STABLE
Staple D :




North American Green - ECMDS Version 4.3

{7719/2011 103:25 PM|COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0902

FROM STATION/REACH: VEG

[TO STATION/REACH: VEG

DRAINAGE AREA: SWALE 1.4 {DESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS Unseinforced Vegetation (n=0.121)
- t =(),
Discharge | Peak Flow [Velocity {fps}] Area (sq.ft} | Hydraulic Noimal reinioiced vegeeion n
(cfs) Period {hrs) ’ Radius{ft] | Depth {ft] ]
30 01 1.04 2.99 0.46 0.83
Bottom
30 Width = 1.00 ft 30
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Rematks
Staple Patt o] o} Sheat Sliess | Shear Stress
aple Pattern Phase | Class § Type ’Densnty[ o s
Straight Unreinforced Vegetation C |Bunch|75-95% 4.20 1.03 4.06 STABLE
Soil Sandy Loam 0.035 0.009 4,07 STABLE




Trapezoidal Channel Analysis - Open Channel Flow {w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: PO} 1 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by:

JFM

Objective:

Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular {(b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
. . 4 A 23
Manning's Equation: _ 1.486 A (; ) /s
n
. . Bare - Velocity  Grass - Velocity Grass - Capacity
Given Input Data: Swale 1.4 Check Check Check
Discharge, Q= 3.0 3.00 300 cfs
Left Side Slope = 30 3.0 3.0 H:1V
Right Side Slope = 3.0 3.0 3.0 H:1V
Base width of Channel, b= 1.0 1.0 1.0 feet
Bed slope, s= 0.0200 0.0200 0.0200 f/ft
Available depth of channel: 1.50 1.50 1.50 feet
{OPTIONAL) Input Manning's 'n": 0.0530 0.1210 0.1210
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.58 0.86 0.86 feet
Calculated Results: Design Acceptable? V t00 high Vioo high V oo high
-Freeboard, f= 0.92 0.64 0.64 feet
Calculated Velocity, V= 1.88 0.98 0.98 ips
Flow Top Width, T= 4,49 6.13 6.13 feet
Flow Area, A= 1.59 3.05 3.06 sq ft
Wetted Perimeter, P= = 4.68 6.41 6.41 feet
Hydraulic Radius, R= 0.34 0.48 0.48 feet
Shear stress on channel bottom, t = 0.73 1.07 1.07 Ibs/sf
Critical Slope, S.= 0.0610 0.2854 0.2854 ft/ft
Flow stable? (no if .7S, < s < 1.3S.)= yes yes yes
Required Freeboard= 0.5 0.5 05 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

EYPROJECTS\PPLS\PPLS0902-Bell Bend Land DevelopmentANALYTICAL\CAL CULATIONSISWALE CALCS\PERMANENT\[Swales.xis)Swale 1.4



Rational Equali rmwater Calculations . e N
N N d’enno/m/
Client: PPLOS02 - _
Project: PO1 1 Print Date: 1Sep 11 11:04 AM
Prepared by: NKG Checked by: Project #: PPLO902
Date; 15 Sep 11 JFM
Goveming Equation: @ = K C i A  (wherek = 1 for engiish units)
Description: SWALE 1.5 Structure: -
Route: -
Station: -
STEP 1: Caiculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff ‘
Sait Group Land Land Coefficient, Area, A A‘C
{A,B.C,D) Use Slope C (acres) {acres)
Lawn (Swale 1.5} 0.40 0.805 0.322
Lawn (Swale 1.26) 0.40 4.960 1.984
Stone 0.85 0.395 0.336

Total A* C: 2.64175 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning’'s  Average Length Velocity  Concentratn Caiculation
Type of Fiow { Ground Cover n Slope (ft) (fUs) {min) Method
v v
v Shailow Concentrated v
v
Channel or Pipe Flow ............... , Enter Value Manning’s Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Fl(_)w Enter Value Manning's £q or other
' Calculated Total Time of Concentration, T 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Te? @ ves O o Te= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency {years): 25 year

RN A

e T R Y ¥ RTINS AN £33 52

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year

Calculated Flow, Q {cfs) = 14.3 7

2PLS\PPLS0902-Beli Bend Land DevelopmentANALY TICAL\CALCULATIONS\SWALE CALCS\WPERMANENTPPLS0902-Rational Method-Conveyance.xlsm)Swale 1.5




North Ametican Green - ECMDS Version 4.3

19/1/2011

111:02 AM [COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0302

FROM STATION/REACH:

{70 STATION/REACH: UNVEG

HYDRAULIC RESULTS
Discharge | Peak Flow [Velocity (fps)] Area {sq.ft) | Rydraulic Normal
fcfs) Petiod (his) Radius(ft] | Depth{ft)
14.3 01 553 2.59 0.49 0.74

DRAINAGE AREA: SWALE 1.5

IDESIGN FREQUENCY. 25YR
$C250 [n=0.035)

Bottom
2.0 Width = 2.00 ft 2.0
LINER RESULTS Notto Scale

Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Salety Factor Remarks

Staple Pattein Phase | Class | Type [Density| ShearStiess | Shear Stress

P d 17 st (psf)
Straight 5C250 Unvegetated 1 3.09 2.08 1.44 STABLE
Staple E )




INorth American Green - ECMDS Version 4.3

18/1/2011

111:01 AM|COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.. PPL50S02

FROM STATION/REACH: {TO STATION/REACH: VEG DRAINAGE AREA; SWALE 1.5 |DESIGN FREQUENCY: 25YR
YD LIC
H . RAU RESULTS . 50250 (n=0.060)
Discharge | Peak Flow [Velocity lfps)] Area(sqft) | Hydiaulic | MNormal
{cfs) Period {hrs) Radius{ft) | Depth [ft) l
ha3 0.1 377 373 050 087
S =0.0451
«J 1
Bottom
20 Width = 2.00 ft 20
LIN RESULTS Not to Scale
Matting Type Vegetation Chatacteistics
Reach Stability Analysis| Permissible Calculated Safety Factor Remarks
Staple Pattern Phase | Class | Type |Density| Shear Stress | Shear Stiess
: (psf} (psf)
Staight SC250 Vegetation 3 C |Bunch}7595% 10.00 272 388 STABLE
Staple E Soil Sandy Loam 0.800 0.367 2.18 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Beil Bend

Description: POI1 1 Print Date: 1 Sep 1111:4 AM
Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by:
JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangutar (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
A P A \2/3
Manning's Equation: Q= 1486 A (; ) . /S
n
. . ) Bare - Velocity ~ Grass - Velocity  Grass - Capacity
Given Input Data: Swale 1.5 Check Check Check
Discharge, Q= 14.30 14.30 14.30 cfs
Left Side Slope = 2.0 2.0 20 H:1v
Right Side Slope = 2.0 ’ 2.0 2.0 HAv
Base width of Channel, b= 2.0 2.0 2.0 feet
Bed slope, s= 0.0451 0.0451 0.0451 ft/t
Available depth of channel: 1.50 1.50 1.50 feet
" {OPTIONAL) Input Manning's 'n":  0.0350 0.0600 0.0600
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.74 0.97 0.97 feet
Calculated Results: Design Acceptable? V 100 high ¥ too high V too high
Freeboard, f= 0.76 0.53 0.53 feet
Calculated Velocity, V= 5.54 3.73 3.73 fps
Flow Top Width, T= 497 5.88 - 5.88 feet
Flow Area, A= 2.58 3.83 3.83 sq ft
Wetled Perimeter, P= 5.32 6.34 6.34 feet
Hydraulic Radius, R= 0.49 0.60 0.60 feet
Shear stress on channel bottom, t = 209 2.73 2.73 Ibs/sf
Critical Slope, S.= 0.0243 0.0669 0.0669 - ft/ft
Flow stable? (no if .78, <s < 1.3S,)= yes yes yes
Required Freeboard= 05 0.5 0.5 feet
" Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

EAPROJECTS\PPLEWPPLS0902-Bell Bend Land DevelopmenlANALYTICAL\CALCULATIONSISWALE CALCS\PERMANENT\Swales.xis)Swale 1.5



Rational Equation Stormwater Calculations

(P'ennogi>
Client: PPL0902 Nt
Project: POt 1 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPL0S02
Date: 15 Sep 11 JEM
Governing Equation: Q= K C 1 A (where k = 1 for english units)
Description: SWALE 1.6 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soit Group Land Land Coefficient, Area, A A*C
(A.8,C.0) Use Slope C (acres) (acres)
Stone 0.85 1.220 1.037
Lawn 0.40 1620 0.648

Total A* C: 1.685 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity Concentratn Calculation
Type of Flow / Ground Cover n Slope {f) (ts) {min) Method
v
v Shallow Congentrated v
v
Channel or Pipe Flow ............... Enter Value Manning’s Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Fiow ............... Enter Value Manning’s Eq or other
Caiculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I Override calculation forTc? @ves Ono Te = 5.0
Rainfall Intensity for UseT, = 5.0 minutes

Storm Recurrence frequency

e o )

(years): 25 year

EREITIAN TS,

STEP 4. Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q {cfs) = 9.1

PLS\PPLS0802-Bell Bend Land Development ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\PPLS0302-Rational Method-Conveyance xism)Swale 1.6



North American Green - ECMDS Version 4.3

[7719/2011 [03:40 PMJCOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0302

FROM STATION/REACH: JTO STATION/REACH: UNVEG
HYDRAULIC RESULTS
Discharge | Peak Flow {Velocity (fps)] Asea (sqft) | Hydraulic | Normal
(efs) Period (hrs) Radius(ft] | Depth(ft)
9.1 0.1 260 350 0.58 0.91

DRAINAGE ARE&: SWALE 1.6

JDESIGN FREQUENCY: 25YR

$75 (n=0.046)

|

Bottom
20 Width = 2.00 ft 20
LINER RESULTS Notto Seale

Matting Type Vegatation Chatactenistics ,
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase] Class | Type |Density| SheatStiess | Shear Stress )

{psf) {psf)
Straight §75 Unvegetated 1.55 0.76 2.04 STABLE
Staple D




Noith Arrerican Green - ECMDS Version 4.3

[718/2011 _J03:41 PMJCOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0902

IFROM STATION/REACH:

HYDRAULIC RESULTS

{TO STATION/REACH: VEG

DRAINAGE AREA: SWALE 1.6

[DESIGN FREGUENCY. 25 YR

Unreinforced Yegetation (n=0.077)

Discharge | Peak Flow [Velocity {fps) Area (sq.ft} | Hydraulic Normal
(cfs) Petiod {hrs) Radius(it} | Depth (it}
B.1 0.1 1.76 517 07 1.14
Bott
70 Width = 2.00 ft 20
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics :
Reach Stablity Analysis Permissible Calculated Salety Factor Rematks
y] Shear Stress | Shear Stiess
Staple Pattern Phase§ Class | Type [Density (51 (0%l
Straight Unreinforced Vegelation C |Bunch|75-95% 420 0.98 428 STABLE
Sail Sandy Loam 0.035 0.020 1.75 STABLE




Trapezoidal Channel Anzalysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: PO} 4 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO Project #: FPLS0902
Date: 15 Sep 11 Checked by:

JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
ing's Equation: 1.486 A 2R
Manning's Equation: o _ A ( ; ) . \/g_
n
s . Bare - Velocity  Grass - Velocity  Grass - Capacity
| Given Input Data: Swale 1.6 Check Check Check
Discharge, Q= 9.10 9.10 9.10 cfs

Left Side Slope = 2.0 2.0 20 H:1vV
Right Side Slope = 2.0 2.0 2.0 H:v

Base width of Channel, b= 2.0 2.0 _ 20 feet

Bed slope, s= 0.0133 0.0133 0.0133 f/ft

Available depth of channel: 2.00 2.00 2.00 feet

. (OPTIONAL)  Input Manning's 'n"; 0.0460 0.0770 0.0770
Lining Type:

Calculate Flow Depth:

e\ ] —

Fiow depth, d= 0.92 1.19 1.19 feet
Caiculated Results: Design Acceptable? V lgg high ¥ f00 high ¥ too hi
Freeboard, f= 1.08 0.81 0.81 feet
Calculated Velocity, V= 2.56 1.75 1.75 fps
Flow Top Width, T= 5.69 6.74 6.74 feet
Flow Area, A= 3.55 519 519 sq ft
Wetled Perimeter, P= 6.13 7.30 7.30 feet
Hydraulic Radius, R= 0.58 - 0.71 0.71 feet
Shear stress on channel bottom, 1 = 0.77 0.99 0.99 Ibs/sf
Critical Slope, S.= 0.0398 0.1048 0.1048  fUft
Flow stable? (no if .78, <s < 1.38;)= yes yes yes
* Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

\PROJECTS\PPLS\PPLS0902-Be!l Bend Land DevelopmentANALYTICALICALCULATIONSISWALE CALCS\PERMANENTYSwates.xIs]Swate 1.6



Rational Equation Stormwater Calculations e .
d’enna/gi/
Client: PPL0902 ™
Project: POL 1 Print Date: 17 Aug 11 11:48 AM
Prepared by: NKG Checked by: Project #: PPLOS02
Date: 15 Sep 11 JFM

Governing Equation: Q= K G 1A (where k= 1 for english units)
Description: SWALE 1.7 . Structure: -
Route: -
Station: -

STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:

Hydrologic Runoft
Soil Group Land Land Coeflicient, Area, A A*C
(A,B,C,D) Use Siope C (acres) (acres)
Impetvious 0.85 0.260 0.247
Lawn 0.40 0.450 0.180
Stone 0.85 0.150 0.128

Total A* C: 0.5545 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity  Goncentratn Calculation
Type of Flow / Ground Cover n Slope (1) (ft/s) {min) Method
v
- v Shallow Concentrated v
v
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning’s Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? ®@ves ONo Tc= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years):

STEP 4: Calculate Peak Rate of Runoff, Q:

25 year
Calculated Flow, Q (cfs) = 3.0

PLS\PPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\PPLS0902-Rational Method-Conveyance. xlsm|Swale 1.7



North American Green - ECMDS Version 4.3 771972011 [03:44 PMJCOMPUTED BY: NKG

PROJECT MAME: PPL BBNPP PROJECT NO.. PPLS0902
FROM STATION/REACH: JTO STATION/REACH: UNVEG DRAINAGE AREA: SWALE 1.7 {DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS §75 (=0, 055
Dischage | Peak Flow |Velocity (fps) Atea (sq.ft) | Hydraulic Normal (n=0.05%)
[cfs) Period [his) Radius(ft] | Depth (ft) ‘
30 0.1 1.42 212 035 0.48
1
30
LINER RESULTS ' Notto Scale
Matting Type Vegetation Charzcteristics
Reach Stabifity Analysisf | ' Peimissible Calculated Safety Factor Remarks
Staple Pattern 1 Phase] Class | Type |Density Shear Stress | Shear Stress
' . (psf) psf)
Straght S75 Unvegetated 155 0.33 469 STABLE
Staple D




Noith American Green - ECMD3 Version 4.3

[7719/2011 |03:45 PMICOMPUTED BY. NKG

PROJECT NAME: PPl BBNPP

JPROJECT NO.: PPLS0902

FROM STATION/REACH: JTO STATION/REACH: VEG [DRAINAGE AREA: SWALE 1.7 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS Unveinforced Viegetation [n=0.136)
Discharge | Peak Flow [Velocity (fps)} Area (sq.ft) | Hydraulic Notmal remorced Yegealon s>, -
{cfs) Petiod (hrs) Radius{f) 1 Depth (it}
B.O 0.1 0.74 405 0.52 077
' $=0.0111
Bottom
30 Width = 3.00 ft 30
LINER RESULTS et to Scaie
Matting Type Vegetation Charactenistics
Reach Stability Analysis Permissible Ca1cu?ted Safety Factor Remarks
©=1 Sheat Stress § Shear Shiess .
Steple Pattemn Phase | Class | Type |Density o (03]
Straight ‘] Unreinforced Vegetation C {Bunch |50-75% 4,20 0.53 7.92 STABLE
Soil Sandy Loam 0.035 0.004 8.39 STABLE




Trapezoidal Channel Analysis - Open Channel Flow {(w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: POl 1 Print Date: 17 Aug 11 3:6 PM
Prepared by: JMO _ Project #: PPLS0202
Date: 15 Sep 11 Checked by:
JFM
Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA £&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
Manning's Equation;  ,_ 1486 . (A& )2’3*\/;
n
Given Input Data: Swale 1.7 BareC_—bzzlkoci:y Gras(s:';—:cilocity Grasz—-m;;akgacity
Discharge, Q= - 3.00 3.00 3.00 cfs
Left Side Slope = 3.0 3.0 3.0 H1v
Right Side Siope = 30 30 3.0 H: 1V
Base width of Channel, b= 3.0 3.0 3.0 feet
Bed slope, s= 0.0111 0.0111 0.0111  ftfft
Available depth of channel: 1.50 1.50 1.50 feet
(OPTIONAL) Input Manning's ‘n": 0.0550 0.1360 0.1360
Lining Type: '
Calculate Flow Depth:
Flow depth, d= 0.50 0.84 0.84 feet
Calculated Results: Design Acceplable? V fo0 high v oo high V oo high
Freeboard, f= 1.00 0.66 0.66 feet
Calculated Velocity, V= 1.32 0.64 0.64 fps
Flow Top Width, T= 6.03 8.07 8.07 feet
Flow Area, A= 2.28 4.67 4.67 sq ft
Wetted Perimeter, P= 6.19 8.34 8.34 feet
Hydraulic Radius, R= 0.37 0.56 0.56 feet
Shear stress on channel bottom, 1= 0.35 0.59 0.59 Ibs/sf
Critical Slope, S;= 0.0631 0.3377 0.3377  fiit
Flow stable? (noif .78, < s < 1.38,)= ves yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions

A temporary erosion control blanket (ECB) is needed.

IAPROJECTS\PPLS\PPLS0902-Bell Bend Land DevelopmentWNALYTICALICALCULATIONS\SWALE CALCS\PERMANENT{Swales.xIs]Swaie 1.7



R

Rainfall Intensity for

STEP 4: Calculate Peak Rate of Runoff, Q:

Use T, = 5.0 minutes

Q=kCiA

Calculated Flow, Q (cfs) =

25 year
82.7

PLS\PPLS0902-Bell Bend Land DevelopmenMANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTPPLS0302-Rational Method-Conveyance.xlsm])Swale 1.8

Ratipnal Equation Stormwater Caiculations o <
' Pennoni’
Client: PPL0OS02 N
Project: POt 1 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPLEYO2
Date: 15 Sep 11 JFM
Governing Equation: Q= K CTA  (where k=1 for engiish unils)
Description: SWALE 1.8 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic . Runoff
Soil Group Land Land Coefficient, Area, A A*C
{A,B,C,D) Use Slope C (acres) {acres)
Impervious 0.95 6.850 6.508
Lawn 0.40
Stong 0.85 10.360 8.806
Total A* C: 15.3135 acres
STEP 2: Calculate Time of Concentration:
Flow Average Time of Velocity
Manning's Average Length Velocity Concentratn Calculation
Type of Flow / Ground Cover n Slope - (ft) (ft/s} {min) Method
—
h 4 -
v Shaliow Concentrated v
v A d
Channel or Pipe Flow .,............. Enter Value Manning's Eq or cther
Channetl or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, Te: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: - Override calculation for Tc? @ves QNo Te= 5.0




{Noith Ametican Gieen - ECMDS Version 4.3 7 [7/18/2011{03:54 PMICOMPUTED BY: HKG

IPROJECT NAME: PPL BENPP JPROJECT NO - PPLS0302
[FROM STATION/REACH: [ G STATION/REACH. UNVEG IDRAINAGE AREA SWALE 1.8 IDESIGN FREGUENCY: 259R
HYDRAULIC RESULTS S8
Discharge | Peak Flow [Velocity (fps)] Area (sq.ft) | Hydraulic Motroal 8{n=0022)
(cfs) | Period {hs) Radiusift) | Depth (ft l !
827 0.1 T 12.39 0.97 1.44

$ = 0.0100

Bottom
20 Width = 5.00 ft 30
LINER RESULTS Not to Scale
! Matting Type Vegetation Characteristics
Reach Stability Analysis Peimissible Calculated Safely Factot Remarks
Staple Patfemn Phase| Class | Type ]Density Shear Stress | Shear Stress
psh) - (psf)
Straight SC250 Unvegetated 1 3.00 0.90 3.34 STABLE
Staple £




Naith American Green - ECMDS Version 4.3

[7719/2011 J03:53 PMICOMPUTED BY: NKG

JPROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0502

[FROM STATION/REACH: [TO STATION/REACH: VEG DRAINAGE AREA: SWALE 1.8 JDESIGN FREQUENCY: 25'YR
HYDRAULIC RESULTS
- - - SC250 (n=0.046)
Discharge ] Peak Flow {Velocity [fps)] Area (sq.ft) § Hydraulic | Nomal .
(cls) Period {hrs) Radius(ft] § Depth {ft) . I
R2.7 0.1 383 2126 1.31 2.08
$=00100
Bottom
20 Width = 5.00 ft 30
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics :
Reach Siability Analysis Pemissible Caleulated Safety Factor Remarks
Staple Pattern Phase] Class | Type |Densty| Shear Stiess | Shear Stiess
{psf) (psf)
Straight SC250 Vegetation 3 C  |Bunch|75-95% 10.00 1.30 7.69 STABLE
Staple E Soil Sandy Loam 0.800 0.038 21.28 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Beli Bend

Description: POI 1 Print Date: 17 Aug 11 3:6 PM
Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by-
JFM
Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
fiow depth will'be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
Manning's Equation: . _ 1486 , , (-’5 )2/3. /s , )
n P
Given Input Data: Swale 1.8 &?'areC -h\é/;l(ocily Grasg ’;e\ﬁlocity GraS§C-h egcgkgacity
Discharge, Q= 82.70 82.70 82.70 cfs
Left Side Slope = 2.0 2.0 2.0 H:1V
Right Side Slope = 3.0 3.0 3.0 H:1v
Base width of Channel, b= 5.0 5.0 5.0 feet
Bed slope, s= 0.0100 0.0100 0.0100 ftft
Available depth of channel: 2.75 2.75 2.75 feet
{OPTIONAL) Input Manning's 'n": 0.0290 0.0460 0.0460
Lining Type: '
Calculate Flow Depth;
Flow depth, d= 1.66 2.09 2.09 feet
Calculated Results: Design Acceptable? V too high V100 high Y 1oo high
, Freeboard, f= 1.09 0.66 0.66 feet
Calculated Velocity, V= 543 3.87 3.87 fps
Flow Top Width, T= 13.32 16.44 15.44 feet
Filow Area, A= 15.23 21.35 21.35 sq ft
Wetted Perimeter, P= 13.96 16.25 16.25 feet
Hydraulic Radius, R= 1.09 1.31 1.31 feet
Shear stress on channel bottom, 1= 1.04 1.30 1.30 Ibs/sf
Critical Slope, S.= 0.0125 0.0296 0.0296 fUft
Flow stable? (no if .7S, < s < 1.3S.)= no yes yes
Required Freeboard= 0.7 0.6 0.6 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions

A temporary erosion control blanket (ECB) is needed.

IAPROJECTSIPPLS\PPLS0802-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[Swales.xis]Swale 1.8



o

Rational Equation Stormwater Caiculations T
, d’en ogl)
Client: PPLD902 e
Project: POI 1 Print Date: 17 Aug 11 11:48 AM
Prepared by: NKG Checked by: Project #: PPLO902
Date: 15 Sep 11 JEM
Governing Equation: Q= KCiA wnerex=11or english units)
Description: SWALE 1.9 Struclure;
Route:
Station:
STEP 1: Calculale Drainage Area, A and Runoff Coefficlent, C:
Hydrologic Runotf
Soil Group Land Land Coeflicient, Area, A A*C
(A,8,C,D) Use Slope C (acres) {acres)
Impervious 0.95 0.530 0.504
Stone 0.85 2.980 2.533

STEP 2: Calculate Time of Concentration:

Total A* C: 3.0365 acres

Flow Average Time of Veloeity
Manning's  Average Length Velocity  Concentratn Calculation
Tvpe of Flow / Ground Gover n Slope {ft) (fi/s) {min) Method
v v
v Shaliow Concentrated hd
w v
Channel or Pipe Flow ........... Cees Enter Value Manning's Eq or other
Channel or Pipe Flow ..,............ Enter Value Manning's Eq o other
Channel or Pipe Flow ............... » £nter Value Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, i: Override caiculation for Te? @ves OnNo Te= 5.0
Rainfal! Intensity for Use T, = 50 minutes

Storm Recurrence frequency (years): 25 vear
Al nEngity
PSR

BEAGNES LR ST

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q (cfs) = 16.4

PLS\PPLE0902-Bell Bend Land DevelopmenfANALYTICALCALCULATIONSISWALE CALCS\PERMANENT\PPLS(902-Rational Method-Conveyance xlsmiSwale $.9




North American Green - ECHMDS Version 4.3

17/18/2011 {04:26 PMICOMPUTED BY: NKG

IPROJECT NAME: PPL BBNPP

PROJECT NO.. PPLS0302

JFROM STATION/REACH:

{TO STATION/RAEACH: UNVEG

DRAINAGE AREA: SWALE 1.9

IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS . SC250 (n=0.034)
Discharge | Peak Flow [Velocity {fps)] Areafsq.f) | Hydiauic { Nomal s
{cfs) Period (hrs) Radius(ft} | Depth (it] ' ’
[16.4 0.1 4.24 387 0.45 082
S=00270
, ' 1
Bottom
30 Width = 1.00 ft 80
LINER RESULTS Not to Scale
Matting Type Vegetation Characteristics .
Reach Stability Analysis, Permmissible Calculated Safety Factor Remarks
Staple Pattern Phase | Class | Type |Density] ShearStiess | Shear Stiess
(psf) (psf)
Straight S$C250 Unvegetated 1 3.00 1.38 217 STABLE
Staple £




Nosth American Green - ECMDS Version 4.3 177192011 ]04:28 PMICOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP PROJECT NO.. PPLSG302
FBOM STATION/REACH: {TO STATION/REACH: VEG DRAINAGE AREA: SWALE 1.9 {DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS :
. - : : SC250 {n=0.072}
Discharge | Peak Flow [Velocily (ips)} Area {sq.ft) | Hydraulic Noimal +
{cls) Period [hrs) Radiusfft] { Depth(ft) \

$=0.0270

h6.4 0.1 2.40 6.82 0.60 113 —7;
~ 1 '

L

Bottom
30 Width=1.00#t 6.0
lNER ESUL S NOt to Scale
Matting Type Vegetation Characteristics

Reach Stability Analpsis Permissible Calculated Salety Factor Rematks

Staple Pattein Phase | Class | Type |Densiy| Shear Stress | Shear Stiess

{psf) - psf)

- Straight $C250 Vegetation 3 € |Bunch|75-95% 10.00 1.90 5.27 STABLE
Staple £ Soil Sandy Loam 0.800 0142 5.64 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: POl 1 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by:
JFM
Obijective:
Using Manning's equation, this spreadsheet will caiculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum aliowable velocity as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
. . 1.4 A 23
Manning's Equation: . 1486 (-—F: ) /s
n -
. . Bare - Velocity  Grass - Velocity Grass - Capacity
________L____Gl\len Input Data: Swale 1.9 Check Check Check
Discharge, Q= 16.40 16.40 16.40 cfs
Left Side Slope = 3.0 3.0 3.0 H:1V
Right Side Siope = 6.0 8.0 6.0 HV
Base width of Channel, b= 1.0 1.0 1.0 feet
Bed slope, s= 0.0270 0.0270 0.0270 futt
Available depth of channel: 2,00 2.00 2.00 feet
{OPTIONAL) Input Manning's 'n': 0.0450 0.0720 0.0720
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.93 1.13 1.13 feet
Calculated Results: Desian Acceptable? V'too high V 100 high V 100 high
Freeboard, f= 1.07 0.87 - 0.87 feet
Calculated Velocity, V= 3.41 240 240 fps
Fiow Top Width, T= 9.35 11143 1143 feet
Flow Area, A= 4.80 6.83 6.83 sq ft
Wetted Perimeter, P= 8.56 11.38 11.38 feet
Hydraulic Radius, R= 0.50 0.60 - 0.60 feet
Shear stress on channel bottom, 1 = 1.56 1.90 1.90 Ibs/sf
Critical Slope, 8. 0.0379 0.0915 0.0815 ftst
Flow stable? (no if .78, < s < 1.38,)= no yes yes
Required Freeboard= 0.5 05 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

IAPROJECTS\PPLS\PPLS0802-Bell Bend Land DevelopmentANALYTICALICALCULATIONS\SWALE CALCS\PERMANENT\Swaies xis)Swale 1.9



Rational Equation Stormwater Calculations T

-LPennogD
Client: PPLOS02 e
Project: POt 1 Print Date: 17 Aug 11 11:43 AM
Prepared by: NKG Checked by: Project #: PPL0902
Date: 15 Sep 11 JFM
Governing Equation: Q= K C 1 A (where k = 1 1or englsh unts)
Description: SWALE 1.10 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group Land Land Coetticient, Area, A A*'C
{A,B,C,D) Use Slope c (acres) {acres)
. impervious 0.95 0.410 0.390
Lawn 0.40 1.950 0.780

Total A* C: 1.1695 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity  Concentratn Calculation
Type of Flow / Ground Cover n Slope ) (f/'s) (min} Method
v v
A Shallow Concentrated v
v v v
Channel or Pipe Flow ,............. . Enter Valve Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or olher
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, 1: Override calculation for T¢? @ves O No Te= 5.0
Rainfall intensity for Use T = 5.0 minutes

Storm Recurrence frequency (years): 28 year

. STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q (cfs)= 6.3

'LS\PPLS0902-Befl Bend Land DevelopmenhANALYTICALNCALCULATIONS\SWALE CALCS\WPERMANENT\[PPLS0902-Rational Method-Conveyance.xism]Swale 1,10




INorth American Green - ECMDS Version 4.3

[7119/2011 [04:34 PMJCOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0302

FROM STATION/REACH: ITO STATION/REACH: UNVEG DRAINAGE AREA: SWALE 1.10 {DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS
- - : SC250 (n=0.040)
Discharge Peqk Flow {Velocity {fps)] Area {sq.ft} | Hydraulic Nommal .
(cfs) Period {hrs) Radius(f) | Depth(fi) ,
k.3 0.1 41 153 036 0.51
1
Bott
50 Widh=200f 70
LINER RESULTS Not to Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Caleulated Safety Factor Rematks
-+ -~} Staple Pattemn |- Phase ] Class | Type [Density She[a‘;j}"e” SheiL‘ift]ress .
Straight SC250 Unvegetated 1 3.00 1.51 1.98 STABLE
Staple E >




[North Ametican Gieen - ECMDS Version 4.3

J7119/2017 [04:33 PM[COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

JPROJECT NO.: PPLS0302

FROM STATION/BEACH: ITOSTATION/REACH: VEG IDRAINAGE AREA: SWALE 1,10 IDESIGN FREQUENCY: 25YR
HYDRAUUC RESULTS
- - : SC250 (h=0.078)
Discharge | Peak Flow {Velocity {(fps)] Area (sa.ft) | Hydraulic Naomal f .
(cfs] Period {hrs) Radius(ft] | Depth (ft] |
6.3 01 2.55 247 0.47 072
j
Bott
70 Widih= 2001 70
LINER RESULTS Notte Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattern Phase { Class | Type [Density She?‘;s‘i)uess Shea(rpift;ess ’
Straight SC250 Vegetation 3 C  |Bunch]75-95% 10.00 2.14 4.67 STABLE
Staple E Soil Sandy Loam 0.800 0228 391 STABLE




Traoezoida! Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend ,
Description: PO1 1 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by:

JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.

Manning’s Equation: ~ ,_ 1486 , ( A )2/3 . \/S_
n P
Given Input Data: Swale 1.10 Barwcity Grasz;\_;:jocity Gras;@iaﬁgacity
Discharge, Q= 6.30 6.30 6.30 cfs
Left-Side Slope = 20 2.0 20 H:v
Right Side Slope = 2.0 2.0 2.0 H:1v
Base width of Channel, b= 2.0 2.0 2.0 feet
Bed slope, s=  0.0477 0.0477 0.0477  fuft
Available depth of channel: 1.50 1.50 1.50 feet
(OPTIONAL) Input Manning's 'n": 0.0477 0.0780 0.0780
Lining Type:
Calculate Flow Depth:
Flow depth, d= 056 0.73 0.73 feet
Calculated Results: Design Acceplable? V 100 high ¥ 1op high V {00 high
Freeboard, f= 0.94 0.77 0.77 feet
Calculated Velocity, V= 3.58 2.51 2.51 fps
Flow Top Width, T= 4.25 491 4.91 feet
Flow Area, A= 1.76 2.51 2.51 sq ft
Wetted Perimeter, P= 4,52 5.25 5.25 feet
Hydraulic Radius, R= 0.39 0.48 0.48 feet
Shear stress on channel bottom, 1= 1.67 2.16 2.16 ibs/sf
Critical Slope, S.= 0.0482 0.1212 0.1212 ft/ft
Flow stable? (no if .7S, <s < 1.38.)= no yes ves
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 . . fps

Congclusions
A temporary erosion control blanket (ECB) is needed.

IAPROJECTS\PPLSPPLS0902-Bell Bend Land DevelopmentANALYTICALICALCULATIONSISWALE CALCS\PERMANENT\{Swatles.xis}Swale 1.10



Rational Equation Stormwater Calculations

Client: PPL0902

P N
LPennogt/_

- e

Project: POl 1 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPLO902
Date: 15 Sep 11 JEM
Governing Equation: Q= K C 1 A (where k=1 tor engiish units)
Description: SWALE 1.11 Structure: -
Route: -
Station: -
STEP 1: Calculale Drainage Area, A and Runof Coefficient, C:
Hydrologic Runoft
Soil Group Land Land Coefficient, Area, A A'C
(A,B,C,0) Use Slope [ (acres) (acres)
Impemvious 0.85 0.210 0.200
Lawn 0.40 0.500 0.200

STEP 2: Calculate Time of Concentration:

Total A* C: 0.3995 acres

Flow Average Time of Velocity
Manning's  Average Length Velocity  Concentratln Calculation
Type of Flow / Ground Cover n Slope (ft) (ft/s) (min) Methed
w
v Shallow Concentrated
v
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow .............. Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfalt Intensity, 1: Override calculation for Tc? @ves O no Te= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years):

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA
25 year
Calculated Flow, Q (cfs) = 2.2

'LS\PPLS0902-Bell Bend Land DevelopmentANALYTICALCALCULATIONS\SWALE CALGS\P

ERMANENT\PPLS0902-Rational Method-Conveyance.xlsm)Swale 1,11




Noith American Green - ECMDS Version 4.3 1771572011 [0D4:40 PMCOMPUTED BY: NKG

PROJECT NAME: PPL BBMPP JPROJECT NO.: PPLS0302

FROM STATION/REACH: {TO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.11 JDESIGN FIEQUENCY: 25 YR

HYDRAULIC RESULTS
575 (n=0.055)

Dischage ) Peak Flow [Velocily (fps)] Area (sq.ft) | Hydraute Nosmal
(els) | Petiod fhus) Radusif) | Depth (i) !
22 0.1 1.41 1.56 032 0.45
: .
Bottom
3.0 Width = 2.00 t 30
LINER RESULTS Notto Scale

Matting Type Vegetation Charecteristics

Reach Stability Analysis| Peimissible Calculated Safety Factor Remarks
Staple Pattern Phase | Class | Tspe [Density] Shear Stress | Shear Stress

_ . (psf] (psf)
Straght S75 Unvegetated 1.58 0.36 4.25 STABLE
Staple D




North American Green - ECMDS Version 4.3 7192011 [04:41 PMICOMPUTED BY: NKG

PROJECT NO.. PPLSOS02

PROJECT MAME: PPL BBNPP

JFROM STATION/REACH: JTO STATION/REACH: VEG DRAINAGE AREA: SWALE 1.11 IDESIGN FREQUENCY: 25YAR
HYDRAULIC RESULTS Urreinforced Vegetation n=0.148)
e =0.
Discharge | Peak Flow [Velocty (fps)] Avea (sq.ft) | Hydradic Nommal rreiniorced Vegeaon M
{cfs) Petiod {his) Radiusift] | Depth {ft)
22 0.1 063 320 0.47 0.75
1 ! : 1
Bott:
30 Widh=200k 30
LINER RESULTS Notto Scale
Matting Type Vegetation Chatacteristics
Reach Stability Analysis Perrissible Calculated Sefety Factor Remaiks
Staple Pattern Phase | Cass | Type |Density Sheal’s?;]tvess Shea[rl:grt]ress_
Straight Unreinforced Vegetation € |Bunch]75-95% 420 0.60 7.05 STABLE
Soil Candy Loam 0.035 0.003 10.55 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: POl 1

Prepared by: JMO Project #:
Date. 15 Sep 11 Checked by.
JFM
Objective: _
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
fiow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity. as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
Hp . 1.4 A 23
Manning’s Equation: o _ 1486 , | ( al ) /s
n P
; . Bare - Velocity — Grass - Velocity  Grass - Capacily.
Given input Data: Swale 1,11 Sheok ok Check
Discharge, Q= 2.20 2.20 2.20 cfs
L.eft Side Slope = 3.0 3.0 3.0 H:1V
Right Side Slope = 3.0 3.0 3.0 H:V
Base width of Channel, b= 2.0 2.0 2.0 feet
_ Bed slope, s= 0.0127 0.0127 0.0127  ftit
Available depth of channel; 1.50 1.50 1.50 feet
(OPTIONAL) Input Manning's 'n".  0.0550 0.1480 0.1480
Lining Type: ¢
Calculate Flow Deg-th: ‘ .
Flow depth, d= 0.51 0.86 0.86 feet
Calculated Results: Desion Acteptable? ¥ fog high V fo0 high V too high
Freeboard, f= 0.99 0.64 0.64 feet
Calculated Velocity, V= 1.24 0.56 0.56 fps
Flow Top Width, T= 5.03 7.13 713 feet
Flow Area, A= 1.78 3.90 3.90 sq ft
Wetted Perimeter, P= 5.19 7.41 7.41 feet
Hydraulic Radius, R= 0.34 0.53 0.53 feet
Shear stress on channel bottom, v = 0.40 0.68 0.68 Ibs/sf
Critical Slope, Sg= 0.0650 0.4102 04102  fuft
Flow stable? (no if .78, < s < 1.38,)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 ’ fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

Print Date: 17 Aug 11 3:6 PM
PPLS0302

1\PROJECTS\PPLS\PPLS0902-Beli Bend Land Development\ANALYTICALICALCULATIONSISWALE CALCS\PERMANENT{Swales.xisjSwale 1.11



Rationai Equation Stormwater Calculations

Client: PPL0902
Project: POI 1
Prepared by: NKG
Date: 15 Sep 11

@ennoqi)
Print Date: 17 Aug 11 11:49 AM
Checked by: Project #: PPLOS02

JFM

Governing Equation: Q= kCiA (where k = 1 for english units)
Description: SWALE 1.12

Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrotogic Runoff
Soil Group Land Land Coefficient, Area, A A*'C
{AB.CD) Use Slope C {acres) (acres)
Impervious 0.95 ) 0.330 0371
Lawn 0.40 0.930 0.372

Total A* C: 0.7425 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's Average Length Veiocity  Concentratn Calculation
Type of Flow / Ground Cover n Slope (ft) {ft/s) {min) : Method-
A 4
v Shallow Concentrated v
v
Channel.or Pipe Flow ............... Enter Vaiue Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T.: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Ovetride calculation for Tc? @ves ONo Tec= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

R T AR e e
Snsiy ]

S| n

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q {cfs)= 4.0

'LS\PPLS0802-Bell Bend Land DevelopmenfANALYTICAL\CALCULATIONSISWALE CALCS\PERMANENT\PPLS0902-Rational Method-Conveyance. xlsm]Swale 1,12



Worth American Green - ECMDS Version 4.3 {7718/2011 |04:43 PM JCOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP - |PROJECT NO.: PPLS0802

FROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.12 |DESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
$C250 (n=0.040}

Dischaige | Peak Flow [Velocity [fps] Area {sq.ft) | Hydraulic Notmal
(cts] | Period (hrs} Radus() | Deplh ) ’ ]
40 8.1 427 1 094 022 0.28
Bottom
30 Width = 2.50 ft 30
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics
Reach Stablity Analysis Permissible Calculated Satety Factor Remarks
"I Staple Pattem Phase | Class | Type [Density|] ShearStiess | Shear Stress '
P Y {psf) [psf)
Straight SC250 Unvegetated 1 3.00 1.75 1.7 STABLE
Staple £




[Notth American Green - ECMDS Version 4.3 [7719/2011 [04:44 PMICOMPUTED BY: NKG

{PROJECT NAME: PPL BBNPP JPROJECT NO.; PPLS0302
JFROM STATION/REACH: ITO'STATIBN/REACH: VEG DRAINAGE AREA: SWALE 1.12 IDESIGN FREQUENCY: 25YR
HYDRAULIC BESULTS SC250 (n=0.097)
Discharge | Peak Flow [Veloctty (fps)| Area (saft} { Hydiaulic | Normal St
[cfs) Period (his] Radius(fy | Depth (ft) l ‘
l4.0 01 2.30 1.74 0.33 0.45
S =0.1000
1 1
Bottom
30 Width=2501t 3.0
LINER RESULTS Notto Scale
v Matting Type Vegetation Charactetistics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattern Phase | Class | Type |Densty] Shear Stess Shear Stress
{psf) {psf)
 Staight SC250 Vegetation 3 C |Bunch|75-95% 10.00 2.82 355 STABLE
[ Steple E Soil Sandy Loam 0.800 0.241 332 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: POI! 1 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO ’ Project #: PPLS0802
Date: 15 Sep 11 Checked by:

JFM

Objective;
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
. L A \2/3
Manning's Equation: _ 1480 , (; ) . \/g‘
n
. . Bare - Velocity ~ Grass - Velocity ~ Grass - Capacity
Given Input Data: Swale 1.12 Check Check Check
Discharge, Q= 4.00 4.00 4.00 cfs
Left Side Slope = 3.0 3.0 3.0 H:tv
Right Side Slope = 3.0 3.0 3.0 HvV
Base width of Channel, b= 2.5 2.5 2.5 feet
Bed slope, s= 0.1000 0.1000 0.1000 fft
Available depth of channel: 1.00 1.00 1.00 feet
(OPTIONAL)  Input Manning's 'n": 0.0400 0.0970 0.0970
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.28 0.46 0.46 feot
Calculated Results: Design Acceplable? V o0 high V 100 high V 100 high
Freeboard, f= 0.72 0.54 0.54 feet
Calculated Velocity, V= 422 2.26 2.26 fps
Flow Top Width, T= 4,20 ' 5.25 5.25 feet
Flow Area, A= 0.95 1.77 1.77 sq ft
Wetted Perimeter, P= 4.29 5.39 5.38 feet
Hydraulic Radius, R= 0.22 0.33 0.33 feet
Shear stress on channel bottom, ¢ = 1.77 2.86 2.86 ibs/sf
Critical Slope, Sc= 0.0394 0.2041 0.2041  fift
Flow stable? (noif .7S,<s <1.3S.)=  ves yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions .
A temporary erosion control blanket (ECB) is needed.

I\PROJECTS\PPLS\PPLS0902-Belt Bend Land DevelopmentANALYTICALVCALCULATIONS\SWALE CALCS\PERMANENT Swales xis)Swale 1.12



Rational Equation Stormwater Calculations e

Qﬁennom’)
Client: PPLOS02 e
Project: POl 1 Print Date: 17 Aug 11 11:48 AM
Prepared by: NKG Checked by: Project #: PPLOg02
Date: 15 Sep 11 JFM
Goveming Equation: Q = KC i A (whero k= 1 for english units)
Description. SWALE 1.13 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefticient, C:
Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A A*C
(A,8.C,D) Use Slope C (acres) (acres)
Impervious 0.95 0.110 0.105
Lawn 0.40 1.720 0.688

Total A* C: 0.7925 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's Average Length Velocity  Concentratn Calcuiation
Type of Flow / Ground Cover n Slope {ft) (ft/s) {min} Method
F L 4 v
hd Shallow Concentrated v
h 4 v
Channet or Pipe Flow ............... . Enter Value Manning's Eq of other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's £q or ather
Caicutated Total Time of Concentration, T;: 5.0 minutes
STEP J: Calculate Rainfall Intensity, {: Override calculation for T¢? @ves Ono Te= 50
Rainfall Intensity for Use Ty = 5.0 minutes

25 year

etz o
5

STEP 4: Calculate-Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q (cfs) = 4.3

'LS\PPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\WPERMANENTPPLS0902-Rational Method-Conveyance xlsm]Swale 1.13



Notth American Gieen - ECMDS Version 4.3 1719/2011 04:52 PM[COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP PROJECT KQ.: PPLS0302
FAOM STATION/REACH: ITO STATION/REACH: UNVEG DRAINAGE AREA: SWALE 1.13 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS : .
- - : : 575 (n=0.050)
Dischage | Peak Flow [Velocity {fps)] Atea {sq.ft} { Hydiaulic Normal :
(cfs} Period (hrs) Radius{ft) { Depth (i) ’ ‘
4.3 0.1 1.78 242 0.47 0N

§=00100

Bottom
20 Width=2.00 ft 20
LINER RESULTS Notto Scale

Matting Type Vegetation Charecteristics
Reach Stability Analysis Permissible Calculated Safely Factor Remarks

Staple Pattern Phase| Class | Type [Density] ShearStiess | Shear Stiess

(psf) fpsf)
Straght S75 Unvegetated 1.58 0.44 351 STABLE
Staple D




Noith American Green - ECMDS Version 4.3

1771972011 J04:53 PMICOMPUTED BY: NKG

JPROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0302

[FROM STATION/REACH: JTO STATIGN/REACH: VEG DRAINAGE AREA: SWALE 1.13 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS Unseinforced Vegetation (=0.106]
nreinfosced Vegetation {n=0.
Discharge { Psak Flow [Velocity (fps)] Area {sa.ft) | Hydraulic Normal 9 +
(cfs) Period {hrs) Radius{ft) | Depth {it)
4.3 01 1.03 416 063 1.03
Bottom
2.0 Width = 2.00 ft 20
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis} Permissible Caleulated Salety Factor Rematks
. 7] Shear Stiess | Shear Stiess
Staple Pattem Phase| Class | Type {Density (osh) o5
Straight Urreinforced Vegetation C [Bunch|75-35% 4.20 0.64 6.56 STABLE
Soil Sandy Loam 0.035 0.007 5.02 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: POI 1

Prepared by: JMO
Date: 15 Sep 11 Checked by:

Print Date; 17 Aug 11 3:6 PM
Project #: PPLS0802

JFM

Objective: (
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
' . _— 14 A 23
Manning's Equation: . 1486 , (;) /s
. R . Bere - Velocity ~ Grass - Velocity, Grass - Capacity
Given Input Data; Swale 1.13 Check Chack Chack
Discharge, Q= 4.30 4.30 4.30 cfs
Left Side Slope = 2.0 20 2.0 H:1V
Right Side Slope = 2.0 2.0 : 2.0 HAvV .
Base width of Channel, b= . 2.0 2.0 2.0 feet .
Bed slope, s= 0.0100 0.0100 0.0100 fuft
Available depth of channel: 2.00 2.00 2.00 feet
(OPTIONAL) Input Manning's 'n": 0.0100 0.1060 0.1060
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.30 1.08 1.08 feet
Calculated Results: Desian Acceptable? V too high V too high V {00 hi
Freeboard, f= 1.70 0.92 0.92 feet
Calculated Velocity, V= 5.53 0.95 0.95 fps
Flow Top Width, T= 3.20 6.33 - 6.33 feet
Flow Area, A= 0.78 4.51 4.51 sq ft
Wetted Perimeter, P= 3.34 6.84 6.84 feet
Hydraulic Radius, R= 0.23 0.66 0.66 feet
Shear stress on channe! bottom, 1= 0.19 0.68 0.68 Ibs/sf
Critical Slope, §.= 0.0025 0.2031 0.2031 ft/ft
Flow stable? (no if .78, < s < 1.38,)= yes yes yes
Required Freeboard= 0.5 05 0.5 feet
Allowable Velocity for Lining Materiai= 0.0 ‘ fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

IWPROJECTSIPPLS\PPLS0802-Bell Bend Land DevelopmentWNALYTICAL\CALCULATIONSISWALE CALCS\PERMANENT{Swales.xls|Swale 1,43



Rational Equation Stormwater Calculations

e
Pennoni’/
Client: PPL0902 ST
Project: PO} 1 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPL0Y02
Date: 15 Sep 11 JFM
Governing Equation;: Q = K G i A (where k = 1 for english units)
Description: SWALE 1.14 Slructure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefticient, C:
Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A A*C
{A,B,C.D) Use Slope Cc {acres) (acres)
Impervious 0.95 R 0.129 0.123
Lawn 0.40 0.451 0.180
Cultivated 0.25

STEP 2: Calculate Time of Concentration:

Total A* C: 0.30295 acres

Flow Average Time of Velocity
Manning's Average Length Velocity ~ Concentratn Calculation
Type of Fiow / Ground Cover n Slope (ft) (ft/s) {min) Method
v v
hd Shatlow Concentrated v
v v
Channel or Pipe Flow ............... Enter Value Manning's Eg or other
Channel or Pipe Flow ............... Enter Value Marnning's Eq or other
Channel or Pipe Flow . .............. Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall intensity, I: Override calculation for Tc? @ves O no Tos 5.0
Rainfall Intensity for Use T. = 5.0 minutes

STEP 4: Calculate Peak Rate of Runoff, Q:

Q=kCiA

25 year
Calculated Flow, Q {cfs) = 1.6

LS\PPLS0802-Belt Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT[PPLS0902-Rational Method-Conveyance.xlsm)Swale 1,14




North Ametican Green - ECMDS VYersion 4.3

17/19/2011 " J04:56 PMJCOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0502

IFROM STATION/REACH: ITO STATION/REACH: UNVEG DRAINAGE AREA: SWALE 1.14 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS
- - - 575 [n=0.055}
Discharge 1 Peak Flow {Velocity (fps} Area (sq.ft) | Hydraulic Normal .
(cfs) | Period (hus) Radius(t] | Depth (1 l l
1.6 0.1 1.61 098 0.27 0.36
$=0.0200
1 _J 1
Bottom
20 Width = 2,00 ft 20
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics
Reach Stablity Analysis Permmissible | - Calculated Safety Factor Remarks
S B Phase| Class | Type |Densiy| ShearStiess | ShearStess | -
(psf} (psf)
Straight S75 Unvegetated 1.55 045 KXY STABLE
Staple D




INoith American Green - ECMDS Version 4.3

[7719/2011 |04:56 PMICOMPUTED BY: NKG

IPROJECT NAME: PPL BBNPP

JPROJECT NO.: PPLS0902

JFROM STATION/REACH: JTO STATION/REACH: VEG IDRAINAGE AREA: SWALE 1.14 JDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS : Unveinforced Vegetalion (n=0.144]
Discha'ge | Peak Flow {Velocity (fps)} Area{sq.ft} | Hydiaufic Normal niemlorced vegeaion s>
(cfs) Petiod (hrs) Radius{ft) | Depth {ft)
fi.6 0.1 0.81 1,97 0.42 0.61
S =0.0200
1
Bottom
20 Width =2.00 ft 2.0
LINER RESULTS Notto Scale
Matting Type. Vegetation Charecleristics
Reach Stabifity Analysis Peimissible Calculated Safety Factor Remarks
Staple Pattern Phase| Class | Tspe |Densiy| Shear Stress | Shear Stiess
{psf) {psf]
Straght Unreinforced Vegetation C |Bunch |75-95% 4.20 0.76 5.50 STABLE
Soil Sandy Loam’ 0.035 0.004 7.85 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (wf Manning's EqQ)

Client/Subject: PPL Bell Bend
Description: POl 1 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO ' . Project #: PPLS0902
Date: 15 Sep 11 Checked by:

JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum aflowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
[ [P 1. A (213
Manning’s Equation:  _ 1486 , (-';-) *\/;
n
. . Bare - Velocity ~ Grass - Velocity  Grass - Capacity
_(_s_l_v_e_n_lr_w_ggg_m Swale 1.14 Check Check Check
Discharge, Q= 1.60 1.60 1.60 cfs
Left Side Slope = 20 2.0 20 H:1Vv
Right Side Slope = 20 20 2.0 H:1V
Base width of Channel, b= 2.0 . 2.0 2.0 feet
Bed slope, s= 0.0200 0.0200 0.0200 ft/ft
Available depth of channel: 1.50 1.50 1.50 feet
(OPTIONAL) Input Manning's 'n": 0.0550 0.1440 0.1440
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.42 0.71 0.71 feet
Calculated Results; Design Acceplable? v too high V 100 high V o0 high
‘ Freeboard, f= 1.08 0.79 0.79 feet
Calculated Velocity, V= 1.34 0.66 0.66 fps
Flow Top Width, T= 3.68 4.83 4.83 feet
Flow Area, A= 1.20 241 2.41 sq ft
Wetted Perimeter, P= 3.88 5.16 5.16 feet
Hydraulic Radius, R= 0.31 0.47 0.47 feet
Shear stress on channel bottom, t= 0.53 0.88 0.88 (bs/sf
Critical Slope, S.= 0.0687 0.4160 0.4160 ftft
- Flow stable? (no if .7S; <s < 1.38,)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB} is needed.

I\PROJECTS\PPLS\PRLS0802-Bell Bend Land DevelopmentANALYTICALYCALCULATIONS\SWALE CALCSYPERMANENTSwales xis]Swate 1.14



Rational Equation Stormwater Calculations P j
d’ennom
" e
Ciient: PPLD902 el
Project: POl 12 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPLOg02
Date: 15 Sep 11 JFM
Governing Equation: Q= K C i A (wherek = 1 for english units)
Description: SWALE 1.15 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff )
Soil Group ~ Land Land Coelficient, Area, A A*C
{A,B.C.D) Use . Slope C (acres) (acres)
Impervious 0.95 0.010 0.010
Lawn 0.40 1.793 0.717
Stone 0.85 1.667 1.417

Total A* C. 2.14365 acres

STEP 2: Calcutate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity  Concentratn Calculation
Type of Flow / Ground Cover n Slope (1 (ft/s) (min) Method
hd
v Shallow Concentrated v
-
Channel or Pipe Flow ............... Enter Value /Manning's Eq or other
Channel or Pipe Flow _.............. Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calcuiation for Tc? @ves O o Tc = 5.0
Rainfall intensity for Use T, = 5.0 minutes

):

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 yeac
“Calculated Flow, Q (cfs) = 11.6

'LS\WPPLS0902-Bell Bend Land DevelopmentANALYTICALNCALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rationat Method-Conveyance.xism|Swale 1.15



[Noith Aretican Green - ECMDS Version 4.3 771972011 [04:59 PMICOMPUTED BY: NKG

|PROJECT NAME: PPL BBNPP JPRDOJECT NO.: PPLS0302
[FROM STATIGN/REACH: ITO STATION/REACH: UNVEG {DRAINAGE AREA: SWALE 1.15 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS
- - S75 [n=0.046)
Dischage | Peak Flow Velocity (fos)] Area (sq.ft) | Hydraulic Normal *
{cfs) Period [hrs} Radius{ft] | Depth {ft) ’ l
.6 01 2.35 4,94 . 058 0.88

§=0.0112

Bottom
3.0 Width = 3.00 ft 3.0
LINER SULTS Notto Scale
Matting Type Vegetation Charzcteristics
Reach Stability Analysis Permissible Calculated Satety Factor Remarks
Staple Pattern Phase | Class | Tspe |Densty| ShearStiess | Shear Stiess
. (psf) {psf)
Straght 575 Unvegetated 1.55 0.61 253 STABLE
Staple D )




Notth Amesican Green - ECMDS Version 4.3

1771972017 |05:00 PM[COMPUTED 8Y: NKG

JPROJECT NAME: PPL BBNPP

IPROJECT NO.: PPLS0902

{FROM STATION/REACH: [TO STATION/REACH: VEG IDRAINAGE AREA: SWALE 1.15 {DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS Unveinforced Vegetation (n=0.081)
i on (n=0.
Discharge | Peak Flow [Velocity {fps)| Area (sqft] | Hydraulic Normal rieinioreed VegeeTon s
-[cfs) Period (hrs) Radius{ft] | Depth (i)
f1.6 0.1 1.56 7.43 072 1,15
S =0.0112
Bottom
30 Width = 3.00 ft 30
LINER RESULTS Notto Seale
Matting Type Yegetation Characteristics
Reach Stability Analysis) Permissible Calculated Safety Factor Remarks
Staple Pattein Phase{ Class | Type [Density She?;ss’;res_s Shea‘rpift;ess
Straight Unreinfoiced Vegetation C |Bunch]75-95% 4.20 0.80 5.22 STABLE
Saif Sandy Loam 0.035 0015 235 STABLE




Trapezoidal Channel Analysis - Open Channel Fiow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: POI 4 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by:

JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangutar (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
. , ., 1.4 A \2/3
Manning's Equation: _ 1486 , (—’; ) . \/;
n
Given Input Data: Swale 1.15 BareC -h \;z:(ocity Grasz }-‘ \gelocily GrassC h S:kgacim
Discharge, Q= 11.60 11.60 1160  cfs
Left Side Slope = 3.0 3.0 3.0 H:AV
Right Side Slope = 3.0 3.0 3.0 H:1vV
Base width of Channel, b= 3.0 3.0 3.0 feet
Bed slope, s=  0.0112 0.0112 0.0112  fut
Available depth of channel: 2.00 2.00 2.00 feet
(OPTIONAL) Input Manning's 'n'; 0.0460 0.0810 0.0810
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.87 1.15 1.15 feet
Calculated Results: Desian Acceplable? V too high ¥ 100 high ¥ {00 hiah
Freeboard, f= 1.13 0.85 0.85 feet
Calculated Velocity, V= 2.36 1.56 1.56 fps
Flow Top Width, T= 8.25 992 9.92 feet
Flow Area, A= 4.92 7.46 7.46 sq ft
Wetted Perimeter, P= 8.53 10.30 10.30 feet
Hydraulic Radius, R= 0.58 0.72 0.72 feet
Shear stress on channel bottom, 1= 0.61 0.81 0.81 Ibs/sf
Critical Slope, S.= 0.0383 0.1104 0.1104 fuft
Flow stable? {(no if .7S, < s < 1.38,)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 ‘ fps

Conglusions
: A temporary erosion control blanket (ECB) is needed.

EA\PROJECTS\PPLS\PPLS0902-Beit Bend Land DevelopmenANALYTICALICALCULATIONSISWALE CALCSWERMANENT(Swales.xis)Swale 1.15

{



Rational Equation Stormwater Calculations e ~
' [Pennoni’
Client: PPL0802 M
Project: POI1 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checkedby: _-/ Project #: PPL0902
Date: 14 Oct 10 JFM
Governing Equation: Q = K C 1 A (where k=1 for engiish units)
Description: SWALE 1.16 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A A*C
(A,B,C.D) Use Slope C __{acres) (acres)
Impervious 0.95 0.332 0.315
Lawn 0.40 2.878 1.151

Total A" C: 1.4666 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length  Velocity Concentratn Calculation
Tvpe of Flow { Ground Cover n Slope {fY) (f/s) (min) Method
v v
- Shaltow Concentrated v
v v
Channel or Pipe Flow ............... Enter Value Manning’s Eq or other
Channel or Pipe Flow ............... Enter Value Manning’s Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? @ves Ono Te= 5.0
Rainfall Intensity for Use Ty = 5.0 minutes

Storm Recurrence frequency (years): 25 year
RIS R PTG SR R T SHES
ensiy;L(In/h

S5c)

STEP 4: Calculate Peak Rate of Runoff, Q: QzkCiA

25 year
Calculated Flow, Q (cfs) = 7.9

LS\PPLS0902-8ell Bend Land DevelopmenfANALYTICAL\CALCULATIONSISWALE CALCS\WPERMANENT{PPLS0302-Rational Method-Conveyance.xism)Swale 1.16




{North American Green - ECMDS Versior: 4.3

17718/2011 |05:02 PMJCOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLSDB302

FROM STATION/REACH:
HYDRAULIC RESULTS

|TO STATION/REACH: UNVEG

Discharge | Peak Flow {Velocity {fps)] Area (sq.ft) | Hydraulic | Nommal
{efs) Period {hrs) Radius(ft] | Depth{ft]
7.9 0.1 2.78 2.84 0.51 079

DRAINAGE AREA: SWALE 1.16

IDESIGN FREQUENCY: 25YR

575 (n=0.048)

|

Bottom

20 Width = 2.00 it 20
LINER RESULTS Not to Scale
Matting Type Vegetation Characteristics
Reach S tability Analysis Peimissible Catculated Safety Factor Remarks
Staple Pattem Phase § Class | Type [Densiy Shear Stress | Sheat Stress
[psf) {psf}
Staight 875 Unvegetated | 1.55 0.99 1.57 STABLE
Staple D




North American Gieen - ECMDS Version 4.3

1771872011 [05:03 PM[COMPUTED BY: NKG

FROJECT NAME: FPL BBNPP

PROJECT NO.: PPLS0902

{IFROM STATION/REAGH:

|TO STATION/REACH: VEG

DRAINAGE AREA: SWALE 1.16 IDESIGN FREQUENCY: 25YR

HYDBRAULIC RESULTS Unreinforced Vegetation (n=0.078]
Dischage | Peak Flow [Velooty (ps)] Area sa ) | Hydiadhc 1 Normal - remoreed v ege N e
(cfs] Period (hrs} Radius{ft] { Denth (ft) l
f7.9 0.1 1.96 403 0.62 ~.00
S =0.0200
1
Bottom
20 Width = 2,00 ft 2.0
LINER RESULTS Notto Scale
Matting Type Yegetation Charecteristics :
Reach - Stability Analysis Peimissible Calculated Safety Factor Remarks
Staple Pattern . Phase | Class | Type JDensity] ohearStiess | Shear Stiess
{psf) (psf)
Straght . Unreinforced Vegetation C | Bunch(75-85% 4.20 1.25° 335 STABLE
Soil Sandy Loam 0.03%5 0.025 1.39 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description; POI 1

Prepared by: JMO Project #: PPLS0902
Date: 16 Sep 11 Checked by:

Print Date: - 17 Aug 11 3:6 PM

JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The [ast
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Methed: See PA Erosion and Sedimentation Control Manual for reference.
Manning's Equation: . 1480 ( A )2/3* Js
n P
Given input Data: Swale 1.16 Bareg-n\;:;ocitv | Gras;r;ﬁocily Grasai:cigacity
Discharge, Q= 7.90 7.90 7.90 cfs
Left Side Slope = 2.0 2.0 2.0 H:1V
Right Side Slope = 2.0 2.0 20 RV
Base width of Channel, b= 20 2.0 2.0 feet
Bed slope, s= 0.0200 0.0200 0.0200 ft/ft
Available depth of channel: 2.00 2.00 2.00 feet
(OPTIONAL)  Inpuf Manning's 'n": 0.0480 0.0780 0.0780
' Lining Type: '
Calculate Flow Depth:
Flow depth, d= 0.79 1.01 1.01 feet
Calculated Results: Desian Acceptable? Vicohigh ¥ too high ¥ 10 high
Freeboard, f= 1.21 0.99 0.99 feet
Calculated Velocity, V= 2.78 1.84 1.84 fps
. Flow Top Width, T= 517 ~6.04 . 6.04 feet
- Flow Area, A= 2.84 4.07 4.07 ‘sq ft
Wetted Perimeter, P= 5.65 6.52 6.52 feet
Hydraulic Radius, R= 0.51 0.62 - 0.62 feet
Shear stress on channel botiom, t= 0.99 1.26 1.26 {bs/sf
Critical Siope, S.= 0.0449 0.1119 0.1119 T/t
Flow stable? (no if .7S. <s < 1.38;)= yes yes yes
Required Freeboard= 05 0.5 0.5 feet
Allowable Velocity for Lining Material= 00 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

E\PROJECTS\PPLSYPPLS0902-Bell Bend Land DevelopmenANALYTICALVCALCULATIONSISWALE CALCS\PERMANENT\{Swales.xis]Swale 1,16



Rational Equation Stormwater Calculations e y

-
[Pennoni-
Ciient: PPL0902 S
Project: POl 1 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPL0902
Date: 15 Sep 11 JFM
Governing Equation: Q = K C i A (where k= 1 for english unis)
Description: SWALE 1.17 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runott
Soil Group Land Land Coefficient, Area, A A*C
(A,B,C,D) Use Slope C {acres) {acres)
Impervious 0.95 0.291 0.276
Lawn 0.40 0.529 0.212

Total A* C: 0.48805 acres

STEP 2: Calculate Time of Concentrétlon:

Flow Average Time of Velocity
) Manning's  Average Length Velocity  Concentratn Caleulation
Type of Flow / Ground Cover n Slope (1)) {tt/s) (min}) Method
v
v Shallow Concentrated
v
Channel or Pipe Flow .,............. Enter Value Manning's Eq or olher
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channetl or Pipe Flow ............... Enter Value Manning's Eq or olher
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3. Calculate Rainfall Intensity, I: Qverride calculation for T€? @ves Owno Te= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

STEP 4: Calculate Peak Rate of Runoff, Q: Qz=kCiA

25 year
Calculated Flow, Q (cfs) = 2.6

'LS\PPLS0502-Bell Bend Land DevelopmenfANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT{PPLS0902-Rational Method-Conveyance.xism]Swale 1.17



Noith American Green - ECMDS Version 4.3

[7/18/2011  J05:06 PMICOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

IPROJECT NO.: PPLS0902

FROM STATION/REACH: |10 STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.17 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS
- - - 575 (n=0.055}
Discha'ge | Peak Flow {Velocity (fps)} Area (sq.ft) | Hydraulic | Normal —
{cfs} Period (hrs) Radius(ft} | Depth (i) l ’
26 0.1 . 1.53 1.70 0.34 .44
$=00133
1
Bottom
20 Width = 3.00 ft 20
LINER RESULTS Notto Scale
Matting Type Vegetation Charecteristics
Resch Stabifity Analysis Permissible Calculated Safety Factor Remarks
Staple Pattern Phase | Class | Tipe [Densitg| Shear Stiess | Shear Stiess , -
(psf) (psf}
Straght 575 Unvegetated 1.55 0.36 4.25 STABLE
Staple D




[7715/2011 |05:07 PMJCOMPUTED BY: NKG

INoith American Gieen - ECMDS Version 4.3
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: iT0 STATION/REACH: VEG IDRAINAGE AREA: SWALE 1.17 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS Unveinforced Vegetation (n=0.129)
egetation {n=0.
Bischage | Peak Flow |Velocity {fps)] Atea {sq.ft} | Hydraulc Normal . Drieintorescvege o
{cfs) Period {his) Radius{ft} | Denth (fY) l
ps 01 0.84 310 0.50 0.70
$=00133
1
Bottom
20 Width = 3.00 & 20
LINER RESULTS Notto Scale
Matting Type Vegetation Charecteristics '
Reach Stability Analpsis Peimissible Caleulated Safety Factor Remarks
Staple Patten Phase | Class | Tipe [Density|] Shear Stress | Shear Stiess
. {psf) {psf}
Staght Unreinforced Vegetation C |Bunch|75-95% 420 0.58 7.20 STABLE
Soil Sandy Loam 0.035 - 0.004 825 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Clien/Subject: PPL Bell Bend

Description: PO} 1 Print Date: 17 Aug 11 3.6 PM

Prepared by: JMO Project #:
Date: 15 Sep 11 Checked by: '

JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or trianguiar (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
. co .7 A\23
Manning's Equation: _ 1.486 A (_,; ) /s
n
. . Bare - Velocity ~ Grass - Velocity Grass - Capacity
Given Input Data: Swale 1.17 Check Chack Check
Discharge, Q= 2.60 2.60 2.60 cfs
Left Side Slope = 2.0 2.0 2.0 H:1V
Right Side Slope = 20 2.0 2.0 H:v
Base width of Channel, b= 3.0 3.0 3.0 feet
Bed siope, s= 0.0133 0.0133 0.0133 ft/ft
Available depth of channel: 1.50 1.50 - 1.50 feet
(OPTIONAL) Input Manning's 'n'.  0.0550 - 0.1290 0.1290
' Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.46 . 0.79 0.78 . feet
Caiculated Results: “Design Accepiable? ¥ too high ¥ 1o high V400 high
Freeboard, f= 1.04 0.71 0.71 feet
Calculated Velocity, V= 1.44 0.71 0.71 fps
Fiow Top Width, T= 4.84 6.18 6.18 feet
Flow Area, A= 1.80 3.65 3.65 sq ft
Wetted Perimeter, P= 5.06 6.56 6.56 feet
Hydraulic Radius, R= 0.36 0.56 0.56 feet
Shear stress on channel bottom, ©= 0.38 0.66 0.66 Ibs/sf
Critical Slope, S.= 0.0649 0.3124 0.3124 ft/ft
Flow stable? (no if .78, < s < 1.35;)= yes yes yes
Required Freeboard= 0.5 05 0.5 feet
Allowabte Velocity for Lining Material= 0.0 fps

Conglugions
A temporary erosion control blanket (ECB) is needed.

IAPROJECTSIPPLSPPLS0902-Bell Bend Land Development\ANAL YTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\Swales.xis)Swale §.17

PPLS0902



Rational Equation Stormwater Calculations

e
APennoni-
Client: PPL0902 SN
Project: PO! 1 Print Date: 17 Aug 11 11:48 AM
Prepared by: NKG Checked by: Project #: PPLO902

Date: 15 Sep 11 JM

Governing Equation: Q = K C 1 A (where k= 1 or english units)
Description:. SWALE 1.18 Structure: -
Route: -
Station: -

STEP 1: Caiculate Drainage Area, A and Runoff Coefficient, C:

Hydrologic Runoff
Soil Group Land Land Coefticient, Area, A A*C
(A,B,C,D) Use Slops C (acres) (acres)
Impervious 0.95 0.453 0.430
Lawn 0.40 1.097 0.439
Stone 0.85

Total A* C: 0.86915 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's Average Length Velocity  Concenltratn Calculation
Type of Flow / Ground Cover n Slope {ft) {it's) {min) Method
v
A\ d Shallow Concentrated v
v
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow .............. ) Enter Value Manning's Eq or other
Channel or Pipe Flow ,.............. Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T.: 5.0 minutes
STEP 3: Calculate Rainfali Intensity, : Overtide calculation for T¢? @ves O No Te= 5.0
Rainfall Intensity for Use T = 50 minutes

Starm Recurrence frequency (years): 25 year

AT

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCIA

25 year
Calculated Flow, Q (cfs) = 4.7

'LS\PPLS(G902-Beli Bend Land Development ANALYTICAL\CALCULATIONSISWALE CALCS\WERMANENT\[PPLS0902-Ralional Method-Conveyance.xlsm]Swale 1,18



[North American Green - ECMDS Version 4.3

1719/2011

10508 PM JCOMPUTED BY: NKG

JFROJECT NAME. PPL BBNPP

PROJECT NO.: PPLS0902

IFROM STATION/REACH: |TO STATION/REACH: UNMVEG IDRAINAGE AREA: SWALE 1.18 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS
. - > S75 (n=0.053) g
Discharge | Peak Flow [Velocity (fps)} Area (sq.ft) | Hydraulic Noimal *
(cfs) Period thrs) Radius{ft} | Depth(ft) l ]
k7 0.1 1.56 3.02 0.41 0.58
~ Bottom
3.0 Width = 3.00 ft 4.0
LINER RESULTS Notto Scele
Matting Type Yegetation Characteristics
Reach Stability Analysis Permissible Calculated Safely Factor Remarks
Staple Pattern Phase] Class | Type |Dersity] Sheas Stiess | Shear Stess
{psf) (psf) X
Straight 875 Unvegetated 1.55 0.37 418 STABLE
Staple D :




North American Gieen - ECMDS Version 4.3

J7719/201

[05:03 PM [COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLSBI02

[FROM STATION/REACH: ITO STATION/REACH: VEG DRAINAGE AREA:; SWALE 1.18 {DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS Uneintorced Veaetal 0321)
Discharge | Peak Flow [Velocity {ips)] Area {sq.ft) | Hydraulic § Normal nieinforced Vegetation [n30.
{cfs] Period [his) Radius(ft) 1 Depth (it}
4.7 6.1 0.85 5.51 0.58 0.90
it
] widh o8 0 70
LINER RESULTS Notto Scale
Matting Type Vegetation Charactetistics
Reach Stability Analysis Permifssibis Calculated Safety Factor Remarks
Staple Pattein Phase| Class | T Density| ohear Stiess | Shear Stress
? il ahd BN (psf)
Straight Unieinforced Vegetation C |Bunch|75-95% 4,20 0.56 7.50 STABLE
Sail Sandy Loam 0.035 0.005 7.49 STABLE




Trapezoidat Channel Analysis - Open Channel Flow (w/ Manning's Eq)

« ClienYSubject: PPL Bell Bend
Description; PO} 1 Print Date: 17 Aug 11 3:6 PM

Prapared by: JMO ’ Project #: PPLS0902
Date: 15 Sep 11 Checked by:

JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangwar (b=0) channel. By inputting the channel characteristics, the
. flow depth will be calculated. Other flow characteristics are also computed, including

the critical slope and required freeboard based on E&S manual guidelines. The last

line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
e . 1.486 A (23
Manning's Equation: _ 1480 , (.— ) . \/_S_
n P
Given Input Data: Swale 1.18 —--—‘LBa'eC'h\e/§L°°” mw—iGrasé';;i'“" Grass - Capacity SChS:k acit
Discharge, Q= 4.70 470 4.70 cfs
Left Side Slope = 3.0 3.0 3.0 H:1V
Right Side Siope = 4.0 4.0 4.0 H:1V
Base width of Channel, b= 3.0 3.0 3.0 feet
Bed slope, s= 0.0100 0.0100 0.0100 fuft
Available depth of channel: 2.00 2.00 2.00 feet
{OPTIONAL) Input Manning's n': 0.0530 0.1210 0.1210
Lining Type:
Calculate Fiow Depth:
Flow depth, d= 0.60 0.94 0.94 feet
Calculated Results: Design Acceptable? Voo high V 100 high V 100 high
Freeboard, f= 1.40 1.06 1.06 feet
Calculated Velocity, V= 1.53 0.80 0.80 fps
Flow Top Width, T= 7.21 9.55 9.55 feet
Flow Area, A= 3.07 5.87 5.87 sq ft
Wetted Perimeter, P= 7.38 9.81 9.81 feet
Hydraulic Radius, R= 0.42 0.60 0.60 feet
Shear stress on channel bottom, t = 0.38 0.58 0.58 lbs/st
‘ Critical Slope, S.= 0.0561 0.2599 0.2599 ft/ft
Flow stable? (no if .7S, < s < 1.38;)= yes yes yes
Regquired Freeboard= 0.5 0.5 05 feet

Allowable Velocity for Lining Material= 0.0 : fps

Conclusions
A temporary erosion control bianket (ECB) is needed.

IAPROJECTS\PPLS\PPLS0902-Bell Bend Land DevelopmenMNALYTICALICALCULATIONS\SWALE CALCS\PERMANENT\Swales xis}Swale 1.18



Rational Equation Stormwater Calculations

Client: PPLD902

/P/ennoni>
. o

o

Project: POI1 Print Date: 17 Aug 11 11:48 AM
Prepared by: NKG Checked by: Project #: PPLO902
Date: 15 Sep 11 JFM
Governing Equation: Q = K C i A  (where k=1 for engiish unis)
Description: SWALE 1.19 Structure: -
Route: -
Station: -
STEP 1: Caiculate Drainage Area, A and Runoff Coefficient, C;
Hydralogic Runoff
Soil Group tand Land Cosfficient, Area, A A*C
(A,B.CD) Use Slope C {acres) (acres)
impetvious 0.95 0.229 0.218
Lawn 0.40 0.801 0.320

STEP 2: Calculate Time of Concentration:

Total A* C: 0.53795 acres

Flow Average Time of Velocity
. Manning's Average Length Velocity  Concentratn Calculation
Type of Flow / Ground Cover n Slope (f) (ft/s) {min) Method
w
v Shallow Concentrated
v
Channel or Pipe Flow ............... Enter Vaiue Manning's Eq or other
Channet or Pipe Flow .............. Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Cailculated Total Time of Concentration, T.: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for T¢? @ves O no Te= 5.0
Raintall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years):

T AT Y
Ry
2t is‘»,.(‘jg*

SR
STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA
2§ year
Calculated Flow, Q (cfs) = 2.9

'LS\PPLS0902-Bell Bend Land DevelopmenANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTPPLS0902-Ralional Method-Canveyance.xism]Swale 1,19




North American Green - ECMDS Version 4.3

171972011 |05:12 PMICOMPUTED BY: NKG

[PROJECT NAME: PPL BBNPP

JPROJECT NO.: PPLS0302

JFROM STATION/REACH:

IT0 STAﬂDN/REACH: UNVEG

JDRAINAGE AREA: SWALE 1.19 IDESIGN FREQUENCY: 25YR

HYDBAULIC RESULTS $75 [n=0.055)
Dischage { Pesk Flow [Velocity (fps)| Area [sq.ft) { Hydraulic | - Noimal L
{cfs) Period [his) Radius(ft] | Depth{ft) ’
p3 0.1 1.34 217 0.35 0.48
1
Bottom
35 Width = 3.00 #t 30
LINER RESULTS Notto Scale
Matting Type Vegetation Charzcteristics
Reach Stability Analysis Permissible Calculated Safety Factor Rematks
o Staple Pattern | Phase ] Class | Type [Densitp] oheat Stress | Shear Steess
{psf) (psf)
Straght 575 Unvegetated 1.55 0.30 521 STABLE
Staple D




Noith American Green - ECMDS Version 4.3

[771872611_[05:13 PMJCOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.; PPLS0302

[DESIGN FREQUENCY: 25YR

FROM STATION/REACH:

{TO STATION/REACH: VEG

HYDRAULIC RESULTS
Discha'ge } Peak Flow |Velocity {Ips)] Area (sqft) | Hydraulic | Nomal ~
(cfs) Period {hrs) Radius(ft] | Depth (f}
7K 0.1 0.67 4,31 0.52 0.78

DRAINAGE AREA: SWALE 1.19

Unreinforced Vegetation (n=0.143)

$=0.0100

Bott
35 Width = .00 f 30
LINER RESULTS Notio Scale
Matting Type Vegetation Charecteiistics
Reach [Stabilty Analysis} Permissible Calculated Safety Factor Remarks
! ] Shear Stiess | Shear Stress
Staple Pattetn Class | Type [Density (osi) (ps)
Straght Unteinforced Vegetation C |Bunch|75-95% 4.20 0.49 8.63 STABLE
Soil Sandy L.osm 0.035 0.003 12.07 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: PO! 1

Prepared by: JMO Project #:
Date: 15 Sep 11 Checked by:
JFM
Obiective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velacity as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
oy S 4 A L283
Manning's Equation:  ,_ 1486 , ( 2 ) /s
4 n P
R . Bare - Velocity ~ Grass - Velocity Grass - Capacity
Given Input Data; - Swale 1.9 Check Check Check
Discharge, Q= 2.90 2.90 2.90 cfs
“Left Side Slope = 3.5 35 35 H:v
Right Side Slope = 3.0 3.0 3.0 H:1V
Base width of Channel, b= 30 3.0 3.0 feet
Bed slope, s= 0.0100 0.0100 0.0100 fft
Available depth of channel: 2.50 - 2.50 2.50 feet
{OPTIONAL) Input Manning's 'n'; 0.0550 0.1430 0.1430
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.51 0.85 0.85 feet
Calculated Results: Design Acceptable? V {00 high V too high V 100 hiah
Freeboard, f= 1.99 1.65 1.65 feet
Calculated Velocity, V= 1.22 0.59 0.59 fps
Flow Top Width, T= 8.31 8.54 . 8.54 feet
Flow Area, A= 2.37 4,92 4.92 sq ft
Wetted Perimeter, P= 6.47 8.80 8.80 feet
Hydraulic Radius, R= 0.37 0.56 0.56 feet
Shear stress on channel bottom, 1= 0.32 0.53 0.53 fos/sf
Critical Slope, S.= 0.0630 0.3722 0.3722 f/ft
Flow stable? (noif .78, < s < 1.38,)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 : " fps

Conclusjons
A temporary erosion control blanket (ECB} is needed.

Print Date: 17 Aug 11 3:6 PM
PPLS0202

I\PROJECTS\PPLS\PPLS0302-Bell Bend Land Development\ANALYTICAL\CAL CULATIONS\SWALE CALCSIPERMANENT\[Swales.x!s]Swale 1.18



Rationai Equation Stormwater Calculations T

[Pennoni’
Client: PPL0902 N T
Project: POl 1 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPLOS02
Date: 15 Sep 11 JFM
Governing Equation: Q= KCiA (wherek=1torengishunis)
Description: SWALE 1.20 Structure: -
Route: - -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A A*C
(A,B,C,D) Use Slope Cc (acres) (acres)
Impervious 0.95 0.765 0.727
Lawn 0.40 1.875 0.750

Total A* C: 1.47675 acres

STEP 2: Calcuiate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity  Concentratn Calculation
Type of Fl rQUN: ver n Slope {ft) (tt's) {min) Method
v
v : Shallow Concentrated v
v
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channet or Pipe f;'low ,,,,,,,,,,,,,,, ) Enter Value Manning’s Eq or other
Channel or Pipe Flow ............... ' Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T.: 5.0 minutes
STEP 3: Calculate Rainfall intensity, i Qverride calculation for T¢? @ ves ONo Te= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25.vear
Calculated Flow, Q(cfs)= 8.0

'LS\PPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTYPPLS0902-Rational Method-Conveyance.xism]Swale 1.20



{North Amenican Green - ECMDS Veision 4.3 702172011 [11:40AM [COMPUTED BY: NKG

[PROJECT NAME: PPL BBNPP [PROJECT ND.: PPLS0S02
[FROM STATION/REACH: [T0 STATION/REACH: UNVEG [DRAIMAGE AREA: SWALE 1.20 [DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS 575 (n=0.051]
=0
Dischaige | Peak Flow {Velocity (fpsi] Area (sa.ft) | Hydraulic Normal ' *
{cfs} Period [his) ) Radius(ft] | Depth (i} [ l
8.0 0.1 1,74 460 0.50 066
‘ § = 0,001
1 1
Bottorn .
3.0 Width = 5,00 ft 3.0
LINER RESULTS R Not to Scale
Matling Type Vegetation Characteristics
Reach Stability Analysis Perrissible Calculated | Safety Factor Rematks
Stople Pattern Phase| Class | Type {Density 5h°‘ﬁ;3;‘ess AShea[lp?saft}ress
Straight - 875 Unvegetated - -1.5% 0.37 414 STABLE
Staple D




{North American Green - ECMDS Version 4.3 fonmy 142 AMICOMPUTED BY: NKG

IPROJECT NAME: PPL BBNPP PROJECT NO.. PPLS0D302

JFROM STATION/REACH: ITO STATION/REACH: VEG DRAINAGE AREA: SWALE 1.20 IDESIGN FREQUENCY: 25 YR
HYD ] Sy -

Oischarge | Peak Flow [Velooiy (ps)] Area 50, | Hydavie | Nowal Uneirforced Vegalation (n-0.100) -
{cls) Petiod {hrs) Radius(ft) | Depth{fi} i l
8.0 8.1 1.09 7.35 0.67 0.94
§ =0.0091
1
Boltom
30 Vidth=5.00 #t 30
LINER RESULTS Not to Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis Pemissibla Calculated Safety Factor Remarks
Staple Pattern Phase | Class | Type |Oensity| ShearStess | Shear Stress
. - (psf) - losf)
Straight Unreinlorced Vegetation € |Bunch{75-95% 420 0.53 7.87 STABLE
Soll Sandy Loam 0.035 0.007 5.38 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Ea}

Client/Subject: PPL Bell Bend
Description: POI 4 : " PrintDate: 17 Aug 11 3:6 PM

Prepared by: JMO Project #: PPLS0202
Date: 15 Sep 11 Checked by:

JFM 3

Objective: ‘
Using Manning's equation, this spreadsheet will caiculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel! characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method;: See PA Erosion and Sedimentation Control Manual for reference.
Manning's Equation: . 1486 , | (»’5— )2/3* \/g'
. n P
Given Input Data; Swale1zp  BarecVolly  Guess-Vdosly Gmss-Canacly
Discharge, Q= 8.00 8.00 8.00 cfs
Left Side Slope = 3.0 3.0 3.0 H:1v
Right Side Slope = 3.0 3.0 30  Hiv
Base width of Channel, b= 5.0 5.0 5.0 feet
Bed slope, s=  0.0091 0.0091 0.0091  ffit
Available depth of channel: 3.50 3.50 3.50 feet
(OPTIONAL)  Input Manning's 'n": 0.0550 0.1150 0.1150
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.69 1.02 1.02 feet
Calculated Results: Design Acceptable? V100 high V{00 high V.00 high
" Freeboard, f= 2.81 2.48 2.48 feet
Calculated Velocity, V= 1.65 0.98 0.98 fps
Flow Top Width, T= 9.13 - 1111 11.11 feet
Flow Area, A= 4.86 8.20 8.20 sq ft
Wetted Perimeter, P= 9.35 11.44 11.44 feet
‘ Hydraulic Radius, R= 0.52 0.72 0.72 feet
Shear stress on channel bottom, 1 = 0.39 0.58 0.58 Ibs/sf
Critical Slope, S.= 0.0561 0.2215 02215 fuft
Flow stable? (no if .78, < s < 1.35.)= yes yes yes
Required Freeboard= 0.5 05 0.5 feet
- Allowable Velocity for Lining Material= 0.0 fps

Conclusions )
A temporary erosion control blanket (ECB) is needed.

FPROJECT S\PRLS\PPLS0902-Beli Bend Land Development\ANALYTICAL\CALCULATIONSISWALE CALCS\PERMANENT\(Swales.xis)Swale 1.20



Rational Equation Stormwater Calculations RN
(Pennogl/
Client: PPL0902 Tt =
Project: POl 1 Print Date: 17 Aug 11 11:48 AM
Prepared by: NKG Checked by: Project #: PPL0O902
Date: 15 Sep 11 JEM
Governing Equation: Q= K C i A (where k=1 for english unils)
Description: SWALE 1,21 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoft R
Soil Group Land Land Coelfficient, Area, A A*'C
(A,B,C,0) Use Slope Cc (acres) {acres)
Impervious 0.95 0.205 0.195
Lawn 0.40 0.618 0.247
Stone 0.85 0.057 0.048

Total A” C: 0.4904 acres

STEP 2: Calculate Time of Concentration:

Flow Avgrége -~ Time of Velocity
Manning's  Average Length Velocity  Concentratn Calculation
Type of Flow / Ground Gover n Slope (1) (ft/s) (min} Method
v
v Shallow Concentrated v
h 4
Channe! or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eqg or other
Calculated Total Time of Concentration, T.: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? @ves Ono Tc= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 26 year

TR e 2 b,
Ralnf

gLl

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCIA

. 25 vear
Calculated Flow, Q (cfs)= 2.6

'LS\PPLS0302-Bell Bend Land DevelopmentANALYTICALN\CALCULATIONS\SWALE CALCS\PERMANENTV{P PLS0902-Rational Methed-Conveyance. xlsm]Swale 1.21




[Nonth American Green - ECMDS Version 4.3 . [7/19/2011 [05:19 PM{COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP . {PROJECT NO.: PPL50802
FROM STATION/REACH: fTO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.21 [DESIGN FAEQUENCY: 25YR
HYDRAULIC RESULTS
- . : $75 (n=0.055]
Dischage | Peak Flow {Velocity (fps)] Area (sa.ft) | Hydraulic Normal .
{cls) Period (his) Radius{it} § Depth(it) ’
ps 0.1 2.02 1.28 0.34 0.51
3 1
20
LINER RESULTS Notlo Scale
Matting Type Vegetation Charzcteristics
Reach Stability Analysis| Permissible Caleulated Safety Factor Remarks
- Staple Pattern Phase | Class | Tipe [Density She?ésb;]tress Shea(;)ift]ress 1
Straght S75 Unvegetated 1.55 0.75 207 STABLE
Staple D




INorth American Green - ECMDS Version 4.3

[7/19/2011 |05:20 PM [COMPUTED BY: NKG

IPROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0302

JFROM STATION/REACH:

HYDRAULIC RESULTS

|TO STATION/REACH: VEG

DRAINAGE AREA: SWALE 1.21 |DESIGN FREQUENCY: 25YR

Unteinforced Vegelation (n=0.114)

Discharge | Peak Flow [Velocity (fps) Area [sq.ft] | Hydraulic Nomal
(cfs) Period (hes) Radius(ft] } Depth (ft}
X3 0.1 1.18 219 0.46 0.74
Bottom
30 Widh=150k 5D
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics
Reach Stablity Analysis Permissible Calculated Salety Factor Remarks
Staple Pattein . Phase | Class | Type |Density She?;sf;]lless Shea[rp?;tl]ress
Skaight Unreinforced Vegetation C [Bunch}75-95% 4.20 1.08 388 STABLE
Soil Sandy Loam 0.035 0.010 346 STABLE




Trapezoidal Channel Analysis - Open Channei Flow (w/ Manning's Eq)

Clieny/Subject: PPL Beli Bend
Description: POI 1
Prepared by: JMO
Date: 15 Sep 11 Checked by:

JFM

Obiective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
' . A \2/3
Manning's Equation: 1486 , ( —P- ) " \/S—
n
. . Bare - Velocity ~ Grass - Velocity  Grass - Capacity
Given Input Data: Swale 1.21 Check Check Check
Discharge, Q= 2.60 2.60 2.60 cfs
Left Side Slope = 2.0 2.0 2.0 H:1V
Right Side Slope = 2.0 2.0 2.0 H:1vV
Base width of Chan_nel, b= 1.5 15 1.5 feet
Bed slope, s= 0.0235 0.0235 0.0238 it
Available depth of channel: 1.50 1.50 1.50 feet
{OPTIONAL) Input Manning's 'n": 0.0550 0.1140 0.1140

Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.563 0.76 0.76 feet
Calculated Results: Desian Acceptable? ¥ too high ¥ too high V100 high
Freeboard, f= 0.97 0.74 0.74 feet
Calculated Velocity, V= 1.90 1.13 1.13 fps
_Flow Top Width, T= 3.63 4.54 4.54 feet
Flow Areg, A= 1.37 229 2.29 sq ft
Wetted Perimeter, P= 3.88 4.90 4.90 feet
Hydraulic Radius, R= 0.35 047 0.47 feet
Shear stress on channel bottom, t= 0.78 1.11 1.11 ibs/sf
Critical Slope, S.= 0.0667 0.2629 0.2629 ft/ft
Flow stable? (no if .78, < s < 1.35,)= yes yes yes
Required Freeboard= 0.5 0.5 05 feet
Allowable Velocity for Lining Material= 0.0 fps
Conclusions ~

A temporary erosion control blanket (ECB) is needed.

I\PROJECTS\PPLSIPPLS0802-Bell Bend Land DevelopmenMANALYTICALCALCULATIONSISWALE CALCS\PERMANENT\Swales.xis}Swale 1.24

Print Date: 17 Aug 11 3:6 PM
Project #: PPLS0802



Ralional Equation Stormwater Calculations e,

e _\
, Pennoni’
Client: PPL0902 e
Project: PO11 Print Date: 17 Aug 11 11:43 AM
Prepared by: NKG Checked by: Project #: PPLO902
JFM
Date: 15 Sep 11
Governing Equation: Q= K C 1A  (where k = 1 for english units)
Description: SWALE 1.22 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group Land ! Land Coefficient, : Area, A A*C
(A,B,C,D} Use Slope C {acres) : (acres)
impervious 0.95 0.296 0.281
Stone 0.85 0.924 0.785

Total A* C: 1.0666 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average tength Velocity  Concentratn Calculation
Type of Flow / Ground Cover n Slope {ft) (f’s) {min} Method
v
v Shaliow Concentrated
v
Channel or Pipe Flow ., ............ Enter Value Manning's Eq or other
Channel or Pipe Flow ......... Veeens Enter Value Manning's Eq or other
Channel or Pipe Flow _.............. Enter Value Manning’s Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? ®ves Ono Tc= 5.0
Rainfall intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year
B S SR
S mﬁy

ar N S|
K& Ja:ﬁ‘me.a&hﬁi&‘:‘ﬂf

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCIA

&5.@
Calculated Flow, Q (cfs) = 5.8

"LS\PPLS0902-8ell Bend Land DevelopmenhANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\{PPLS0902-Rationat Method-Conveyance xlsm]Swale 1.22



Noith Ametican Green - ECMDS Version 4.3

1742172011

101:08 PMJCOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

|PROJECT NO.: PPLSG302

JFROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.22 IDESIGN FREQUENCY: 25YR
YDRAULIC RESULTS
. - - $75 {n=0.054)
Discharge | Peak Flow [Velocity (ips}] Area (sq.ft) | Hydiaulic | Momal 2 1
(efs) | Peiiod [hrs) Radiusi] | Depth (f I , ;
b.8 0.1 1.53 378 0.44 056
$ = 0.0091
1 LTD 1
[
. widh B0 ‘5’6’
LINER RESULTS NottoScale
Matting Type Vegelalion Characteristics
Reach Stabllity Analpsis Permissible Caleulated Salety Factot Rematks
S y =] Shear Stress | Shear Stiess
Staple Patien Phase | Class | Type {Densty osh) (s
Straight 875 Unvegetated 1.55 0.32 483 STABLE
Staple D




)

{Noith American Green - ECMDS Version 4.3

[772172011 {0110 PMCOMPUTED BY: NKG

IPROJECT NAME: PFL BBNFPP

FROJECT NO.: PPLS0S02

[FROM STATION/REACH: [TO STATION/REACH: VEG DRAINAGE AREA: SWALE 1.22 [DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS Urveinforoed Vegelation (n=0.114]
Dischaigo | Peak Flow |Velocity (los]] Avea (sa i | Hydradic | Nowl menoleedVegran e
{cfs) Period (s} Radius(t] | Depth [ft)
538 0.1 0.90 6.43 0.62 0.85
L,
Bott
T Widh=B00H 70
| Tt Mot to Scale
Matting Type Yegelation Characlerislics )
Reach Stability Analysis Peimissible Caleudated Salety Factor Remarks
Staple Pattein Phase | Class | Type [Density Sheat Sliess | Sheas Stess
{pst) fpsf)
Skaight Unseinforced Vegetalion C |[Bunch|75:85% 4.20 0.48 869 STABLE
Soil Sandy Loam 0.033 0.005 176 STABLE




Trapezoidal Channel Analysis - Open Channel Fiow (w/ Manning's Eg)

Client/Subject; PPL Bell Bend
Description: POI 4 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by:

JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: ' See PA Erosion and Sedimentation Control Manual for reference.
s P A (203
Manning's Equation:  _ 14806 , (-—— ) /s
. n P
s . Bare - Velocity ~ Grass - Velogity Grass - Capagity
Given Input Data:  Swale 1.22 Check Check Chack
Discharge, Q= 5.80 5.80 5.80 cfs
Left Side Slope = 3.0 3.0 3.0 H:1V
Right Side Slope = 3.0 3.0 3.0 H:1vV
Base width of Channel, b= 50 . 5.0 ' 50 . feet
Bed slope, s= 0.0091 0.0091 0.0091 ft/ft
Available depth of channel: 3.50 3.50 3.50 feet
{OPTIONAL)  Input Manning's 'n"; 0.0550 0.1320 0.1320
Lining Type: '

Calculate Flow Depth:

Flow depth, d= 0.58 0.95 0.95 feet
Calculated Results: Design Acceptable? V too high V too high V too high
Freeboard, f= 2.92 2.55 2.55 feet
Calculated Velocity, V= 1.49 0.78 0.78 fps
~ Flow Top Width, T= 8.47 10.69 1069  feet
Flow Area, A= 3.89 7.44 7.44 sq ft
Wetted Perimeter, P= 8.66 11.00 11.00 feet
Hydraulic Radius, R= 0.45 0.68 0.68 feet
Shear stress on channel bottom, © = 0.33 0.54 0.54 Ibs/sf
Critical Slope, S.= 0.0588 0.2973 0.2973 f/ft
Flow stable? (no if .75, < s < 1.38.)= yes yes yes
Required Freeboard= 0.5 - 05 .05 feet

Allowable Velocity for Lining Materiai= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

IAPROJECTS\PPLS\PPLS0802-Bell Bend Land DevelopmenlANALYTICALICALCULATIONSISWALE CALCS\PERMANENT\Swales.ds)Swale 1,22



Rational Equation Stormwater Calculations e

QPénnoq i)
Client: PPL0902 NIy
Project: POI 1 ) Prm Date: 17 Aug 11 11:49 AM
Prepared by: NKG . Checked by: Project #: PPLOS02
Date: 15 Sep 11 JEM
Governing Equation: Q= KCiA (wherek=11or engtish unis) ‘
N
Description: SWALE 1.23 ’ Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runofi
Soit Group Land Land Coefficient, Areg, A A*C
{A,B.C.D) Use Slope C {acres) (acres)
Lawn 0.40 1.130 B 0.452

Total A* C: 0.452 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average length-™  Velosity Concentratn Calculation
Type of Flow [ Ground Cover n Stope {11 (ts) (min) Method
~
v
v Shallow Concentrated v
v
Channel or Pipe Flow ............... Enter Value Manning's Eq or olher
Channel or Pipe Flow ............... Enter Value . Manning's Eq or other
Channel or Pipe Flow ......... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Raintal! Intensity, I: Override calculation for Tc? @ ves Ono Tc= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year
s Ty ————
Ra

sy e er ey Y,

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q (cfs)= 2.4

'LS\PPLS0802-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\WPERMANENT\[PPLS0902-Rationai Method-Ccm‘;eyance.xlsm)Swale 123



Morth American Green - ECMDS Version 4.3

J7/20/2011

j08:04 AM|COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

[PROJECT NO.. PPLSD902

FROM STATION/REACH:

HYDRAULIC RESULTS

fTO STATION/REACH: UNVEG

JDRAINAGE AREA: SWALE 1.23 v

IDESIGN FREQUENCY: 25YR

$75{n=0.055
Discharge | Peak Flow [Velocity [lps]’ Area (sq.ft) | Hydraulic Nomal 7 (n-0.0%)
(cfs) Period {hrs) Radiusfft) | Depth {ft} 1 l
p.4 0.1 1.82 1.32 0.33 0.45
S =0.0200
Bottom
20 Width = 2.00 ft 20
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Caleulated Safely Factor Remarks
Staple Pattern Phase | Class | Type |Density| Shear Stiess | Shear Stress
[psf) (psf)
Stiaight S75 Unwegetated 155 057 273 STABLE
Staple D




[North Armerican Green - ECMDS Version 4.3

{7/20/2011 {08:05 AMICOMPUTED BY: NKG

[PRDJECT NAME- PPL BBNEP

PROJECT NG.: PPLS0902

IFROM STATION/REACH:
HYDRAULIC RESULTS

{TO STATION/REACH: VEG

DRAINAGE AREA: SWALE 1.23

[DESIGN FREQUENCY: 25YR

Unreinforced Vegetation (n=0.122]

Discha'ge | Peak Flow {Velocity {fps)] Area {sq.ft) | Hydiaulic Normal
{cfs) Period {hrs) Radius{it) | Depth (1)
2.4 0.1 1.02 2.34 0.46 069
S =0.0200
]
Bottom
20 Width = 2.00 ft 20
LINER RESULTS Notto Scale
Matting Type Vegetalion Charzcteristics
Reach Stability Analpsis Pemmissible Calculated Safety Faclor Remarks
Staple Pattem Phase | Class | Type [Density Shear Siess | Shear Stiess R
. {psf) (psf)
Straght Unieinforced Vegetation C  }Bunch |75-95% 4,20 0.86 4.86 STABLE
Soil Sandy Loam 0.035 0.007 497 STABLE




Trapezoidal Channel Analysis - Open Channel Flow {w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Conclusions

A temporary erosion contro! blanket (ECB) is needed.

Description: PO 1 Print Date: 17 Aug 11 3:6 PM
Prepared by: JMO Project #: PPL50902
Date: 15Sep 11 [Croaeip
JFM
Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA £E&S manual.
Method: See PA Erosion and Sedimentation Control Manua! for reference.
Manning's Equation: _ 1486 , , A )2/3* \/S_
n
' Given Input Data: Swale 1.23 Bare;::nz.::socity Graszég\i_ilocilx Graszh—::_kgaciy
Discharge, Q= 2.40 2.40 2.40 cfs
Left Side Slope = 20 2.0 2.0 H:1V
Right Side Siope = 2.0 2.0 2.0 H:1v
Base width of Channel, b= .20 2.0 20 feet
Bed slope, s= 0.0200 0.0200 0.0200 ft/ft
Available depth of channel: 1.50 1.50 1.50 feet
(OPTIONAL)  Input Manning's 'n"; 0.0550 0.1220 0.1220
Lining Type:
Galculate Flow Depth:
Flow depth, d= 0.49 0.78 0.78 feet
Galculated Results: Desion Acceptable?  Vloo high V too high ¥ too high
Freeboard, f= 1.01 0.72 0.72 feet
Calculated Velocity, V= 1.63 0.86 0.86 fps
Flow Top Width, T= 3.97 5.13 513 feet
Flow Area, A= 147 278 2,78 sq ft
Wetted Perimeter, P= 4.20 5.49 5.49 feet
Hydraulic Radius, R= 0.35 . 0.51 0.51 feet
Shear stress on channel bottom, © = 0.61 0.98 0.98 Ibs/sf
Critical Stope, §.= 0.0662 0.2914 0.2914 fU/ft
Flow stable? (noif .78, < s < 1.35;)= yes yes yes
Required Freeboard= 0.5 0.5 05 feet
Allowable Velocity for Lining Material= 0.0 fps

I\PROJECTS\PPLS\PPLS0902-Belt Bend Land DevelopmentANALYTICALVCALCULATIONS\SWALE CALCS\PERMANENTY Swales.xis)Swale 1.23



Rational Equation Stormwater Calculations i,

Pennoni’
Client: PPL0902 R
Project: POt 1 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPL0902
Date: 16 Sep 11 JFM
Governing Equation: Q= KCiA (wherek=1rorenglish unis)
Description: SWALE 1.24 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A A‘C
(A,B.C,D) Use Slope C (acres) {acres)
N Impervious 0.95 0.225 0.214
Lawn 0.40 3.065 1.226

Totat A* C: 1.43975 acres

STEP 2: Caiculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity  Concentratn Calgulation
Type of Flow / Ground Cover n Slope (ft) (ft/s) (min) Method
- A4
v Shallow Concentrated v
v
Channel or Pipe Flow .. ............. Enler Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfalt Intensity, i Override calculation for Tc? @ves O o Te= 5.0
Rainfall intensity for Use Ty = 5.0 minutes

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kKCiA

25 year
Calculated Flow, Q (cfs) = 7.8

'LS\PPLS0902-Belt Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT{PPLS0902-Rational Method-Conveyance.xismiSwale 1.24

J



[Notth American Green - ECMDS Version 4.3

17/20/2011_]08:07 AM|COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

JPROJECT NO.. PPLS0302

FROM STATION/REACH: {70 STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.24 {DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS
- . ' 5§75 (n=0.048)
Discha'ge | Peak Flow {Velocity (ips)] Atea (sq.it) ] Hydraulic Normal *
(efs) Period (hrs) Radius(ft] | Depth (it}
7.8 0.1 277 282 0.51 0.79
Bott
70 Widh=2001 70
LINER RESULTS Notto Scale
Matting Type Vegetation Charecteristics
Reach Stability Analysis Peimissible Caleulated Safety Factor Remarks
Staple Pattemn - Phase] Class | Tspe |Densiy} Shear Sliess | Shear Stress
[psf) {psf]
Straght 875 Unvegetated 1.55 0.98 1.58 STABLE
Staple D




North American Gieen - ECMDS Version 4.3

[7/20/2011 |08:08 AM|COMPUTED BY: NKG

PROJECT NAME: PPL 8BNPP

PROJECT NO.: PPLS0302

[FROM STATION/REACH: |TO STATION/REACH: VEG DRAINAGE AREA: SWALE 1.24 IDESIGM FREQUENCY: 25YR
HYDRAULIC RESULTS _ Irveinforced Vegstation (n=0.078)
Discharge § Peak Flow [Velocity (fps)] Area (sq.ft | Hydiaulic Normal rreniorceq Yegrton -
(cfs) Petiod [hrs) Radius{ft} { Depth(ft)
.8 01 1.95 4.00 0.62 1.00
Bottom
20 Width = 2.00 ft A1)
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattem Phase] Class | Type [Density] Shear Stress | Shear Stress
g » Y {psf] {psf]
Stiaight Unteinforced Vegetation C  |Bunch|75-95% 4.20 1.28 3.36 STABLE
Soil Sandy Loam 0.035 0.025 1.41 STASLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject:. PPL Bell Bend
Description: POl 4 . PrintDate: 17 Aug 11 3.6 PM

Prepared by: JMO : Project #: PPLS0902
Date: 15 Sep 11 Checked by:

JFM

_Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calcutated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line caiculates the maximum atlowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
. _— 14 A (213
Manning's Equation: . _ 1486 , (—) . \/S—
n P
. . Bare - Velocity ~ Grass - Velocity Grass - Capacity
Given Input Data: Swale 1.24 Check Check Check
Discharge, Q= 7.80 7.80 7.80 cfs
Left Side Slope = 2.0 2.0 2.0 H:1Vv
Right Side Slope = 2.0 20 2.0 H:1V
Base width of Channel, b= 2.0 2.0 2.0 feet
Bed slope, s= 0.0200 0.0200 0.0200 ft/ft
Available depth of channel: . 1.50 1.50 1.50 feet
(OPTIONAL) Input Manning's 'n": 0.0480 0.0780 © 0.0780
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.79 1.00 : 1.00 feet
Calculated Results: Design Acceptable? V 109 high V too high V too high
Freeboard, f= 0.71 0.50 0.50 feet
Calculated Velocity, V= 2.77 1.94 1.94 ips
Flow Top Width, T= 5.15 6.02 6.02 feet
Flow Area, A= 282 4.03 4.03 sq ft
Wetted Perimeter, P= 5.62 6.49 6.49 feet
Hydraulic Radius, R= 0.51 0.62 0.62 feet
Shear stress on channel bottom, 1 = 0.98 1.25 1.25 ibs/sf
Critical Slope, S¢= 0.0450 0.1120 0.1120 fft
Flow stable? (no if .7S, < s < 1.38,)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions ,
A temporary erosion control blanket (ECB) is needed.

IAPROJECTS\PPLS\PPLS0502-Bell Bend Land DevelopmenANALYTICALVCALCULATIONS\SWALE CALCS\PERMANENT\(Swales xis}Swale 1.24



Rational Eguation Stormwater Calgulations e

LP’ nnogi>
Clieni: PPL0902 N
Project: PO} 1 PrintDate: 17 Aug 11 11:49 AM
Prepared by: NKG Ghecked by: Project #: PPL0902
Date: 15 Sep 11 JEM
. Governing Equation: Q= KCiA (wherek=11forenglish units)
Description: SWALE 1.25 Structure: -
Route: -
; Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group Land tand Coefficient, Area, A A*C
{A,8,C,D) Use Slope C (acres) (acres)
impervious 0.95 0.031 0.029
Stone 0.85 0.609 0.518

Total A* C: 0.5471 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's Average Length Velocity  Concentratn Calculation
Type of Flow / Ground Cover n Slope [{is] (fi/s) (min) Method
v
v Shallow Concentrated v
v
Channel or Pipe Flow ............... Enter Value Manning's €q or other
Channel or Pipe Flow .,............. Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning'’s Eq or other
Calcuiated Totat Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall intensity, I: Override calculation for Te? @ves O no Tc= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year
S S SR PR AR
Halnfall Intensity, Jiny/

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCIiA

Calculated Flow, Q (cfs) = 3.0

LS\PPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\WERMANENTYPPLS0902-Rational Method-Conveyance. xism]Swale 1.25



Noith American Gieen - ECMDS Version 4.3 J7720/2011  j08:10 AM [COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0302
FROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.25 IDESIGN FREQUENCY: 25 YR
HYDRAULIC RESULTS ' :
. - : S75 (n=0.055)
Discharge { Peak Flow [Velocity (fps)f Area {sq.ft) | Hydrauic | Nomal -
(cfs) Period [his) Radius(ft}] | Depth {it) ‘ ’
Bo 0.1 243 1.23 023 0.30

1
Bottom —'EI
Width = 3.00 5.

20
LINER RESULTS Not to Scale

Matting Type . Vegetation Chatacteristics

Reach Slability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattern Phase{ Class | Type IDensity Shear Stress | Shear Stress

(psf) {psf)
Straight S75 “Unvegetated 155 1.07 1.45 STABLE
Staple D




[Horth American Green - ECMDS Version 4.3

172072011 {08:11 AM JCOMPUTED BY: NKG

IPROJECT NAME: PPL BENPP

PROJECT NO.: PPLS0S02

JFROM STATION/REACH:

[TO STATION/REACH: VEG

HYDRAULIC RESULTS
Dischaige | Peak Flow [Velocity (ips)] Area (sa.ft { Hydraulic Normal
(cfs) Petiod (hrs) Radius(ft) § Depth {it)
B.o 0.1 1.38 217 0.33 0.46

DRAINAGE AREA: SWALE 1.25

IDESIGN FREQUENCY: 25'YR

Jnreinforced Vegetation {n=0.123}

$ =0.057

Bottom
2.0 Width = 3,00 ft 55

LINFR RFSUI TS _ Notto Scale

Matting Type Vegetation Characteristics

Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattern Phase| Class | Type |Density| Shear Stiess Shear Stress
(psf) {psf)

_ Shaight Unreinforced Vegetation C |Bunch{75.95% 4.20 1.84 2.56 STABLE
] Soil Sandy Loam 0.035 0013 2.64 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eg)

Client/Subject: PPL Bell Bend
Description: POl 1

Prepared by: JMO . Project #:
Date: 15 Sep 11 Checked by:
JFM
Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0} channet. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
- . A (203 ©
Manning's Equation:  _ 1.486 , (m ) “Js
n P
. . Bare - Velocity - Grass - Velocity ~Grass - Capacity
Given Input Data: Swale 1.25 Check Chack Check
Discharge, Q= 3.00 3.00 3.00 cfs
Left Side Slope = 2.0 2.0 2.0 H:1V
Right Side Slope = 5.5 5.5 5.5 H:1V
Base width of Channel, b= 3.0 3.0 3.0 feet
"~ Bed slope, s= 0.0571 0.0571 0.0571 ft/ft
Available depth of channel: 1.00 1.00 1.00 feet
{OPTIONAL) Input Manning's 'n': 0.0550 0.1230 0.1230
Lining Type:
Calculate Flow Depth:
Fiow depth, d= 0.30 0.47 0.47 feet
Calculated Results: Design Acceptable? V too high V 100 high V too high
Freeboard, f= 0.70 0.53 0.53 feet
Calculated Velocity, V= 2.38 1.35 1.35 fps
Flow Top Width, T= 5.28 6.50 . 6.50 feet
Flow Area, A= 1.26 2.22 .2.22 sq ft
Wetted Perimeter, P= = 5.36 6.63 6.63 feet
Hydraulic Radius, R= 0.23 0.33 0.33. feet
Shear stress on channel bottom, t = 1.08 1.67 1.67 Ibs/sf
Critical Slope, S.= 0.0725 0.3231 0.3231 ft/ft
Flow stable? (no if .78, < s < 1.38,)= no yes yes
: Required Freeboard= 0.5 05 0.5 feet
Allowable Velocity for Lining Material= 0.0 ) fps

Conclusions :
A temporary erosion control blanket (ECB) is needed,

Print Date; 17 Aug 11 3:6 PM
PPLS0802

IA\PROJECTS\PPLS\PPLS0802-Bell Bend Land DevelopmentANALYTICALICALCULATIONS\SWALE CALCS\PERMANENT\Swales.xIs}Swale 1.25



Rational Equation Stormwater Calculations /,—>
: d’ennom
Client: PPL0902 e
Project: PO 1 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG CRecked by: Project #: PPLO302
Date: 15 Sep 11 JFM
Governing Equation: Q= KCiA (wherek=1torenglish unis)
Description. SWALE 1.26 Structure: -
Route: -
Stalion: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic " Runoff
Soil Group Land Land Coefficient, Area, A . A*'C .
{AB,C,D) Use Stope C {acres) {acres)
Lawn 0.40 4.960 1.984

Total A* C: 1.984 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velogity
Manning's  Average Length Velocity  Concentratn Calcutation
Type of Flow / Ground Cover n Slope {f1) (ivs) (min) Method
v
e Shallow Concentrated v
v
Channet or Pipe Flow ............... Enter Value Manning's £q or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channet or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? @ves O o Te = 5.0
Rainfall Intensity for Use T, = 5.0 minutes ’

Storm Recurrence frequency (years): 25 year

ST e Y ST M AT S AT ST
285 AT

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q {cfs) =  10.7

LS\PPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT[PPLS0902-Rational Method-Conveyance.xismjSwale 1.26



{North American Green - ECMDS Veision 4.3

[772072011108:15 AM JCOMPUTED BY: NKG

[PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0902

IFROM STATION/REACH: - {TO STATION/REACH: UNVEG DRAINAGE AREA: SWALE 1.26 {DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS §75 (n=0.043] )
Discharge | Peak Flow [Velocity (fps] Area (sq.ft) | Hydraulic Normat s
{cfs) .| Period (hrs) Radius{ft) | Depth (ft] r
10.7 0.1 256 418 063 1.03
S =0.0101
Bottom
20 Width=2.001t 2.0
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics
Reach’ Stabiity Analysis Permissible Calculated Safely Factor Remarks
Staple Pattern Phase | Class | Type |Density| ShearStress | Shear Stiess -
{psf] {psh
Straight 575 Unvegetated 1.55 0.65 2.39 STABLE
Staple D




Noith American Green - ECMDS Version 4.3

1272072011 {08:15 AM [COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0302

~ JFROM STATION/REACH:

[TO STATION/REACH: VEG

HYDRAULIC RESULTS
Discharge | Peak Flow [Velocity (fps)f Area [sq.ft] | Hydraulic | Normal
{cls] Period (hrs) Radius{ft} {1 Depth [it]
10.7 01 1.68 B.32 079 1.35

DRAINAGE AREA: SWALE 1.26

JDESIGN FREQUENCY: 25YR
Unieinforced Vegetation {r=0.075)

Bottom
Width = 2.00 ft

2.0 2.0
L'NER RES! !l TS Not to Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis: Pemissible | = Calculated Safely Factor Rematks
Staple Pattern Phase | Class | Type [Density] oheat Stiess | Shear Sliess
(psf) (psf)
Straight Unyeinforced Vegetation C | Bunch}?5-95% 4.20 0.85 4,95 STABLE
Soil Sandy L.oam 0.035 0.018 1.92 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: PO 1 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO Project #: PPLS0802
Date: 15 Sep 11 Checked by:

JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
| ing' jon: 1.486 A28
Manning's Equation: . _ 1486 , , ( 2 ) *\/S_
n p
. . Bare - Velocily ~ Grass - Velocity  Grass - Capacily
Given Input Data; Swale 1,26 Chec Tk T Oheck
Discharge, Q= 1070 10.70 10.70  cfs
Left Side Slope = 2.0 20 2.0 H:1V
Right Side Slope = 2.0 2.0 2.0 H:1V
Base width of Channel, b= 2.0 2.0 X 2.0 feet
Bed siope, s= 0.0101 0.0101 0.0101 fi/ft
Available depth of channel: 2.00 2.00 2.00 feet
{OPTIONAL)  Input Manning's 'n’: 0.0430 0.0750 0.0750
Lining Type: :

Calculate Flow Depth:

Flow depth, d= 1.03 1.35 1.38 feet
Calculated Results: Design Acceptable? V too high V o0 high V o0 high
' Freeboard, f= 097 0.65 0.65 feet
Calculated Velocity, V= 2.54 1.69 1.69 fps
Flow Top Width, T= 6.14 7.40 7.40 feet
Fiow Area, A= 4.21 6.35 6.35 sqft
Wetted Perimeter, P= 6.63 8.04 8.04 feet
Hydraulic Radius, R= 0.64 0.79 0.79 feet
Shear stress on channel bottom, © = 0.65 0.85 0.85 Ibs/sf
Critical Slope, S.= 0.0338 0.0962 0.0962 ft/ft
Flow stable? (no if .78, <s < 1.38,)= yes yes ~yes .
Reguired Freeboard= 0.5 05 0.5 feet
Allowable Velocity for Lining Material= 00 ‘ fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

IAPROJECTSIPPLS\PPLS0902-Bell Bend Land DevelopmenANALYTICALNCALCULATIONSISWALE CALCS\PERMANENT\{Swales .xisjSwale 1.26
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Rationai Equation Stormwater Calculations

Client: PPL0902

Project: POI 1 Print Date: 18 Aug 11 3:21 PM

Prepared by: NKG Checked by: Project #: PPL0S02
Date: 15 Sep 11 M
Goveming Equation: @ = K C i A (where k=1 for engfish units)
Description: SWALE 1.27 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A A*C
(A.B.C.D) Use Slope C (acres) (acres)
Impevious (1.27) 0.95 0.095 0.090
impervious (Swale 1.14) 0.85 0.129 0.123
Lawn (Swale 1.27) 0.40 1.455 0.582
Lawn (Swale 1.14 0.40 0.451 0.180

Total A* C: 0.9752 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's Average Length Velocity Concentratn Calculation
Type of Flow / Ground Cover n Slope (ft} (ft/s) (min) Method
v A4
- Shallow Concentrated v
v v
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ..,............ Enter Value Manning's Eq or olher
Channel or Pipe Flow _.............. Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T: 5.0 minutes
STEP 3: Calculate Rainfall intensity, I: Override calculation for Te? ® ves O no Tc= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

STEP 4: Calculate Peak Rate of Runoff, Q:

25 veal
Calculated Flow, Q (cfs) = 5.3

LS\PPLS0802-Bell Bend Lang DevelopmenBANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTPPLS0902-Rational Method-Conveyance.xlsm)Swale 1.27



[Morth American Green - ECMDS Version 4.3 i8718/2011 [03:30 PMJCOMPUTED 8Y: NKG

PROJECT NAME: PPL BBNPP IPROJECY NO.: PPLS0302
FROM STATION/REACH: UNVEG ITO STATION/REACH: : JDRAINAGE AREA: SWALE 1.27 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS
- - - §75 [n=0.055)
Discharge { Peak Flow [Velocity (fps)] Area {sq.it] | Hydiaulic { Nomal
{cfs) Period [hrs) Radius(ft] | Depth (i) ’ l
5.3 0.1 2.68 1.84 0.30 0.41
$ =0.0571
Bott
70 Widh=3001t 55
LINER RESULTS : Notlo Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis| Permissible Calculated Safely Factor Remarks
X U O tu| Shear Stiess | Shear Stress
Staple Pattern Phase | Class [ Type FDensllp Rl (osh)
Straight 575 Unvegetated 1.55 1.45 1.07 STABLE
Staple D )




INorth Ametican Green - ECMDS Version 4.3

[8718/2011 "103:31 PMICOMPUTED BY: NKG

~ IPROJECT NAME: PPL BBNPP

ROJECT NO.: PPLS0S02

FROM STATION/REACH: VEG TO STATION/REACH: RAINAGE AREA: SWALE 1.27 {DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS Urveinforced Vagetation [n=0.191]
Discharge | Peak Flow [Velocity {fps]| Atea (sq.it) | Hydraulic Nomal mieinforced Vegetation (n-0.
fefs) Petiod [hrs} Radius{fti | Depth (ft)
b3 0.1 117 451 050 0.77
S =0.0571
Bottom
20 Width = 3.00 1t 55
LINER RESULTS Notto Scale
Matting Type Vegelation Characteristics '
Reach Stability Analysis Permissible Calculated Safely Factor HAemarks
Staple Pattem | Phase | Class | Type |Density Shear Stiess | Shear Stess
, fpsf) {psf)
Steaight Unieinforced Vegetation B }Bunch]75-95% 573 273 230 STABLE
Soil Sandy Loam 0.035 0.009 3.82 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: POt 1 - Print Date: 18 Aug 11 3:35 PM

Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11

Checked by:
JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical siope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
! PR A (23
Manning's Equation: . _ 1.486 ‘A (_F.; ) . /S
. n
. Bare - Velocity — Grass - Veloclty Grass - Capacity
-—-——-—L-—Given Input Data; Swale 1.27 Check Check Check
Discharge, Q= 5.30 5.30 5.30 cfs
L.eft Side Slope = 2.0 20 20 H:1V
Right Side Slope = 55 55 : 55 H:1V
Base width of Channel, b= 3.0 3.0 3.0 feet
Bed slope, s= 0.0571 0.0571 0.0571 fuft
Available depth of channel: 1.50 1.50 1.50 feet
{oPTIONAL)  Input Manning's 'n': 0.0550 0.1910 0.1910
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.41 0.78 0.78 feet
Calculated Results: Design Acceptable? Voo high ¥ foo high ¥ too high
Freeboard, f= 1.09 0.72 0.72 feet
Calculated Velocity, V= 2.85 114 1.14 fps
Flow Top Width, T= 6.07 8.86 8.86 feet
Flow Area, A= 1.86 4.63 463 sq ft
Wetted Perimeter, P= 6.18 9.06 9.06 feet
Hydraulic Radius, R= 0.30 0.51 0.51 . feet
Shear stress on channel bottom, 1= 1.46 2.78 2.78 Ibs/sf
Critical Slope, S.= 0.0669 0.6798 0.6798 ftAt
Flow stable? (no if 75, <s < 1.35.)= no yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= - 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

IWPROJECTS\PPLSWPPLS0902-Bell Bend Land Development\ANALYTICALVCALCULATIONSISWALE CALCS\PERMANENT\Swales.xis]Swale 1.27



Rational Equation Stormwater Calculations TN
d’ennog:/

Client:-PPL0302 S—

Project: POl 1 Print Date: 18 Aug 11 3:21 PM
Prepared by: NKG Checked by: Project #: PPL0G02
Date: 15 Sep 11 JEM

Governing Equation: Q= K C1 A (where k=1 for english units)

Description:  SWALE 1.28 Structure: -
Route: -

Station: -

STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:

Hydrologic Runoff
" Soit Group Land Land Coefficient, Area, A A*C
{A,8,C,D) Use Slope c (acres) (acres)
Impervious (Swale 1.28) 0.95 0.138 0.131
Impervious (Swale 1.14) . 0.95 0.129 0.123
impervious (Swale 1.27) 0.95 0.095 0.090
Lawn {Swale 1.28) 0.40 ‘ 1.502 0.601
Lawn (Swale 1.14) .40 0.451 0.180
Lawn (Swale 1.27) 0.40 1.455 0.582

Total A*C: 1.7071 acres

N

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velecity
Manning's  Average Length Velocity Concentratn Calculation
Type of Flow / Ground Cover n Slope (ft) (ft/s} {min) Method
S
v Shallow Concentrated v
v
Channet or Pipe Flow ............... : Enter Value Manning's Eq or other
Channef or Pipe Flow ............... Enter Value Manning’s Eq or other
Channe! or Pipe Flow ............... ' Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T,. 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for T¢? @ ves O no Te= 5.0
Rainfall Intensity for ‘ Use T, = 5.0 minutes

Storm Re

s segt

STEP 4: Calculate Peak Rate of Runoff, Q: - Q=kCiA

25 year
Calculated Fiow, Q (cfs)= 9.2

LS\PPLS0902-Belt Bend Land DevelopmenANALYTICALN\CALCULATIONSISWALE CALCS\PERMANENTPPLS0902-Rationat Method-Conveyance.xism}Swale 1.28




Noith American Gieen - ECMDS Version 4.3

18/18/2011 [03:44 PMCOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0902

FROM STATION/REACRH: {TO STATION/REACH: UNVEG DRAINAGE AREA: SWALE 1.28 IDESIGN FREQUENCY: 25 YR
HYDRAULIC RESULTS
—_—— e e , $75 (n=0.042)
Discharge | Peak Flow }Velocity (fpsj| Area {sq.it] | Hydraulic Noimal
fes} | Petiod (hrs) Radiusff] | Degth (1) l ’
<92 0.1 2.06 4.47 0.66 1.08
S = 0.0059
Bottom
2.0 Width = 2.00 ft 2.0
LINER RESULTS | Nolto Scale
Matting Type Vegelation Characteristics
Reach Stability Analysis: Permissible Caleulated Safety Factos Bemarks
Staple Paltemn Phase | Class | Type |Density Shear Stress | Shear Stiess
. {psf) {psf}
Staight 575 Unvegetated 1.55 0.40 3.91 STABLE
Staple D




Noith American Gieen - ECMDS Version 4.3 [6/18/2011 103:44 PM]COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP PROJECT NO.: PPLS0302

[FROM STATION/REACH: JTO STATION/REACH: VEG DRAINAGE AREA: SWALE 1.28 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS

Unteinforced Vegetation (n=0.084)

Discharge | Pesk Flow {Velocity (fpsl Area{sa.it} | Hydrautic Normal
(cls) Period {hrs} Radius(ft} | Depth (i} l
82 0.1 1.23 7.43 0.86 1.50
S =0.0059
1 ; 1
tt
70 Width = 200 1 ‘Tﬁ‘
LINER RESULTS Nol to Scale
Malting Type Vegelation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattein Phase | Class | Type |Density Shear Stress | Shear Stiess
. R {psf) (psf)
Straight Unieinforced Vegetation C  ]Bunch}75-95% 4.20 0.55 7.61 STABLE
Soit Sandy Loam 0.035 0.010 368 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client¥/Subject: PPL Bell Bend

Description: POI 1 Print Date: 18 Aug 11 3:47 PM
Pre\pared by: JMO : Project #: PPLS0902
Date: 15 Sep 11 Checked by:
JFM
Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
I [P, , A\ 213
Manning's Equation: o= 1.486 ‘A (.__) . /S
n P
. . Bare - Velocity ~ Grass - Velocity Grass - Capacity
Given Input Data: Swale 1.28 __ Check Crack Check
Discharge, Q= 9.20 9.20 9.20 cfs
Left Side Slope = 2.0 2.0 2.0 H:1V
Right Side Slope = 2.0 20 2.0 H:1V
Base width of Channel, b= 2.0 2.0 20 feet
Bed slope, s= 0.0059 0.0059 0.0059 ft/ft
Available depth of channet: 2.25 2.25 225 feet
(OPTIONAL)  Input Manning's 'n': 0.0420 0.0840 0.0840
Lining Type:
Calculate Flow Depth:
Flow depth, d= 1.08 1.51 1.51 feet
Calculated Results: Desian Acceptable? V100 high Vtao high V toa high
Freeboard, f= 1.17 0.74 0.74 feet
Calculated Velocity, V= 2.04 1.22 1.22 fps
Flow Top Width, T= 6.33 8.02 8.02 feet
Flow Area, A= -~ 4.51 7.54 7.54 sq ft
Wetted Perimeter, P= 6.84 8.73 8.73 feet
Hydraulic Radius, R= 0.66 0.86 0.86 feet
Shear stress on channel bottom, t = 0.40 0.55 0.55 tbs/sf
Critic_al Slope, S.= 0.0319 0.1174 0.1174 ft/ft
Flow stable? (no if .7S, <s < 1.3S,)= yes yes yes
Required Freeboard= 0.5 0.5 ; 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

IAPROJECTS\PPLS\PPLS0902-Bell Bend Land DevelopmentANALYTICALICALCULATIONS\SWALE CALCSIPERMANENT Swales.xis}Swale 1.28



Rational Equation Stormwater Calculations T

@ennoqi.)
Client: PPL0902 e -
Project: POL 1 Print Date: 17 Aug 11 11:48 AM
Prepared by: NKG . Checked by: Project #: PPLO902
Date: 15 Sep 11 JEM
Governing Equation: @ = K C i A (where k « 1 for english units)
Description: SWALE 1.29 Structure: -
Route: -
N Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soill Group Land Land Coefficient, Area, A A*C
{A,B,C,D) Use Slope C {acres) (acres)
Impervious 0.95 0.104 0.099
Lawn 0.40 0.726 0.280

Total A* C: 0.3892 acres

STEP 2: Calculate Time of Concentration:

Flow Averags Time of Velocity
Manning's  Average Length Velocity  Concentratn Calculation
Tvpe of Flow / Ground Cover n Slope (ft) (ft's) {min) Method
v
v Shatllow Concentrated M
v
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Ghannel or Pipe Flow _.............. Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T.: " 5.0 minutes
STEP 3: Calculate Rainfall intensity, I Override calculation for Tc? @ves O o Tec= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years):

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA
» 25 year

Calculated Flow, Q (cfs) = 2.1

LS\WPPLS0902-Beill Bend Land DevelopmenfANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT{PPLS0302-Ralional Method-Conveyance.xlsm|Swale 1.29



[North American Green - ECMDS Version 4.3 {7/20/2011 108;26 AMICOMPUTED BY: NXG

PROJECT NAME: PPL BBNPP PROJECT NO.: PPLS0302
FROM STATION/REACH: ITO STATION/REACH: UNVEG DRAINAGE AREA: SWALE 1.29 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS
- - - §75 (n=0.055)
Discharge | Peak Flow [Velocity (fps}{ Area [sq.ft} | Hydraulic Normal
{cls}) Petiod (hts) Radius{ft) | Depth [fj I ,
2.1 01 2.37 0.89 0.25 033

§=0.0476

L

Bott
70 Widh=200h 70
LINER RESULTS Not to Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattemn Phase] Class | Type IDensity She?‘;s?;]tress Shea(;i’t]less
Straight $75 Unvegetated 1.55 0.99 1.57 STABLE
Staple D




North American Green - ECMDS Version 4.3

17/26/2611 0826 AMICOMPUTED BY: NXKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0302

FROM STATION/REACH: iTO STATION/REACH: YEG DRAINAGE AREA: SWALE 1.23 IDESIGN FREQUENCY: Z5YR
HYDRAULIC RESULTS Unveinforced Vegetalion fn=0.118)
- & =0.
Discharge | Peak Flow [Velocity (fps)] Asea (sq.f} | Hydiauic | Noimal nreiniolcea Yegelelon
(cfs) Period (his) Radius{it} | Depth{it)
2.1 0.1 1.38 1.52 0.36 0.51
$=00476
Bottom
2.8 Width = 2.00 # 2.0
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics ' -
Reach S tability Analysis Permissible * | Caleulated Safely Factor Remarks
-T Staple P ol Shear Stiess | Shear Stiess
Staple Pattemn Phase] Class | Type |Density (osh) (o8]
Straight Unreinforced Vegetation C | Bunch }7595% 4.20 1.50 280 STABLE
Soil Sandy Loam 0.035 6.013 2.68 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning’'s Eq)

Client/Subject: PPL Bell Bend
Description: PO1 1

Prepared by: JMO Project #:
Date: 15 Sep 11 Checked by:
JFM
Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular {(b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
Manning's Equation:  _ 1486 (_2_ )2'3* \/'g'
n
W * Swale 1.29 Bara_'\ége.:&ocim Gras&;e_\:;- iloci;y Cra §§C-h—e§2c_e_1kg§gi§x
Discharge, Q= 2.10 2.10 2.10 cfs
Left Side Slope = 2.0 2.0 2.0 H:1V
Right Side Siope = 2.0 20 2.0 H:1V
Base width of Channel, b= 2.0 2.0 2.0 feet
Bed slope,s= 00476  0.0476 0.0476 Ut
Available depth of channel; 1.50 1.50 1.50 feet
{OPTIONAL) Input Manning's 'n'": 0.0550 0.1180 0.1180
_Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.35 0.56 0.56 feet
Calculated Results: Design Acceptable? v oo high ¥ 100 high V too high
Freeboard, f= 1.15 ~ 0.94 0.94 feet
Calculated Velocity, V= 2.25 *1.20 1.20 fps
Flow Top Width, T= 3.38 4,25 4.25 feet
Flow Area, A= 0.93 1.76 1.76 sq ft
Woetted Perimeter, P= 3.55 4.51 4.51 feet
Hydraulic Radius, R= 0.26 0.39 - 0.39 feet
Shear sfress on channel bottom, t= 1.03 1.67 1.67 fbs/sf
Critical Slope, S.=  0.0721 0.2050 0.2950 ft/it
Flow stable? (noif .78, < s < 1.35,)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.,

Print Date: 17 Aug 11 3:6 PM
PPLS0902

PPROJECTSIPPLS\PPLS0802-Bell Bend Land DevelopmenlANALYTICAL\CALCULATIONS\SWALE CALCSIPERMANENTYSwales.xis)Swale 1.29



Rational Equation Stormwater Calculations e S

F 'ennogi)
Client: PPL0902 Sy
Project: POI 1 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPL0S02
Date: 15 Sep 11 JFM
Governing Equation: Q@ = K C i A (wherek = 1 for english units)
Description: SWALE 1.30 Structure: -
’ Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coeftficlent, C:
Hydrologic Runoff
Soil Group Land Land Cosfficient, Area, A A*C
{A,B8,C,0) Use Slope C {acres) (acres)
Impavious 0.95 0.055 0.052
Lawn 0.40 0.625 0.250

Total A* C: 0.30225 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
: Manning's Average Length Velocity ~ Concentratn Calculation
Type of Flow / Ground Cover n Slope {ft) {fVs) {min) Method
v
A 4 Shallow Concentrated
v
L
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's £q or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T.: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? @ves O no Tc = 5.0
Rainfall Intensity for Use T, = 5.0 minutes

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q {cfs)= 1.6 v

L.S\PPL.S0902-Bell Bend Land DevelopmentANALYTICALCALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0202-Rational Method-Conveyance.xism}Swale 1.30



[Noith American Green - ECMDS Version 4.3

[7/2072011

j08:28 AMJCOMPUTED BY: NKG

JPROJECT NAME: PPL BBNPP

JPROJECT NQ.. PPLS0802

IDESIGN FREQUENCY: 25YR _

IFROM STATION/REACH: iTO STATION/REACH: UNVEG JDRAINAGE AREA: SWALE 1.30
HYD C RESULTS §75 (e, 055
Dischaige | Peak Flow [Velocity {ips)] Area {sq.it] | Hydiaulic Nomal (n-0.09)
{cfs) Period (his) Radiusfft] | Depth (ft) l ’
f1.6 01 1.94 0.82 024 0.3
S =0.0343
1 ‘ 1
Bottom
2.0 Width = 2.00 [t 20
LINER RESULTS Not to Scale
Matting Type Vegetation Cheracteristics
Reach Stability Analysis Pemmissible Caleulated | Safety Factor Remarks
Staple Pattein Phase | Class | Type |Density] ShearStess | ShearStess |
[psf) fpsf)
Staight 575 Unvegetated 1.58 0.67 2.31 STABLE
Staple D




North American Green - ECMDS Version 4.3

[7720/2017 08:30 AM{COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

JPROJECT NO.: PPLS0902

FROM STATION/REACH:

HYDRAULIC RESULTS

{TO STATION/REACH: VEG

IDRAINAGE AREA: SWALE 1,30

DESIGN FREGUENCY: 25YR

Unreinforced Yegetation (n=0.137)

Discharge | Peak Flow |Velocity {fps]] Area (sq.ftj | Hydrauiic Normal
{cfs) Petiod (hrs) Badius(ft] | Depth (it}
1.6 0.1 1.03 1.56 0.36 0.52
$=00343
1 L_ﬁ
Bottom
2. Width = 2.00 ft 20
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics
Reach Stabilty Analpsis Peimissible Calculated Safely Factor Remarks
Staple Pattemn Phase | Class | Type |Density| Shear Stiess | Shear Stiess
(psf] (psf)
Straight Unreinforced Vegetation C |Bunch]75-95% 4.20 110 391 STABLE
Soil Sandy Loam 0.035 0.007 4.86 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (wf Manning's Eq)

Clienl/Subject; PPL Bell Bend
Description: POl 1 : Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by:

JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
. . 486 A 23
Manning's Equation: . 1.486 (-— ) *\/;
n P
. . Bare - Velocity — Grass - Velocity  Grass - Capacity
_______Q_-_______leen Input Data: Swale 1.30 Check Check Check
Discharge, Q= 1.60 1.60 1.60 cfs
Left Side Slope = 2.0 2.0 2.0 H:1V
Right Side Slope = 2.0 2.0 2.0 H:1V
Base width of Channel, b= 2.0 .20 2.0 feet -
Bed slope, s= 0.0343 0.0343 0.0343 ft/ft
Available depth of channel; 1.50 1.50 1.50 feet
{OPTIONAL) input Manning's 'n'": 0.0550 0.1370 0.1370
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.35 0.62 0.62 feet
Calculated Results: Desian Accentable? V 100 high V {oo hich ¥ 100 high
‘ Freeboard, f= 1.15 0.88 0.88 feet
Calculated Velocity, V= 1.72 0.80 0.80 fps
Flow Top Width, T= 3.38 4.47 4.47 feet
Flow Area, A= 0.93 1.99 199  sgft
Wetted Perimeter, P= 3.55 4,76 4,76 feet
Hydraulic Radius, R= 0.26 0.42 0.42 feet
Shear stress on channel bottom, © = 0.74 1.32 1.32 lbs/sf
Critical Slope, S.= 0.0721 0.3890 0.3890 fi/ft
Flow stable? (noif .7S, < s < 1.38.)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions ,
A temporary erosion control blanket (ECB) is needed.

IAPROJECTS\PPLSIPPLS0502-Bell Bend Land DevelopmentANALYTICALICALCULATIONSISWALE CALCS\PERMANENT\Swales.xis)Swale 1.30

-~



Rational Equation Stormwater Calculations /-—~-~"'--"-\>
' d’ennogl
Client: PPL0902 e
Project: POI 2 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPLOS02
Date: 15 Sep 11 JFM
Governing Equation: Q = K C i A (where k = 1 for english units)
Description: SWALE 2.1 Structure: -
Route: -
Station: -
STEP 1: Caiculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoft .
Soil Group Land Land Coefficient, Area, A A*C
(A,B.C.D} Use Slope C {acres) (acres)
Impervious 0.95 0.845 0.803
Lawn 0.40 0.481 0.192
Stone 0.85 0.534 0.454

Total A* C: 1.44905 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity Concentratn Calculation
Type of Flow / Ground Cover n Slope {f) (it's) {min} Method
h 4
v Shaltow Concentrated v
A 4
Channel or Pips Flow ............... Enter Value Manning's Eq or other
Channei or Pipe Flow ............... Enter Value Manning's £q or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T.: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, |: Override calculation for Te? @ves O No Te= 5.0
Rainflall Intensity for Use T, = 50 minutes

Storm Recurrence frequency (years): 25 year

R o (S S s
STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA
25 year

Calculated Flow, Q (cfs)= 7.8

PLS\PPLS0902-Beli Bend Land DevelopmenANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\{PPLS0902-Rational Method-Conveyance.xlsm)Swals 2.1



North American Green - ECMDS Version 4.3

[2720/2011 |08:33 AM{COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0302

FROM STATION/REACH: ITO STATION/REACH: UNVEG DRAINAGE AREA: SWALE 2.1 JDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS v
- - : y §75 (n=0.045)
Discharge | Peak Flow [Velocity (fps} Area [sq.ft) | Hydraulic Normal -
(cfs) Petiod [his) Radius{ft] { Depthft) ‘ ’
f7.8 01 210 372 0.59 0.95
Bottom
2.0 Width = 2.00 1t 20
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics
Reach Stabiity Analysis Permissible Calculated Safely Factor Remarks
SRR E 'Staple Pattern Phase | Class | Type [Density Sheﬁ;g]lless Shea{rp Erl]less
Straight s75 Unvegetated 1.55 0.48 3.26 STABLE
Staple D




INorth American Green - E CMDS Version 4.3

J772072011 _[08:33 AMJCOMPUTED BY: NKG

FROJECT NAME: PPL BBNPF

JPROJECT NO.: PPL50302

FROM STATION/REACH; |TO STATION/REACH: VEG DRAINAGE AREA: SWALE 2.1 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS Unveinforced Vegetation (n=0.085)
nforce ation {n=0,
Discharge | Peak Flow [Velocily {fps] Area (sq.f] | Hydiaulic | Nommal remtore e
[cfs) Period (his) Radius(ft] | Depth [fy ‘
7.8 a1 1.29 6.03 0.77 1.3
S =0.0080
1
Bottom :
20 Width = 2.00 ft 20
LINER RESULTS NottoScale -
Matting Type Vegetation Chatacteristics
Reach S tabiity Analysis| Permissible S%aiculated Safety Factor Remarks
g 49l Shear Stress ear Stress
tt L
Staple Pattern Phase | Class § Type |Density (osf (0¥
Straight Unreinforced ] Vegetation C |Bunch|75-95% 4.20 0.85 6.44 STABLE
Soil Sandy Loam 0.035 8.011 3.28 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: POI 2
Prepared by: JMO
Date: 15 Sep 11 Checked by:

Print Date: 17 Aug 11 3:6 PM
Project #: PPLS0902

JFM

Obiective;
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
o ea? - 1.48 A \2/3
Manning's Equation: . 1486 , (—P- ) s
n
R . Bare - Velocity — Grass - Velocity  Grass - Capacity
w__bGIVen input Data; Swale 2.1 Check Check Check
Discharge, Q= 7.80 7.80 7.80 cfs
Left Side Slope = 2.0 2.0 2.0 H:1V
Right Side Slope = 2.0 2.0 2.0 H:1V
Base width of Channel, b= 2.0 20 20 “feet
S Bed siope, s=  0.0080 0.0080 0.0080  fuft
Available depth of channel: 2.00 2.00 . 2.00 feet
{OPTIONAL) Input Manning's 'n': 0.0450 0.0860 0.0860
Lining Type:

Calculate Flow Depth:

s

Fiow depth, d= 0.96 1.31 1.31 feet

Calculated Results: Design Acceptable? ¥ too high V too high ¥ too high
Freeboard, f= 1.04 0.69 0.69 feet
Calculated Velocity, V= 2.07 1.28 1.28 fps
Flow Top Width, T= 5.84 7.25 7.25 feet
Flow Area, A= 3.76 6.07 6.07 sq ft
Welted Perimeter, P= 6.29 7.87 7.87 feet .
Hydraulic Radius, R= 0.60 0.77 0.77 feet
- Shear stress on channel bottom, 1= 0.48 0.66 - 066 ibs/sf
Critical Slope, S.= 0.0377 0.1274 0.1274 ft/ft
Flow stable? (no if .7S, < s < 1.38,)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

EPROJECTSIPPLS\PPLS(0902-Belt Bend Land DeveiopmenfANALYTICAL\CALCULATIONS\SWALE CALCSIPERMANENT\Swales.xIs)Swale 2.1



Rational Equation Stormwater Calculations ' T

,Pea-nnom>
Client: PPL0902 e
Project: POl 2 Print Dale: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPL09G2
Date: 15 Sep 11 JFM
Governing Equation: Q= K C i A (wherek =1 for english units)
Description: SWALE 2.2 : Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoft
Soil Group Land Land Coefficient, Area, A A*'C
{A,8,C,D) Use Slope C : (acres) (acres)
Impervious 0.95 1.632 1.550
Lawn 0.40 1.078 0.431

Total A* C: 1.9816 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of ~ Velocity
Manning's  Average Length Velocity = Concentrain Calculation
Type of Flow / Ground Cover n Slope (1) (tV's) {min) Method
v v
v Shallow Concentrated v
v v
Channel or Pipe Flow ............... Enter Value Manning's Eq of other
Channel or Pipe Flow ............... Enter Value - Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T.: 5.0 minutes |
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? @ ves Ono Tec= 5.0
Rainfalf Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

T Ty
e
STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA
25 year

Calculated Flow, Q (cfs) = 10.7

PLS\PPLS0902-Bell Bend Land DevelopmenfANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rational Methed-Conveyance.xlsm|Swale 2.2




INorth American Green - ECMDS Version 4.3

17/20/2011  J08:38 AMICOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0202

FROM STATION/REACH:

[TO STATION/REACH: UNVEG

DRAINAGE AREA: SWALE 2.2

IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
. , _ $75 (n=0.045)
Discharge | Peak Flow [Velocity (fps)] Area (sq.ft) | Hydraulic Notmal .
(cfs) Period {hrs] Radius{ft) { Depth {ft} ‘
10.7 0.1 2.3 464 0.58 095
1 1
Bottom
3.0 Width = 2.00 ft 30
LINER RESULTS Notto Scale
Matting Type Yegetation Characteristics ’
Reach Stability Analysis Permissible Calculated Safety Factor Remarks
- Staple Pattemn Phase | Class | Type |Densty| ShearStess | Shear Stess
{psf) (psf}
Shiaight $75 Unvegetated 1.55 0.60 2.60 STABLE
Staple D




Noith American Green - ECMDS Version 4.3 [7/720/2011 ]08:36 AM [COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP JPROJECT NO.: PPLS0902
FROM STATION/REACH: {TO STATION/REACH: VEG [DRAINAGE AREA: SWALE 22 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS Unieinforced Vagatation (n=0.083)
Dischaige | Peak Flow {Velocity (fps)] Area (sa.ft) | Hydraulie Norma . Drienoiced VagRaon 2
(cfs) Period (his) Radiusft) | Depth ) ‘

10.7 0.1 1.45 7.36 0.73 1.27
: $=0.0100

Bottom
30 Width = 2,00 ft 30
LINER RESULTS Notto Scele
Matting Type Vegetation Characteristics
Reach Stabilty Analysis Permissible Calculated Safety Factor Remarks
Staple Pattern Poase | Class | Type [Density| ShearStiess | Shear Stress
{pst) fpsf)
Stiaight Unreinforced Vegetation C }Bunch |75-95% 4,20 0.79 53 STABLE
Soll Sandy Loam 0.035 0.014 252 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: POl 2 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO Project #: PPLS0802
Date: 15 Sep 11 Checked by:

JFM

Obijective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
. . A \2/3
Manning's Equation: _ 1.486 A (;) * \/;
n
Given Input Data; Swale 2.2 %Lec_—h\ﬁggi& Gm—ségé\ﬁ*'ggﬂ kag:ﬁml
“Discharge, Q= 10.70 10.70 10.70 cfs
Left Side Slope = 3.0 3.0 3.0 H:1V
Right Side Siope = 3.0 3.0 3.0 H:1v
Base width of Channel, b= 2.0 2.0 2.0 feet.
Bed slope, s= 0.0100 0.0100 0.0100 fuft
Available depth of channel: "2.00 - 200 2.00 feet
(OPTIONAL) Input Manning's 'n': 0.0450 0.0830 0.0830
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.96 1.27 1.27 feet
Calculated Results: Design Acceptable? ¥ {00 high V100 high ¥ ioo high
' Freeboard, f= 1.04 0.73 0.73 feet
Calculated Velocity, V= 2.28 1.45 1.45 fps
Flow Top Width, T= 7.76 9.63 9.63 feet
Flow Area, A= 4.69 7.40 7.40 sq ft
Wetted Perimeter, P= 8.07 10.04 10.04 feet
Hydraulic Radius, R= 0.58 0.74 0.74 feet
Shear stress on channel bottom, © = 0.60 0.78 0.79 Ibs/sf
Critical Slope, S.= 0.0368 0.1158 0.1158 fuft
Flow stable? (no if .7S,<s <1.3S8;)=  vyes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowabte Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

MPROJECTS\PPLS\PPLS0802-Bell Bend Land DevelopmentANALYTICALICALCULATIONS\SWALE CALCS\PERMANENT\Swales.xis|Swale 2.2



Rational Equation Stormwater Calculations " ~,
@ennogl/
Client: PPLOS02 o s
Project: POJ 2 ! Print Date: 28 Aug 11 10:52 AM
Prepared by: NKG Checked by: Project #: PPLEY02
Date:'15 Sep 11 JFM
Goveming Equation: Q= K C i A (where k=1 for engiish units)
Description:  SWALE 2.3 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A A*C
“{A.B,C,D) Use Slope C (acres) {acres)
Impervious (Swale 2.3) -~ 0.95 1.516 1.439
Impervious (Swale 2.5) 0.95 0.277 0.263
Impervious (Swale 2.6) 0.95 1.057 1.004
Lawn (Swale 2.3) 0.40 0.558 0.223
Lawn (Swale 2.5) 0.40 0.191 0.076
Lawn (Swale 2.6) 0.40 1,601 0.640
Stone (Swale 2.3) 085 2.197 1.867
' Stone (Swale 2.5) 0.85 0.952 0.809
Stone (Swale 2.6) 0.85 4.362 3.708

Total A* C. 10.0309 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity Concentratn Calgutation
Type of Flow/ Ground Cover n Slope (ft) {ft/s) {min) Method
[ -
v ) Shaliow Concentrated v
v
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... ‘Enter Value Manning's Eq or other
Channel or Pipe Flow ............... . Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T.: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, & Override calculation for Tc? @ ves O no Te= 5.0
Rainfall intensity for ) Use T, = 5.0 minutes

Storm Recurrence frequency (years). 25 year

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q (cfs) = 54,2

2PLS\PPLS0902-Bell Bend Land DevelopmenfANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0802-Rational Method-Conveyance.xlsm)Swale 2.3




INorth American Green - ECMDS Version 4.3 18/29/2011 [10:44 AM JCOMPUTED BY: NKG

JPROJECT NAME: PPL BBNPP PRCJECT NG.: PPL50302
IFROM STATION/REACH: JTO STATION/REACH: UNVEG DRAINAGE AREA: SWALE 2.3 JDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS -
Discharge | Peak Flow |Velocity [fps)] Areaf{sq.ft) | Hydraulic Normal ) SC250(n=0022)
(cfs) | Period {hs) Radius{t) | Depth (i ) ’
54.2 0.1 5.96 310 082 1.44

S =00100

111__ J1

Bottom
3.0 Widlﬁ =200# 3.0
LINER RESULTS Notto Scale

Matting Type Vegetation Characleristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase | Class | Type |Density| ShearStiess | Shear Stress

{psl) {pst}
Straight SC250 Unvegetated 1 3.00 0.90 334 STABLE
Staple €




North American Green - ECMDS Version 4.3

[8729/2011 10:42 AM|COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0302

FROM STATIDN/REACH: {TO STATION/REACH: VEG DRAINAGE AREA: SWALE 2.3 |DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS
- = - . $C260 (n=0.051)
Discharge | Peak Flow [Velocity (fps)] Area (sa.ft) | Hydiaulic | Nomal .
{cfs) Period {his) Radiusf{ft] | Depth(ft] | « . i l
b4.2 01 315 17.20 113 208
Bottom
30 Width = 2.00 ft 30
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Salety Factor Remarks
ol Sheat Stiess | Shear Stiess
Staple Pattern Phasa | Class | Type [Density (osf (osh)
Straight SC250 Vegetation 3 € |Bunch}75-95% 10.00 1.30 7.89 STABLE
Staple E Sol Sandy Loam 0.800 0.030 26.72 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: POJ 2
Prepared by: JMO
Date: 15 Sep 11 Checked by:

Print Date: 29 Aug 11 10:52 AM
Project #: PPLS0802

JML

Objective: .
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
P . A \23
Manning's Equation: Q- 1.486 . A (_) N /S
n P
. . Bare - Velocity ~ Grass - Velocity ~ Grass - Capacily
Given Input Data: Swale 2.3 Cheok ~heck Check
Discharge, Q= 54.20 54.20 5420  cfs
Left Side Slope = 3.0 3.0 3.0 H:1v
Right Side Slope = 3.0 3.0 3.0 H:1V
Base width of Channel, b= 2.0 ) 20 2.0 feet i
Bed slope, s= 0.0100 0.0100 0.0100 ft/ft
Available depth of channel: 2.75 2.75 2.75 feet
(OPTIONAL) Input Manning's 'n: 0.0220 0.0510 0.0510
‘ Lining Type:

Calculate Flow Depth:

Flow depth, d= 1.44 2.08 2.08 feet
Calculated Resuits; Design Acceptable? Va0 high ¥ {00 high V too high
: Freeboard, f= 1.31 0.67 0.67 feet
Calculated Velocity, V= 592 3.16 3.16 fps
Flow Top Width, T= 10.67 14.48 14.48 feet
Flow Area, A= 9.15 1714 17.14 sq ft
Wetted Perimeter, P= 11.14 15.16 15.16 feet
Hydraulic Radius, R= 0.82 1.13 1.13 feet
Shear stress on channel bottom, t= 0.90 1.30 1.30 Ibs/st
Critical Slope, S.= 0.0079 0.0380 0.0380 ft/ft
Flow stable? (noif .75, <s < 1.38.)= no yes yes
Required Freeboard= 0.7 0.6 0.6 feet
Allowable Velocity for Lining Material= 0.0 fps

"Conclusions .
A temporary erosion control blanket (ECB) is needed.

PROJECTSWPPLSWPPLS0602-Bell Bend Land DevelopmentANALYTICALCALCULATIONSISWALE CALCS\PERMANENTSwales.xIs|Swale 2.3



Rational Equation Stormwater Calcuiations ’ s

TN
<Pennog')
Client: PPL0902 ST
Project: POl 2 Print Date: 17 Aug 11 11:43 AM
Prepared by: NKG Checked by: . Project #: PPLO902
Date: 15 Sep 11 JFM
Governing Equation: Q= K C 1A  (wnerek = 1 for english units)
Description: SWALE 2.4 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic . Runoff
Soil Group tand Land Coefticient, Area, A A'C
(A,B,C,D) Use Slope C . {acres) (acres)
Impervious 0.95 0.607 ) 0.577
Lawn 0.40 0.413 0.165

Total A* C: 0.74185 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity ~ Concentratn Calculation
Type of Flow { Ground Cover n Slope {f) (s} {rmin} Method
w
v Shallow Concentrated
v
Channel or Pipe Flow Enter Vaiue Manning's Eq or olher
Channel or Pipe Flow Enter Vaiue : Manning's Eq or other
Channel or Pipe Flow _.............. Enter Value Manning's Eg or olher
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, |: Ovetrride calculation for Te? @ves O o Te= 5.0
Raintall intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

e

ZHalnfallInte I
STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA
2 ar

Calculated Flow, QG {(cfs) = 4.0

PLS\PPLS0902-Beli Bend Land DevelopmenfANALYTICALNCALCULATIONS\SWALE CALCS\PERMANEN’I‘\(PPLSOQOZ-Ra\ionaI Method-Conveyance.xlsm]Swale 2.4




INorth Ametican Gieen - ECMDS Version 4.3 [7720/2011 |08:43 AMICOMPUTED 8Y: NKG
PROJECT NAME: PPL BBNPP PROJECT NO.: PPLSD902
FROM STATION/REACH: ITD STATION/REACH: UNVEG DRAINAGE AREA: SWAE 2.4 IDESIGN FREQUENCY: 25 YR
HYDRAULIC RESULTS
- - . - 5§75 (n=0.050)
Dischaige |Peak Flow JVelocity (ips)] Area (sq.f) [ Hydrauiic Normal
Petiod (hrs) Radiusift} § Depth {ft] l ,
313 0.47 0.74 .
S=0.0050 V4

(cfs)
ko 01 1.28 3
Bottorn

.0 Wicth = 2.00 ft
LINER RESULTS Notto Scale
Matting T'ype Vegetation Charactetistics
Reach Stabiliy Analysis Permisible Calculated Safety Factor Remarks
Stapls Pattern Phase | Clace | Type [Den:ity She%é}}fress S heellp?]r ess
- Straight 57t Unvagetated 1.5% 0.23 6.7 STABLE
Staple D :




[North American Green - ECMDS Version 4.3 [7:2072011 [0844 AM [COMPJTED BY: NKG
JPROJECT NAME: PPL BBNPP JPROJECT NO.: PPLS0302
JFROM STATIOM/REACH: {TO STATION/REACH: VEG IDRAINAGE AREA; SWALE 2.4 |DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS Unveinforced Vegetaton (1=0.130)
Bisohargs | Poak Flow [Wdoaiy (fps] Arcs feaf) | Hydradio T Morma) menlorced Vege gioninss
{cfs] | Petiod (hrs) Radius(tt] § Deph (ft] t
) 0.1 0.562 6.40 (68 1.16
S =0.0050 .
Looy— A
| \____/_J :
Bott
70 Widh=2001 30
LINER RESULTS - NottoScale
Matting Type Vegetation Chasaceristics :
Reach Stability Atalpsis, Peimrissible Calculated | Salely Factor Rematks
> o} Shear Stress | Shear Stess
Staple Pattemn Phase| Class | Typz [Density o o) i
Straight Unreinforced Vegetation C {Bunch|75-95% 4,20 0.36 11.56 STABLE
Soil Sandy Loan 0.035 0.003 13.46 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

ClienYSubject: PFL Bell Bend

Description: PO1 2 Print Date: 17 Aug 11 3:6 PM
Prepared by: JMO Project #: PPLS0802
Date: 15 Sep 11 Checked by:
. JFM
Objective:
Using Manning's equation, this spreadsheet will calcutate the amount of flow through
a trapezoidal or friangular (b=0) channel. By inputting the channel characteristics, the
flow depth wilt be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocily as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
Manning's Equation:  _ 1486 , ( A )2/3* Js
: n P
Given Input Data: Swale 2.4 Barzﬁ:&ocity Grasa;—e\éilocily Grassc:—-fs;gacity
Discharge, Q= 4.00 4.00 4.00 cfs
Left Side Slope = 3.0 3.0 3.0 H:v
Right Side Slope = 30 .30 3.0 H:1V
Base width of Channel, b= 20 20 20 feet
Bed slope, s= 0.0050 0.0050 0.0050 fUft
Available depth of channel: 2.00 2.00 2.00 feet
{OPTIONAL}  Input Manning's 'n": 0.0500 0.1300 0.1300
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.76 1.23 1.23 feet
Calcujated Results: Desian Acceptable? ¥ {go high V oo high V too high
Freeboard, f= 1.24 0.77 0.77 feet
Calcuiated Velocity, V= 1.22 0.57 0.57 fps
Flow Top Width, T= 6.58 9.39 9.39 feet
Fiow Area, A= 3.28 7.01 7.01 sq ft
Wetted Perimeter, P= 6.83 9.79 9.79 feet
Hydraulic Radius, R= 0.48 0.72 0.72 feet
Shear stress on channel bottom, t = 0.24 0.38 0.38 lbs/sf
Critical Slope, S.= 0.0482 0.2867 0.2867 f/ft
Flow stable? (no if .7S, < s < 1.38,)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions

A temporary erosion control blanket {(ECB) is needed.

EPROJECTS\PPLS\PPLS0902-Bell Bend Land Development ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\Swales.xis)Swale 2.4



Rational Equation Stormwater Calculations e
,‘Pennom)

Client: PPL0902
Print Date: 17 Aug 11 11:49 AM

Project: POl 2
Prepared by: NKG Checked by: Project #: PPLOS02
~ Date: 15 Sep 11 JEM
Governing Equation: Q = KC i A (wherek =1 for english units)
Description: SWALE 2.5 Structure: ~
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coeflicient, C:
Hydrologic Runoff
Soil Group Land Land Coefficient, Atea, A A ‘.C
(A,B,C.D) Use Slope C (acres) (acres)
Impervious 0.95 0.277 0.263
Lawn 0.40 0.191 0.076
Stone 0.85 0.952 0.809

ry

Total A* C: 1.14875 acres

STEP 2: Calculate Time of Concentration:

Flow . Average Time of Velocily
Manning's  Average Length Veiocity  Concentratn Calcuiation
Type of Flow / Ground Cover n Slope (1) {ft/'s) [min} Method
{ v
v Shailow Concentrated
v
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Ghannel or Pipe Flow ,.,............ Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, 1: Override calculation for Tc? @ ves O no Te= 5.0
Rainfall Intensity for Use T, = 5.0 minuies

25 year

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

T 25 year
Calculated Flow, Q{cfs) = 6.2

PLS\PPLS0902-Bet Bend Land Devélopmenl\ANALYTICAL\CALCULATFONS\SWALE CALCS\PERMANENT\[PPLS0902-Rational Method-Conveyance.xlsm]Swale 2.5




North American Green - ECMDS Version 4.3 1772072011 0848 AM|COMPUTED EY: NKG

PIDJECT NAVE: PPL BENPP PROJECT NO.: PPLS0902
FROM STATION/REACH: {TO STATION/REACH: UNVEG DRAINAGE ARE4: SWALE 25 iDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS

- - - 375 {n=0.060)

Discharge | Peak Flow tVelocity [frs)| Area {sqit] | Hydiauic Normal
{cfs] Period {hrs’ Hadiuslft} { Depth{ft} 1 !
6.2 0.1 254 2.44 0.47 0.7
AN
i
¢ \ ' y
! I.._ N : __' !
Bott
70 Widh=2000 70
LINER RESULTS NottoSeale
Matting Type Vegelalion Characteristics .
Heach blebiity Analysis Pemissible Lalculated Sately Factor Hemarks
Staple Pattein Phase | Cass { Type [Density She?éssntress Sheirpift]:ess
" Straight 575 Unvegetated 1.55 0.89 1.74 STABLE
Staple D




North American Gieen - ECMDS Version 4.3

[7220/2011 }0848 AMJCOMPITED BY: NKG

[PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0302

JFROM STATION/REACH: JTO STATIOM/REACH: VEG DRAINAGE AREA: SWALE 2.5 |DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS , . .
Dischaige | Peak Flow [Vdocily (fpe)] Arca (sq.ft} | Hydiaulic Mornal Unrehforced Vegetalion (n=0,08%)
{efs) Period (hrs) Radws{ft] | Deph (i)
k2 01 1.73 359 (58 0.93

Bott
70 Widh=200F 70

LINER RESULTS Hotto Seale

Matting Type Vegatation Charac:eristics

Reach Stabifity Avalysis Permissible Calculated Salety Factor Remarks
Staple Patten Phase] Class | Typs JDensity] Shear Stiess | Shear Stress
i P Y {psf) - {psf)

. Suaight Urreinforced Vegetation C |Bunch|75-95% 4.20 1.16 382 STABLE
’ Soil Sandy Loam 0.035 0.020 1.79 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend ~
Description: POI 2
Prepared by: JMO
Date: 15 Sep 11 Checked by:

Print Date: 17 Aug 11 3:6 PM
‘ Project#: PPLS0902

JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation{Control Manual for reference.
) P 1.4 A (23
Manning's Equation: 5 _ 1.486 A ( Lal ) . \/g_
n P
. . Bare - Velocity.  Grass - Velocily Grass - Capacity
Given Input Data: Swale 2.5 Check Check Check
Discharge, Q= 6.20 6.20 6.20 cfs
Left Side Slope = 2.0 20 2.0 H:v
Right Side Siope = 20 2.0 2.0 H:1Vv
) Base width of Channel, b= 2.0 2.0 2.0 feet
Bed slope, s= 0.0200 0.0200 0.0200 ft/ft
Available depth of channel: 1.50 1.50 1.50 feet
{OPTIONAL) Input Manning's 'n"; 0.0500 0.0850 0.0850
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.72 0.94 0.94 feet

Calculated Results: Design Acceptable? V too high V to0 high ¥ too high
Freeboard, f= 0.78 0.56 0.56 feet
Calculated Velocity, V= 2.52 1.71 1.71 fps
Flow Top Width, T= 4.87 8.75 5.75 feet
Flow Area, A= 2.46 3.63 3.63 sq ft
Wetted Perimeter, P= 5.21 6.19 6.19 feet
Hydraulic Radius, R= 0.47 0.59 0.59 feet
Shear stress on channel bottom, © = 0.89 1.17 1.17 ibs/sf
Critical Slope, S.= 0.0500 0.1353 0.1353 fuft
Flow stable? (no if .7S; < s < 1.35,)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 . fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

EAPROJECTSI\PRLSIPPLS0902-Bell Bend Land DevelopmenlANALYTICALICALCULATIONSISWALE CALCS\PERMANENT\Swales.xis)Swale 2.5



Rational Equation Stormwaler Calculations N

‘ [Pennoni
Client: PPL0902 N
Project: POI 2 . Print Dale: 17 Aug 13 11:49 AM
Prepared by: NKG Checked by: Project #: PPL0O902
Date: 15 Sep 11 JMF
Governing Equation: Q= K C i A (wherek = 1 for english units)
Description:. SWALE 2.6 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoft Coefficient, C:
Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A A*C
(A.B,C.D) Use Slope C (acres) : {acres)
Impervious 0.95 1.057 1.004
Lawn 0.40 1.601 0.640
Stone 0.85 4.362 3.708

Total A* C: 5.35225 acres

STEP 2. Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity  Concentratn Calculation
Type of Flow / Ground Cover n Slope {ft) (1/s) {min) Method
{
{ > _ 1
v Shallow Concentrated v
w
Channel or Pipe Flow .............. Enter Value Manning's Eq or other
Channel or Pipe Flow . .............. Enter Value Manning's Eg or other
Channel or Pipe Flow ............... . Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Te? ®ves O no Tc= 5.0
Rainfall Intensity for UseT;= 5.0 minutes

Stlorm Recurrence frequency {years): 25 year

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q (cfs) = 28.9

PLS\PPLS0902-Bell Bend Land Developmenl\ANALYTlCAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0802-Ralionat Method-Conveyance.xlsm]Swale 2.6



INoith American Green - ECMDS Vession 4.3

17/2072011  [08:54 AM [COMPUTED BY: NKG

JPROJECT NAME: PPL BBNPP

JPROJECT NO.. PPLSD302

|FROM STATION/REACH: "[TO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 26 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS SC250 (120,027
Discharge | Peak Flow [Velocity (fps)] Area{sq.ft) | Hydraulic MNomal (n=0.027)
(cfs) Period {hrs) Radius(fy | Depth [ft) (
289 01 4.37 A.61 0.70 1.18
I
Boltom
3.0 Width=2.00 it 30
LINERRESULTS Notto Scale
Matling Type Vegelation Characteristics
Reach Stability Analysis : Peimissible Calculated Safety Factor Remarks
Staple Pattemn Phase| Class | Type |Densty] Shear Stiess | Shear Stess .
{psf) (pst)
Straight SC250 Unvegetated 1 3.00 0.74 4.05 STABLE
Staple £




North American Gieen - ECMDS Version 4.3 [7720/2011 [08:54 AMJCOMPUTED BY: NKG
PROJECT NaME: PPL BBNPP PROJECT NO.: PPL$3302

JFR0M STAT ON/REACH: |TO STATION/REACH: VEG DRAINAGE AREA: SWALE 2.6 IDESIGN FREQUENCY: 28YR

HYDRAUIIC BFRINTS
- - - - SC250 (n=0.061)
Discharge | Peak Flow {Velocity (fps]] Atea sq.ft} | Hydraulic Normal
(cfs) Period (h's) Radiusift] .§ Oepth (1Y) ’ ‘
P89 0.1 2.3 1218 0.95 1.7 7\
N, §=00100
! v
1 ;/ i 1
N Bottom
3.0 Width =230 ft 30
LINER RESULTS Notto Scele
Malting Type Vegetation Cheracteristics
Reach Stability Andysis Peimissible Calculated Safety Factor Remarks
Stape Patlern Phase | Class | Type [Densiy| SheaStiess | Shear Stiess
. . . {paf) {oshl :
Staight SC250 Vegetalion 3 C | Bunch|75-95% 1000 1.07 338 STABLE
Staple E Soil Sandy Loam 0.800 0.040 13.94 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: POI 2 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO ) Project #: PPLS0802
Date: 15 Sep 11 “Checked by:

JFM

Obijective: :
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum aliowable velocity as indicated by the PA E&S manual.

Method; See PA Erosion and Sedimentation Control Manual for reference.
P P 1.4 A \2/3
Manning's Equation: _ 1.486 * A (—- ) *\/g_
n P v _
, Bare - Velocity — Grass - Velocity ~ Grass - Capacity
Gliven Input Data: Swale 2.6 Check Check Check
Discharge, Q=  28.90 28.90 2890  cfs
Left Side Siope = 3.0 3.0 3.0 H:1Vv
Right Side Slope = 3.0 ’ 3.0 3.0 H:v
Base width of Channel, b= 2.0 20 2.0 feet
Bed slope, s= 0.0100 0.0100 0.0100 ft/ft
Available depth of channel: 2.25 2.25 2.25 feet
(OPTIONAL)  Input Manning's 'n': 0.0270 0.0610 0.0610
Lining Type:

Calculate Flow Depth:

Flow depth, d= 1.20 1.72 1.72 feet
Calculated Resuits: Design Acceptable? V oo high ¥ 100 high ¥ too high
Freeboard, f= 1.05 0.53 0.53 feet
Calculated Velocity, V= 433 2.35 2.35 fps
Flow Top Width, T= 9.17 12.30 12.30 feet
Flow Area, A= 6.68 12.27 12.27 sq ft
Wetted Perimeter, P= 9.56 12.86 12.86 feet
Hydraulic Radius, R= 0.70 0.95 0.95 feet
Shear stress on channel bottom, t = 0.75 1.07 1.07 lbs/sf
Critical Slope, S.= 0.0125 0.0575 0.0575 fi/ft
Flow stable? (no if .7S, < s < 1.35,)= no yes . yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
’ A temporary erosion control blanket (ECB) is needed.

INPROJECTS\PPLSIPPLS0902-Bell Bend Land Development\ANALYTICALICALCULATIONS\SWALE CALCS\PERMANENT\{Swales.xis)Swale 2.6



Rational Equation Stormwater Calculations T
' d’ennogr/
Client: PPL0902 e
Project: POI 2 Print Date: 17 Aug 11 t1:43 AM
Prepared by: NKG Checked by: Project #: PPL0S02
Date: 15 Sep 11 JFM
Governing Equation: Q= KCiA (wherek=1lorengiishunis)
Description: SWALE 2.7 Struclure: -
Roule: -
Slation: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff .
Soil Group land Land Coefficient, Area, A A*C
{A.B.C.D) Use . Slope C (acres) {acres)
Impemvious 0.95 0.409 0.389
Lawn ’ 0.40 0.701 0.280

Totat A* C: 0.66895 acres

STEP 2: Calculate '[lme of Concentration:

Flow Average Time of Velocity
Manning's Average Length Velocity Concentratn Calculation
Type of Flow / Ground Cover n Slope {ft) (ft's) (min) Method
v
v Shallow Concentrated v
v
Channet or Pipe Flow ............... Enter Value Manning's Eq or other
Channei or Pipe Flow ..o Enter Value Manning's Eq or other
Channet or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, 1; Override calculation for Tc? @ ves O No Tc= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency {years): 25 year

o
Lintensity.

SRR

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q (cfs) = 3.6

PLS\PPLS0902-Bell Bend Land DevelopmenfANALYTICAL\CALCULATIONS\SWALE CALCS\WPERMANENT\{PPLS0802-Rational Method-Conveyance.xism}Swale 2.7



HothAmerican Green - ECMDS Version 4.3

[7/217201% "[63:17 PMJCOMPUTED BY: NKG

{PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0302

IFROM STATION/REACH:

HYDRAULIC RESULTS

[TO STATION/REACH: UNVEG

DRAINAGE AREA: SWALE 27

IDESIGN FREQUENCY: 25 YR
575 (n=0.052)

Discharge | Peak Flow [Velocity (fps} Atea (sa.ft) | Hydraulic Norma
{cfs) Period [his) Radius{it) | Depth {1 ’ l
B.s 0.1 1.54 2.34 0.40 0.51
$=0.0100
1 1
Bottom
3.0 Width=2.00ft 30
LINER RESULTS Not to Scele
Matting Type Veg;tation Characteristics
Reach Stabilty Analysis Pesmissible Calculated Safety Factor Remarks
Staple Pattem Phase } Cl Type |Density] Shear Stiess | Shear Stress -
P ' ase) s P Y (psf} fpsf)
Stiaight 875 Unvegetated 1.55 0.38 4,08 STABLE
Staple D




INerth American Green - ECMDS Version 4.3

17/21/2011

10318 PMJCOMPUTED BY: NKG

IPAOJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0302

IFROM STATION/REACH:

fTO STATION/REACH: VEG

HYDRAULIC RESULTS
Discharge | Peak Flow {Velocity (fps)] Area(sq.ft) | Hydraulic MNormal
(cfs) Period (his} Radius{ftj | Depth (it)
36 0.1 0.81 4.44 0.56 0.93

DRAINAGE AREA: SWALE 2.7

IDESIGN FREQUENCY: 25YR

Unreinforced Vegetation (n=0.125)

S =00100

Bottom
30 Width =2.00 ft 3.0
LINER RESULTS Nolto Scae
Matting Type Vegetation Chaiactenistics
Reach Stability Analysis Peimissible Calculated Safety Factor Remarks
Staple Pattein Phase | Class | Type {Density Shear Stiess | Shear Stiess
fpsf} (psf)
Straight Unreinforced Vegetation € |Bunch{75-95% 4.20 0.58 7.26 STABLE
Soit Sandy Loam 0.035 8.005 .77 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: POI 2
Prepared by: JMO
Date: 15 Sep 11 Checked by:

Print Date: 17 Aug 11 3:6 PM
Project #: PPLS0902

N

JFM
¢

Objective:
‘ Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line caiculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
A I A 1 2/3
Manning's Equation: 5 . 1.486 " (-P- ) /s
n
. Bare - Velocity  Grass - Velocity. Grass - Capacity
Given Input Data: Swale 2.7 reck Check Check
Discharge, Q= 3.60 3.60 3.60 cfs
Left Side Slope = 3.0 3.0 3.0 H:1V
Right Side Slope = 3.0 3.0 3.0 H:vV
Base width of Channel, b= 2.0 ) 2.0 2.0 ) feet
Bed slope, s= 0.0100 0.0100 0.0100 ft/ft
Available depth of channel: 2.00 2.00 2.00 feet
(oPTioNAL)  Input Manning's 'n'": 0.0550 0.1480 0.1480
Lining Type:

Calculate Flow Depth:

(

Flow depth, d= 0.64 1.07 1.07 feet
Calculated Results:
Freeboard, f= 1.36 0.93 0.93 feet
Calculated Velocity, V= 1.43 0.65 0.65 fps
Flow Top Width, T= 5.85 8.42 8.42 feet
Flow Area, A= 2.51 5.57 5.57 sq ft
Wetted Perimeter, P= 6.05 8.77 8.77 feet
Hydraulic Radius, R= 0.42 0.64 0.64 feet
Shear stress on channel bottom, t= 0.40 0.67 0.67 Ibs/sf
Critical Slope, S¢= 0.0611 0.3862 0.3862 fift
Flow stable? (no if .78, <s < 1.38,)= yes . yes yes
Required Freeboard= 0.5 . 05 0.5 - feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket {ECB) is needed.

1APROJECTS\PPLSIPPLS0902-Bell Bend Land DavelopmentANALYTICALICALCULATIONS\SWALE CALCS\PERMANENT\Swales.xis|Swale 2.7



Rational Equation Siormwater Calculations /..,/-~~-~~-~>
Pennoni
Client: PPL0902 S
Project: POI 3 PrintDate: 17 Aug 11 11:43 AM
Prepared by: NKG Checked by: Project #: PPL0902
Date: 15 Sep 11 JEM
Governing Equation: Q= KCi A (wherex=1forenglshunis)
Description: SWALE 3.1 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A A‘C
{A,8,C.D) Use Slope C {acres) {acres)
Impervious 0.95 1.110 1.055
Lawn 0.40 0.386 0.154
Stone 0.85 0.124 0.105

Total A* C: 1.3143 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity ~ Concentratn Caleulation
Type of Flow / Ground Cover n Slope {ft) (fys) (min). Method
v
v Shallow Concentrated v
v
Channel or Pipe Flow ............... Enter Value Manning’s Eq or other
Channet or Pipe Flow _.............. Enter Value Manning's Eq or other
Channel or Pipe Flow ............... . Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T, 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? @ves O No Tec= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

AR A R S AR T
RNl el

SEREFR

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

. 28 year
Calculated Flow, Q {cfs) = 7.1

PLS\PPLS0902-Bell Bend Land Development\ANAL YTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\PPLS0902-Rationat Methad-Conveyance xismjSwale 3.1




Nerth American Green- ECMDS Version 43

17/20/72011

|09:01 AM JCOMPUTED BY: NKG

FROJECT NAME: PP. BBNPP

IPROJECT NO.: SPL50302

FROM STATION/REACH: TO STATION/REACH: UNVEG IDBAINAGE 4RE4; SWALE 3.1 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS
- - S75 (n=0.050}
Dischaige | Peak Flow [Velocity {fps)f Area (sq.it) | Hydiaulic Normal .
(cfs} Period {hrs} Radiss{ft] 1 Depth[ft) ' l
7.1 0.1 286 2.48 0.47 072
§ =0.0250
1 1
8
50 Widhe 200k 70
UNER RESULTS | Notto Scale
Matting Type Vegetation Characteristics
Heach Slabilty Analysis| Heimissible Lalculated Satety Factor Hemarks
-Staple Paltemn—{ - - Phase [ Class | Type [Densiy] SheatStess | Shear Stiess
{ps) fpsf)
Straight 875 Unvegetated 1.55 112 1.38 STABLE
Staple D




North Amelican Green - ECMDS Version 4.3 J7720/201"  J09:02 AMICOMPUTED BY: NKG
FROJECT NAME: FPL BBNP> PROJECT NO: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG DRAINAGE AREA: SWALE 3.1 IDESIGN FREQUENCY: 25YF
HYDRAULIC RESULTS Urreinforsed V fon (n=0.079)
Discharge | Peak Flow |Velacity {fp:)] Area (sa.ft) | H,draulic Noimat rreniored Vepeaion Ins
(cfs) Pericd {his) Redius{ft) | Depth it
71 01 .2.05 347 157 0.91
 $=07250 /
1 - 'u 7/
Bottcm
20 Width =2.00 ft 2.0
LINE SULTS Not 0 Scale
Matting Type Vegetalion Chatacterisics
Reach Stability Analysis Permissible Cdculated | Safety Factor Remarks
Staple Patem Phase | Class | Type |Density Shear Stiess | Shear Stiess
. {psf) (pst)
Straight Unreinforeed Vegetation “ C {Bunch}75-95% 420 1.42 296 STABLE
Soil Sands Loam 0.03% 0.028 127 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning‘s Eq)

Client/Subject: PPL Bell Bend .
17 Aug 11 3:6 PM

Description: POI 3 Print Date:
Prepared by: JMO Project #: PPLS0802
Date: 15 Sep 11 Checked by:
JFM
Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
Manning's Equation: _ 1.480 )2/3* Js
n
Given Input Data: Swale 3.1 Ba'eig““" G'asa“_e\éi*““" G'assgﬁm
Discharge, Q= 7.10 7.10 710 cfs
Left Side Slope = 2.0 2.0 2.0 H:1V
Right Side Slope = 2.0 2.0 2.0 H:1V
Base width of Channel, b= 2.0 2.0 20 feet
Bed slope, s= 0.0250 0.0250 0.0250 f/ft
Available depth of channel: 1.50 1.50 1.50 feet
(OPTIONAL) Input Manning's 'n"; 0.0500 0.0790 0.0780
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.73 0.91 0.91 feet
Calculated Resulits: Design Accepfable? V100 high V 100 high V 100 high
Freeboard, f= 0.77 0.59 0.59 feet
Calculated Velocity, V= 2.84 2.03 2.03 fps
Flow Top Width, T= 4.90 5.66 5.66 feet
Flow Area, A= 2.50 3.50 3.50 sq ft
Wetted Perimeter, P= 5.24 6.09 6.09 feet
Hydraulic Radius, R= 0.48 0.57 0.57 feet
Shear stress on channel bottom, © = 113 1.43 1.43 Ibs/sf
Critical Slope, S.= 0.0498 0.1176 0.1176 ft/ft
Flow stable? (noif .78, < s < 1.35;)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions

A temporary erosion control blanket (ECB) is needed.

IN\PROJECTS\PPLS\PPLS0S02-Bell Bend Land Develobment\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[Swales.xis]Swale 3.1



Rational Equation Stormwater Calculations ' T

(Pennoni/
Client: PPL0902 a2
Project: POI 3 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPLOS02
Date: 15 Sep 11 . JFM

Governing Equation: Q = K C 1T A (where k=1 for english units)
Description: SWALE 3.2 Structure: -
Route: -
Station: -

STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:

Hydsologic Runoff

Soil Group Land Land Coetficient, Area, A A*C

{A,B,C.D) Use Slope C (acres) (acres)
Stone 0.85 9.835 8.360
Lawn 0.40 0.075 0.030

Total A* C: 8.38975 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's Average Length Velocity Concentratn Calculation
Type of Flow / Ground Cover n Slope {f) (ft/s) {min} Method
v v
v Shallow Concentrated v
v v
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall intensity, I: Override calculation for Tc? ®ves O No Tc= 5.0
Rainfalt Intensity for ’ Use T, = 5.0 minutes

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q {cfs)= 453

PLS\PPLS0802-Bell Bend Land DevelopmenANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTYPPLS0902-Rational Method-Conveyanca xism]Swale 3.2




North American Green - ECMDS Version 4.3

[7/20/2011 [09:06 AMJCOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0302

JFROM STATION/REACH:

{TO STATION/REACH: UNVEG

HYDBAULIC RESULTS
Discharge | Peak Flow [Velocity (fps)f Area (sq.ft | Hydraulic Nomal
(cfs) Period {hrs) Radius{ft) | Depth{it
3.3 0.1 5.43 8.34 0.78 1.37

DRAINAGE AREA: SWALE 32 IDESIGN FREQUENCY: 25YR

SC250 (n=0.023)

Bott
30 Widih=2.00 f 70
LINER RESULTS Notto Scale

Matting Type Vegetation Characteristics
Reach Stability Analysis| Permissible Calculated Safely Factor Rematks

Staple Pattern |- Phase| Class | Type [Density] ShearStress § Shear Stess

{psf) {psf)
Straight SC250 Unvegetated 1 3.00 0.85 352 STABLE
Staple £




INorth American Gieen - ECMDS Version 4.3

1772072011 {ds;USAM{COMPUTEo BY: NKG

JPROJECT NAME: PPL BBNPP

PROJECTY NO.: PPLS0302

JFROM STATION/REACH:

{TO STATION/REACH: VEG

DRAINAGE AREA: SWALE 3.2 IDESIGN FREQUENCY: 25 YR

HYDRAULIC RESULTS SC250 (n=0,054)
h=0,
Dischage | Peak Flow [Velocity {fps]| Area (sq.ft) | Hydiauic { Normal *
{cfs) Period fhrs) Radius(ft] | Depth(ft) ‘
5.3 01 2.9 15.56 1.08 ".97
1
Bottom
3.0 Width = 2.00 ft 3.0
LINER RESULTS Notto Scale
Matting Type Vegetation Charectenstics
Reach Stabifity Analysis| Permissible Calculated* | Safety Factor Rematks
Staple Pattemn Phase | Class | Type [Density} oheal Stress | Shear Stiess
{psf} {psf)
Straght SC250 Vegetation 3 C |Bunch|75-95% 10.00 1.23 814 STABLE
Staple E Soit Sandy Loam 0.800 0.029 27.78 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: PO1 3
Prepared by: JMO
Date: 15 Sep 11 Checked by:

Print Date: 17 Aug 11 3:6 PM
Project #: PPLS0302

JFM

Objective: _
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel, By inputting the channe! characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for referehce.
Manning's Equation: _ 1486 | A ( A )2’3 /s
: ' n P
. . Bare - Velocity  Grass - Velocily  Grass - Capacily
Given Input Data: Sflvaie 32 Check Check Check
Discharge, Q= 4530 45.30 45.30 cfs
Left Side Slope = 30 3.0 3.0 H:1V
Right Side Slope = 3.0 3.0 3.0 H:1V
) Base width of Channel, b= 20 - 2.0 20 feet
Bed slope, s= 0.0100 0.0100 0.0100 fifft
Available depth of channel: 2.50 . 2.50 2.50 feet
{OPTIONAL) Input Manning's 'n". 0.0230 0.0540 0.0540
Lining Type: ECB Grass Grass
Retardance Factor for Grass Cover: B B

Calculate Fiow Depth:

Flow depth, d= 1.36 1.97 1.97 feet

Calculated Results: . Desian Acceptable? Vo0 high Yes Yes
Freeboard, f= 1.14 0.53 0.53 feet
Calculated Velocity, V= 547 2.90 290 fps
Flow Top Width, T= 10.17 13.84 13.84 feet
Flow Area, A= 8.29 15.63 15.63 sq ft
Wetted Perimeter, P= 10.61 14.48 14.48 feet
Hydraulic Radius, R= 0.78 1.08 1.08 feet
Shear stress on channel bottom, t= 0.85 1.23 1.23 Ibs/sf
. Critical Slope, S.= 0.0087 0.0433 0.0433 ftft
Flow stable? (no if .78, <s < 1.35,)= no yes yes
Required Freeboard= 0.6 0.5 0.5 feet
Allowable Velocity for Lining Material= 35 3.5 35 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

L\PROJECTS\PPLS\PPLS0902-8ell Send Land Davelopment ANALYTICALICALCULATIONS\SWALE CALCSIPERMANENTYSweles.ds]Swale 3.2



Rational Equation Stormwater Calculfations

Client: PPL0S02

Project: PO! 3 Print Date: 17 Aug 11 11:48 AM
Prepared by: NKG Checked by: Project #: PP1.0902
Date: 15 Sep 11 JFM
Governing Equation: Q = KCiA (wherek=1torenglih units)
Description. SWALE 3.3 Structure: -
’ Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coeflicient, C:
Hydrologic Runoff
Soit Group Land Land Cosfficient, Area, A A*C
{A.8,C.D} Use Slope C . (acres) (acres)
Imparvious 0.95 0.680 0.646
B
Lawn ' 0.40 3.586 1.438
Stone 0.85 4.724 4.015

STEP 2: Calculate Time of Concentration:

Total A* C. 6.0998 acres

Flow Average Time of Velocity
Manning's  Average Length Velocity  Concentrain Calculation
Type of Flow / Ground Cover n Slope (i) (fis) (min) Method
v v
\ v Shallow Concentrated v
v v
Channel or Pipe Flow ............... Enter Value Manning’s Eq or other
Channel or Pipe Flow .............. Enter Value Manning's Eq or other
Channel or Pipe Flow ............. . Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I Override calculation for T€? @ves O No Tc= 5.0
Rainiall Intensity for Use T, = 5.0 minutes

Slorm Recurrence frequency (years): 25 year

“5*9@?53"*‘5‘5&3 . BB
‘z}u}-‘[xﬁa!‘%.mﬁ.}« K5 .-mln!

STEP 4: Calculate Peak Rate of Runoff, Q: : Q=kCiA

25 year
Calculated Flow, Q {cfs) = 32.9

PLS\PPLS0902-Bell Bend Land DevslopmentANALYTICALICALCULATIONS\SWALE CALCS\PERMANENTPPLS0902-Ralional Method-Conveyance.xlsm]Swale 3.3




{North American Green - ECMDS Version 4.3

[772672611 0971 AM JCOMPUTED BY- NKG
~ |PROJECT NAME: PFL BBNPP

JPROJECT NO.: PPLS]302
JFROM STAT ON/REACH: |TO STATION/REACH: UNVEG

[DRAINAGE AREA: SWALE 3.3
HYNRAULIC RFSULTS

IDESIGN FREQUENCY: 25YR

Discharge | Peak Flon [Velocity (fps)] Area sq.ft) | Hydiaulic Nomal SC250 (n=0.026)
(cfs) Period (hs) Radiusfit} | Depth (ft) [ ‘
329 01 4.6¢ 7.08 0.72 1.24
N, $=00100
L/
1 : ) 1
‘ Bottom
30 Width =230 ft 30
LINER RESULTS Not to Scale
Mating Type Vegetation Cheracteristics
Reach Stability Andysis| Permissible Caleulated Safety Factor Remarks
Stape Pattern Phase | Class | Type |Density] ShearStress | Shear Stiess
(psf) [psf)
Straight SC280 Unvegetated 1 3.00 0.77 3.88 STABLE
Staple E




INorth American Greer - ECMDS Version 4.3

[7/2072011 J0210AMICOMPUTED 8Y: NKG

PROJECT NO.: PPLS0S02

FROJECT NAME: PPL BBNPP
FROM STATION/REACH: [TO STATION/REACH: VEG DRAINAGE AREA: SWALE 33 IDESIGN FREQUEHNCY: 25Y3
HYDRAULIC RESULTS $C250 (n=).056)
" “Discharce | Peak -low Velocity (fps)] Area (sq.f8 | Hydiadic | Normal Laeet
(cfs) | Perioc [hus) Radius{f) | Depth (it} !
B2.g 0.1 2.52 13.06 0.93 -.78 N /
S =0.0100

Ry
LN

Holiom
Width =2.00 t

30 30
)
LINER RESULTS Not to Scale

ivatting Type Vegetation Charecteristics

Reach Stabilily Analysis Perrrissible Calculated Safety Factor Remaiks
Slaple Pattern Phase | Class | Tipe [Densty] SheaiStiess | Shear Stress

- (psf) {psh)
Straight SC250 Vegetation 3 C ]Bunch |75-95% 1C.00 1.1 9.00 STABLE
Staple £ Soil Sandy Loam 0.800 0.038 21.12 STABLE




Trapezoidal Channe! Analysis - Open Channel Flow {w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: POt 3 Print Date: 17 Aug 11 3:6 PM
Prepared by: JMO Project #: PPLS0802
Date: 15 Sep 11 [Crocked by
JFM
Objective;
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
.y A 1.48 213
Manning’s Equation: . 1486 ., (2 ) /s
n
- . . Bare - Velocily — Grass - Velocily —Grass - Capacity.
Given Input Data: Swale 3.3 Check Check Check
Discharge, Q= 32.90 32.90 32.90 cfs
Left Side Slope = 3.0 3.0 3.0 H:1v
Right Side Slope = 3.0 3.0 3.0 H:AV
Base width of Channel, b= 20 2.0 2.0 feet
Bed slope, s= 0.0100 0.0100 0.0100 ft/ft
Avallable depth of channel: 5.00 5.00 5.00 feet
(OPTIONAL)  Input Manning's 'n": 0.0260 0.0580 0.0580
Lining Type:
Calculate Flow Depth:
Flow depth, d= 1.25 1.78 1.78 feet
Calculated Results: Design Acceplable? ¥ doo high V 100 high ¥ 100 high
Freeboard, f= 3.75 3.22 3.22 feet
Calculated Velocity, V= 4.60 2.63 2.53 fps
Flow Top Width, T= 9.48 12.65 12.65 feet
' Flow Area, A= 7.15 13.01 13.01 - sqgft
Wetted Perimeter, P= 9.88 13.23 13.23 feet
Hydraulic Radius, R= 0.72 0.98 0.98 feet
Shear stress on channet bottom, t= 0.78 1.1 1.11 tbs/sf
Crilical Slope, S.= 0.0114 0.0515 0.0515 fuft
Flow stable? (noif .7S, <s < 1.38;)= no yes yes
-Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions ¢

A temporary erosion control blanket (ECB) is needed.

IAPROJECTS\PPLS\PPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCSIPERMANENT\Swales xis)Swale 3.3



Rationat Equation Stormwater Calculations T ~

[Pennoni’
Client: PPLO302 S
Project: POI 3 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPLO902
Date: 15 Sep 11 JFM
Governing Equation: Q = K C i1 A (where k=1 forenglish unis)
Description: SWALE 3.4 ‘ Structure: =
Route: -
Station: -~
STEP 1: Calculate Drainage Area, A and Runoff Coefticient, C:
Hydrologic ' Runoff
Soil Group Land Land Coefficient, Area, A A*C
(A.B.C.D} Use Slope C - (acres) (acres)
Impenvious 0.95 1.231 " 1.169
Lawn 0.40 0.505 ) 0.202
Stona 0.85 0.074 0.063

Total A* C: 1.43435 acres

STEP 2: Calculate Time of Concentration;

Flow Average Time of Velocity
Manning's  Average Length Velocity Concentratn Calculation
Type of Flow / Ground Cover n Slope (1) {ft/s) {min}) Method
v
v Shaliow Concentrated v
v
Channel or Pipe Flow ,......cvveene Enter Value Manning’s Eq or other
Channe! or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ,............. . Enter Vaiue Manning's Eq or other
Calculated Total Time of Conceniration, T.: 5.0 minutes
STEP 3: Calculate Rainfall intensity, I Override calculation for Te? @ves O no Te= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequenc

2mmaw) a a3 tios,

y (years): 2§ year

ran

STEP 4. Calculate Peak Rate of Runoff, Q: Q=kCiA

2 ar

Calculated Flow, Q (cfs) = 7.7

PLS\PPLS0902-Bell Bend Land Developmenl\ANALYTiCAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rational Methad-Gonveyance xism]Swale 3.4



Noith Ametican Green - ECMDS$ Version 4.3

[7:20/2017 {0313 AMICOMPJTED BY: NKG

PROJECT NO.. PPLS0302

PROJECT NAME: PPL BBNPP
FROM STATION/REACH:
HYDRAULIC RESULTS

{TO STATION/REACH: UNVEG

{cfs) Period fhis)

Discherge | Peak Mow [Veocity (fps)

Atea (3q.f}

DRAINAGE AREA: SWALE 3.4 IDESIGH FREQUENCY: 25YR
' 575 (n=0.049)

;. | l \. 5=0.v0250'/ | ;\

7.7 01 2.95 2.61
’
1
Bottom
20 Width = 2.00 f: 20
LINER RESULTS Notle Scale

Malting Type Vegetation Characeristics
Reach Stability Analysis Permissible Calculated Salety Factor Remarks

Staple Patlemn Density] Shear Stiess | Shear Stress .

el | s
Straight S78 Unvcge:ated 1.65 117 1.33 STABLE
Staple D




) . .
Noith American GQreen - ECMDS Version 4.3 [7722/2011 109:14 AM|COMPUTED BY: NKG
PRIJECT NAME: PPL BBNFP PROJECT NO.: PPLS0902
|FROM STATION/REACH: ITO STATION/REACH: VEG DRAINAGE AREA: SWALE 24 {DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS Unreinforced Vegetation (n=0.077)
t e =0,
Discharge { Peak Flow [Velocity {fps) Area(sq.ft} | Hydiaulc | Normal fremorcec vege o I
[cls) Pericd fhrs) Radius(it} | Depth{f) !
7 01 2.14 360 0.58 0.93 R
N Y =0udy S
1 N ( 1
Bott
70 Widh=200k 70
LINER RESULTS No:lo Seale
Matting Type ‘| Vegetation Characteristics
Reach Stability Analpsis Permissible Caleulated Safety Factor Rematks
) ity] Shear Stiess | Shear Strass
Staple Pattein Phase Class | Type |Density (osf] o )
Straight Unrenfoiced Vegestation C  ]|Bunch}75-95% 4.20 1.45 289 STABLE
Soil SandyLoam 1.035 0.03C 117 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: POI 3 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO : Project #: PPLS0902
Date: 15 Sep 11 Checked by:

JFM

Objective: -
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the

flow depth will be calculated. Other flow characteristics are also computed, including
- the critical slope and required freeboard based on E&S manual guidelines. The last

line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
. I 1.486 A (23 ,
Manning's Equation: . 1480, ( A ) *\/_S—
n P
. . Bare - Velocity  Grass - Velocily, Grass - Capagity
Given Input Data: Swale 3.4 Cheok Chack Check
Discharge, Q= 7.70 7.70 7.70 cfs
Left Side Siope = 2.0 2.0 2.0 H:1Vv
Right Side Slope = 20 2.0 2.0 H:1v
Base width of Channel, b= 2.0 20 2.0 feet
Bed slope, s= 0.0250 0.0250 0.0250 firit
Available depth of channel: 1.50 1.50 - 1.50 feet
{OPTIONAL)  Input Manning's 'n": 0.0490 0.0770 0.0770
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.75 0.94 0.94 feet
Calculated Results: Design Acceptable? V{00 high V 100 high ¥ foo high
Freeboard, f= 0.75 0.56 0.56 feet
Calculated Velocity, V= 2.94 2.1 . 2.11 fps
Flow Top Width, T= 4.99 5.76 5.76 feet
_Flow Area, A= '2.62 3.64 3.64 sqft
Wetted Perimeter, P= 5.35 6.20 . 6.20 feet
Hydraulic Radius, R= 0.49 0.59 0.59 feet
Shear stress on channel bottom, 1= 1.147 1.47 1.47 Ibs/sf
Critical Slope, S;= 0.0475 0.1110 0.1110 fuft
Flow stable? (no if .75, < s < 1.38;)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

JAPROJECTS\PPLS\PPLS0902-Bell Bend Lang DevelopmentANALYTICALNCALCULATIONSISWALE CALCS\WPERMANENT\Swales.xis}Swale 3.4



Rational Equation Stormwater Cal
Client: PPL0902

Project: POI 3

lations

i,
d’ennogi

Print Date:

=

17 Aug 11 11:49 AM

Prepared by: NKG Checked by: Project #: PPL0902
Date: 15 Sep 11 JFM
Governing Equation: Q = K C i A (where k= 1 for engiish units)
Description: SWALE 3.5 Structure:
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group Land tand Coefficient, Area, A A*C
(A,B,C.D) Use Slope Cc (acres) (acres)
Stone 0.85 0.355 0.302
Lawn 0.40 1.461 0.584
Cultivated 0.25 2.804 0.701
Total A* C: 1.58715 acres
STEP 2: Calculate Time of Concentration:
Flow Average Time of Velocity
Manning’'s  Average Length Velocity — Concentratn Calculation
Type of Flow / Ground Cover n Slope (ft) {fVs) (min) Method
) v v
4 Shallow Concentrated v
v v
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T;: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calcutation for Te? @ves O No Te= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

STEP 4: Calculate Peak Rate of Runoff, Q:

25 year

5 SRR T,

Q=kCiA

Calculated Flow, Q (cfs) =

25 year
8.6

PLS\PPLS0902-Bell Bend Land Development ANALYTICAL\CALCULATIONS\SWALE CALCS\WERMANENT\[PPLS0902-Rational Melhod-Conveyance xism|Swale 3.5




MNorth American Green - ECMDS Version 4.3 [2/2072011 {09:16 AM [COMPUTED BY: NKG

PROJECT MAME: PPL BBNPP JPROJECT NO.: PPLS0802
JFROM STATION/REACH: lT_[J STATION/REACH: UNVEG JDRAINAGE AREA: SWALE 3.5 {DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS '
- - - : 575 (n=0.044}
Discharge | Peak Flow |Velocity {fps)] Area (sq.ft. | Hydraulic Normal -
(¢fs) Period (hrs} Radius(it) | Depth (it)
8.6 0.1 218 3.94 061 0.99
Bottom
20 Width = 2,00 f ~ 20
LINER RESULTS : Natto Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis Petmissible Calculated Safety Factor Remarks
e s | Gtaple Patten Phase ] Class | Type [Densiy| ShearStess | Shear Stiess
(psf) {psf]
Straight S75 Unvegetated 1.55 0.49 314 STABLE
Staple D




Norh American Green - ECMDS Version 4.3 [7/2072011 1036 AMJCOMPUTED BY: NKG

PROJECT NAME: PPL BBMPP JPROJECT NO.; PPL$0302

FROM STATION/REACH: ITQ STATION/REACH: VEG IDRAINAGE AREA: SWALE 35 JDESIGN FREQUENCY: 25 YR
HYDRAULIC RESULTS

Unreirforced Vegetation {n=0.083)

Discharge | Peak Flow [Velocity {fps]] Ares (sq.ft) | Hydraulic Normal
[cfs) Period (hrs) Radius(ft] | Depth (ft}
Bs 01 1.36 6.32 0.79 1.35
S =000
Bottom
20 Width = 2.00 ft 2.0
LINER RESULTS . Notto Scale
Matting Type Vegetation Charactesistizs
Reach Stability Analysis ’ Permissible Calculated . | Safety Factor Remarks
Staple Pattemn Phase | Ciass | Type |Dznsity Shear Stress | Shear Stress .
(psf) {psf)
Staight Unreinforced Vegetation C | Bunch|75-95% 4.20 0.67 6.25 STABLE
Soif Sandy Loam 0.035 0.012 297 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: PO!13 . Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO ) Project #: PPLS0802
Date: 15 Sep 11 Checked by:

JFM /

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
. — 1.4 A (213
Manning's Equation: _ 1.486 A (; ) . \/S_-
n
s , Bare - Velocity ~ Grass - Velocity Grass - Capacity
Given Input Data; Swale 3.5 Chock Check Choc
Discharge, Q= 8.60 8.60 8.60 cfs
Left Side Slope = 20 . 2.0 2.0 H:1V
Right Side Slope = 2.0 2.0 20 H1vV
Base width of Channel, b= 2.0 2.0 2.0 feet
Bed slope, s= 0.0080 0.0080 0.0080 f/ft
Avazilable depth of channel: 2.00 2.00 2.00 feet
(OPTIONAL) Input Manning's 'n":  0.0440 0.0830 0.0830
Lining Type:

Calculate Flow Denth:

Flow depth, d= 1.00 1.35 1.35 feet
Cajculated Results: Design Acceptable? V too high ¥ {00 high Y too high
Freeboard, f= 1.00 0.65 0.65 feet
Calculated Velocity, V= 2.17 1.35 1.35 fps
Flow Top Width, T= 5.98 7.40 7.40 feet
Flow Area, A= 3.97 6.35 6.35 © sqft
Wetted Perimeter, P= 6.45 8.04 8.04 feet
Hydraulic Radius, R= 0.62 0.79 0.79 feet
Shear stress on channel bottom, 1= 0.50 0.67 0.67 Ibs/sf
Critical Slope, S.= 0.0357 0.1179 0.1179 fi/ft
Flow stable? (noif .78, < s < 1.38;)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
" Atemporary erosion control bianket (ECB) is needed.

IAPROJECTS\PPLS\PPLS0902-Betl Bend Land DevelopmenMANALYTICALVCALCULATIONS\SWALE CALCSIPERMANENT\(Swales xis)Swale 3.5



Rational Equation Stormwater Calculations - "M—MD
d”ennogp
Client: PPL0902 "
Project: PO13 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPL0S02

Date: 15 Sep " JFM

Governing Equation: Q@ = K C 1 A (where k= 1 for english units)
Description: SWALE 3.6 Structure: -
Route: -
Station: -

STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:

Hydrologic Runoft
Soil Group Land tand Coefficient, Area, A A*C
{(A,B,C,D) Use Slope C {acres) {acres)
Impervious 0.95 0.263 0.250
e
Lawn 0.40 0.320 0.128
Stone 0.85 4.617 3.924

Total A* C; 4.3023 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Vetocity
Manning's Average Length Velocity  Concentratn Calculation
Type of Flpw / Ground Covet n Slope {ft) {1/s) {min) Method
{ hd 1
v LShallow Concentrated v
v i
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow __............. Enter Value Manning's €q or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? @ ves One Te= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q (cfs) = .23.2

PLS\PPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTPPLS0902-Rationai Method-Conveyance.xism)Swale 3.6




North American Green - ECMDS Version 4.3 1772072011 J09:19 AMJCOMPUTED BY: NKG

PROUECT NAME: PPL BBNPP PROJECT NO.: PPLS0S02
FROM STATION/REACH: ITO STATION/REACH: UNVEG DRAINAGE AREA: SWALE 3.6 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS SC250 (v=0.033)
Discharge | Peak Flow [Velacty {fps)f Area [sq.ft) | Hydradic | Nomal (-0,
{cfs) Period (hrs) Radiuslit} | Depth {ft)
232 0.1 583 394 053 0.86
LINER RESULTS : Notto Scale
Matting Type Vegetation Charactenstics
Reach Stability Analpsis Permrissible Calculated Sefety Factor Remarks -
- = |- Staple Pattem- Phase{ Cass | Type |Density She?[;ssr)l:ess Shee;rpgft)ress
Straight SC250 Unvegetated 1 : 300 215 1.40 STABLE
Staple £




North American Green - ECMDS Version 4.3

772072011 {0920 AMJCOMPITED BY: NKG

PROJECT NAME: PPL BBNPP

JPROJECT HO.: PPLS0902

IDRAINAGE AREA: SWALE 3.6 iDESIGN FREQUENCY: 25YR

FROM STATION/REACH: ITO STATION/REACH: VEG
HYDRAULIC RESULTS
, - - SC250 {n=0.057)
Discharge | Peak Flow {Vdocily (fpe}] Area (sqft] | Hydraulic Nornal =
(cls)___| Perind fhs) Radus(f] | Depth (i) ‘ A ‘
232 0.1 394 5.88 .65 1.1
’ $ = 0.0400 \
"L—\ 'ul l- I"A_
\_/ i
Bottom
30 Width=2.00F 30
LINER RESULTS Notto Seale
Matting Type: Vegetation Characeristics
Reach Stability Aralysis Peimissible Calculated Salety Factor Remarks
Staple Pattern Phase| Class | Typs [Density| Shear Stiess | Shear Stiess
- (psf) {psf)
. Straight SC250 Vegelation 3 C | Bunch|75-95% 10.00 2.76 362 STABLE
[ Staple E Soil Sandy Loam 0.800 0.342 2.34 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject; PPL Bell Bend
Description: POI 3
Prepared by: JMO
Date: 15 Sep 11 Checked by:

Print Date: 17 Aug 11 3:6 PM
Project #: PPLS0902

JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a frapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical siope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: - See PA Erosion and Sedimentation Control Manual for reference.
. . A (213
Manning's Equation: . _ 1486 , (—- ) "\/S_
n P
. . Bare - Velocity . Grass - Velocily Grass - Capacity
Given Input Data: Swale 3.6 Check Check Check
Discharge, Q= 23.20 23.20 23.20 cfs
Left Side Slope = 3.0 3.0 3.0 H:V
Right Side Slope = 3.0 3.0 3.0 _H:v
Base width of Channel, b= 2.0 2.0 2.0 feet
Bed slope, s= 0.0400 0.0400 0.0400 ft/ft
Available depth of channel: 4.00 4.00 4.00 feet
(opTiONAL)  Input Manning's 'n"; 0.0330 0.0570 0.0570
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.86 1.1 111 feet
Calculated Results: Design Acceptable? V100 high ¥ t0o high ¥ oo high
Freeboard, f= 3.14 2.89 2.89 feet
Calculated Velocity, V= 5.88 3.92 3.92 fps
Flow Top Width, T= 717 8.66 8.66 feet
Flow Area, A= 3.95 591 5.91 sq ft
Wetted Perimeter, P= 7.45 8.02 9.02 feet
Hydraulic Radius, R= 0.53 0.66 0.66 feet
- Shear stress on channel bottom, 1= 2.15 2.77 2.77 Ibs/sf
Critical Slope, S.= 0.0204 0.0567 0.0567 ft/ft
Flow stable? (no if .78, <s < 1.38,.)= yes no no
Required Freeboard= 0.5 0.5 05 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
' A temporary erosion control blanket (ECB) is needed.

1APROJECTS\PPLE\PPLS0902-Bell Bend Land DeveiopmenANALYTICALICALCULATIONSISWALE CALCS\PERMANENT\[Swales.xis)Swale 3.6



Rational Eguation Stormwater Caiculations -

QP’énnoqi)
Client: PPL0S02 e
Project: POI3 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPLOY02
Date: 15 Sep 11 JFM
Goveming Equation: Q = K C i A (where k=1 for english units)
Description: SWALE 3.7 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group Land Land Coefticient, Area, A A*C
{A,B,C.D) Use Slope C {acres) {acres)
Lawn 0.40 1.950 0.780

Total A*C: 0.78 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velogity
Manning’'s  Average Length Velocity  Concentratn Calculation
Type of Flow / Ground Cover n Slope (] (fv/s) {min} Method
h 4
L 4 Shallow Concentrated v
v
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow .............. Enter Value' Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall intensity, I: Override calculation for Tc? @ves Owno Tc = 5.0
Rainfall Intensity for UseT, = 5.0 minutes

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q (cfs) = 4.2

PLS\PPLS0902-Bell Bend Land DevelopmenMNALYTICALCALCULATIONS\SWALE CALCS\PERMANENT\{PPLS03902-Rational Method-Conveyance.xism]Swale 3.7



INoith American Green - ECMDS Version 4,3 [7720/2011 08:22 AM]COMPUTED BY: NKG
JPROJECT NAME: PPL BBMPP PROJECT NO.: PPLS0302
IFROM STATION/REACH: {TO STATION/REACH: UNVEG DRAINAGE AREA: SWALE 37 JDESIGN FREQUENCY: 25 YR

HYDRAULIC RESULTS

575 (n=0.054)

Dischage | Peak Flow |Velocity (fps)] Area (sq.ft} | Hydiaulic Nomal
{cfs) Period [hrs) Readius(ft] | Depth (tt) [
4.2 01 1.80 2.33 0.42 0.56
1
,Boltoan
2.0 Width = 3.00 ft 20
LINER RESULTS Notto Scale
Matting Type Vegetation Charzcteristics

Reach Stability Analysis| Pemissible Calculated Safety Factor Remarks

1 Slaple Patterm Phase] Class | Type |Densiy| ShearStess | Shear Stress. .

(psf) [psf}
Straght 575 Unvegetated 1.55 0.47 33 STABLE
Staple D




NorthAmerican Green - ECMDS Version 4.3 [7/28/20171 "]09:23 AM JCOMPUTED BY: NKG

IPROJECT NAME: PPL BBNPP JPROJECT NO.: PPL50302
JFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 37 IDESIGH FREQUENCY: 25 YR

HYDRAULIC RESULTS

Unreinforced Vzgetation (n=0.108)

Discharge | Peak Flow [Velocity (fps)] Area {sq.ft} | Hydiaulic | Norma
{cfs) Period {hrs) Radius(ft) { Depth (%}
4.2 0.1 1.10 3.82 057 0.82
'
Rntinm
20 Width = 3.00 ft 20
LINER RESULTS NottoScale
Matting Type Vegetation Characteristics .
Reach Stabilty Analysis Permissible Calculated Safety Factor Remarks
. Staple Pattern Phase | Class | Type |Density Shear Stiess | Shear Stiess
{psf] {psf)
Straight Unreinforced Vegetation C | Bunch|75-85% 4,20 0.68 6.15 STABLE
Soil Sandy Loam 0.035 0.007 4.87 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject; PPL Bell Bend .
Description: POI 3 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO Project #: PPLS0802
Date: 15 Sep 11 Checked by:

JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are aiso computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
H v . . 4 A 2/3
Manning's Equation: _ 1.486 A ( Al ) *\/;
n P
. . Bare - Velocity =~ Grass- Velocity Grass - Capacity
Given Input Data: Swale 3.7 Check Check Check
Discharge, Q= " 4.20 4.20 4.20 cfs
Left Side Slope = 2.0 2.0 2.0 H:1V
Right Side Slope = 20 2.0 2.0 H:V
Base width of Channel, b= 3.0 3.0 3.0 feet
Bed slope, s= 0.0133 0.0133 0.0133  ftfft
Available depth of channel: 5.00 5.00 5.00 feet
(oPTIONAL)  Input Manning's 'n'": 0.0540 0.1080 0.1080
Lining Type:
Calcuiate Flow Depth:
Flow depth, d= 0.57 0.87 0.87 feet
Calculated Results: Design Acceptable? V 0o high V {00 high ¥ too high
Freeboard, f= 4,43 413 413 feet
Calculated Velocity, V= 1.76 1.01 1.01 fps
Flow Top Width, T= 5.30 6.49 6.49 feet
Flow Area, A= 2.38 4.14 4.14 sq ft
Weited Perimeter, P= 5.57 6.90 6.90 feet
Hydraulic Radius, R= 0.43 0.60 0.60 feet
Shear stress on channel bottom, 1= 0.48 0.72 0.72 lbs/sf
Critical Slope, S.= 0.0592 0.2141 0.2141 fuft
Flow stable? (no if .7S. < s < 1.38,)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

L\PROJECTS\PPLS\PPLS0802-Bell Bend Land Developmen\ANAL YTICAL\CALCULATIONS\SWALE CALCSIPERMANENT{Swales.xis)Swale 3.7



Rational Equation Stormwater Calculations /./'-"""""_\}

(Pennom«
Client: PPLO902 e
Project: POI 3 : Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPL0902
Date: 15 Sep 11 JFM
Governing Equation: Q = K Ci A (where k= 1 for english units)
Description:. SWALE 3.8 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soll Group Land Land Coefficient, Area, A A*C
(ABC,D) Use Slope’ C {acres) {acres)
Lawn 0.40 1.099 0.440
Stons 0.85 0.031 0.026

Total A* C: 0.46595 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velecity
Manning's  Average Length Velocity ~ Concentratn Caloulation
Type of Flow / Ground Cover n Slope (ff) (ft/s) {min) Method
v
v Shallow Concentrated v
v
Channet or Pipe Flow ............... Enter Value Manning's Eq or other
Channe! or Pipe Fiow _,............. Enter Value Manning's Eq or other
Channel or Pipe Flow .,............. Enter Value Manning's Eq o7 other
Calculated Total Time of Concentration, T.: 5.0 minutes
STEP 3: Calculate Rainfall intensity, ! Override calculation for Tc? ®ves Ono Tec= 5.0

Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year ‘

sy
itens|
SRS+ 02

STEP 4: Calculate Peak Rate of Runoft, Q: Q=kCiA

25 vear
Calculated Flow, Q {cfs}) = 2.5

PLSWPPLS0902-Bell Bend Land Developmen(ANALYTICALNCALCULATIONS\SWALE CALCS\PERMANENTPPL50902-Ralional Method-Conveyance.xlsm}Swale 3.8



NorthAmerican Green - ECMDS Version 4.3

1772072011 [09:25 AMJCOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

IPROJECT NO.: PPLS0902

FROM STATION/REACH:

{TO STATION/REACH: UNVEG

HYDRAULIC RESULTS
Discharge | Peak Flow [Velocity (ips)] Area [sq.) | Hydrauic Normna
(cfs) Petiod {his) Radiusfit] | Depth {4
ps 01 2.36 1.06 0.24 0.28

IDRAINAGE AREA: SWALE 38 |DESIGN FREQUENCY: 25YR

575 {n=0.055)

75 WIRR D00 1 70
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics
Reach Stabilty Analysis| : Permissible Calculated Safely Factor Rematks
Staple Pattern Phase{ Class | Type {Density Shear Stiess | Shear Stress.
(pst) (pst)
Straight 575 Unvegetated 1.55 092 1.69 STABLE
Staple D




[Noth American Green - ECMDS Version 4.3 202272011 [03:25 AMICOMPUTED BY: NKG

JPRIOJECT NAME: PPL BBNPP |PROJECT NO.: PPLS0902

JFROM STATION/REACH: iTO STATION/REACH: VEG IDRAINAGE AREA: SWALE 28 IDESIGN FREQUENCY: 25YR
Unseinforced Yegetation (n=0.118)

HYDRAULIC RESULTS
Area(sq.ft) | Hydraulic { Nomal l l

Discharge | Peak Flow [Velocity {fps)
Badius(ftl { Depth (f)

(cfs) Period (hs)
25 0.1 1.41 177 0.35 (.45 )
~
) . §=00800

1
[}
’
1
[
1
3
2
1

1|__\______J _J1

Boltom
2.0 Width = 3.00 # 2.0
LINER RESULTS No:to Scale
Matting Type ‘ Vegetation Characteristics ~
Reach Stability Analpsis Permissible Calculated Safety Factor Remaiks
e Pal tul Sheat Stiess | Shear Stress
Staple Patlen | Phase | Class | Type [Density - e
. Shaight ” | Unrenforced Vegetation C JBunch|75-95% 4.20 1.42 297 STABLE
[ Soil Sandy Loam 1.035 0.01z 281 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eg)

Client/Subject: PPL Bell Bend
Description: POI 3 ‘
Prepared by: JMO
Date: 15 Sep 11 Checked‘by:

Print Date: 17 Aug 11 3:6 PM
Project #: PPLS0902

JFM

Objective: ‘
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or friangular (b=0) channel, By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual,

Method: See PA Erosion and Sedimentation Control Manual for reference.
o P A (203
Manning's Equation: _ 1.486 A (-—- ) . \[S_
n P
. . Bare - Velocity ~ Grass - Velocity Grass - Capacity
Given Input Data: Swale 3.8 Check Check Check
Discharge, Q=  2.50 2.50 250  cfs
Left Side Slope = 2.0 2.0 20 H:1V
Right Side Slope= 2.0 2.0 2.0 H1vV
Base width of Channel, b= 3.0 .30 3.0 feet
Bed slope, s= 0.0500 0.0500 0.0500 fuft
Available depth of channei: 5.00 5.00 5.00 feet
{OPTIONAL) Input Manning's 'n": 0.0550 0.1180 0.1180 '
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.30 0.50 0.50 feet
Calculated Resuits: Design Acceptable? V oo high V 100 high V.igo high
Freeboard, f= 4.70 4.50 4.50 feet
Calculated Velocity, V= 2.31 - 1.26 1.26 fps
Flow Top Width, T= 4.20 4.99 4.99 feet
Flow Area, A= 1.08 1.9 1.99 sq ft
Wetted Perimeter, P= 4.35 5.23 5.23 feet
Hydraulic Radius, R= 0.25 -0.38 0.38 feet
Shear stress on channel bottom, t = 0.94 1.55 1.55 |bs/sf
Critical Slope, S.= 0.0723 0.2929 0.2929 fi/ft
Flow stable? (no if .78, < s < 1.38,)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velacity for Lining Material= .0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

I\PROJECTS\PPLS\PPLS0902-Bell Bend tand DevelopmenttANALYTICALICALCULATIONSISWALE CALCSIPERMANENT\{Swales xis}Swale 3.8



Rational Eguation Stormwater Calcuiations ./-W‘—'"-:)
I

APennon
Client: PPL0902 S
Project: POI 3 PrintDate: 17 Aug 11 11:48 AM
Prepared by: NKG Checked by: Project #: PPLOSO02
Date: 15 Sep 11 JEM

Governing Equation: Q= kCiA (wherek=1lorengish unis)
Description:.  SWALE 3.9 Structure: -
Route: -
Station: -

STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:

Hydrologic Runoff
Soil Group Land {and Coefficient, Area, A A‘C
{A,B.C,D) Use " Slope Cc (acres) {acres)
Lawn .0.40 2.651 1.060
Cuttivated 0.25 0.469 0.117

Total A*G: 1.17765 acres

STEP 2: Calcuiate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity  Concentratn Cafculation
Type of Flow / Ground Cover n Slope (ft) (tv/s) (min) Method
v
v Shallow Concentrated v
- .
Channel or Pipe Fiow _.............. ) Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ,.............. Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T : 5.0 minutes
STEP 3: Caiculate Rainfall Intensity, {: Override calculation for Tc? @ves Ono Te= 5.0
Rainfalt intensity for Use T = 50 minutes

Storm Recurrence frequency (years): 25 year

e

STEP 4: Calcutate Peak Rate of Runoff, Q: Q=kCiA

. 25 year
Calculated Flow, Q {cfs)= 6.4

PLS\PPLS0902-Bell Bend Land DevelopmenhANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT{PPLS0802-Ralional Method-Conveyance.xismiSwale 3.9



Noith Ameiican Green - ECMDS Version 4.3 [772372011  |08:29 sAMJCOMPUTED BY: NKG

JPROJECT NO.: PPL50302

PRIJECT NAME: PPL BBNPP
FROM STATION/REACH: JTO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 2.9 DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS SCZSD[ -0.040)
Dischatge | Peak Flow [Velocity (fpsj] Area(sq.ft) | Hydraulic | Nommal n
{cfs) Period {hrs) Radius(ft) | Depth(ft]
6.4 0.1 427 150 0.30 0.38
- 8= 0 0667
30 Wndth 3 00t 2.0
LINER RESULTS No:to Scale
Matting Type Vegetation Characteiistics
Reach Stability Analysist Permissible Calculated Safely Factar Remarks
Staple Pattemn Phase] Class | Type [Density] Shear Stress | Shear Stress
] fpsf) (psf)
Straight SC250 Unvegetaed 1 3.00 158 1.80 STABLE
Staple £ ;




[7/20/2011 P9:29AMICOMPUTED EY: NKG

JPROJECT NO.. PPLS0302
[DRAINAGE AREA: SWALE 39 DESIGN FREQUENCY: 25YR

Morth Ametican Green - ECMDS Version 4.3
PI0JECT NAME: PPL BENPP
JFROM STATION/REACH: ITO STATION/REACH: VEG

5€250 [n=0.382)

HYDRAULIC RESULTS
Discharge | Peak Flow {Velocity (frs)] Area (sqft) | Hydrauic Nomal
(cts) Period (hs’ Radiusift} | Depth{it} l
k.4 01 258 2.48 0.4 0.56
\\ S ~ 00667 ,/
N %
1 NV 1
Botom
30 Width = 3.00 ft 2.0
LINER RESULTS NottoScale
Matting Tupe Vegetatinn Charantesisting
Reach Stehility Analysis Permissible Calculated | Safely Factor Rematks
Staple Patten Phase | Cass § Type {Density Shear Stiess Shgal Sliess
{ps) {psf}
Straight SC250 Yegetation 3 C |Bunch{?5-95% 10.00 2.34 L 27 STABLE
Staple E Soil Sandy Loam 0.800 0.262 3.05 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Ea)

Client/Subject: PPL Bell Bend
Description: PO1 3 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by:

JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method; See PA Erosion and Sedimentation Control Manual for reference.
. e 4 A (23
Manning's Equation:  _ 1486 ( -;- ) . \/g—
n
s . Bare - Velocity ~ Grass - Velocity  Grass - Capacity
Given Input Data: Swale 3.9 Check Check Check
Discharge, Q= 6.40 6.40 6.40 cfs
Left Side Slope = 3.0 3.0 3.0 HAV
Right Side Slope = 20 20 2.0 H:v
Base width of Channel, b= 3.0 3.0 3.0 feet
Bed slope, s= 0.0667 - 0.0667 0.0667 fUft
Available depth of channel; 1.50 1.50 1.50 feet
(OPTIONAL)  Input Manning's 'n": 0.0400 0.0820 0.0820
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.38 0.57 0.57 feet
Caiculated Resulits: Design Acceptable? V too high V {00 high V oo high
Freeboard, f= 1.12 0.93 0.93 feet
Calculated Velocity, V= 4.23 2.56 2.56 ips
Flow Top Width, T= 4.91 5.83 5.83 feet
Flow Area, A= 1.51 2.50 2.50 sq ft
Wetted Perimeter, P= 5.06 6.05 6.05 feet
Hydraulic Radius, R= 0.30 0.41 0.41 feet
Shear stress on channel bottom, 1= 1.59 . 236 2.36 Ibs/sf
Critical Slope, S;= 0.0359 0.1363 0.1363 Ut
Flow stable? (no if .7S, < s < 1.3S.)= yes yes yes
Required Freeboard= 05 . 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

1\PROJECTS\PPLSI\PPLS0902-Bell Bend Land DevelopmentfANALYTICALICALCULATIONS\SWALE CALCSWERMANENT\{Swales xis]Swale 3.9
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Rafional Equation Stormwater Calculations

Client: PPL0902

Project: POI 3 Print Date: 29 Aug 11 11:36 AM
Prepared by: NKG Checked by: Project #: PPLOS02
Date: 15 Sep 11 M

Governing Equation: Q= K C i A (wherek =1 for english units)

Description:  SWALE 3.10 Structure: -
Route: -

Station: -

STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:

Hydrologic , Runoff
Soil Group Land Land Coefficient, Area, A A*C
{A,B,C.D) Use Slope C (acres) (acres)
Stone {Swale 3.10) 0.85 0.639 0.543
Stone (Swale 3.1) 0.85 0.105 0.089
impervious (Swale 3.1) 0.95 1.055 1.002
Lawn (Swale 3.10) 0.40 4.767 1.907
Lawn (Swale 3.1) 0.40 0.154 0.062
Cultivaled 0.25 2.964 0.741

Total A* C: 4.34405 acres

STEP 2: Caiculate Time of Concentration:

Flow Average Time of Velocity
Manning’'s  Average Length Velocity  Concentratn Calculation
Type of Flow / Gr 3 n Slope {ft) (ft/s) (min} Method
h 4
- Shallow Concentrated
h 4
Channel or Pipe Flow ............... Enter Value © Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ,............ - Enter Vaiue Manning's Eq or other
Calculated Total Time of Concentration, T.: 5.0 minutes
STEP 3: Calculate Rainfall intensity, I: Override calculation for T¢? @ ves O no Tc= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year
B S R IR
e ]

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q (cfs)= 23.5

PLSIPPLS0902-8ell Bend Land Developmen\ANALYTICAL\CALCULATIONSI\SWALE CALCS\PERMANENT\[PPLS0902-Rational Method-Conveyance.xIsm}Swale 3,10




INorth American Green - ECMDS Version 4.3 1872972011 [11:34 AMICOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP JPROJECT NO.: PPLS0902
FROM STATION/REACH: ITO STATION/REACH: UNVEG iDRAINAGE AREA: SWALE 3.10 JDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS
- - - SC250 (n=0.034)
Dischaige | Peak Flow |Velocity (fps)] Area (sq.ft} | Mydraulic Notmal .
(cts} Petiod thrs) Radius{ft) | Depth (ft) , l
P35 0.1 6.51 351 0.55 0.79
S = (.0500
1 I_—
Bottom
20 Width = 3.00 ft 20
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics
Aeach Stabifity Analysis Peimissible Caleulated Safety Factor Remarks
- Slaple Pattern | - Phase| Class | Type |Density] Sheat Stress | Shear Stess :
(psf} (psf)
Straight SC250 Unvegetated 1 3.00 2486 1.22 - STABLE
Staple E




INorth American Green - ECMDS Version 4.3

1872872011 {11:34 AM{COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT-NO.: PPL50302

FROM STATION/REACH: - fT0O STATION/REACH: VEG DRAINAGE AREA: SWALE 3.10. IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS SC250 (r=0.053)
Discharge | Peak Flow |Velocity (fps)} Area [sq.ft) | Hydraule | Nommal s
{cfs) Period {hrs) ‘Radius(it) | Depth () !
235 0.1 4, QO 490 0.66 0.99
5 =0.0500
Bottom
2.0 Width = 3.00 ft 2.0
LINER RESULTS Not to Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis| Pemmissible Calculated Safety Factor Remarks
Staple Pattem Phase | Class | Type [Density] Shear Stess | Shear Stiess
. st (psf)
Straight SC250 Yegetation 3 C |Bunch}75-85% 10.00 307 325 STABLE
Staple E Soil Sandy Loam 0.800 0.521 1.53 STABLE




AN

Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: POI 3 Print Date: 29 Aug 11 11:36 AM

Prepared by: JMO Project #: PPLS0802
Date: 15 Sep 11

Checked by:
JF

Objective: -
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manuali for reference.
- P A (23
Manning's Equation: Q-= 1.486 ‘A (_. ) . /S
n P
. . Bare - Velocity ~ Grass - Velocity  Grass - Capacity
Given Input Data; Swale 3.10 Check Chack Check
Discharge, Q= 23.50 23.50 2350  cfs
Left Side Slope = 2.0 20 2.0 H1v
Right Side Slope = 2.0 2.0 2.0 H1v
Base width of Channel, b= 30 7 3.0 3.0 . feet
Bed slope, s= 0.0500 0.0500 -0.0500 ft/ft
Available depth of channel: 1.50 1.50 1.50 feet
(OPTIONAL) Input Manning's 'n": 0.0340 0.0530 0.0530
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.78 0.99 0.99 feet
Calculated Results: Desian Accepable? V 100 high v foo high V 100 high
Freeboard, f= 0.72 0.51 0.51 feet
Calculated Velocity, V= 6.58 4.76 4.76 fos
Fiow Top Width, T= 6.13 6.96 5.96 feet
Flow Area, A= 3.57 494 4.94 sq ft
Wetted Perimeter, P= 6.50 7.43 7.43 feet
Hydraulic Radius, R= 0.55 0.66 0.66 feet
Shear stress on channel bottom, t= 2.44 3.09 3.09 Ibs/sf
Critical Slope, S.= 0.0218 0.0500 0.0500 ft/tt
Flow stable? (no if .78, <s < 1.3S,)= yes no no
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

IAPROJECTS\PPLS\PPLS0802-Bell Bend Lang Development WNALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTSwales xis}Swale 3.10



Rational Equation Stormwater Calculations

Pennoni’
Client: PPL0902 N
Project: POI 3 ’ PrintDate: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by Project #: PPLOSO2
Date: 15 Sep 11 IFM
Governing Equation: Q = K C 1A (where k= 1 for engiish units)
Description:  SWALE 3.11 ) Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoft
Soil Group L.and Land Coefficient, Area, A A*C
(A.B,G,D) Use Slope ] (acres) (acres)
Cuttivated 0.25 . 0.100 0.025

Total A* C: 0.025 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity  Concentratn Calculation
Type of Flow/ Ground Cover n Stope L)) (ft/s) {min) Method

> | I

v ' Shaltow Concentrated
v
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ,.............. Enter Value Manning's Eq or other
Calculated Toial Time of Concentration, T: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Te? ®@ves Ono Te = 5.0

Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

e o,

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q (cfs) = 0.1

LS\PPLS0802-Bell Bend Land Development ANALYTICALACALCULATIONSISWALE CALCS\PERMANENT\[PPLS0902-Rational Method-Conveyance.xism]Swale 3.11



INoith American Green - ECHMDS Version 4.3 [7/22/2011 J07:40 AM{COMPUTED BY: NKG

JPROJECT NAME: PPL BBNPP JPROJECT WO.: PPLS0302

JFROM STATION/REACH: [TO STATION/REACH: UNVEG |DRAINAGE AREA: SWALE 31 |DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS

575{n=0.055 '
Dischaige | Peak Flow [Velocily (fps)] Atea{sq.ft) | Hydiaulic | Norma (n=00%5)
(cfs] | Period [hs) Radius{it] { Depth (1) l ’
0.1 0.1 1.28 0.08 0.09 8.20
S =0.0571
1
Bottom .
U Width = U.UU 1t U
L N R SULTS . Not to Scale
Matting Type Vegetation Characteristics
Reach Stabilty Analysis Pemmissible Calculated Safety Factor Remarks
Staple Paltern Phase | Class | Type [Density] Sheas Stiess | Shear Stiess -
{psf) {ps) ]
Straight S75 Unvegetated - 155 0.70 2.20 STABLE
Staple D




Noth American Green - ECMDS Version 4.3 772272011 0741 AMICOMPUTED BY: NKG
PRIJECT NAME: PP BBNFP {PROJECT NO.: PPLS0902
[FROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE =11 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS Unreinforced Vegatation (1=0.250)
' =0,
Discharge { Peak Flow {Velocity {fps)} Area(sq.ft) | Hydrauiic | Nommal nrenioreed YegelTon n
{cfs) Period {his) Radiusfit] } Depth (it} ‘
p1 0.1 0.4 024 a.16 0.35 ’
N
s=005711
{ |: |Iv
1 N Y l 1
it
T Wik Boot 20
LINER RESULTS No:to Scale
Matting Type Vegetation Chatacteristics
Reach Stability Analysis Pemissible Calculated Safety Factor Rematks
- Staple Pattern Phase | Class | Type [Density] Shear Stress | Shear Strsss .
{psf) {psf)
Straight Unrenforced Vegetation C |Bunch|75-95% 4.20 1.24 3.38 STABLE
Soil Sandyloam 3.035 0.00z 14.50 STABLE




Trapezoidal Channel Analysis - Open Channel Flow {w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: POI 3 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO Project #: PPLS0802
Date: 15 Sep 11 Checked by:

JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channe! characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidefines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual,

Method: See PA Erosion and Sedimentation Control Manual for reference.
Manning's Equation: _ 1486 , (A )2/3* Js
n P i
- Given Input Data: Swale 3.11 "——Ma’z‘h;_i“" -—-—————-J-G""S;ﬁ“” __uGrasz-Lg:l_—k acit
Discharge, Q= 0.10 0.10 0.10 cfs
Left Side Slope = 2.0 2.0 2.0 H:1V
Right Side Slope = 2.0 2.0 2.0 H:1V
Base width of Channel, b= . feet
Bed slope, s=  0.0671  0.0571 0.0571  fuit
Available depth of channel: 1.50 1.50 1.50 feet
(OPTIONAL) Input Manning's 'n": 0.0550 0.2500 0.2500 '
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.16 0.29 0.29 feet
Calculated Results: Design Acceptable? V 100 high ¥ oo high V too high
Freeboard, f= 1.34 1.21 1.21 feet
Calculated Velocity, V= 1.91 0.61 0.61 fps
Flow Top Width, T= 0.65 1.14. 1.14 feet
Flow Area, A= 0.05 0.16 0.16 sq ft
Wetted Perimeter, P= 0.72 1.28 1.28 feet
Hydraulic Radius, R= 0.07 0.13 0.13 feet
Shear stress on channel bottom, = 0.58 1.02 1.02 Ibs/sf
Critical Slope, S.= 0.1181 2.0192 2.0192 ft/ft
Flow stable? {(no if .7S. < s < 1.38,)= yes yes yes
‘ Required Freeboard= 0.5 0.5 05 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

E\PROJECTS\PPLSIPPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONSISWALE CALCS\PERMANENT\[Swales xis)Swale 3.11
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Rational Equation Stormwater Catculations s

sl :“
(Pennoni’
Client: PPL0902 N aa
Project: POI 3 Prnt Date: 17 Aug 11 11:43 AM
Prepared by: NKG Checked by: Project #: PPLO%02
Dale: 15 Sep 11 JFM
Governing Equation: Q= KCiA (wherek=1torenglish unis)
Description: SWALE 3.12 Structure: -
Route: -
Station: -
STEP 1: Caiculate Drainage Area, A and Runoff Coetficient, C:
Hydrologic Runoff
Soil Group Land Land Coeflicient, Area, A A*C
(A,B,C,D) Use Slope C {acres) (acres)
Lawn 0.40 4.853 1.941
Cultivated 0.25 1,067 0.267

Total A* G: 2.20795 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity  Concentrain Calculation
Type of Flow / Ground Gover n Slope {ft) (ft/s) {min) Method
v
v Shaliow Concentrated v
w
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, |: Override calcutation for Tc? @ves O No Tec= 5.0
Rainfall Intensity for Use T, = 50 ° minutes

25 year

STEP 4: Calculate Peak Rate of Runoff, Q: Qz=kCiA

25 vear
Calculated Flow, Q (cfs) = 11.9

'LS\PPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONSISWALE CALCS\PERMANENT\{PPLS0902-Rational Method-Conveyance.xism]Swale 3.12




[Worth American Green - ECMDS Yersion 4.3 [7/20/2011  |09:38 AM COMPUTED BY: NKG
JFROJECT NaME: PPL BBNPP PROJECT NO.: PPLS3902
JFR0M STAT ON/REACH: |TO STATION/REACH: UNVEG IDPAINAGE AREA: S\WALE 312 IDESIGN FREQUENCY: 25YR
HYNRAUILIC RFRINTS SC250 (ne0.038 '
Discharge { Peak Flon |Velocity [fps)] Area sq.ft] | Hydraulic \ormal 220 (n=0.038)
(cfs) | Period () Radius(t) | Depth (1) [ ]
11.9 01 4.5¢ 2.62 0.45 062 ﬂ
N\, §=00%1
: /
1 : ' 1
20 Width = 3.J0 ft 2.0
LINER RESULTS i Notto Scale
Matting Type Vegetation Cheracteristics
Reach Stability Andysis Permissible Calculated Safety Factor Remaiks
] Stape Pattemn Phase | Class | Type [Densty] ShearStiess | Shear Stiess
fnsf] {osf]
Straight SC250 Unvegetated 1 3.00 1.47 STABLE
Slaple €




Moth American Green - ECMDS Yersion 4.3

[7/2372011 [03:39 AM|COMPUTED BY: NKG

PRIJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0S02

JFROM STATION/REACH:

{TO STATION/REACH: VEG

DRAINAGE AREA: SWALE 212

|DESIGN FREGUENCY: 25YR

HYDRAULIC RESULTS
- - " SC250 (n=0.066)
Discharge | Peak Flow |Velocity (fps]| Area(sqft} | Hydraulic | Normal :
(cfs) Period hrs) Radius(itl | Depth (i) \
1.9 0.1 3.08 389 058 0.83 \
N\ §=00381
1 l N 1
Bottom
2.0 Width = 3.00 2.0
UNER RESULTS No:toScale
Matting Type Vegetation Characteristics
Reach Stability Analysis Pamissible Calculated Satety Factor Remarks
Staple Pattern Phase| Class | Type }Density Shear Stiess | Shear Strass R
(psf) {psf]
Straight SC250 VYegetation 3 C |Bunch |75-95% 10.00 1.98 5.04 STABLE
Staple E Soil SandyLoam 1.800 0.257 3N STABLE




Trapezoidal Channel Analysis - Open Channe} Flow {w/ Manning's Eq)}

Client/Subject: PPL Bell Bend
Description: POI' 3
Prepared by: JMO
Date: 15 Sep 11 Checked by:

Print Date: 17 Aug 11 3.6 PM
Project #: PPLS0802

JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or trianguiar (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The Jast
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
i I A 23
Manning's Equation: _ 1.486 A ( P ) ' \/g—
n P
. . Bare - Velocily ~ Grass - Velooity  Grass - Capacity
_____p_____G:ven Input Data: Swale 3.12 ‘ Chetk Check Check
Discharge, Q= 11.90 11.90 11.90 cfs
Left Side Slope = 2.0 2.0 2.0 H:1Vv
Right Side Slope = 2.0 2.0 20 H:v
Base width of Channel, b= 3.0 3.0 3.0 feet
Bed slope, s= 0.0381 0.0381 0.0381 fi/ft
Available depth of channel: 1.50 1.50 - 150 feet
(OPTIONAL)  Input Manning's 'n': 0.0380 0.0660 0.0660
Lining Type: R-6

Calculat_e Flow Degtﬁ:

Fiow depth, d= 0.62 0.84 0.84 feet
Calculated Results: Design Acceplable? V100 high V. 100 hi Yes
Freeboard, f= 0.88 0.66 0.66 feet
Calculated Velocity, V= 450 . 3.04 3.04 fps
Flow Top Width, T= 5.49 6.35 6.35 feet
Flow Area, A= - 2.64 3.92 3.92 sq ft
Wetted Perimeter, P= 5.78 6.75 6.75 feet
Hydraulic Radius, R= 0.46 0.58 0.58 feet
Shear stress on channel bottom, 1= 1.48 1.99 1.99 tbs/sf
Critical Slope, S.= 0.0288 0.0808 0.0808 ft/ft
Flow stable? (no if .7S, < s < 1.38,)= yes yes yes
Required Freeboard= 0.5 0.5 . 0.5 feet
Allowable Velocity for Lining Material= 0.0 13.0 fps

Conclusions
A temporary erosion control blanket (ECB} is needed.

IAPROJECTS\PPLS\PPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTYSwales.xIs)Swale 3.12



Rational Equation Stormwater Calculations : T T
d’ennm/n/
Client: PPL0902 e
Project: PO1 3 Print Date: 28 Aug 11 12:24 PM
Prepared by: NKG Checked by: Project #: PPL0902
Date: 15 Sep 11 JEM
Govemning Equation: Q= K G i A (where k = 1 for english units)
Description:  SWALE 3.13 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A ‘ A*C
(AB,C.D) Use Slope C (acres) (acres)
Lawn 0.40 2,750 1.100

Total A*C: 1.1 acres

STEP 2: Calculate Time of Concentration:

. Flow . Average Time of Velocity
Manning's  Average Length Velocity  Concenfratn Calculation
Type of Flo d Cover n Slope {ft) {fi/s) {min) Method

v
hd Shallow Concentrated
b 4

Channel or Pipe Flow ............... Enter Value Manning's Eq or other

Channel or Pipe Flow .., ............ Enter \r"alue Manning's Eq or othar

Channet or Pipe Flow ............... Enter Value Manning’s Eq or other

Calculated Totat Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, t: Override calculation for Tc? ® ves O No Te= 50
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

Rentaeney R UnD e s AO R

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

! 25 vear
Calculated Flow, Q (cfs)= 5.9

PLS\PPLS0902-Belt Bend Land DevelcpmenfIANALY TICAL\CALCULATIONS\SWALE CALCS\PERMANENT\PPLS0802-Rational Method-Conveyance.xismjSwale 3.13




Morth Ametican Green - ECMDS Version 4.3 1872972011 H2:23PMICOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP PROJECT NO.: PPLSD302
FROM STATICN/REACH: ITD STATION/REACH: UNVEG DRAINAGE AREA: SWALE 3,13 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS $C250 (ne0.040
Discharge | Peak Flow [Velocity (fps)] Area [sq.ft} | Hydraulic Noimal n=0.040)
(cfs) Petiod [hrs) Radius(ft} { Depth {ft) I
k3 0.1 4.90 1.20 0.27 0.33
S =0.1000
1 L _.J 1
Bottom
2.0 Width = 3.00 It 20
LINER RESULTS Notto Scale
Matting Type Vegetation Charactetistics .
Reach Stability Analysis Permissible Caleulated Safety Factor Remarks
Staple Pattern Phase ] Class | Type |Densiy| Sheas Stiess | Shear Stress -
{psf]) Ipsf)
Straight SC250 Unvegetaled 1 3.00 205 1.46 STABLE
Staple £




[North American Green - ECMDS Version 4.3 18723/2011 [12:24 PMICOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP PROJECT NO.. PPLS0S02
FROM STATION/REACH: ITO STATION/REACH: VEG DRAINAGE AREA: SWALE 313 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS .
- - - SC250 (n=0.079)
Discharge | Peak Flow {Velocily {fps)] Area (sq.it) | Hydraulic | Normal
{cfs}) Pericd {hrs] Radius{ft] { Depth (it} ' I
X 01 308 1.92 . 037 0.48

$=0.1000

1 L_ﬂ )
Bott
3 Width = 3.00 1 vxi]
LINER RESULTS Not to Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattein Phase | Class | Type |Densily Shear Stress | Sheat Stress
_ [psf) {psf)
Straight SC250 Vegetation 3 € }Bunch}75-95% 10.00 3.02 332 STABLE
Staple E Soil Sandy Loam 0.800 0.387 2.06 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: POI 3 Print Date; 29 Aug 11 12:24 PM

Prepared by: JMO Project #: PPLS0802
Date: 15 Sep 11 Checked by’
JFM
Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
ta P, 213
Manning’s Equation: Q= J_._tﬁﬁ ‘A ( ) . \/-S-—
Given Inout Data: Swale 3.13 Bareg-b;zlgocity Graszr-)—;/ioci!v Grassc-hﬁgacity
Discharge, Q= 5.90 5.90 5.90 cfs
Left Side Slope = 2.0 - 20 20 H1V
Right Side Slope = 2.0 20 20 H:V
Base width of Channel, b= 3.0 3.0 3.0 feet
' Bed slope, s=  0.1000 0.1000 01000 fuit
Available depth of channel: 1.50 1.50 1.50 feet
(OPTIONAL)  Input Manning's 'n". 0.0400 0.0790 0.0790
Lining Type: :
Calculate Flow Depth:
Flow depth, d= 0.33 .0.49 0.49 feet
Calculated Results: Design Acceplable? Voo high V foo high ¥ too high
Freeboard, f= 1.17 1.01 1.01 feet
Calculated Velocity, V= 4.85 3.04 3.04 fps
Flow Top Width, T= 4.33 495 4,95 feet
Flow Area, A= 1.22 1.94 1.94 sq ft
Wetted Perimeter, P= 4.48 5.18 5.18 feet
Hydraulic Radius, R= 0.27 0.37 0.37 feet
Shear stress on channel bottom, t= 2.07 3.04 3.04 Ibs/sf
Critical Slope, S.= 0.0373 0.1320 0.1320 fuft
Flow stable? (no if .75, <5 < 1.38,)= yes no no
Required Freeboard= 0.5 0.5 0.5 fest
Allowable Velocity for Lining Material= 0.0 fps

Conclusions

A temporary erosion control blanket (ECB) is needed.

INPROJECTS\PPLSVPPLS0802-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\Swales.xis)Swale 3.13



Rational Equation Stormwater Calculations ' T

- B )
(Pennom/
Client; PPL0902 ~—
Project: POI 3 Print Date: 29 Aug 11 114 PM
Prepared by: NKG Checked by: Project #: PPL0902
Date: 15 Sep 11 JEM
Govemning Equation: Q= Kk C i A (where k= 1 for english units)
Description: SWALE 3.14 Structure: ~
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A A*C
(A,B,C,D) Use Slope [ (acres) (acres)
Lawn 0.40 4.160 1.664
Stone 0.85 . 3.490 2.967

Total A* C: 4.6305 acres

STEP 2. Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's Average Ltength Velocity Concentratn Calculation
Type of Flow / Ground Cover n Slope (ft) {ft/s) {min) Method
4 v
- Shallow Concentrated v
- L 4
Channpel or Pipe Flow ............... Enler Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Te? @ ves O no Te= 5.0
Rainfall intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year
o e

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

A

D LS SRS
R

25 year
Calculated Flow, Q (cfs)=  25.0

PLS\PPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rationaf Method-Conveyance.xlsm)Swale 3.14




North American Green - ECMDS Version 4.3

18/28/2011 101:11 PMICOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

[PROJECT NO.: PPLS0302

[FROM STATION/REACH:

|70 STATION/REACH: UNVEG

[DRAINAGE AREA; SWALE 3.14

IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS SCI50 (ne0.027
Discharge | Peak Flow [Velocity (fps)] Area [sq.it) | Hydraulic Normal (n-0027)
(cfs) Period {hrs) Radius(f] | Depth [ft)
25.0 0.1 5.00 5.00 0.70 1.16
S=00136
Bottom
2.0 Width =200 ft 20
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics
Reach Stabilty Analpsis Permissible Calculated Safety Factor Remarks
' Staple Pattemn Phase | Class | Type |Density| ShearStress | Shear Stress
(psf) fpsf)
Straight SC250 Unvegetated 1 300 098 305 STABLE
Staple E




North American Green - ECMDS Version 4.3

J8728/2011 J01:12 PMICOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0S02

FROM STATION/REACH:
HYDRAULIC RESULTS

[TD STATION/REACH: VEG

DRAINAGE AREA: SWALE 314 IDESIGN FREQUENCY: 25VYR
SC250 [n=0.057)

Discharge | Peak Flow [Velocily (fps)] Area (sq.t) | Hydraulic Normal
(cfs) Petiod fhrs) Radius(ft] 1 Depth {ft]) I ‘
P50 0.1 2.91 8.60 0.92 1.63
$=00136
Bottam
20 Width = 2.00 ft 2.0
UNER RESU! IS Not 1o Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Faclor Remarks
Stap.!e Pattem ' Eﬂ’hase Class | Type [Density She-a[a';s'c‘;]tfess Shea{rpi:]tess ‘
Straight SC250 Vegetation 3 € |Bunch|75-85% 10.00 1.39 7.22 STABLE
Staple E Soil Sandy Loam 0.800 a.07 1.26 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: POI 3 ) Print Date: 298 Aug 11 1:14 PM
Prepared by: NKG : Project #: PPLS0902
Date: 15 Sep 11 Checked by:
JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
‘the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference._
sy I A (23
Manning's Equation: Q= 1486 ‘A (_ ) . /S
n P
. . Bare - Velocity ~ Grass - Velocity Grass - Capacity
Given Input Data: Swale 3.14 ek Chack Check
Discharge, Q= 25.00 25.00 25.00 cfs
Left Side Slope = 2.0 2.0 2.0 H:1V
Right Side Siope = 2.0 2.0 2.0 H:1Vv
Base width of Channel, b= 20 2.0 2.0 feet
Bed slope, s= 0.0136 0.0136 0.0136 ft/ft
Available depth of channe!: 2.25 225 2.25 feet
(OPTIONAL) Input Manning's 'n"; 0.0270 0.0570 0.0570
Lining Type:
Calculate Flow Depth:
Flow depth, d= 1.16 1.64 1.64 feet
Calculated Results: Design Acceptable? ¥ too high Voo high V tog high
Freeboard, f= 1.09 0.61 0.61 feet
Calculated Velocity, V= 5.02 2.88 2.88 fps
Flow Top Width, T= 6.62 8.56 8.56 feet
Flow Area, A= 4.98 8.67 8.67 sqft
Wetted Perimeter, P= 717 9.34 9.34 feet
Hydraulic Radius, R= 0.69 0.93 0.93 feet
Shear stress on channel bottom, t= 0.98 1.39 1.39 ibs/sf
Critical Slope, S.= 0.0130 0.0529 0.0529 ft/ft
Flow stable? (noif .75, <s < 1.35,)= no yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
' A temporary erosion control blanket (ECB) is needed.

" E\PROJECTS\PPLSWPPLS0902-Bell Bend Land DovelopmenANALYTICALNCALCULATIONSISWALE CALCS\WERMANENT\Swales.xis|Swate 3.14



Rational Equalion Stormwater Calculations e -
@enno/q i’
Client: PPL0902 e
Project: POI 3 Print Date: 28 Aug 11 2203 PM
Prepared by: NKG Checked by: Project #: PPL0Y02
Date: 15 Sep 11 JFM

Goveming Equation: Q= K C i A (wherek = 1 for english units)

Description: SWALE 3.15 Structure: -
Route: -

Station: -

STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:

Hydrologic Runoff
Soil Group Land / Land Coefficient, Area, A A*C
(A,B,C.D) Use Slope C gacres) gacresz
Lawn (Swale 3.14) 0.40 4.160 1.664
Lawn (Swale 3.15) 0.40 0.030 0.012
Stone (Swale 3.14) 0.85 3.490 2.967

#VALUE!

#VALUE! acres

STEP 2: Calculate Time of Concentration:

Flow Average - Time of Velocity
Manning's  Average L.ength Velocity Concentratn Calculation
Type of Flow / Ground Cover n Slope (ft) (ft/s) {min) Method
v
v Shailow Concentrated
v
Channel or Pipe Flow .., ............ Enter Vailue Manning's Eq or other
Channel or Pipe Flow ..,............ Enter Value Manning's Eq or other
Channel or Pipe Flow _.._........... ' Enter Value Manning's £q or other
Calculated Total Time of Concentration, T.: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for T¢? @ ves O no Tec= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

L G

STEP 4: Calcuiate Peak Rate of Runoff, Q: Q=kCiA
25 year .
Calculated Flow, Q (cfs) = ###H#H### #i R B#Hitt#i HEEHE

PLS\WPPLS0902-Bell Bend Land DevelopmentANALY TICALCALCULATIONSISWALE CALCS\PERMANENT\{PPLS0902-Rational Method-Conveyance.xism]Swale 3.15



North American Gieen - ECMDS Version 4.3

[8723/,2611  102:01 PMICOMPUTED BY: NKG

PROJECT N&ME: PPL BBNPP

PROJECT NO.: PPLS0S02

FROM STATION/REACH: {TO STATION/REACH: CONC. DRAINAGE AREA: SWALE 3.15 JDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS e e [ne0.020
Discharge | Peak Flow |Velocity (fps)] Area{sq.f) | Hydraulic Notnal oncrete (n=0.020)
fcfs}) Period fhrs} Radiusiit] { Depth it}
25.1 0.1 17.04 1.47 0.35 049
$=02130
LINER RESULTS Notto Scale
Malling Type - Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattemn Phase | Class | Type |Densily] Sheat Stiess | Shear Stress
[psf) {psf)
Stiaight Conciete Unvegetated N/& 6.56 N/A STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: PO1 3 ' Print Date: 29 Aug 11 2:3 PM
Prepared by: NKG Project #: PPLS0902
Date: 15 Sep 11 Checked by:
JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
- I o, A N23
Manning's Equation: Q= 1.486 A (.; ) . /S
n
. . Bare - Velocity ~ Grass - Velocity, Grass - Capacity
—&——leen Input Data: Swale 3.15 Check Check Check
Discharge, Q= 25.10 25.10 25.10 cfs
Left Side Slope = 2.0 2.0 2.0 H:1V
Right Side Slope = 2.0 2.0 2.0 H:4V
Base width of Channel, b= 2.0 2.0 2.0 feet
- Bed slope, s=  0.2130 0.2130 0.2130  fift
Available depth of channel: 2.00 2.00 2.00 feet
(OPTIONAL) Input Manning's 'n": 0.0200 0.0200 0.0200
Lining Type:

Calculate Fiow Depth:

Flow depth, d= 0.49 0.49 0.49 feet
Calculated Results: Dasian Acceptabte? ¥ too high V tog high V too high

Freeboard, f= 1.51 1.51 1.51 feet

Calculated Velocity, V= 17.07 17.07 17.07 fps

Flow Top Width, T= 397 3.97 3.97 feet
Flow Area, A= 1.47 1.47 1.47 sq ft

- Welted Perimeter, P= 4.20 4.20 4.20 feet
Hydraulic Radius, R= 0.35 0.35 0.35 feet

Shear stress on channel bottom, = 6.55 6.55 6.55 tbs/sf
Critical Slope, S.= 0.0087 0.0087 0.0087 ft/ft
Flow stable? (no if .7S; <s < 1.38.)= yes yes yes

Required Freeboard= 0.5 0.5 0.5 | feet

Aliowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

I\PROJECT S\WPPLS\PPLS0902-Beli Bend Land DevelopmentANALYTICALNCALCULATIONS\SWALE CALCS\PERMANENT\Swales. xis)Swale 3.15



Rational Equation Stormwater Calculations P N
Pennoni’
Client: PPL0902 .
Project: POI 3 Print Date: 1Sep 11 3:16 PM
Prepared by. NKG Checked by: Project #: PPL0Y02
Date: 15 Sep 11 . JEM

Governing Equaton: Q= kCi A

{where k = 1 for english units)

Description: SWALE 3.16 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A A*C
{A.B,C,D) Use Slope C (acres) {acres)
Cultivated {Swale 3.9) 0.25 0.469 0.117
Cultivated (Swale 3.16) 0.25 0.380 0.095
Lawn (Swale 3.16) 0.40 0.240 0.096
Lawn (Swale 3.9) 0.40 2.651 ’ 1.060
Lawn (Swale 3.14) 0.40 4.160 1.664
Lawn (Swale 3.15) 0.40 0.030 0.012
Stone (Swale 3.14) 0.85 3.490 2.967

STEP 2. Calculate Time of Concentration:

Total A* C: 6.01115 acres

Flow Average Time of Velocity
Manning's  Average Length Velocity  Concentratn Calcuiation
Type of Flow / Ground Cover n Slope (ft) {ft/s) (min) Method
v v
v Shallow Concentrated v
b 4 A\ 4
Channel or Pipe Flow .... Enter Value Manning’s Eq or other
Channel or Pipe Flow .... Enter Value Manning's Eq or other
Channel or Pipe Flow ..., Enter Value Manning's £q or other
Calculated Total Time of Concentration, T: 5.0 minutes
STEP 3: Calculate Rainfal! Intensity, |: Override calculation for Tc? @ ves O no Te= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

25 year

Storm Recurrence frequency (years):

S R R R
%ﬁa@!aﬁ;mtené@m h

RSP A SNNEE SEREE SR

STEP 4: Calculate Peak Rate of Runoff, Q:

25 year

Calculated Flow, Q {cfs)= 32.5

PLS\PPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\{PPLS0902-Rational Method-Conveyance xlsm|Swate 3.16




Noith Amersican Green - ECMDS Version 4.3 197172011 [03:21 PMICOMPUTED BY: NKG

PROJECT NAME: PPl BBNPP IPROJECT NG PPLS0302
|JFROM STATION/REACH: [TO'STATIGON/REACH: CONC [DRAINAGE AREA; SWALE 316 [DESIGN FREQUENCY: 25YR
Concrete {n=0.020)

HYDRAULIC RESULTS

Discharge | Pesk Flow {Velocity (fps)| Area [sq.ft) | Hydiaulic | Noimal
{cfs) Period {hrs) Radius(ft} | Depth (fy
B25 o1 18.34 1.77 839 057
$=02130
Bott
30 Width= 200 70
L'NEB BESULTS . Not to Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis| Pesmissible Calculated Safety Factor Remarks
Staple Patten Phase | Class | Type [Density She?l;s&‘;]lyess Shea[;ji't]«ess

Staight Conciete Unvegetated N/A 7.52 N/A STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning’s Eg)

Client/Subject: PPL Bell Bend

Description; POI 3 Print Date: 1 Sep 11 3:22 PM
Prepared by: NKG Project #: PPLS0902
Date: 15 Sep 11 Checked by:
JFM

Objective:
Using Manning's equation, this spreadsheet wili calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum aliowable velocity as indicated by the PA E&S manuai.

Method: See PA Erosion and Sedimentation Control Manual for reference.
A I A (23
Manning's Equation: Q- 1.486 “A (_) N /S
n P
. . Bare - Velocily  Grass - Velocity  Grass - cit
Given Input Data: Swale 3.16 Check Check Check
Discharge, Q=  32.50 32.50 3250  cfs
Left Side Slope = 2.0 2.0 2.0 H:V
Right Side Slope = 2.0 2.0 2.0 H:1V
Base width of Channel, b= 2.0 2.0 2.0 feet
’ Bed slope, s= 0.2130 0.2130 0.2130 ft/ft
Available depth of channel: 2.00 2.00 2.00 feet
(OPTIONAL}  Input Manning's 'n'"; 0.0200 0.0200 0.0200
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.57 0.57 0.57 feet
Calculated Results: Design Acceplable? V tog high V {00 high V foo high
Freeboard, f= 143 1.43 143  feet
Calculated Velocity, V= 18.36 18.36 18.36 fps
Flow Top Width, T= 4.26 4.26 4.26 feet
Flow Area, A= 1.77 1.77 1.77 sq ft
Wetted Perimeter, P= 4.53 4.53 453 feet
Hydraulic Radius, R= 0.39 0.39 0.39 feet
Shear stress on channel bottom, t = 7.52 7.52 7.52 Ibs/sf
Critical Slope, S.= 0.0085 0.0085 0.0085 fuit
Flow stable? (no if .7S, <s < 1.38,)= yes yes yes
Required Freeboard= 05 0.5 0.5 feet
Allowable Velacity for Lining Material= 0.0 ‘ fps

Conclusions ‘
A temporary erosion control blanket (ECB) is needed.

I\PROJECTS\PPLS\PPLS0902-Betl Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCSIPERMANENT\{Swales xis)Swale 3.16



Rational Equation Stormwater Calculations

d”énnogi/
Client: PPL0902 e
Project: P01 5 Print Date: 17 Aug 11 11:48 AM
Prepared by: NKG Checked by: Project #: PPL0802
Date: 15 Sep 11 , JFM ’
Governing Equation: Q = KC i A  (wherek = 1 for english units)
Description:. SWALE 5.1 Structure: -
Route: -~
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runioff : ]
Soil Group L.and Land Coefficient, Area, A A*C
(A,B,C.D) Use Slope c (acres} (acres)
Stone 0.85 0.438 0.372
Lawn 0.40 2.062 0.825
Cuttivated 0.25 2.490 0.623
Woods 0.08 0.366 0.029

Total A* C: 1.84888 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity  Concentratn Calcutation
Type of Flow / Ground Cover n Slope (i (f¥/s) {min) Method
l v l
- Shallow Concentrated v
-
Channet or Pipe Flow ............... Enter Value Manning’s Eq or other
Channel or Pipe Flow ............ Enter Value Manning's Eq or other
Channel or Pipe Flow Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T.: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? @ ves O o Tc= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q (cfs) =  10.0

PLS\PPLS0902-Bell Bend Land DevelopmenANALYTICALNCALCULATIONS\SWALE CALCSWERMANENT\[PPLS0302-Rational Method-Conveyance xlsm]Swale 5.1



Notth Amatican Green - ECMDS Version 4.3

[772072011 [09:45 AMICOMPUTED BY: NKG

[PROJECT NAME: PPL BBNPP

JPROJECT NO.: PPLSD302

FROM STATION/REACH: ITQ STATION/REACH: UNVEG . IDRAINAGE AREA: SWALE 5.1 {DESIGN FREQUENLY: 25'YR
HYDRAULIC RESULTS §75 (120,050
Discharge | Peak Flow [Velocity {fps]| Area [sq.ft. | Hydraulic | Normal (n=0.050)
{cfs) Period (hs) Radius{ft] | Depth (f]
f12.0 01 265 378 050 073
Bottom
, 3.0 Width = 3.00 ft 3.0
; «
LINER RESULTS ‘ Netto Scale
Matting Type VYegetation Chatacteristics
Reach Stability Analysis : Permissible Calculated Safety Factor Remarks
Staple Pattern Phase | Class | Type [Density| Shear Stiess | Shear Stress .
(psf) {psf) -
Straight $75 Unvegetated 1.55 0.91 1.70 STABLE
Staple D




INoith American Green - EEMDS Version 4.3 J7/23/2011 109:46 AMICOMPUTED BY: NKG

JPRJIJECT NAME: PPL BBNPP JPROJECY NO.: PPLS0902
JFROM STATION/REACH: iTO STATION/REACH: VEG IDRAINAGE AREA; SWALEET IDESIGN FREQUENCY: 25'YR
HYDRAULIC RESULTS
Unreinforced Vegetati =().081
Dischaige | Peak Flow [Velocity (fps)} Areafsq.it) | Hydraulic | Normal rieinforced Vegelation n }
cis) Period [hrs) Radius(ft] | Depth (] l
0.0 0.1 1.86 5.36 0.60 0.93
$=0020
1 N\, 'l II 1
Bottom
3.0 Width = 3.00 ft 3.0
LINER RESULTS No:to Scale
Mattiag Type Vegelation Characteristics
Reach Stability Analysis Permissible Calculated Safely Factor Remarks
Staple Pattern Phase | Class | Type [Density Shear Stiess | Shear Stizss
{psf) (psh)
Straight Unrenforced Vegstation C }Bunch}75-95% 4.20 1.16 363 STABLE
Soil SandyLoam 1.035 0.027 1.62 STABLE




Trapezoidal Channel Analysis - Open Channe! Flow (w/ Manning's £q)

Client/Subject: PPL Bell Bend

Description: PQI 5 Print Date: 17AUQ 11 3:6 PM
Prepared by: JMO Project #: pPPLSC902
Date: 15 Sep 11 Checked by:
JFM
Objective;
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or trianguiar (b=0) channel. By inputling the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
N . 213
Manning's Equation: _ 1.486 * A ) * \/S-
n
. . Bare - Velocily  Grass - Velocily  Grass - Capacity
Given Input Data: Swale 5.1 Check Check Check
Discharge, Q= 10.00 10.00 10.00 cfs
Left Side Slope = 3.0 3.0 3.0 H:1V
Right Side Slope = 3.0 3.0 3.0 H:1V
Base width of Channel, b= 3.0 3.0 _ 3.0 feet
Bed slope, s= 0.0200 0.0200 0.0200 fuft
Available depth of channel: 1.50 1.50 1.50 feet
(OPTIONAL) Input Manning's 'n"; 0.0500 0.0810 0.0810
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.73 0.93 0.93 feet
Calculated Results: Design Acceptable? V foc high V foa high ¥ tog high
Freeboard, f= 0.77 0.57 0.57 feet
Calculated Velocity, V= 2.63 1.85 1.85 fps
Flow Top Width, T= 7.40 8.60 8.60 feet
Flow Area, A= 3.81 5.42 5.42 sq ft
Wetted Perimeter, P= 7.63 8.91 8.91 feet
Hydraulic Radius, R= 0.50 0.61 0.61 feet
Shear stress on channel bottom, 1t = 0.91 1.17 1.17 tbs/sf
Critical Slope, S.= 0.0474 0.1167 0.1167 ft/ft
Flow stable? (no if .7S. < s < 1.3S,)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions

Atemporary erosion control blanket (ECB) is needed.

LAPROJECTSIPPLSIPPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\Swales xis)Swale 5.1



Rational Equation Stormwater Calculations - 3

_d’ennogi
Client: PPL0902 e
Project: POI 5 PrintDate: 17 Aug 1% 11:49 AM
Prepared by: NKG Checked by: Project #: PPL0202
Date: 15 Sep 11 JFM
Governing Equation: Q@ = K C 1 A (where k = 1 for english urits)
Description: SWALE 5.2 Structure: -
: Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runofif
Soil Group tand Land Coefficient, Area, A A*‘C
(A,8,C.D) Use Slope [ (acres) {acres)
impsrvious 0.95 1.574 1.495
Lawn 0.40 3.830 1.632
Stone 0.85 0.436 0.371

Total A* C: 3.3979 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity ~ Concentratn Calculation
Type of Flow / Ground Cover n Slope (ft) (ft/s) {min) Method
v
- Shallow Concentrated
v
Channel or Pipe Flow ............... Enter Value- Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, i: Override calculation for Tc? @ves Ono Tc= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

STEP 4: Calculate Peak Rate of Runoff, Q: Qz=kCiA

25 year
Calculated Flow, Q (cfs) = 18.3

PLS\PPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCSWERMANENT\{PPLS0902-Rational Method-Conveyance.xismjSwale 5.2



North American Green - ECMDS Varsion 4.3 [7720/2011 [08.49 AMICOMPUTED BY: NKG
PROJECT NAME: PPL BBNPP JPROJECT NO.; PPLS0802
[FROM STATION/3EACH: ITO STATION/REACH: UNVEG iIDRAINAGE AREA: SWALE A2 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS
- - - SC250 {n=0.034)
Discharge | Peak Flow [Velocity (fps)f Atea (sq.ft) | Hydraulic Noimal -
[cts) teiod thrst Hadiusltt Depth {1t ' 1 ‘
18.3 01 413 4,42 0.54 0.8
S =0.0210
N :
1 L— ! ' 1
Bott
T0 Width= 3001 70
LINER RESULTS ' Not to Scale
Matting Type Vegetation Characteristics
Reach Stability Analyzis Pemissitle Calculated Safety Factor Remaiks
Staple Pattemn Phase | Class | Type |Density] Shean Stess | Shear Stiess
(psf) {psf)
Staight SC250 Unvegetated 1 3.00 1.02 288 STAELE
Staple £




[7720/20011 J0950 AM{ZGMPUTED BY: NKG

[North American Green - ECMDS Version 4.3
JPROUECT NO.: PPLS0802
JDESIGN MCQUINCY: 25YN

IPROJECT NAME: PPL BBNPP
|DPAINAGE ANCA: SWALL 5.2

IrNOM STATION/NCACIL: ITO STATIONANCACH VLG

HYDRAULIC RESULTS $£250 (n=0.066)
Discharge | Peak Flon [Velkceity (fosf Area (sa.f) | Hydrauic | Mormal L
Period (h's) Radius{t] | Depth (ft) ‘

_J_.\ : .|

fcfz) ‘ l
183 0.1 2.54 718 0.7 1.13 \
\. §=00200

~\ .': '
1 \.’l — .:/ 1
Bottom
30 WWidth = 3.00 ft 3.0
LINER RESULTS Nolto Scalz

Mattina Type Veaetation Characteristics o .
Reach : Stability Analsis Permissible Calculated SafetyFactor Renarks

Stape Pattem Phase | Cass | Type [Densig| 3hear Sress | Shear Stiess

. : {psf. {ps) -

Straight SC250 Vegetation 3 2 |Bunch|7E-95% 10.00 1.41 7.1 ST4BLE
Staple E Soil Sandy Loam 0.800 0.126 533 STABLE




Trapezoidal Channel Analysis - Open Channel Fiow (w/ Manning's EQ)

Client/Subject: PPL Bell Bend

Description: POI 5 Print Date; 17 Aug 11 3:6 PM
Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 [Groooay— ’
JFM
Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
- a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
Manning's Equation: - _ 1.486 A )2/3 /s
n
. Bare - Velocity — Grass - Velocity Grass - Capacity
Given Input Data: Swale 5.2 " Check Chock
Discharge, Q= 18.30 18.30 18.30 cfs
Left Side Slope = 3.0 3.0 3.0 H:1V
Right Side Slope = 3.0 3.0 3.0 H:1V
Base width of Channel, b= 3.0 3.0 3.0 feet
Bed slope, s= 0.0200 0.0200 0.0200 ft/ft
Available depth of channel: 2.00 2.00 2.00 feet
{OPTIONAL)  Input Manning's 'n": 0.0340 0.0660 0.0660
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.82 1.13 113 feet
Calculated Resuits: Design Acceptable? ¥ oo high Y too high V too high
Freeboard, f= 1.18 0.87 0.87 feet
Calculated Velocity, V= 411 253 2.53 fps
Flow Top Width, T= 7.90 9.79 9.79 feet
Flow Area, A= 445 7.23 7.23 sq ft
Wetted Perimeter, P= 8.17 10.16 10.16 feet
Hydraulic Radius, R= 0.55 0.71 0.71, feet
Shear stress on channel bottom, t= 1.02 1.41 1.41 Ibs/sf
Critical Slope, S.= 0.0213 0.0737 0.0737 ft/ft
Flow stable? (no if .78, < s < 1.38,)= no yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions

A temporary erosion control blanket (ECB) is needed.

INPROJECTS\PPLS\PPLS0S02-Bell Bend Land DevelopmentANALYTICALCALCULATIONS\SWALE CALCS\PERMANENT\Swales.xis]Swaie 5.2



Rational Equation Stormwater Calculations

T
(Pennoni’
Clieni: PPL0S02 s
Project: POI S Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Projecl #: PPLO902
Date: 15 Sep 1" M
Governing Equation: Q = K C i A (where k=1 for english units)
Description: SWALE 5.3 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoft Coefficient, C:
Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A A‘C
{A,B,C,D) Use Slope C (acres) : : (acres)
Impervious 0.95 0.527 0.501
Lawn 0.40 1.097 0.439
Stone 0.85 0.086 0.073

Total A* C: 1.01255 acres

STEP 2: Cailculate Time of Concentration:

Flow Average Time of Velocity
Manning's Average Length Velocity  Concentratn Calculation
Type of Flow / Ground Cover n Slope {1t) (fi/s) {min) Method
- r-
L 4 i Shallow Concentrated
v L
Channel or Pipe Flow ............... Enter Value Manaing's Eq or other
Channel or Pipe Flow _.............. Enter Value Manning's Eq or other
Channel or Pipe Flow ..,............ Enter Value Manning's Eq o other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Caiculate Rainfall Intensity, I: Override calculation for T¢? @ves O o Tec= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

Calcuiated Flow, Q (cfs)= 5.5

PLSWPLS0902-Bell Bend Land DevelopmentANALYTICALNCALCULATIONS\SWALE CALCSWERMANENT\PPLS(902-Ralional Method-Conveyance. xlsm]}Swale 5.3



Honh American Green - ECMDS Version 4.3
[PROJECT NAME PPL BSBNPP

[772072017 J03:52 AMJCOMPUTED BY: NKG
|PROJECT NO.; PPLS0302
JFROM S™ATION/REACH 1”0 STATION/REACH: UNVEG IDRAINASE AREA: SWALE 5.3 IDESIGN FREQUENCY: 28YR
HYDRAULIC RESULTS . 575 [ne0.051)
Discharge | Peak Flow [Velocty (fps)] Area (sqit) | Hydiaulic | MNormal : n-
{cfs) Period thrs} .| Radius{ft] | Depth(Y)
5.E 0.1 204 270 043 0.67
S=0.01 .JO
1 " " 1
Botom
30 Width = 2.00 ft 30
LINFR BFSUITS Mot to Scale
Matting Type Vegelation Characteristics
Reach Stability Analys s Pemislsible Calculated Safety Factor Remarks
_____ Staple Pattein Phase | Class | Type |Densiy| ShearStiess | Shear Stress
psf] psf)
Straight €75 Unvegetated 1,55 0.63 246 STABLE
Steple D




MNorth Americat Gieen - ECMDS Version 4.3 [772072001 139:53 AM|COMPUTED EY: NKG
PR0JECT NAVE: PPL BENPP IPROJECT NO.: PPLS0302 :
[FROM STATION/REACH: IT0 STATION/REACH: VEG {DRAIMAGE AREA: SWALE &3 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS Urreinforced Vagetation (n=0.102)
Discharge | Peak Flow {Velocity {frs)] Aiea{sqft) | Hydrauiic Normat i —
{cfs) Period (hrs’ Radiustfi} | Depth{it] ‘
b5 0.1 1.22 450 0.57 0.9¢
\~ S-00150
N L/
1 N 1
Bott
30 Widh-200 ‘5“01
INER RES Not toScale
Matting Type Vegetatinn {haractesisting
Reach Stebility Analysis Permissible Calculated Safety Factor Rematks
+o1 Shear Stress | Shear Stress
Staple Pattemn Phase | Cass { Type [Density (bsh) o]
Straight Unseirforced Vegetation C JBunch|7595% 4.20 0.88 £80 STABLE
Sail Candy Loam 0.035 0.010 342 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's £q)

Client/Subject: PPL Bell Bend

Description: POI § Print Date: 17 Aug 11 3:6 PM
Prepared by: JMO Project #: PPLS0802
Date: 15 Sep 11 Checked by:
JFM
Objective:
Using Manning'’s equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or trianguiar (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.'
N . A (203
Manning’s Equation:  _ 1486 , ( ; ) x \/S_
n
. . Bare - Velocity  Grass - Velocity, Grass - Capacity
Given Input Data: Swale 5.3 Check Check Check
Discharge, Q= 5.50 5.50 5.50 cfs
L eft Side Slope = 3.0 3.0 3.0 H:1V
Right Side Slope = 3.0 3.0 3.0 H:V
Base width of Channel, b= 20 2.0 20 feet
Bed slope, s= 0.0150 0.0150 0.0150 f/ft
Available depth of channel: 2.00 2.00 200  feet
(OPTIONAL) Input Manning's 'n": 0.0510 0.1020 0.1020
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.68 0.94 0.94 feet
Calculated Results: Design Acceptable? V too high ¥ toa high ¥ 100 high
Freeboard, i= 1.32 1.06 1.06 feet
Calculated Velocity, V= 2.02 1.21 1.21 fps
Flow Top Width, T= 6.06 7.65 7.65 feet
Flow Area, A= 2.73 4.54 4.54 sq ft
Wetted Perimeter, P= 6.28 7.95 7.95 feet
Hydraulic Radius, R= 0.43 0.57 0.57 feet
Shear stress on channel bottom, t= 0.63 0.88 0.88 Ibs/sf
Critical Slope, S.= 0.0518 0.1899 0.1899 fUt
Flow stable? (no if .7S, <s < 1.35.)= / yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowabte Velocity for Lining Material= 0.0 fps

Conclusions

A temporary erosion control blanket (ECB) is needed.

IPROJECTS\PPLS\PPLS0802-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCSIPERMANENT\{Swales.xis)Swale 5.3



Rational Equation Stormwater Caiculations - ™
(Pennoni’
Client: PPL0302 N
Project: POl 5 Print Date: 17 Aug 11 11:48 AM
Prepared by: NKG Checked by: Project #: PPL0902
Date: 15 Sep 11 JFM
Governing Equation: Q = KC i A (wherek =1 for english units)
Description:. SWALE 5.4 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group Land Land Coeficient, Area, A A*C
(A,B,C.D) Use Slope C (acres) (acres)
Impervious 0.95 1.000 0.850
Lawn 0.40 0.781 0.312
Stone 0.85 0.269 0.229

TotatA* C: 1.49105 acres

STEP 2: Calculate Time of Concentration:

Fiow Average Time of Velocity
Manning's  Average Length Veiocity  Concentratn Calculation
Type of Fiow / Ground Cover n Slope {1 (it/s) ___(min) Method
v v
v Shallow Concentrated v
v v
Channel or Pipe Flow ............... ) Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning’s Eq or other
Calcuiated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation lor Tc? @ves O no Te = 5.0
Rainfall Intensity for Use Ty = 5.0 minutes

Storm Recurrence frequency (years): 25 year

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year

Calculated Flow, Q (cfs) = 8.1

PLS\PPLS0802-Bell Bend Land DevelopmenhANALYTICALNCALCULATIONS\SWALE CALCSWERMANENT\[PP1.S0902-Rational Method-Conveyance. xlsm|Swale 5.4




[Narth Ametican Green - ECMDS Version 4.3 [2/20/2011  [03:55 AVM|COMPUTED BY: NKG
IPROJECT NANE: PPL BBNPP JPROJECT hO.: PPLS0S02
IFROM STATION/REACH: [0 STATION/REACH: UNVEG IDR&INAGE AREA: SWA_E 5.4 [DESIGN FREQUENCY: 25YR
YDRAUL LTS : qwa 47
Discharge [Peak Flow [Velacily (fps)] Area {sq.it) | Hydiaulc T Nomal . (n=N 047)
(cfs) | Period (His) Radius(f) | Depth [f] ‘
8.1 01 2.07 392 8.53 0.86
S 0.0100 /
1 " : 1
Bottom
30 Wicth = 2.00 ft 30
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics
Reach Stabiliy Analysis Peimissible Calculated Safety Factor Remarks
Staple Pattemn Phase | Class | Type |Density] Shear Stiess | Shea Stess
(pst} ipst)
Straight S7E Unvagetated 1.55 0.53 2.90 STABLE
Staple D




INorh Ametican Green - ECMDS Veision 4.3

[7720/2011

J03:55 AM [COMPUTED BY: HKG

JPROJEET NO -

PPLS0302

{PROJECT NAME: PPL BBNPP
JFROM STATION/REACH: {T0 STATION/REACH: VEG {DRAINAGE AREA: SWALE 5.4 IDESIGN FREQUENCY: 25 'YR
HYDRAULIC RESULTS Unisirforced Vegetation (n=0.052)
Discharge | Peak Flow [Melocity (fps)] Area {sq.ft} | Hydraulic Normal nierioiced Vegeaton in-
{cfs) Petiod (hrs) Radius(t] 1 Depth{ft} i
B.1 0.1 1.26 6.45 0.69 117
S =00100
'L
Bottom
3.0 Width = 2.00 ft 30
UINER RESULTS Hot to Sealo
Malting Type Vegetation Chatacteristizs
Reach Stability Analysis Permissible Caleulated Safety Factor Remarks
Staple Patten Phase| Class | Type IDznsily| ShearStress | thear Stiess
(psf) {psf}
¢ Staight Unreinforced Vegetation C |Bunch|7595% 4.20 0.73 575 STABLE
[ Soll Sandy Loam 0.035 0010 334 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: POl 5 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by:
JFM
Obijective:
Using Manning’s equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allfowable velocity as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
Manning's Equation: . 1486 , (-/-\- )2/3* \/S—,
n P
Given Input Data: Swale 5.4 Barec-hiocigz Gra§(s:t-‘_e}/ciiociix Grassc;\ﬁgacitx
Discharge, Q= 8.10 , 8.10 8.10 cfs
Left Side Slope = 3.0 - 3.0 3.0 H:AV
Right Side Slope = 3.0 3.0 3.0 H:1v
Base width of Channel, b= 20 20 20  feet
Bed slope, s= 0.0100 0.0100 0.0100 f/ft
Available depth of channel: 2.00 2.00 2.00 feet
{OPTIONAL) Input Manning's 'n"; 0.0470 0.0920 0.0920
Lining Type:
Calculate Flow Depth:
Flow depth, d=_ 0.86 1.18 1.18 feet
Calculated Results: Desion Acceptable? ¥ too high V100 high ¥ too high
Freeboard, f= 1.14 0.82 0.82 feet
Calculated Velocity, V= 2.05 1.25 1.25 fps
Flow Top Width, T= 717 © 9.0 9.06 feet
Flow Area, A= 3.95 6.50 6.50 sq ft
Wetted Perimeter, P= 7.45 9.44 9.44 feet
Hydraulic Radius, R= 0.53 0.69 0.69 feet
Shear stress on channel bottom, 1= 0.54 0.73 0.73 tbs/sf
Critical Slope, S.= 0.0413 0.1454 0.1454 ft/ft
Flow stable? (no if .7S, < s < 1.38,)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions .
A temporary erosion control blanket (ECB) is needed.

EAPROJECTS\PPLS\PPLS0902-Bell Bend Land DevelopmenANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[Swales xis]Swale 5.4



Rational Equation Stormwater Calculations e N
' (Pennoni’
- —

Client: PPL0902 -
Project: POI 5

Print Date: 18 Aug 11 3:21 PM

Prepared by: NKG Checked by: Project #: PPL0g02
Date: 15 Sep 11 JEM
Governing Equation: Q = K C 1 A pwherek = 1 for english units)
Description: SWALE 5.5 : Structure: -
Route: -~
Station: -
STEP 1: Calcufate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
© Soil Group Land Land Coefficient, Area, A A*C
(A.B.C.D) Use Slope c {acres) (acres)
Impervious {Swale 5.5) 0.95 1.246 1.184
Impervious (Swale 5.4) 0.95 1.000 0.950
Lawn (Swale 5.5) 0.40 1.024 0.410
" Lawn (Swale 5.4) 0.40 0.784 0.312
Stone (Swale 5.5) 0.85 5.070 4.310
Slone (Swale 5.4) 0.85 . 0.269 0.229

Total A* C: 7.39385 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity  Concentratn Calculation
Type of Flow / Ground Cover n Slope (i) (ft/s) {min) Method
[ 0] -
v Shallow Concentrated
v
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow Enter Value : Manning's Eq or other
Channel or Pipe Flow ,,..... Enter Value Manning's Eq or other
Calcutated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Te? ®ves O no Te= 5.0
Rainfall Intensity for Use T, = 50  minutes

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q (cfs})= 39.9

2PLS\PPLS0902-8ell Bend Land DevelopmentANALY TICAL\CALCULATIONS\SWALE CALCS\PERMANENT\(PPLS(902-Rational Method-Conveyance.xism]Svals 5.5




INoith American Gieen - ECMDS Version 4.3 lg/18/2011 |03:52 PM[COMPUTED BY: NKG
PROJECT NAME: PPL BBNPP PROJECT NO.: PPLS0302
FROM STATION/REACH: [TO STATION/REACH: UNVEG DRAINAGE AREA: SWALE 5.5 . IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS SC25D (e, 025
Dischaige | Peak Flow [Velocity {fps)] Area [sq.it) | Hydraulic Noimal (n=0.025)
{cls) Period (hs) Radius{t} | Depth it}
Bsg 01 £.92 577 0.75 1.27
$=0.0200
1 '__G 1
Bott
Z width = 2.00 f 70
LINER RESULTS Not to Scale
Matling Type Vegetation Characteristics
Reach Stability Analysis} Peimissible Calcujated Safety Factor Remarks
Staple Pattein ' Phase | Class | Type |Density| ShearStiess | Shear Stress
. [psf) (psf) -
Straight SC250 Unvegetated 1 3.00 1.59 1.89 STABLE
Staple £ :




Noith American Gieen - ECMDS Version 4.3

j8/18/2011 [63:52 PM|{COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPL50302

[T0 STATIDN/REACH: VEG

DRAINAGE AREA: SWALE 55

IDESIGN FREQUENCY: 25YR

FROM STATION/REACH:
HYDRAULIC RESULTS
- - . 5€250 (n=0.049)
Dischaige | Peak Flow [Velocity (fps)} Area {sa.ft) | Hydraulc Normal s
(els) | Period (fus) Radiusil) | Depth ] l
B33 01 423 943 097 1.73
S =0,0200
1
Bott
70 Widh=200n 70
LIN RESULTS Notto Scale
Matting Type Vegelation Characteristics
Reach Stability Analysis| Permissible Calculated Safety Factor Rematks
Staple Patten | Phase | Class | Type [Densily She?‘;:‘;}hess Shea(;?:{l;ess . )
Straight SC250 Vegetation € |}Bunch]75:85% 10.00 2.16 464 STABLE
Staple E Soit Sandy Loam 0.800 0.12 6.63 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: POI 5 Print Date; 18 Aug 11 3:53 PM
Prepared by: JMO Project#: PPLS0902
Date: 15 Sep 11 Checked by:
JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
sy — A 203
Manning's Equation: Q= 1.486 e (.._. ) . /S
n P
" . Bare - Velocity ~ Grass - Velocity ~ Grass - Capacity
Given Input Data: Swale 5.5 Check Check Check
Discharge, Q= 39.90 39.90 39.90 cfs
Left Side Slope = 2.0 20 20 Hv
Right Side Slope = 2,0 2.0 2.0 H:1V
Base width of Channel, b= 2.0 .20 2.0 feet
Bed slope, s= 0.0200 0.0200 0.0200 ft/ft
Available depth of channel: 2.25 2.25 2.25 feet
(OPTIONAL) - Input Manning's 'n> 00250 0.0490 0.0490
Lining Type:

Calculate Flow Depth:

Flow depth, d= 1.27 1.74 1.74 feet
Calculated Results: Design Acceplable? Voo high ¥ too high ¥ too high
Freeboard, f= 0.98 0.51 0.51 feet
Calculated Velocity, V= 6.93 4.20 4.20 fps
Flow Top Width, T= 7.08 8.94 8.94 feet
Flow Area, A= 5.76 9.49 9.49 sq ft
Wetted Perimeter, P= 7.68 9.76 9.76 feet
Hydraulic Radius, R= 0.75 0.97 0.97 feet
Shear stress on channel bottom, 1 = 1.58 2.17 2.17 ibs/sf
Critical Slope, S.= 0.0109 0.0385 0.0385 fUft
Flow stable? (no if 7S, <s < 1.38,)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion contro! blanket (ECB) is needed.

IAPROJECTS\PPLS\PPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTSwales Ms}Swale 5.5
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Raticnal Equation Stormwater Calculations

Client: PPL0902

SR

Project: POl 5 Print Date: 18 Aug 11°3:21 PM
Prepared by: NKG Checked by: Project #: PP1L0902
Date: 15 Sep 11 JEM
Governing Equation: Q= K C i A (where k = 1 for english units)
Description: SWALE 5.6 Structure: -
: Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A A*C
(A,B,C,D) Use Slope C (acres) (acres)
Impervious (Swale §.6) 0.95 0.258 0.245
Impervious (Swale 5.9) 0.95 0.060 0.057
Lawn (Swale 5.6) 0.40 0.601 0.240
{awn (Swale 5.9) 0.40 0.172 0.069
Stone {Swale 5.6) 0.85 9.281 ' 7.889
Stone {Swale 5.9) 0.85 0.598 0.508

Total A*C: 9.00845 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity Concentratn Calculation
Type of Flow / Ground Cover n Slope (ft) (fvs} (min) Method
v
v Shallow Concentrated
v
Channel or Pipe Flow _.............. Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T 5.0 minutes
STEP 3: Calculate Rainfall intensity, I: Override calculation for Te? @ ves O no Te= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recur{ence frequency (years):

LA TX O RN
Ramntall ntensity:

25 year
_

STEP 4: Catculate Peak Rate of Runoff, Q: Q=kCiA
] 25 year
Calculated Flow, Q (cfs)= 48.6

SPLS\PPLS0902-Bell Bend Land DevelopmentANALY TICAL\CALCULATIONS\SWALE CALCS\PERMANENT\(PPLS0902-Rationat Method-Conveyance.xism)Swale 5.6




North Ametican Gieen - ECMDS Version 4.3

1871872011 ]03:56 PMCOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0S02

FROM STATION/REACH: {TO STATION/REACH: UNVEG DRAINAGE AREA: SWALE 5.6 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS SC250 (ma0,022
Discharge | Peak Flow [Velocity (tps)| Ares [sq.ft] | Hydiaulic | Momat in-0.022)
(cls) Period {his) Radius(ft) | Depth {ft) ( |
k8.8 a1 6.83 7.11 0.84 1.45
Bottom
2.0 Width = 2.00 ft 2.0
LINER RESULTS Not to Scale
Matling Type Vegelation Characteristics ,
Reach Slabifity Analpsis Pemissible Calculated Salety Factor Remarks
Staple Paltemn Phase | Class | Type |Density] Shear Stiess | Sheat Stress
- (psfj (psf)
Straight sC250 Unvegetated 1 3.00 1.13 265 STABLE
Staple £




Notth Ametican Green - ECMDS Version 4.3

[871872011 J03:56 PMICOMPUTED BY: NKG

PROJECT NAME: PPL 8BNPP

PROJECT NO.: PPLSCS02

[0 STATION/REACH: VEG

FROM STATIGN/REACH: IDRAINAGE AREA: SWALE 5.6 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS SC250 (n-0.048)
Dischaige | Peak Flow {Velocily {fps)] Area (sq.ft) | Hydraulic Noimal T -0
{ets) Petiod {his} Radius{ft] | Deplh (f) ‘ |
k8.6 01 276 12.92 1.14 2.09
S =00125
i
Bottern
2.0 Width = 2.00 It 20
LINER RESULTS Not to Soale
Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks
StapI‘e Pattesn Ph‘ase Class | Type [Densily She?;s‘;‘;]uess Shea[xpzft)ress
Straight $C250 Vegetation 3 C |Bunch|75:85% 10.00 1.63 613 STABLE
Staple E Soll Sandy Loam 0860 0.043 18.81 STABLE




Trapezoidal Channel Analysis - Open Channe!l Flow {(w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description; POI 5
Prepared by: JMO
Date: 15 Sep 11

Print Date: 18 Aug 11 3:57 PM
Project #: PPLS0302

Checked by:
JFM

Obijective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or trianguiar (b=0) channel. By inputting the channel characteristics, the

flow depth will be calculated. Other flow characteristics are also computed, including
“the critical slope and required freeboard based on E&S manual guidelines. The last

line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
I . A (23
Manning's Equation: Q= 1.486 A ( il ) . /S
n P
. . Bare - Velocity ~ Grass - Velocity Grass - Capacily
Given Input Data: Swale 5.6 Check Check Check
Discharge, Q= 48.60 48.60 48.60 cfs
Left Side Slope = 2.0 20 2.0 H:1V
Right Side Slope = 2.0 2.0 2.0 H:1V
Base width of Channel, b= 2.0 2.0 2.0 feet
Bed slope, s= 0.0125 0.0125 0.0125 fi/ft
Available depth of channel: 2.75 2.75 275 feet
(OPTIONAL)  Input Manning's 'n": 0.0220 0.0480 0.0480
Lining Type:

Calculate Flow Depth:

Flow depth, d= 1.46 2.09 2.09 feet
Calculated Results: Desian Acceptable? ¥ foo high V top high V too high
Freeboard, f= 1.29 0.66 0.66 feet
Calculated Velocity, V= 6.75 3.78 ' 3.78 fps
Flow Top Width, T= 7.85 10.34 10.34 feet
Flow Area, A= 7.20 12.87 12.87 sq ft
Wetted Perimeter, P= 8.54 11.33 11.33 feet
Hydraulic Radius, R= 0.84 1.14 1.14 feet
Shear stress on channel bottom, © = 1.14 1.63 1.63 Ibs/sf
Critical Slope, S.= 0.0081 . 0.0352 0.0352 f/ft
Flow stable? (no if .78, < s < 1.3S,)= yes yes : yes '
Required Freeboard= 0.5 0.6 0.6 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

IAPROJECTS\PPLS\PPLS0902-Bell Bend Land DevelopmentANALYTICAWCALCULATIONSISWALE CALCSIPERMANENTYSwales.xis)Swale 5.6



Rational Equation Stormwater Calculations

Client: PPL0902

e ~

et o .\
Pennoni’
PR

Project: POI § Print Date: 18 Aug 11 3:21 PM
Prepared by: NKG Checked by: Project #: PPL0O%02
Date: 15 Sep 11 JEM
Governing Equation: Q= Kk C i A (where k= 1 for engiish units)
Description: SWALE 5.7 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group ‘Land Land Coefficient, Area, A A*C
{A,B.C,D) Use Slope Cc (acres) (acres)
Stone {Swale 5.10) 0.85 0.93¢9 0.798
Lawn (Swale 5.7) 040 0.730 0.292
Lawn (Swale 5.10) 0.40 0.041 0.018
Lawn (Swale 5.8) 0.40 0.950 0.380

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Channel or Pipe Flow

Channel or Pipe Flow

Channel or Pipe Flow

STEP 3: Calculate Rainfall Intensity, I:
Rainfall Intensity for

STEP 4: Calculate Peak Rate of Runoff, Q:

Total A* C: 1.48655 acres

Flow Average Time of Velocity
Manning's  Average Length Velocity  Concentratn Calculation
n Slope (ft) (ft/s) {min) Method
1 v
Shallow Concentrated v
v
Enter Value Manning's Eq or other
Enter Value Manning's £q or other
Enter Vailue Manning's Eq or other
Calculated Total Time of Concentration, T.: 5.0 minutes
Override calculation for Tc? @ ves O no Te= 5.0
Use T, = 5.0 minutes

25 year

Calculated Flow, Q (cfs) =

A SR
Gaand ?ﬁ‘gi“* :
Q=kCiA
25 year
8.0

PPLS\PPLS0902-Bell Bend Land DevelopmentANALY TICALICALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rational Method-Conveyance xism)Swale 5.7



North Ametican Green - ECMDS Version 4.3 18718/2011 [04:00 PMJCOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP PROJECT NO.: PPLS0302

{FROM STATION/REACH: {TO STATIGN/REACH: UNVEG DRAINAGE AREA: SWALE 5.7 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS
S76 (n=0.048]

Dischaige | Peak Flow [Velocily (fps)} Atea (sqft) | Hydraulic | Nommal
(cls}* | Peiiod (his) Radius{ft) | Depth (it}
8.0 01 2.80 2.86 0.51 080
Bottom
20 Width=2.00 ft 20
LINER RESULTS Not to Scale
Matting Type Vegetation Characteristics {
Reach Stability Analysis| Permissible Calculated Safety Factor Remarks
Staple Pattemn Phase | Class | Type {Density Shear Stress § Shear Stress
. {psf} {psf)
Straight S75 Unvegetated 1.55 6.99 1.56 STABLE
Staple D




North American Green - ECMDS Version 4.3

18/18/2011 j04:01 PM|COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

[PROJECT NO.: PPLS0R02

FROM STATION/REACH:
HYDRAULIC RESULTS

{TO STATION/REACH: VEG

{DRAINAGE AREA: SWALE 5.7

IDESIGN FREQUENCY: 25YR

Unieinforced Vegetation {n=0.078)

Discharge | Peak Flow [Welocity ips)} Area [sqft) | Hydiaulic Normal
{els] Period (his) Radiuslit] ] Depth (fR)
B.0 0.1 1.98 405 0.62 1.01
Bottom
20 Width = 2001t 20
LINER RESULTS Notto Scele
Matting Type Vegetation Chatacteristics
Reach Stability Analysis Permissible Sl;a!culsated Safety Factor Remarks
ol Shear Stiess eat Slress
Staple Palten ) ) Phase | Class | Type |Densily o) (osh)
Staight Unreinforced Yegetation C | Bunch|75-85% 4.20 1.26 334 STABLE
Soil Sandy Loam 0,035 0.025 1.37 STABLE




Trapezoidal Channet Analysis - Open Channel Flow {w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: POL 5 Print Date: 18 Aug 11 4:1 PM

Prepared by: JMQ Project #: PPLS0902
Date: 15 Sep 11 Checked by:
JF
Objective.
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangutar (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
o I 23
Manning s Equatlon. Q= J.A&ﬁ A ) . /S
' n
. . Bare - Velocity ~ Grass - Velocity., Grass - Capacity
Given [nput Data: Swale 5.7 Chook Chec Cheok
Discharge, Q= 8.00 8.00 8.00 cfs
Left Side Siope = 20 2.0 2.0 H:1V
Right Side Slope = 2.0 2.0 2.0 H:1v
Base width of Channel, b= 2.0 2.0 . 2.0 feet
. Bed slope, s= 0.0200 0.0200 0.0200  fuft
Available depth of channel: 2.00 2.00 2.00 fest
{OPTIONAL) Input Manning's 'n': 0.0480 0.0780 0.0780
Lining Type:
Calculate Flow Depth;
Flow depth, d= 0.80 1.02 1.02 feet
Calculated Results: Design Acceptable? V 100 high ¥ 100 high V too high
Freeboard, f= 1.20 0.98 0.98 feet
Calculated Velocity, V= 2.79 1.95 1.95 fps
Flow Top Width, T= 519 6.07 6.07 feet
Flow Area, A= - 2.87 410 - 410 sq ft
Wetted Perimeter, P= 5.57 6.55 6.55 feet
Hydraulic Radius, R= 0.52 0.83 0.63 feet
Shear stress on channel bottom, 1t = 1.00 1.27 1.27 Ibs/sf
Critical Stope, S.= 0.0449 0.1117 0.1147 ft/ft
Flow stable? (no if .75, <s < 1.35,)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions

I\PROJECTS\PPLS\PPLS0502-Bell Bend Land DevelopmentWNALYTICALCALCULATIONS\SWALE CALCSWERMANENTYSwales.xis)Swate 5.7

A temporary efosion control blanket (ECB) is needed.



Rational Equation Stormwater Calculations : P Y
Pennoni/
Client: PPL0OS02 N

Project: POI S } PrintDate: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPLO902
Date: 15 Sep 11 JEM

Governing Equation: Q = K CT A  (where k= 1 for engiish units)
Description. SWALE 5.8 Structure: -
Route: -
Station: -~

STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:

Hydrologic Runoff ~
Soil Group tand Land Coefficient, Area, A A*C
(A.B.C.D) Use Slope Cc {acres) (acres)
Lawn 0.40 0.950 0.380

Total A* C: 0.38 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's Average Length Velocity Conceniratn Calcutation
Type of Flow / Ground Cover n Slope {ft) (tt/s) {min) Method
v
v Shallow Concentrated v
h 4
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Ghannel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall intensity, I: Override calculation for Tc? @ ves Owo Te= 5.0
Raintall intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

STEP 4: Calculate Peak Rate of Runoff, Q:

25 year
Calculated Flow, Q (cfs)= 2.1

SLS\PPLS0902-Bell Bend Land Development ANALYTICALCALCULATIONS\SWALE CALCS\WERMANENTPPLS0302-Rational Method-Conveyance xismiSwale 5.8



[Hoth American Green - ECMDS Version 4.3

1772372011 [10:08 AMJCIMPUTED 8Y: NKG

[PRJJECT NAME: PPL BBNPP

IPROJECT NO.: PPLS0S02

[FROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA; SWALEES [DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS )
- - : $75 (n=0.055)
lTlscharge Peak Flow [Velocity (fps)| Area(sq.ft) | Hydiaulic | MNormal
[cts) Periad [hrs) Radius{ft] | Depth {ft} ‘ ’
l P 01 1.75 1.20 0.31 0.42 " ,
N §=0.0200 S
1 ! " 1
Bott
70 Widh=200k 20
LINER RESULTS No:lo Scale
Matting Type Vegelation Characteristics
Reach Stability Analysis| Pemissible Caleulated Safety Factor Remarks
Staple Pattem Phase ] Class | Type |Densty] Shear Stiess | Sheai Stizss -
* (psf) fpsf)
Straight 575 Unvegetaed 1.55 053 2.94 STABLE
Staple D :




[Horth Amesican Green - ECMDS Version 4.3

[772072011 110:03 AM|COWPUTED BY: NKG
IPRO.ECT MANE: FPL B3IMPP JPROJEZT MO PPLSIS02
[FROM STATION/REACH: [TO STATION/REACH: VEG [DRAINAGE AREA: SWALEGS IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS ]
Disthaye | Peak Fluve [Vehulily (s Aica sy} | Hydaule | Nunial Unieinforced Vegetation (n=0.129)
(cfs) Pericd {hre) Radus(ft) | Deptt (ft)
K] 0.1 0.55 2.21 DA4 0.66

iy
§=00200
NG

\\
1 U, l 1
Bottorn

20 W dth - 2.0C ft
LINER RESULTS Nolto Scale

Vatting Type . Vegetation Characteristics

Reach ) Stabiity Analyss Permissible Calculated Safety Factor Remarks
Staple Pattemn Phase | Clats | Tvpe |Desty] ShearStess | Shear Stess

ipst, {pst) ]
Sudight Urneinfuiced Yeygetdiur C  {Eunch |7595% 4.2C 0.83 o7 STABLE
Soil Sandy Loam 0.035 0.006 E76 STABLE




7

Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: POl 5 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO v Project #: PPLSOQOZ.
Date: 15 Sep 11 Checked by:
JFM
Objective:
Using Manning's equation, this spreadsheet will calculate the amount of fiow through
a trapezoidat or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. ‘Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
| ing’ ion: 1.486 A |23
Manning's Equation: . 1480 , ( —) *\/_S—
n P
. . Bare - Velocity ~ Grass - Velocily  Grass - Capagity
Given Input Data: Swale 5.8 Check Check Check
Discharge, Q= 2,10 2.10 2.10- cfs
Left Side Slope = 2.0 20 2.0 HAV
Right Side Slope = 2.0 2.0 2.0 H:AvV
Base width of Channel, b= 20 ' 2.0 2.0 feet _
*  Bedslope, s= 0.0200 0.0200 0.0200 fuft
Available depth of channel: 1.50 1.50 1.50 feet
(OPTIONAL)  Input Manning's 'n’". 0.0550 0.1290 0.1290
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.46 0.76 0.76  feet
Calculated Results: Design Acceptable? ¥ too high ¥ too high Voo high
Freeboard, f= 1.04 0.74 0.74 feet
Caleulated Velocity, V= 1.56 0.79 0.79 fps
Flow Top Width, T= 3.84 5.03 5.03 feet
Flow Area, A= 1.34 2.66 2.66 sq ft
‘ . Wetted Perimeter, P= 4.06 5.38 5.38 feet
’ Hydraulic Radius, R= 0.33 0.49 0.49 feet
Shear stress on channel bottom, 1= 0.57 0.924 0.94 lbs/sf
Critical Slope, S.= 0.0673 0.3284 0.3284 fuft -
Flow stable? (no if .75, < s < 1.38,)= yes yes yes )
Required Freeboard= 0.5 - 03 0.5 feet
Allowabte Velocity for Lining Material= 0.0 fps

Conclusions :
A temporary erosion control bianket (ECB) is needed.

PROJECTSIPPLSIPPL S0902-Bell Bend Land Developmen\ANALY TICAL\CALCULATIONSISWALE CALCS\PERMANENT\Swales. xIs)Swale §.8



Rational Equation Stormwater Caleulations T -_>
d’ennoq:
Client: PPLO902 Ny
Project: POI § Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPLO902
Date: 15 Sep 11 JFM
Governing Equation: Q= KCiA (wherek=11orenglish units)
Description:. SWALE 5.9 : Structure: -
Route: -
Station: -
STERP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
¢ Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A A*C
(A,B,C,D) Use Slope C (acres} {acres)
Impervious 0.95 0.060 0.057
Lawn 0.40 0.172 0.069
Stone 0.85 0.598 0.508

Total A* C: 0.6341 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's Average Length Velocity  Goncentratn Calculation
Type of Flow / Ground Cover n Stope {ft) (f/s) {min) Method
v
v . Shaliow Concentrated
w
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning’s Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? @ves O No Tc= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

25 year

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

’ 25 year
Calculaled Flow, Q (cfs)= 3.4

PLS\PPLS0802-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rational Method-Conveyance.xlsmjSwale 5.9



[Noith American Green - ECMDS Version 4.3 [7720/2011 f10:11 AMJCGMPUTED EY: NKG
JPA0JECT NAVIE: PPL BENPP PROJECT NO.: PPLS0302
|[FROM STATION/REACH: ITO STATION/REACH: UNVEG DRAINAGE AREA: SWALE 59 DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS :
$75 (n=0.063)

Dischaige | Peak Flow {Velocity (frs)f Area (sqft) | Hydravic Noimal .
(cfs) | Period fhs Radiusii) | Depthity ’ ’

34 0.1 1.75 1.94 0.4 0.61
\\ S-00125 ,/
N s
1 N 1
_Bﬁlbm
20 Width=2.00 1t 20
LINER RESULTS Not to Scale
Malting Type Venetatinn Charartesisting ’
Reach Stebility Analysis Permissible Calculated Safely Factor Rematks
Staple Pattern : Phase | Cass | Type |Density] Shear Stiess [ Shear Stress
{psf) (psf]
Straight 575 Unvegetated 1.5 0.47 3.28 STABLE
Staple D .




North American Green - ECMDS Version 4.3

[7720/2011 [10:12 AWM JCOMPUTED BY: NKG

PROJZCT NAME: PPL BBNPP

JPRDJECT ND.: PPLS0902

[FRON STATION/REACH: [TC STATION/REACH: YEG

HYDRAULIC RESULTS

JDRAINAGE AREA: SWALE 5.9 {DESIGN FREQUENCY: 25 YR

Dischaice | Feak Flow [Velocity ffosi| Area fsa.fti
efs) Feriod (hrs)

Hydraulic Nomd
Radus(fti | Depth t)

Urreirforced Vegatation (n=0.113

34 a1 1nn R3F NRA NR9
; \ $ =00125 /
L i TJ
t
: Wik g0+
LINER RESULTS Notto Seae

Matting Type Vegetation Chaiactesstics

Reach Stalility Arialysiy] Pennssible Caluuleted Salely Faula Remaks
“ty] ShearStiess | ShearStiess

Staple Fattemn Phase | Class .1ype Dengity . [psf}. (e )

Straight Unreinforced Yepelation C [Bunch|75-95% 4.20 0.70 603 STABLE
Soif Sandy Loam 0.035 0.007 526 STABLE




Trapezoidal Channel Analysis - Open Channel Fiow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend
Description: PO} § Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO : Project #: PPLS0802

Dale: 15 Sep 11 Checked by:
JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
. o A (23
Manning's Equation: _ 1.486 ‘A ( A ) - /S
n P
. . Bare - Velocity ~ Grass - Velocity  Grass - Capacily
Given Input Data: Swale 5.9 Check Check Check
Discharge, Q= 3.40 3.40 3.40 cfs
Left Side Slope = 2.0 2.0 20 H:1V
Right Side Slope = 2.0 2.0 2.0 H:1v
Base width of Channel, b= 2.0 2.0 2.0 feet
h Bed slope, s= 0.0125 0.0125 0.0125 i/t
Available depth of channel: 1.50 1.50 1.50 feet
(OPTIONAL)  Input Manning's ‘'n"s  0.0530 0.1130 0.1130
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.64 097 0.97 feet
Calculated Results: esian A le? V t0 high V t00 high ¥ tog high
Freeboard, f= 0.86 0.53 0.53 feet
Calculated Velocity, V= 1.62 0.90 0.90 fps
Flow Top Width, T= 4.56 5.86 5.86 feet
Flow Area, A= 2.10 3.79 3.79 sq ft
Wetted Perimeter, P= 4,86 6.32 6.32 feet
Hydraulic Radius, R= 0.43 0.60 0.60 feet
Shear stress on channel bottom, = 0.50 0.75 0.75 Ibs/st
Critical Slope, S.= 0.0577 0.2375 0.2375 fi/ft
Flow stable? (no if .78, < 5 < 1.35,)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

EWPROJECTS\PPLS\PPLS0902-Bell Bend Land DevelopmenANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\{Swales xis|Swale 5.9



Rational Equation Stormwater Calculations o

<ﬁennogi)
Client: PPL0902 Uy
Project: POI 5 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG GChecked by: Project #: PPLODO2
Date: 15 Sep 11 UM
Governing Equation: Q= KCiA (werek=1tor english units)
Description:  SWALE 5.10 ) Structure: -
Roule: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoft
Soil Group Land Land Coefficient, Area, A A*C
{A.B,C.D) Use Slope C (acres) {acres)
Stone 0.85 0.939 0.798
Lawn 0.40 0.041 0.018

Total A* C: 0.81455 acres

STEP.2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's Average Length Velocily  Concentratn Galculation
Type of Flow / Ground Cover n Slope (i) {fvs) {min) Method
A d
v ) Shaliow Concentrated v
v
Channel or Pipe Flow .. ............ Enter Value Manning’s Eq or other
Channel or Pipe Flow . .............. Enter Value ~Manning's Eq or other
Channel or Pipe Flow ............... 3 Enter Value ) Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calcuiate Rainfall Intensity, I Override calculation for Te? @ves Owno Te= 5.0
Rainfall Intensity for Use T = 50 , minutes

Storm Recurrence frequency (years): 25 year

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q {(cfs) = 4.4

'LS\PPLS0902-Bell Bend Land DevelopmenftANALYTICAL\CALCULATIONS\SWALE CALCS\WPERMANENTPPLS0802-Rational Method-Conveyance.xlsm}Swale 5.10



[North American Green - ECMDS Yersion 4.3

772072001 [1014 AMIZOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT WO.: PPLS0302

MOM STATIONNCACH: ITO STATIONACACHT UNVEG DNAINAGC ANCA: SWALLS.10 {DESIGN MCQUCNCY: 25N
HYDRAULIC RESULTS
: . §75({n=0.052)
Discharge | Pesk Flow {Velccily (fnsl’ Areafsaf) | Hydraule | Mol *
(ch)_| Peiiod fhs] Radiusf] | Depth [ l
4.4 0.1 2.23 1.97 0.42 0.61 7 A

N ¥ /
1 \ I'/ 1
Bottom
20 \idth = 2.00 it 2.0
LINER RESULTS Notto Sealz
Mattina Type N Yeqetation Charscleristics
Reach Stability Anabsis Permissible Calculated SafetyFactor Renarks
Stape Pattem Prose | Class | Type |Density|] Shear Suess | Shear Stiess
- {psf, (ps)
Styaight $75 Urwvegetated 1.58 073 203 STABLE
Staple D )




North Ametican Green - ECMDS Varsion 4.3

[772072011 [10:14 AMCOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

* JPROJECT NO.: PPLS0302

[FROM STATION/AEACH:

[TO STATION/REACH: VEG

HYDRAULIC RESULTS
Discharge { Peak Flow [Veloalty (fps)] Area [sq.ft) § Hydraulic Normal
lcts) Fetiod [hrs) H adus{it Uepth [t
4.4 01 143 3.0¢ 0.54 0.84

[DRAINAGE AREA: SWALE 510

IDESIGN FREQUENCY: 25YR

Unreinfoiced Yagetation (n=0.097)

N .
1 : ' 1
Bottom
20 Width = 2.00 ft 20
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics

Reach Stability Analysis Permissitle Calculated Safety Factor Rematks

Staple Pattern Phase | Class | Tppe [Density| Shear Stress | Shear Stress

o (psf} {psf)

Staight Unreinforced Vegetation C ]Bunch }7595% 4.20 1.05 4.0z STAELE
Soil Sardy Loam 0.035 0.014 2.5¢ STAELE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Descriplion: POI 5 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO Project #: PPLS0802
Date: 158ep 11 [Crooked by:
JFM
Obiective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
Manning's Equation: _ 1486 , ( A )2/3* Js
n P
Given Input Data: Swale 5.10 Bareg—h_\g/;;ocily Grasﬁocity Gras'z:-bg(:?gakgacity
Discharge, Q= 4.40 4.40 4.40 cfs
Left Side Slope = 2.0 2.0 2.0 H:1V
Right Side Slope = 2.0 2.0 2.0 H:1v
) Base width of Channel, b= 2.0 2.0 2.0 feet
Bed slope, s= 0.0200 0.0200 0.0200 futt
Available depth of channel: 1.50 1.50 1.50 feet
(OPTIONAL) Input Manning's 'n'; 0.0520 0.0970 0.0970
Lining Type:
Calculate Flow Depth;
Flow depth, d= 0.61 0.87 0.87 feet
Calculated Results: Desian Accentable? V foo high V too high ¥ too high
Freeboard, f= 0.89 0.63 0.63 feet
Calculated Velocity, V= 2.22 1.35 1.35 fps
Flow Top Width, T= 4.46 5.49 5.49 feet
Flow Area, A= 1.99 3.27 3.27 sq ft
Wetted Perimeter, P= 4,75 5.90 5.90 feet
Hydraulic Radius, R= 0.42 0.55 0.55 feet
Shear stress on channel bottom, 1 = 0.77 1.09 1.09 Ibs/sf
_ Critical Slope, S.= 0.0561 0.1794 0.1794 ft/it
Flow stable? (no if .78, < s < 1.35;)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

IWPROJECTSWPLSIPPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONSISWALE CALCS\PERMANENTSwales xis}Swale 5.10



Rational Equation Stormwater Calculations ‘ e

_ <Pennom/
Client: PPL0902 T
Project: PO} 6 Print Date: 18 Aug 11 3:21 PM
Prepared by: NKG Checked by: Project #: PPLOG02
Date: 15 Sep 11 JEM
Governing Equation: Q = Kk € 1 A (where k = 1 for english units)
Description:  SWALE 6.1 Structure: -
r Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A A*C
(A,B,C,0) Use Slope C {acres) {acres)
impervious (Swale §.1) 0.95 0.069 , 0.066
tmpervious (Swale 6.2) 0.95 0.284 0.270
impervious (Swale 6.3) 0.95 0.162 0.154
Lawn (Swale 6.1) 0.40 1.064 0.426
Lawn {Swale 6.2) 0.40 0.682 0.273
Lawn {Swale 6.3) 0.40 0.553 . 0.221
Sione (Swate 6.1) 0.85 6.547 5.565
Stone (Swale 6.2) 0.85 0.084 ' 0.071

Total A* C: 7.0452 acres

STEP 2; Calculate Time of Concentratioﬁ:

Fiow Average Time of Velocity
Manning's Average Length Velocity Concentratn Calculation
Type of Flow / Ground Cover n Slope (ft) (ft/s) {min) Method
v
v Shaliow Concentrated v
f e
&
Channel or Pipe Flow _,............. Enter Value Manning's Eq or other
Channel or Pipe Flow .. ............ Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T.: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? @ ves O no Te= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

S W %pww A
’ "‘,te‘ns % ggnlhr), ‘wﬁz é‘;:%%ﬁ:
STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA
25 year

Calcuiated Flow, Q (cfs)=  38.0

SPLS\PPLS0902-Bell Bend Land DevelopmenfANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rationai Method-Conveyance.xism|Swalg 6.1




North American Green - ECMDS Version 4.3

1871872011  [04:05 PMCOMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0902 =

IDESIGN FREQUENCY: 25YR

FROM STATION/REACH: ITO STATION/REACH: UNVEG DRAINAGE AREA: SWALE 6.1
HYDRAULIC RESULTS SC250 (120,026
Dischaige | Peak Flow [Velocity [ps)| Area [sq.fi) | Hydraulic | Normal . n-0.026)
(cfs) Period {hrs] Radius(ft] { Deplhift} \
8. 0.1 5.53 6.87 0.71 1.22
Ay
Bott
70 Widh-2001 30
LINER RESULTS Notto Scale
Matting Type Vegelation Characteristics
Reach Stability Anglysis Permissible Calculated Safety Factor Remarks
Staple Pattern i Phase | Class | Type |Densily Shear Slress | Shear Stress
(pst} (pst}
Straight SC250 Unvegetated 1 3.00 1.14 264 STABLE
Staple E




Noith American Green - ECMDS Version 4.3

[e718/2011 0408 P ]COMPUTED BY: NKG

PROJECT NAME: PPL BBNPP

PROJECT ND.: PPLS0802

FROM STATION/REACH:

[TO STATION/REACH: VEG

DRAINAGE AREA: SWALE 6.1 [DESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS $C250 (n=0.054)
Dischaige | Peak Flow [Velocily (fps| Atea (sq.ft} | Hydraulic Normnal (=0
(cfs) Period [his) Radiusfit] 1 Depth(ft) l |
380 0.1 321 11.82 0,94 1.68
Batt
kX Width = 2.00 f 70
LINER RESULTS Not to Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis] Petmissible Calculated Safety Factor Remarks
Staple Pattern Phase| Class | Type JDensity] Shear Stress | Shear Stress
peraTen » | 7 o) (pst)
Straight SC250 Vegetation 3 €  }Bunch]75-95% 10.00 1.57 6.36 STABLE
Staple £ Sofl Sandy Loam 0.800 0.079 10.11 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: POI 6 Print Date: 18 Aug 11 4:7 PM

Prepared by: JMO Project #: PPLS0802
Date: 15 Sep 11 Checked by:
JFM
Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
N — A \213
Manning's Equation: Q= 1.486 ‘A (f ) . /S
n P
. . Bare - Velocity ~ Grass - Velocity —Grass - Capacity
Given Input Data: Swale 6.1 Check Ches Check
Discharge, Q= 38.00 38.00 38.00 cfs
Left Side Slope = 3.0 3.0 3.0 H:1V
Right Side Siope = 3.0 3.0 3.0 H:1V
Base width of Channel, b= 2.0 2.0 2.0 feet
Bed slope, s= 0.0150 0.0150 0.0150 ft/ft
Available depth of channel: 5.00 5.00 5.00 feet
(OPTIONAL)  Input Manning's 'n'": 0.0260 0.0540 0.0500
Lining Type:
Calculate Flow Depth:
Fiow depth, d= 1.21 1.68 1.62 feet
Calculated Results: Desiqn Acceptable? ¥ fo0 high V 100 high V 100 high
Freeboard, f= 3.79 3.32 3.38 feet -
Calculated Velocity, V= 5.55 3.22 3.41 fps
Flow Top Width, T= 9.28 12.06 11.73 feet
Flow Area, A= 6.84 11.79 11.14 sq ft
Wetted Perimeter, P= 9.67 12.61 12.26 feet
Hydraulic Radius, R= 0.71 0.94 0.91 feet
Shear stress on channel bottom, © = 1.14 1.57 1.52 Ibs/st
Critical Slope, S.= 0.0115 0.0454 0.0393 ft/ft
Flow stable? (no if .78, <'s < 1.38,)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet .
Allowable Velocity for Lining Material= 0.0 . fps

Conclusions
A temporary erosion control blanket {(ECB) is needed.

INPROJECTS\PPLSWPPLS0902-Bell Bend Land DevelopmentANALY TICAL\CALCULATIONS\SWALE CALCS\PERMANENTSwales.xis}Swale 6.1



Rational Equation Stormwaler Calculations

Client: PPL0902
Project: POl 6

Print Date: 17 Aug 11 11:48 AM

Prepared by: NKG
Date: 15 Sep 11

Checked by: Project 4: PPLOY02
JFM

Governing Equation: Q = K C i A (wherek = 1 tor english unis)

Description: SWALE 6.2 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefficient, C:
Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A A*C
(A,B,C.D) Use Slope C (acres) {acres)
impervious 0.95 0.284 0.270
Lawn 0.40 0.682 0.273
Stone 0.85 0.084 0.071

STEP 2: Calculate Time of Concentration:

T { Flow / Ground Cover

Channel or Pipe Flow ...............
Channel or Pipe Flow ..............
Channel or Pipe Flow ...............

STEP 3: Calculate Rainfail Intensity, |:

Rainfall Intensity for

STEP 4: Calculate Peak Rate of Runoff, Q:

Total A* C: 0.514 acres

Flow Average Time of Velocity
Manning's Average Length Veiocity  Concentrain Calculation
n Slope {ft) {ft/s) {min) Method

Shallow Concentrated

4

Enter Value Manning's Eq or other
Enter Value Manning's Eq or other
Enter Value Manning's €q or other
Calculated Total Time of Concentration, T,: 5.0 minutes
Override calculation for Tc? @ves Ono Te= 5.0
Use Ty = 5.0 minutes

Q=kCIlA

Calculated Flow, Q (cfs) =

25 year
3.3

PLS\PPLS0902-Beli Bend Land Developmen\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\{PPLS0902-Rational Method-Conveyance.xlsm)Swale 6.2




[North American Grsen - ECMDS Version 4.3 [7/20/2011 [10:26 AMJCOMPUTED BY: N<G
PROJECT NAME: PPL BBNPP {PROJECT NO.: PPLS0802
FRNM STATINN/RFACH: ITNSTATICN/RFARH: [INVFR INRAINAGF ARFA- SWAIF R? INFSIEN FRFINIFNCY- PR YR
HYDBAULIC RESULTS §75 (n-0.054)
Dischage | Pesk Flow [Velocily (fps)j Area{sqf) | Hydiaufic | Nomal n
[cfs Period (Ivs) Nadius(ft) | Depth () '
33 0.1 1.70 1.94 0.6 0.54 7\ /
N\ s=0 S=00
N : ’
1 L : . ’ 1
t
i) Wit oo 70
LINER RESULTS Notto Scale
Matting Type Vegelation Charactenstics
Reach . [PBtabiiity analysis . ‘F'ermissiale Calculated Safety Facior Remarks
Staple Patten Phase | Class | Type |Density] heer Stiess | Saear Stress -
() (bl
Straght S75 Unvegetated ] 1.55 050 3.08 STABLE
Staple D




JNorth Anerican areen - ECMDS Version 4.3 1772072011 [10:26 444 JCOMPUTED BY: NKG
PROJECT NAM:=: PPLBBNPP PROJECT NO.: PPLS0R02
FROM STATION/REACH, O STATION/REACH: VES DRAINAGE AREA; SWALE 6.2 IDESIGN FREGUENCT 257R
HYDRAULIC RESULTS L . 5
Discrarge ] Foak Mow [Velocty (ipsl] Ares Ga i | Tipdrauic | Normel Unreinforced Vegetalior (=0.123)
{cfs) Period (hrs) Badius{fty | Depth(it] v
33 0.1 0.93 355 0.50 0.80

LINER RESULTS

1
Bottom
3.0 Width = 2.00 ft 30
Mot t3 Scale
Matting Type Vege:ation Cratacteristics
Reach Stability Analysis Pemissible Calculated Safety Factor Remaiks
Staple Pattemn Phase | Class | Type [Density] Shoat Stess | Shoar Strese
S : (psf] {psf).
Shaight 1 Inmeinfrraerd Venetatinn I [Runsh]76.8R% 42N n7za RRA STARIF
Soil SandyLoam 0.035 0.006 5.81 STABLE




Trapezoidal Channel Analysis ; Open Channel Flow {w/ Manning's Eg)

Client/Subject: PPL Bell Bend

Description: POl 6
Prepared by: JMO

Date: 15 Sep 11

Objective:

~ Method:

Using Manning's equation, this spreadsheet will calculate the amount of flow through

Checked by:

JFM

Print Date:
Project #:

17 Aug 11 3:6 PM
PPLS0902

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the

flow depth will be calculated. Other flow characteristics are also computed, inciuding

the critical slope and required freeboard based on E&S manual guidelines, The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Manning's Equétion: Q=

Given Input Data:

Swale 6.2

Discharge, Q=
Left Side Slope =
Right Side Slope =

Base width of Channel, b=

Bed ‘slope, s=

- Available depth of channel:

(OPTIONAL) |

Calculate Flow Depth:

alculated Results:

nput Manning's 'n"
Lining Type:

Flow depth, d=

Design Acceptable?
Freeboard, f=

Calculated Velocity, V=

F

low Top Width, T=
Flow Area, A=

Wetted Perimeter, P=

Hy
Shear stress on ¢

draulic Radius, R=
hannel bottom, © =
Critical Slope, S,

Flow stable? (noif .7S, < s < 1.35;)=
. Required Freeboard=
Allowable Velocity for Lining Material=

Conclusions

1.486 |
n

Bare - Velocity

Check

3.30
3.0
3.0
2.0

0.0150

1.60

0.0540

0.55

V fco high
0.95
1.66
528
1.99
5.45
0.36
0.51

0.0614
yes
0.5
0.0

P

Check

3.30
3.0
3.0
2.0

0.0150

1.50

0.1230

0.87

V too high
0.63
0.83
7.20
3.98
7.48
0.53
0.81

0.2824
yes
0.5

i

See PA Erosion and Sedimentation Control Manual for reference.
A (203
F(3)E

Grass - Velocity  Grass - Capacity

Check

3.30
3.0
3.0
2.0

0.0150

1.50

0.1230

0.87

¥ 1o high
0.63
0.83
7.20
3.98
7.48
0.53
0.81

0.2824
yes
0.5

A temporary erosion control blanket (ECB) is needed.

cfs
H1V
H:V
feet
ft/ft
feet

feet

feet
fps
feet
sq ft
feet
feet
Ibs/sf

ft/t

feet
fps

IAPROJECTS\PPLSIPPLS0902-Bell Bend Land DevelopmenMANALYTICALNCALCULATIONSISWALE CALCSPERMANENT\ Swales xis)Swale 6.2



Rational Equation Stormwater Calcuiations _,““)
QPennom
Client: PPL0902 i
Project: POI 6 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPLO902
Date: 15 Sep 11 JFM
Governing Equation: Q= KCi A (wherek=11orengish units)
Description: SWALE 6.3 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoftf Coefficient, C:
Hydrologic Runolf
Soil Group Land Land ° Coefficient, Area, A A*C
(A.B,C.D) Use Siope c (acres) {acres)
Impervious 0.95 0.162 0.154
Lawn 0.40 0.553 0.221

Total A* C: 0.3751 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning’s  Average Length Velocity ~ Concentrain Calgulation
Type of Fiow / Ground Cover n Slope {ft) (ft/s} {min} Method
v
v Shallow Concentrated v
v
Channel or Pipe Flow ............... Enter Value Manning's Eq or olhet
Channel or Pipe Flow _._............. Enter Value Manning’s Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Calculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? @ ves Ono Te= 5.0
Rainfall intensity for Use T, = 5.0  minutes

Storm Recurrence frequency (years): 25 year

YrSRvey 1 e -
R PG

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year

Calculated Flow, Q (cfs) = 2.0

PLSWPPLS0902-Bel! Bend Land DevelopmenANALYTICALNCALCULATIONS\SWALE CALCS\PERMANENTPPLS0902-Rational Method-Conveyance.xism)Swale 6.3



JNorth merican Green- ECMDS Version 4.3 J772002011 [i0:28 AN |[COMPUTED B7- HKG
IPROJZCT NAME: PPL BBNPP PROJECT NO.: PPLS0902
IFRON STATION/REACH: ITCSTATION/REACH: UNVEG DRAINAGE AREA: SWALE 6.3 {DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS
- - - $75 {n=0.055)
Discharce | Feak Flow [Velocity (fps)] Aea (sq.ft) | Hydaulic | Hormad .
cls) Feriod (hrs) Radus(it) | Depth fit) ’ ,
20 01 1.50 1.34 028 0.4 U ]
; . $-00180
A ! ; Vo
1 N 1 1
t
3T WAy 4 30
LINER RESULTS Notto Scae
/ Matting Type Vegetation Chaiacterstics
Reoach Stability Analysis) Pearmasible Caleutated Sofety Factar Remorks
Staple Fattern Phase | Class | Type |Density] ShearStess | ShearStiess
. et} fpef)
Straight S75 Lnvegztated 1.35 o4 376 STABLE
Staple D




INorh Ametican Green - ECMDS Version 4.3

772072011 [10:30 AMICOMPUTED BY: NKG

{PROJECT NAME: PPL BBNPP

{PROJECT NO.. PPLS0302

JFROM STATION/REACH:

{TO STATION/REACH: VEG

HYDRAULIC RESULTS .
Dischaige | Peak Flow [Velocity {fps)] Area (sq.ft) | Hydiaulic | Normal
(cfs) Petiod (h1s) Radius(it} | DepthIft)
20 0.1 0.72 2.78 0.44 0.68

Unreirfoiced Vegetation (n=0.150)

IDRAINAGE AREA: SWALE 6.3

IDESIGN FREQUENCY: 25YR

Bott
width = 2001

30 30
LINER RESULTS Not to Scale
Matting Type VYegetation Characteristizs
Reach Stability Analysis Permissible Calculated Safety Factor Aemarks
Staple Pattern Phase ] Class | Type |Dsnsity] Shear Stiess | Shear Stess
{psf) [psf} -
Staight Unreinforced Vegetation C |Bunch{75-35% 4,20 0.68 6.16 STABLE
Soil Sandy Loam 0.035 0.004 9.46 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: POl 6 Print Date: 17 Aug 11 3:6 PM
Prepared by: JMO Project #: PPLS0802
Date: 15 Sep 11 Checked by:
AU ' . JFM
Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular {b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual,
Method: See PA Erosion and Sedimentation Control Manual for reference.
Manning's Equation: _ 1.486 | A A )2/3 . \/—S_
n
W Swale 6.3 Bareg-ﬂ\;iocity_ G[ag;;g\‘/iocity Graszﬁgacigy
Discharge, Q= 2.00 2.00 2.00 cfs
Left Side Slope = 3.0 3.0 3.0 H:1v
Right Side Siope = 3.0 3.0 3.0 H:1V
Base width of Channel, b= 20 2.0 20 feet
Bed slope, s= 0.0160 0.0160 0.0160 fi/ft
Available depth of channel: 1.50 . 1.50 1.50 feet
(OPTIONAL)  Input Manning's 'n": 0.0550 0.1500 0.1500
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.45 0.79 0.79 feet
Calculated Results: Design Acceptable? V oo high ¥ too high V 100 high
Freeboard, f= 1.05 0.71 0.71 feet
Calculated Velocity, V= 1.31 - 0.58 0.58 fps
Flow Top Width, T= 472 6.71 6.71 feet
Flow Area, A= 1.53 3.42 3.42 sq ft
Wetted Perimeter, P= 4.87 6.97 6.97 feet
_ Hydraulic Radius, R= 0.31 0.49 0.49 feet
Shear stress on channel bottom, 1 = 0.45 0.78 0.78 bs/st
Critical Slope, S.= 0.0669 0.4310 0.4310 fu/t
Flow stable? (noif .7§; <'s < 1.38,)= yes yes yes
Required Freeboarg= 0.5 0.5 05 feet
Aliowable Velocity for Lining Material= 0.0 fps

Conclusions

A temporary erosion control blanket (ECB) is needed.

IAPROJECT S\PPLSIPPLS0902-Bell Bend Land DevelopmentANALYTICALYCALCULATIONS\ISWALE CALCS\PERMANENT\Swales.xis}Swale 6.3



Rational Equation Stormwater Calculations P N
Pennoni’
Clienl: PPL0902 S
Project: POt 10 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project #: PPL0902
Date: 15 Sep 11 JFM
Governing Equation: Q= KCIA (wherek=11orenglish unis)
Description: SWALE 10.1 Structure: -
Route: -
Station: -
STEP 1: Calculate Drainage Area, A and Runoff Coefticient, C:
Hydrologic Runoft
Soil Group Land tand Coefficient, Area, A A*C
(A.B.C,0) Use Slope C ‘ {acres) (acres)
Impervious 0.95 0.225 0.214
Lawn 0.40 0.385 0.154

Total A* C: 0.36775 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's  Average Length Velocity  Concentrain Calculation
Type of Flow / Ground Cover n Slope {f) {fv's) {min) Method
A 4
v Shallow Concentrated v
v
Channet or Pipe Flow ............... Enter Value Manning's Eq or other
Channet or-Pipe Flow ._.............. Enter Value Manning's Eq or other
Channet or Pipe Flow ._............. Enter Value Manning's Eq or other
Caiculated Total Time of Concentration, T,: 5.0 minutes
STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? @ves ONo Tc= 5.0
Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency {years): 25 vear

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year
Calculated Flow, Q (cfs) = 2.0

'LS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTYPPLS0902-Ralional Method-Conveyance.xism)Swale 10.1



Moith American Green - ECMDS Version 4.3 [7720/2011 [ 0:33 AM[COMPUTED BY: NKG
JPROJECT NAME: >PL BBNPP 1°PROJECT NO.; PPLS0302
{FROM STATION/REACH: IT0 STATION/REACH: UNVEG DRAINAGE AREA: SWALE 181 IDESIGN FREQUENCY: 25 YR
HYDRAULIC RESULTS
- - - - §75 In=0.055)
Dischage | Peck Flow [Yelocity [ips)] Asec (sq.ft) | Hydiaulic Nomal > -
{cfs) Period (hrs) Radius(f) § Deph (ft) 4 ‘
2.0 0.1 215 093 0.23 032
S =0.0444 /
\ :. '.. //A—
1 N ! Vv J/ 1
L Bott
30 Widh= 200 30
LINER RESULTS Notto Scale
Matting Type Vegetaticn Charaderistics
Neech Dlabifity Anslysis Mermissible Calculated Gafely Mactor Nemarks
Staple Pattern Phase|] Class | Type [Densiy| Sheds Stiess | Shear Stiess
N fpsf) {p:h)
Straight S7% Jnvegetated 1.85 0.87 1.77 STABLE
Staple D




[North American Green - ECMDS Version 4.3

772042011 [10:34 AMJCOMPUTED BY: NKG

[PROJECT NAME: PPL BBNPP

[PROJECT NO.: PPLS0302

JFFOM STATION/REACH:

{TO STATION/REACH: VEG

[DRAINAGE AREA: SWALE 10.1

HYDRAULICRESULTS .
Dischaige | Peak Flow |Velocity (ps) Area (sq.lt) | Hydraulic Notmal
{cfs} Period {hrs) -] Badius(ft] | Depth {f)
20 0.1 1.14 1.78 0.34 0.50

DESIGN FREQUENCY: 25YR

Unteinfoiced Vegetation (n=0.133)

S =1.0444

Boltom
3.0 Width=2.00 ft 30
LINER RESULTS Not to 5cale
Matting Type Vegetation Characteristics
Reach 5:ability Analysis Fermissible Celculated Safety Factor Remarks
Staple Pattern Phase | Class | T,pe [Densip) Shear Stiess Shear Stress
' . {psf) fpsf)
Straight Unreinforced Vegetation C  |Bunch75-95% 4.20 1.39 3.03 STABLE
Sail Sandy Loam 0.035 0.009 368 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: POI 10 _ Print Date:
Prepared by: JMO Project #:
Date: 15 Sep 11 Checked by:
JFM
Objective: -
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.
Method: See PA Erosion and Sedimentation Control Manual for reference.
Manning's Equation:  _ 1486 ( -%‘ )2/3* Js
n
Given Input Data: Swale 10.1 __,__..____xBarﬁocit ——-——Y-G'asé_"‘e\_/;“" Qmia—ﬁac&
Discharge, Q= 2.00 2.00 2.00 cfs
Left Side Slope = 3.0 3.0 -3.0 H:1V
Right Side Slope = 3.0 3.0 3.0 HV
Base width of Channel, b= 20 2.0 20 feet
Bed sldpe, s= 0.0444 0.0444 0.0444 fuft
Available depth of channel: 1.50 1.50 1.50 feet
(OPTIONAL) Input Manning’s 'n:  0.0550 0.1330 0.1330
Lining Type: R-6
Calculate Flow Depth:
Flow depth, d= 0.32 0.55 0.73 foet
Calculated Results: Desian Acceptable? ¥ too high V 100 high © Yes
Freeboard, f= 1.18 0.95 0.77 feet
Calculated Velocity, V= 2.08 1.00 1.37 fps
Flow Top Width, T= 3.94 5.29 2.00 feet
Flow Area, A= 0.96 2.00 1.46 sq ft
Wetted Perimeter, P= 4.04 5.47 3.46 feet
Hydraulic Radius, R= 0.24 0.37 0.42 feet
Shear siress on channel bottom, t= . 0.90 1.52 2.02 Ibs/sf
Critical Slope, S.= 0.0730 0.3722 0.5937 ft/ft
Flow stable? (no if .78, < s < 1,38,)= yes yes yes
Required Freeboard= 0.5 0.5 05 feet
Allowable Velocity for Lining Material= 0.0 13.0 fps

Conclusions ,
A temporary erosion control blanket (ECB) is needed.

17 Aug 11 3:6 PM
PPLS0902

IA\PROJECTS\PRLEWPPL S0902-B¢!l Bend Lend DevelopmenlANALYTICALICALCULATIONS\SWALE CALCS\PERMANENTYSwales xlIs|Swale 10.1



Rational Equation Stormwater Calculations

Client: PPL0902 .
Project: PO! 10 Print Date: 17 Aug 11 11:49 AM
Prepared by: NKG Checked by: Project §: PPL0O902
Date: 15 Sep 11 IFM

Governing Equation: Q = K C 1 A wherek = 1 for english units)
Description: SWALE 10.2 Structure: -
Route: -
Station: -

STEP 1: Calculate Drainage Area, A and Runoff Coeftficient, C:

Hydrologic Runoft
Soil Group Land Land Coefficient, Area, A A*C
(A,B,C,D) Use Slope C (acres) (acres)
Impervious 0.95 . 0.161 0.153
Lawn 0.40 0.589 0.236

Total A* C: 0.38855 acres

STEP 2: Calculate Time of Concentration:

Flow Average Time of Velocity
Manning's ‘Average Length Velocity  Concentratn Calculation
Type of Fiow / Ground Cover n Slope {f) (ft/s) {min} Method
L 4
v Shallow Concentrated v
A
Channel or Pipe Flow ............... Enter Value Manning’s Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq or other
Channel or Pipe Flow ............... Enter Value Manning's Eq of other
Calculated Total Time of Concentration, T.: 5.0 minutes
STEP 3: Caiculate Rainfalt Intensity, 1: Override calculation for Tc? @ves O no Te= 5.0
Rainfall intensity for Use T, = 5.0 minutes

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year

Calculated Flow, Q (cfs) = 2.1

'LS\PPLS0902-Bed Bend Land DevelopmenfANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\(PPLS0902-Rational Method-Conveyance.xlsm]Swale 10.2



[772372017 [10:42 AM JCOMPUTED BY: NKG
PROJECT NO.: PPLS0902
DRAINAGE 4REA; SWALE 10.2 IDESIGN FREQUENCY: 25'YR

[Noith Ametican Green - ECMDS Version 4.3
|PRIJECT NAME: PPL BBNPP
IFROM STATION/REACH: |TO STATION/REACH: UNVEG
HYDRAULIC RESULTS 575 (n=0.058)
n=0.
Discharge | Peak Flow [Velocily (fps)] Area(sq.ft) | Hydraulic Noimal .
(cfs) Period thrs) Radius(ft] 1 Depth {ft) ’ l
.1 0.1 2.18 096 0.24 0.32 \
. S$=00444
1 ! Y 1
Bott
70 Width = 2.00 f 30
LINER RESULTS No:to Scale
' Matting Type Vegelation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks
' Staple Pattem Phase | Class { Type |Densiy| She?’; gl"e“ Shea{vpift]r 2ss
Straight $75 Unvegetated 1.58 0.90 1.73 " STABLE
Staple D
ral - /




{Noith American Grzen - ECMDS Version 4.3

J1720/2011 T10:43 AM|COMPUTED BY: N<G

{PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0302

IFRNM STATINN/RFACH:

HYDBAULIC RESULTS

ITNSTATIFN/RFACH: VFf

NRAINAGF ARFA- SWAIF 172

INFSIEN FRFAIIFNMY: 25 YR

Unreinforced Vegetation {n=0.131)

Dischage [ Peak Flow [Velocity {fps)] Ara {sq.ft) | Hydiaulic | Normal
(cfs’ Meriod (brs) Nadius(ft]) | Depth (ft)
R1 0.1 118 1.79 0.74 051 /
\ S =0.0444
L L _1
Eottom
Widh - 2.000t 3.0
LINER RESULTS Hotto Scale
Mating Type Vegelation Characteristics
Reach S tability Analysis ‘Permissinle Calculated Safety Facior Remarks
Staple Paltern Phase | Class | Type [Density] Jheat Stiess | Sear Stiess
- (pef) {pef)
,  Staght Unreinforced Vegetation C |Bunch|75:85% 4,20 1.41 299 STABLE
! Scil Sandy Loam 0.035 0.010 3.49 STABLE

¢



Trapezoidatl Channel Analysis - Open Channel Flow (w/ Manning's Eg)

Client/Subject: PFL Bell Bend
Description: POI 10 Print Date: 17 Aug 11 3:6 PM

Prepared by: JMO Project #: PPLS0802

Date: 15 Sep 11 Checked by:
L IML

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
- . A (213
Manning's Equation: . 1486 (—) /s
f n P
: , Bare - Velocity ~ Grass - Velocity  Grass - Capacity
Given Input Data; Swale 10.2 Check Check Check
Discharge, Q= 210 2.10 210 ~ cfs
Left Side Slope = 3.0 3.0 3.0 H:V
Right Side Slope = 3.0 3.0 3.0 H:AV
Base width of Channel, b= 2.0 2.0 2.0 i feet
Bed slope, s= 0.0444 0.0444 0.0444 fH/ft
Available depth of channel: 1.50 1.50 1.50 feet
(OPTIONAL)  Input Manning's 'n" 0.0550 0.1310 0.1310
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.33 0.56 0.56 feet
Calculated Results: Design Acceptable? ¥ too'high V loo high ¥ 0o high
Freeboard, f= 1.17 0.94 0.94 feet
Caiculated Velocity, V= 2.1 1.02 1.02 fps
Flow Top Width, T= 3.99 5.35 5.35 feet
Flow Area, A= 0.99 2.05 - 2.05 sq ft
Welted Perimeter, P= 410 5.53 5.53 feet
Hydraulic Radius, R=  0.24 - 0.37 0.37 feet
Shear stress on channel bottom, 1= 0.92 1.55 1.55 Ibs/sf
Critical Slope, S.= 0.0725 0.3596 0.3596 fuft
Flow stable? (no if .7S; <s < 1.38.)= yes yes yes
Required Freeboard= 05 0.5 0.5 feet
Allowable Velocity for Lining Material= = 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

IAPROJECTSIPPLSIPPLS0802-8eill Bend Land DeveiopmentANALYTICALICALCULATIONSISWALE CALCSIPERMANENT\Swales.xis]Swale 10.2



EROSION AND SEDIMENTATION
TEMPORARY E&S SWALE
CALCULATIONS

Bell Bend Nuclear Power Plant
Salem Township
Luzerne County, PA




FLOW RATE PER

SWALE ID SWALE ?;GMENT DRA;IX?E:S?REA SEGMENT (CFS) T:;’?é (FCL;)S\)N
(2.25 CFS / ACRE)

1A.1 1Al 10.72 24.12 24.12
6.1 6.1A 9.50 21.38 21.38
6.18 0.52 1,17 22.55

101 10.1A 5.22 11.75 11.75
10.18 2.38 5.36 17.10

10.2A 2.16 4.86 4.86

10.28 2.19 4.93 9.79

10.2 10.2C 3.25 7.31 17.10
10.2D 0.31 0.70 17.80

10.2E 5.39 1213 29.93

10A.1 10A.1 14.41 32.42 32.42
12.1 12.1 3.89 8.75 8.75
12.2A 6.07 13.66 13.66

12.2 12.2B 1.92 4.32 17.98
12.2C 14.47 32.56 50.54

15A.1 15A.1 5.42 12.20 12,20
21.1 21.1 1.62 3.65 3.65
21.2 21.2 9.91 22.30 22.30
213 213 8.99 20.23 20.23
21.4 21.4 5.92 13.32 13.32
21.5A* 6.72 15.12 61.29

215 21.58 0.1 0.23 0.23
21.5C 1.65 3.71 65.23

21.6A 3.21 7.22 7.22

1.6 21.6B 4.04 9.09 9.09
21.6C 22.32 50.22 59.31
21.6D 0.76 1.71 75.62

~

*Total flow includes total flow rate from swales 21.1, 21.2, and 21.3




" STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0802

LLOCATION: Salem Township

PREPARED BY:JMO DATE:09/15/11
CHECKED BY:JFM DATE: 09/15/11
CHANNEL OR CHANNEL SECTION 1A.1 1A.1 8.1A 6.1A
Unveg | Veg Unveg Veg
PROTECTIVE LINING ** 1 875 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 12.00 | 12.00 11.50 11.50
CHANNEL TOP WIDTH (FT)@ d 8.72 9.82 8.17 9.34
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 4.0 4.0 3.5 3.5
d (FLOW DEPTH IN FT) 1.17 1.46 1.16 1.46
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3.42:1 | 2.74:1 3.02:1 2.40:1
A (AREA IN SQ. FT.) 7.45 | 10.05 6.79 9.34
R (HYDRAULIC RADIUS) 0.81 0.96 0.78 0.93
S (BED SLOPE, FT/FT)* 0.0100 | 0.0100 0.0100 0.0100
VEGETATIVE LINING RETARDANCE - c - c
n (MANNING’S COEFFICIENT)** 0.040 | 0.060 0.040 0.062
V (AT FLOW DEPTH d, CFS) 3.24 2.40 3.15 2.29
Q (AT FLOW DEPTH d, CFS) 24.1 24.1 21.4 21.4
Q, (REQUIRED CAPACITY) CFS - . - -
S, (CRITICAL SLOPE) 0.0266 | 0.0569 0.0270 0.0615
7S, 0.0186 | 0.0398 0.0189 0.0431
1.3S 0.0346 | 0.0740 0.0351 0.0800
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 0.82 0.54 0.83 0.54
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2 2 2 2
ds; STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING VIS VIS VIS V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 5.0 35 5.0 35
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.73 0.91 0.73 0.91
7. (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 420 1.55 4.20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

_. conditions in separate columns.
Minimum Freeboard,F, is 0.5 ft.

™ Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method

may be used for any channel bed slope.




STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902
LOCATION: Salem Township

PREPARED BY: JMO DATE: 09/15/11
CHECKED BY: JFM DATE: 09/15/11
CHANNEL OR CHANNEL SECTION 6.1B 6.1B 10.1A 10.1A
Unveg | Veg Unveg Veg
PROTECTIVE LINING ** SC250 | SC250 S75 Grass
CHANNEL TOP WIDTH (FT)@ D 11.50 | 11.50 "11.00 11.00
CHANNEL TOP WIDTH (FT)@ d : 7.02 8.20 6.33 7.06
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 3.5 3.5 3.0 3.0
d (FLOW DEPTH IN FT) 0.88 1.18 0.83 1.01
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3.98:1 { 2.97:1 - 3.61:1 2.971
A (AREAIN SQ. FT.) ‘ 4.61 6.88 3.86 5.09
R (HYDRAULIC RADIUS) 0.62 0.79 .58 .68
S (BED SLOPE, FT/FT)* 0.0220 | 0.0220 0.0200 0.0200
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)** 0.033 | 0.0570 0.0480 0.070
V (AT FLOW DEPTH d, CFS) 4.90 3.29 3.06 2,32
Q (AT FLOW DEPTH d, CFS) 22.6 22.8 , 11.8 11.8
Q; (REQUIRED CAPACITY) CFS - - - -
S (CRITICAL SLOPE) 0.0197 | 0.0547 0.0428 0.0867
7S, 0.0138 | 0.0383 0.0300 0.0807
1.3S, 0.0256 | 0.0711 0.0556 0.1127
STABLE FLOW? (Y/N) N Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT 1.12 - - -
FREEBOARD BASED ON STABLE FLOW FT - 0.82 1.17 98
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT . 2.00 2.00 2.00 2.00
dsg STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS V/is VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V. (ALLOWABLE VELOCITY) FPS 9.5 15.0 5.0 3.5
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 1.20 1.61 1.03 1.26
Ta (MAX ALLOWABLE SHEAR STRESS) LB/FT? 3.00 10.00 | 1.55 4.20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns.

™ Minimum Freeboard,F, is 0.5 ft.

“ Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LLOCATION: Salem Township

PREPARED BY: JMO

DATE: 09/15/11

CHECKED BY: JFM

DATE: 09/15/11

CHANNEL OR CHANNEL SECTION 10.1B | 10.1B 10.2A 10.2A
Unveg Veg Unveg Veg
PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 11.00 | 11.00 11.00 11.00
CHANNEL TOP WIDTH (FT)@ d 7.46 8.67 4.80 5.36
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 3.0 3.0
d (FLOW DEPTH IN FT) 1.11 1.41 0.45 0.59
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 2.70:1 1 2131 6.66:1 5.08:1
A (AREA IN SQ. FT.) 5.83 8.22 1.74 2.46
R (HYDRAULIC RADIUS) 0.73 0.88 0.35 0.44
S (BED SLOPE, FT/FT)* 0.0100 | 0.0100 0.0444 0.0444
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)** 0.041 | 0.660 0.055 0.090
V (AT FLOW DEPTH d, CFS) 2.93 2.08 2.82 1.99
Q (AT FLOW DEPTH d, CFS) 17.1 17.1 4.9 4.9
Q, (REQUIRED CAPACITY) CFS - - - -
S: (CRITICAL SLOPE) 0.0291 | 0.0711 0.0653 0.1634
7S, 0.0204 | 0.0498 0.0457 0.1144
1.3S; 0.0378 | 0.0924 0.0849 0.2124
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 0.88 0.58 1.55 1.41
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.00 2.00 2.00 2.00
dso STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V. (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
74 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.70 0.88 1.24 1.63
1, (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 4,20 1.55 4.20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

__ conditions in separate columns.
Minimum Freeboard,F, is 0.5 ft.

™ Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method

may be used for any channel bed slope.




STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902
LOCATION: Salem Township

PREPARED BY: JMO DATE: 09/15/11
CHECKED BY: JFEM . DATE: 09/15/11
CHANNEL OR CHANNEL SECTION 10.2B 10.2C 10.2C
Unveg Veg
PROTECTIVE LINING ** Concrete S75 Grass
. (Rip Rap)
CHANNEL TOP WIDTH (FT)@ D _ 9.00 11.00 11.00
CHANNEL TOP WIDTH (FT)@ d 4.00 6.88 7.62
CHANNEL SIDE SLOPES (H:V) 2 2 2
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 3.0
d (FLOW DEPTH IN FT) 0.25 0.97 1.15
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 12:1 3.09:1 2.61:1
A (AREAIN SQ. FT.) 0.87 479 6.11
R {HYDRAULIC RADIUS) 0.21 0.97 1.31
S (BED SLOPE, FT/IFT)* 0.1818 0.0200 0.0200
VEGETATIVE LINING RETARDANCE - - C
n (MANNING’S COEFFICIENT)** 0.020 0.0440 0.0620
V (AT FLOW DEPTH d, CFS) 11.25 : 3.57 2.80
Q (AT FLOW DEPTH d, CFS) 9.8 17.1 17.1
Q, {(REQUIRED CAPACITY) CFS - - -
S. (CRITICAL SLOPE) 0.010 0.0347 0.0660
78 0.007 0.0243 0.0462
1.3S, 0.013 0.0451 0.0858
STABLE FLOW? (Y/N) Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - -
FREEBOARD BASED ON STABLE FLOW FT 1.25 1.03 0.85
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5
D (TOTAL DEPTH) FT - 15 2.0 2.0
dso STONE SIZE (IN) 15 - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 14.5 5.0 3.5
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 2.82 1.21 1.44
7. (MAX ALLOWABLE SHEAR STRESS) LB/FT? N/A 1.55 4.20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns.

™ Minimum Freeboard,F, is 0.5 ft.

™ Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: JMO

DATE: 09/15/11

CHECKED BY: JFM

DATE: 09/15/11

CHANNEL OR CHANNEL SECTION 10.2D 10.2E 10.2E
, Unveg Veg
PROTECTIVE LINING ** Concrete SC250 SC250
: (Rip Rap)
CHANNEL TOP WIDTH (FT)@ D 9.00 11.00 11.00
CHANNEL TOP WIDTH (FT)@ d 4.37 7.17 8.65
CHANNEL SIDE SLOPES (H:V) 2 2 2
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 3.0
d (FLOW DEPTH IN FT) 0.34 1.05 1.41
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 8.80:1 2.86:1 2.13:1
A (AREA IN SQ. FT)) 1.26 5.34 8.18
R (HYDRAULIC RADIUS) 0.28 0.69 0.88
S (BED SLOPE, FT/FT)* 0.2000 0.0200 0.0200
VEGETATIVE LINING RETARDANCE - - C
n (MANNING’S COEFFICIENT)** 0.0200 0.0290 0.0530
V (AT FLOW DEPTH d, CFS) 14.15 5.60 3.66
Q (AT FLOW DEPTH d, CFS) 17.8 29.9 29.9
Q, (REQUIRED CAPACITY) CFS - - -
S. (CRITICAL SLOPE) 0.0093 0.0148 0.0459
7S, 0.0065 0.0104 0.0321
1.3S, 0.0121 0.0192 0.0597
STABLE FLOW? (YIN) Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - -
FREEBOARD BASED ON STABLE FLOW FT 1.16 0.96 0.59
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5
D (TOTAL DEPTH) FT 1.5 2.0 2.0
dsp STONE SIZE (IN) 15 - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 14.5 9.5 15.0
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 4.26 1.31 1.76
7. (MAX ALLOWABLE SHEAR STRESS) LB/FT? N/A 3.00 10.00

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

. conditions in separate columns.
: Minimum Freeboard,F, is 0.5 ft.

" Permissible velocity lining design method is not acceptable for channels with a bed

stope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method

may be used for any channel bed slope.




STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY:; JMO DATE: 09/15/11
CHECKED BY: JFM DATE: 09/15/11

CHANNEL OR CHANNEL SECTION 10A.1 | 10A1 12.1 12.1

» Unveg | Veg Unveg Veg
PROTECTIVE LINING ** 8C250 | SC250 S75 Grass
CHANNEL TOP WIDTH (FT)@ D 11.00 | 11.00 48.75 48.75
CHANNEL TOP WIDTH (FT)@ d 7.34 8.82 18.42 20.64
CHANNEL SIDE SLOPES (H:V) 2 2 3,6 36
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 15 15
d (FLOW DEPTH IN FT) 1.08 1.45 0.38 0.62
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 2,781 | 2,071 12:1 12:1
A (AREA IN SQ. FT.) 5.57 8.54 6.34 11.10
R (HYDRAULIC RADIUS) 0.71 0.90 0.34 0.53
S (BED SLOPE, FT/FT)* 0.0200 | 0.0200 0.0110 0.0110
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)** 0.0290 | 0.0520 0.0550 0.1300
V (AT FLOW DEPTH d, CFS) 5.82. 3.79 1.39 0.79
Q (AT FLOW DEPTH d, CFS) 32.4 32.4 8.8 8.8
Q, (REQUIRED CAPACITY) CFS - - - -
S:(CRITICAL SLOPE) 0.0147 | 0.0439 0.0632 0.3047
7S, 0.0103 | 0.0307 | | 0.0442 0.2133
1.3S. 0.0191 | 0.0571 0.0822 0.3961
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 0.91 0.55 2.12 1.87
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.00 2.00 2.50 2.50
dsp STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS \ZE V/S VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS ' 9.5 15.0 5.0 3.5
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 1.35 1.81 0.26 0.43
T, (MAX ALLOWABLE SHEAR STRESS) LB/FT? 3.00 10.00 1.55 4.20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns.

“ Minimum Freeboard,F, is 0.5 ft,

" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: JMO DATE: 09/15/11

CHECKED BY: JFM DATE: 09/15/11
CHANNEL OR CHANNEL SECTION 12.2A | 122A | 12.2B 12.2B

‘ Unveg | Veg Unveg Veg

PROTECTIVE LINING ** 875 | Grass S75 Grass
CHANNEL TOP WIDTH(FT)@ D 12.00 | 12.00 12.00 12.00
CHANNEL TOP WIDTH (FT)@ d 760.| 854 8.20 9.26
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 4.0 4.0 4.0 40
d (FLOW DEPTHIN FT) 0.90 1.13 1.04 1.31
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 4.44:1 | 3.54:1 3.85:1 3.05:1
A (AREA IN SQ. FT.) 5.20 7.11 6.36 8.69
R (HYDRAULIC RADIUS) 0.65 0.78 0.73 0.88
S (BED SLOPE, FTIFT)* 0.0118 | 0.0118 0.0100 0.0100
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)** 0.0460 | 0.0710 0.0430 0.0660
V (AT FLOW DEPTH d, CFS) ' 2.63 1.93 . 2.83 2.07
Q (AT FLOW DEPTH d, CFS) 13.7 13.7 18.0 18.0
Q, (REQUIRED CAPACITY) CFS - - - -
S. (CRITICAL SLOPE) , 0.0375 | 0.0846 0.0316 0.0706
7S, 0.0263 | 0.0592 0.0221 0.0494
1.38; ) 0.0488 | 0.1100 0.0411 0.0918
STABLE FLOW? (Y/N) , Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - _ - -
FREEBOARD BASED ON STABLE FLOW FT 1.10 0.87 : 0.95 0.68
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D {TOTAL DEPTH) FT 2.00 2.00 2.00 2.00
ds; STONE SIZE (IN) . - - - -
DESIGN METHOD FOR PROTECTIVE LINING™ | V/8 | VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)

'V, (ALLOWABLE VELOCITY) FPS 5.0 3.5 |- 5.0 3.5
74 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.66 0.84 0.65 0.82
1, (MAX ALLOWABLE SHEAR STRESS) LB/FT? 1.55 4.20 1.55 4.20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns.

™ Minimum Freeboard,F, is 0.5 ft.

" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: JMO

DATE: 09/15/11

CHECKED BY: JFM

DATE: 09/15/11

CHANNEL OR CHANNEL SECTION 12.2C 15A.1 15A.1
Unveg Veg
PROTECTIVE LINING ** Concrete P550 P550
(Rip Rap)
CHANNEL TOP WIDTH (FT)@ D 10.00 8.00 8.00
CHANNEL TOP WIDTH (FT)@ d 6.21 4.40 4.97
CHANNEL SIDE SLOPES (H:V) 2 2 2
CHANNEL BOTTOM WIDTH (FT) 2.00 2.0 2.0
d (FLOW DEPTH IN FT) 1.05 0.60 0.74
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 1.90:1 3.33:1 2.70:1
A (AREAIN 8Q. FT.) 4.32 1.91 2.57
R (HYDRAULIC RADIUS) 0.64 0.41 0.48
S (BED SLOPE, FT/FT)* 0.0444 0.0930 0.0930
VEGETATIVE LINING RETARDANCE - - C
n (MANNING’S COEFFICIENT)** 0.020 0.0390 0.590
V (AT FLOW DEPTH d, CFS) 11.68 6.38 4,75
Q (AT FLOW DEPTH d, CFS) 50.5 12.2 12.2
Q, (REQUIRED CAPACITY) CFS - - -
S (CRITICAL SLOPE) 0.0073 0.0317 0.0690
7S, 0.0051 0.0222 0.0483
1.3S, 0.0095 0.0412 0.0897
STABLE FLOW? (Y/N) Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - -
FREEBOARD BASED ON STABLE FLOW FT 0.95 0.90 0.76
MINIMUM REQUIRED FREEBOARD FT 0.50 0.5 0.5
D (TOTAL DEPTH) FT 2.00 1.50 1.50
dso STONE SIZE (IN) 15 - -
DESIGN METHOD FOR PROTECTIVE LINING ™™ VIS V/S VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 14.5 12.5 25.0
74 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 2.92 3.47 4.29
7. (MAX ALLOWABLE SHEAR STRESS) LB/FT? N/A 4.00 14.00

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

conditions in separate columns.
Minimum Freeboard,F, is 0.5 ft.

” Permissible velocity lining design method is not acceptable for channels with a bed

slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method

may be used for any channel bed slope.




STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: JMO

DATE: 09/15/11

CHECKED BY: JFM

DATE: 09/15/11

CHANNEL OR CHANNEL SECTION 21.1 | 2141 21.2 21.2
Unveg | Veg Unveg Veg
PROTECTIVE LINING ** S75 | Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 11.00 | 11.00 15.00 15.00
CHANNEL TOP WIDTH (FT)@ d 470 | 5.80 9.93 - 11.78
CHANNEL SIDE SLOPES (H:V) 3 3 3 3
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 3.0 3.0
d (FLOW DEPTH IN FT) 0.45 | 062 1.16 1.46
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 4.44:1 | 3.23:1 2.59:1 2.05:1
A (AREA IN SQ. FT.) 150 | 2.41 7.47 10.77
R (HYDRAULIC RADIUS) ‘ 0.31 | 0.4 0.72 0.88
S (BED SLOPE, FT/FT)* 0.0400 | 0.0400 0.0100 | 0.0100
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)** 0.0550 | 0.1060 0.0400 | 0.0660
V (AT FLOW DEPTH d, CFS) 247 | 1.53 2.99 2.07
Q (AT FLOW DEPTH d, CFS) 3.7 3.7 22.3 22.3
Q, (REQUIRED CAPACITY) CFS - - - -
S (CRITICAL SLOPE) 0.0670 | 0.2278 0.0269 | 0.0688
7S, 0.0469 | 0.1595 0.0188 | 0.0482
1.3S, 0.0871 | 0.2961 0.0350 | 0.0894
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 1.05 | 0.87 0.84 0.54
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 1.5 1.5 2.00 2.00
ds, STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S) :
V, (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 112 | 1.56 0.72 0.91
7, (MAX ALLOWABLE SHEAR STRESS) LB/FT? 155 | 4.20 1.55 4,20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

_ conditions in separate columns.
Minimum Freeboard,F, is 0.5 ft.

" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method

may be used for any channel bed slope.




STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902
LOCATION: Salem Township

PREPARED BY: JMO ' DATE: 09/15/11

CHECKED BY: JFM DATE: 09/15/11
CHANNEL OR CHANNEL SECTION 213 | 213 21.4 21.4

Unveg | Veg Unveg Veg

PROTECTIVE LINING ** §75 | Grass SC250 | SC250
CHANNEL TOP WIDTH (FT)@ D 20.00 | 20.00 11.00 11.00
CHANNEL TOP WIDTH (FT)@ d 9.22 | 11.19 5.19 5.77
CHANNEL SIDE SLOPES (H:V) 3 3 2 2
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 3.0 3.0
d (FLOW DEPTH IN FT) 120 | 1.53 0.55 0.69
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 1.67:1 | 1.31:1 5.45:1 4.35:1
A (AREAIN SQ.FT.) 6.73 | 10.10 2.24 3.03
R (HYDRAULIC RADIUS) 0.70 | 0.86 0.41 0.50
S (BED SLOPE, FT/FT)* 0.0100 | 0.0100 0.0800 | 0.0800
VEGETATIVE LINING RETARDANCE - C - c
n (MANNING’S COEFFICIENT)** 0.0390 | 0.0670 0.0390 | 0.0600
V (AT FLOW DEPTH d, CFS) 1 3.00 | 2.00 5.94 4.39
Q (AT FLOW DEPTH d, CFS) 202 | 202 13.3 12.3
Q, (REQUIRED CAPACITY) CFS - - ' - -
S, (CRITICAL SLOPE) 0.0260 | 0.0717 0.0313 | 0.0698
7S, 0.0182 | 0.0502 0.0219 | 0.0489
1.3S, 0.0338 | 0.0932 0.0407 | 0.0907
STABLE FLOW? (Y/N) Y Y Y N
FREEBOARD BASED ON UNSTABLE FLOW FT - - - 1.31
FREEBOARD BASED ON STABLE FLOW FT 1.80 | 1.47 1.45 -
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 3.0 3.0 2.00 2.00
d:y STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S) _
V, (ALLOWABLE VELOCITY) FPS 5.0 3.5 9.5 15.0
T4 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 0.75 | 096 2.73 3.45
72 (MAX ALLOWABLE SHEAR STRESS) LB/FT? 155 | 4.20 3.00 10.00

* Slopes may not be averaged.
** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns.

" Minimum Freeboard,F, is 0.5 ft.
Permissible velocity lining design method is not acceptable for channels with a bed -

slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21

Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: JMO_

DATE: 09/15/11

CHECKED BY: JFM

DATE: 09/15/11

CHANNEL OR CHANNEL SECTION | 21.5A | 21.5A 21.5B 21.58
Unveg Veg Unveg Veg
PROTECTIVE LINING ** P550 P550 S75 Grass
CHANNEL TOP WIDTH (FTY@ D 11.00 | 11.00 11.00 11.00
CHANNEL TOP WIDTH (FT)Y@ d 7.67 8.71 3.51 4.19
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 3.0 3.0
d (FLOW DEPTH IN FT) 1.17 1.43 0.06 0.16
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 2.56:1 | 2.10:1 12:1 12:1
A (AREA IN SQ. FT.) 6.28 8.36 0.20 0.53
R (HYDRAULIC RADIUS) 0.76 0.89 0.06 0.14
S (BED SLOPE, FT/FT)* 0.0500 | 0.0500 0.0550 0.0550
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING’S COEFFICIENT)** 0.0280 | 0.0420 0.0550 0.2500
V (AT FLOW DEPTH d, CFS) 9.75 7.34 0.99 0.38
Q (AT FLOW DEPTH d, CFS) 61.3 61.3 0.2 0.2
Q, (REQUIRED CAPACITY) CFS - - - -
S. (CRITICAL SLOPE) 0.0134 | 0.0288 0.0916 1.4979
7S, 0.0094 | 0.0202 0.0641 1.0485
1.3S5, 0.0174 | 0.0374 0.1191 1.9473
STABLE FLOW? (Y/N) Y Y - Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 0.83 0.57 1.87 1.70
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT ' 2.00 2.00 2.00 2.00
dso STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ VIS VIS V/S \V/ESS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (8)
V, (ALLOWABLE VELOCITY) FPS 12.5 25.0 5.0 3.5
1q (SHEAR STRESS AT FLOW DEPTH d) LBIFT? 3.67 4.45 0.22 0.55
12 (MAX ALLOWABLE SHEAR STRESS) LB/FT? 4.00 14.00 1.55 4.20

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

_ conditions in separate columns.
Minimum Freeboard,F, is 0.5 ft.

" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method

may be used for any channel bed slope.




)

STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: JMO

DATE: 09/15/11

CHECKED BY: JEM

DATE: 09/15/11

CHANNEL OR CHANNEL SECTION 21.5C 21.6A 21.6A
Unveg Veg
PROTECTIVE LINING ** Concrete SC250 SC250
(Rip Rap)
CHANNEL TOP WIDTH (FT)@ D 11.00 9.00 9.00
CHANNEL TOP WIDTH (FT)@ d 6.51 474 5.49
CHANNEL SIDE SLOPES (H:V) 2 2 2
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 3.0
d (FLOW DEPTH IN FT) 0.88 0.43 0.62
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3.41:1 6.98:1 4.84:1
A (AREA IN SQ. FT.) 4.17 1.67 2.62
R (HYDRAULIC RADIUS) 0.60 0.34 0.45
S (BED SLOPE, FT/FT)* 0.0869 0.0571 0.0571
VEGETATIVE LINING RETARDANCE - - c
n (MANNING’S COEFFICIENT)** 0.020 0.0400 | 0.0760
V (AT FLOW DEPTH d, CFS) 15.63 4.31 2.75
Q (AT FLOW DEPTH d, CFS) 65.2 7.2 7.2
Q; (REQUIRED CAPACITY) CFS - - -
S (CRITICAL SLOPE) 0.0073 0.0348 0.1151
7S. 0.0051 0.0244 0.0806
1.3S, 0.0095 0.0452 0.1496
STABLE FLOW? (Y/N) Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - -
FREEBOARD BASED ON STABLE FLOW FT 1.12 1.06 0.88
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.0 1.50 1.50
dsy STONE SIZE (IN) 15 - -
DESIGN METHOD FOR PROTECTIVE LINING ™ S VIS VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 14.5 9.5 15.0
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 4.76 1.54 2.20
7. (MAX ALLOWABLE SHEAR STRESS) LB/FT? N/A 3.00 10.00

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegétated

___ conditions in separate columns.
Minimum Freeboard,F, is 0.5 ft.

" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method

may be used for any channel bed slope.




STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: JMO DATE: 09/15/11

CHECKED BY: JFM DATE: 09/15/11
CHANNEL OR CHANNEL SECTION 2168 | 21.6B 21.6C 21.6C

Unveg Veg Unveg Veg

PROTECTIVE LINING ** SC250 | SC250 SC250 | SC250
CHANNEL TOP WIDTH (FT)@ D 10.00 | 10.00 15.00 | 15.00
CHANNEL TOP WIDTH (FT)@ d 469 | 5.31 9.92 12.58
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 5.0 5.0
d (FLOW DEPTH IN FT) 050 | 0.68 1.48 1.89
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 6:1 | 4.41:1 3.38:1 2.65:1
A (AREA IN SQ. FT.) 1.99 | 295 8.86 16.59
R (HYDRAULIC RADIUS) 0.38 | 0.49 0.92 1.23
S (BED SLOPE, FT/FT)* 0.1000 | 0.1000 0.0100 | 0.0100
VEGETATIVE LINING RETARDANCE - [ - C
n (MANNING’S COEFFICIENT)** 0.0400 | 0.700 0.0210 | 0.0480
V (AT FLOW DEPTH d, CFS) 458 | 3.08 6.70 3.57
Q (AT FLOW DEPTH d, CFS) 9.1 9.1 59.3 59.3
Q, (REQUIRED CAPACITY) CFS - - - -
S. (CRITICAL SLOPE) 0.0351 | 0.0994 0.0071 | 0.0335
7S, 0.0246 | 0.0696 0.0050 | 0.0235
1.38, 0.0456 | 0.1292 0.0092 | 0.0436
STABLE FLOW? (Y/N) Y N ‘ Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - 1.42 - -
FREEBOARD BASED ON STABLE FLOW FT 1.58 - 1.27 0.61
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 200 | 2.00 2.50 2.50
ds; STONE SIZE (IN) - - - -
DESIGN METHOD FOR PROTECTIVE LINING ™ | V/S VIS vis | VIS
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S) .
V, (ALLOWABLE VELOCITY) FPS 9.5 15.0 9.5 15.0
74 (SHEAR STRESS AT FLOW DEPTH ) LB/FT* | 1.71 | 2.33 0.93 1.18
12 (MAX ALLOWABLE SHEAR STRESS) LB/FT? 3.00 | 10.00 3.00 10.00

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated
conditions in separate columns.

™ Minimum Freeboard,F, is 0.5 ft.

™" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channel bed slope.



STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Beli Bend, PPLS0902

LOCATION: Salem Township

PREPARED BY: JMO

DATE: 09/15/11

CHECKED BY: JEM

CHANNEL OR CHANNEL SECTION 21.6D
PROTECTIVE LINING ** Concrete
- (Rip Rap)
CHANNEL TOP WIDTH (FT)@ D 14.00
CHANNEL TOP WIDTH (FT)@ d 5.55
CHANNEL SIDE SLOPES (H:V) 2
CHANNEL BOTTOM WIDTH (FT) 2.00
d (FLOW DEPTH IN FT) 1.90:1
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 1.05:1
A (AREAIN SQ. FT.) 3.34
R (HYDRAULIC RADIUS) 0.56
S (BED SLOPE, FT/FT)* 0.2000
VEGETATIVE LINING RETARDANCE -
n (MANNING’S COEFFICIENT)** 0.0200
V (AT FLOW DEPTH d, CFS) 22.60
Q (AT FLOW DEPTH d, CFS) 75.6
Q. (REQUIRED CAPACITY) CFS -
S, (CRITICAL SLOPE) 0.0076
7S, 0.0053
1.3S, 0.0099
STABLE FLOW? (YIN) Y
FREEBOARD BASED ON UNSTABLE FLOW FT -
FREEBOARD BASED ON STABLE FLOW FT 2.1
MINIMUM REQUIRED FREEBOARD FT 0.50
D (TOTAL DEPTH) FT 3
ds; STONE SIZE (IN) 15
DESIGN METHOD FOR PROTECTIVE LINING ™ S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 14.5
14 (SHEAR STRESS AT FLOW DEPTH d) LB/FT? 11.07
7, (MAX ALLOWABLE SHEAR STRESS) LB/FT? N/A

* Slopes may not be averaged.

** For vegetated channels, provide data for temporary linings and vegetated

conditions in separate columns.
" Minimum Freeboard,F, is 0.5 ft.

DATE: 08/15/11

" Permissible velocity lining design method is not acceptable for channels with a bed
slope of 10% or greater. Shear stress lining design method is recommended for
channels with a bed slope of 10% or greater. Shear stress lining design method
may be used for any channe! bed slope.



L

INorth American Grean - ECMDS Version 4.3

18/29/2011 [08:54 AM|COMPUTED 8Y: JMO

PROJECT NAME: PPL BBNPP

{PROJECT NO.: PPLS0302

FROM STATION/REACH:

jTO STATION/REACH: UNVEG

HYDRAULIC RESULTS .
Discharge | Peak Flow [Velocity {fps)] Area (sq.ft] | Hydraulic Nomal
(cfs) Petiod {hrs} Radius(ft] | Depth{ft]
P41 0.1 324 7.45 0.81 1.17

IDRAINAGE AREA: Swale 1A.1

IDESIGN FREQUENCY: 2.25CFS
575 (n=0.040}

Bottom
Width = 4.00 ft

20 2.0
LINER RESULTS Not to Scale
Matting Type Vegetation Charactetistics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Patt Phase] Class | Tupe JDensis] Shear Stiess | Sheas Stress
pleTatem L ? » Y (psf) {psh)
Staight 575 Unvegetated 1.55 0.73 212 STABLE
I Staple D




18/29/2011 ]08:52 AM|COMPUTED BY: JMO

Marth Ametican Green - ECMDS Version 4.3
|PROJECT NO.; PPLS0902

PROJECT NAME: PPL BENPP
FROM STATION/REACH: JTO STATIGN/REACH: VEG IDRAINAGE AREA: Swale 1A |DESIGN FREQUENCY: 2.25 CFS
HYDRALLI = Unreinforced Yegetation {n=0.060)
Dischaige | Peak Flow |Velacity (fps)] Area {sq./t} | Hydiaulic Normal : resmlalced egeTn e
(cts) Period {hrs] Radiusift} } Depth (it}
24.1 01 240 10.05 0.96 1.46
1
Bottom .
20 Width = 4.00 ft 2.0
LINER RESULTS Notto Scale
Matting Type Vegetation Cheracteri§tics
Reach Stability Analysis Permissible |- Calculated Safety Factor Remarks
Staple Pattem, Phase | Class | Type [Density] Sheas Stiess | Shear Stiess
{psi) tpsf}
Straight Unreinforced Vegetation C }Bunch75-95% 4.20 091 4,63 STABLE
Soil Sandy Loam 0.035 0.030 1.15 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning’s Eq)

Client/Subject: PPL Bell Bend

Description: SWALE 1A.1 TO SED BASIN 1A Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO . Project #: PPLS0902
Date: 15 Sep 11 Checked by: -
JFM

Objective: : :
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel! characteristics, the
flow depth will be caiculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
Manning's Equation: Q= 1486 A (.A_ )2’3*\/'5—
n P
Given Input Data: Swale 1A1 Bareg-b-;iocity Gras;i;\éi@;iu‘ Graézh—gca—kgacity_
Discharge, Q= 2412 24.12 cfs
Left Side Slope =" 2.0 20 H:1v
Right Side Slope = 20 .20 H:1v
Base width of Channel, b= 4.0 4.0 feet
- Bed slope, s=  0.0100 0.0100 fi/it
Available depth of channel: 2.00 2.00 feet
(OPTIONAL)  Input Manning's 'n': 0.0400 0.0600
' Lining Type:
Calculate Flow Depth: 5
Flow depth, d= 1.18 1.46 feet
Calculated Results: Design Acceptable? V too high ¥ {00 high
, Freeboard, = 0.82 0.54 feet
Calculated Velocity, V= 3.21 2.40 fps
Flow Top Width, T= 8.72 9.82 feet
Flow Area, A= 7.51 10.07 sq ft
Wetted Perimeter, P= 928 10.51 : feet
Hydraulic Radius, R= 0.81 0.96 feet
Shear stress on channel bottom, ©= 0.74 0.91 Ibs/sf
Critical Slope, S.= 0.0266 0.0569 f/ft
Fiow stable? (noif .7S, < s < 1.35,)= yes yes
Required Freeboards= 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

S

Conclusions

A temporary erosion control blanket (ECB) is needed.

{APROJECTS\PPLSPPLS0902-Belt Bend Land DevelopmentANALY TICALICALCULATIONS\ERQOSION & SEDIMENTATION CALCS\SWALEYSwales.xis|Swale 1A.1



North American Green - ECMDS Version 4.3 187292011 |08:56 AMJCOMPUTED BY: JMO
PROJECT NAME: PPL BBNPP PROJECT NO.. PPLS0S02
FROM STATION/REACH: iTO STATION/REACH: UNVEG DRAINAGE AREA; Swale 6.1A IDESIGN FREQUENCY: 2.25 CFS
HYDRAULIC RESULTS
- . _ 875 (n=0.040)
Discharge | Peak Flow [Velocily (fps)] Atea [sq.ft) | Hydraulic Normal ) '
fcfs} Period [hrs) Radius{ft] { Depth (I} i I
P14 0.1 315 6.79 078 116

$=00100

~2—}1

Bottom
P Width = 350 f i]
LINER RESULTS Not to Scale
Matting Type Vegetation Characteristics .
Reach Stabifity Analysis Permissible Calculated Safety Factor Remarks
Staple Patten Phase | Class | Type [Densiy| Shear Stiess | Sheat Stiess :
(psf) {nsf)
Staight S78 Unvegetated 1.55 073 213 STABLE
Staple D




North American Green - ECMDS Version 4.3

[8/2372011 [08:55 AMJCOMPUTED BY: JMO

PROJECT NAME: PPL BBNPP

IPROJECT NO.. PPLSD902

FROM STATION/REACH: |TO STATION/REACH: VEG |DRAINAGE AREA: Swale 6.1A IDESIGN FREQUENCY: 2.25CFS
HYDRAULIC RESULTS g Uneinforced Veaetati 0.062
Dischaige | Peak Flow {Velocity (fps)] Area(saft) | Hydraulic Normal rreniorcec Vegee .mn (n=0.082)
{cfs) Period [hrs] Radius{ft] | Depth {ft) l
p1.4 01 229 934 0.93 1.48
§ =0.0100
Bott
. 20 Widh=350h 70
LINER RESULTS Not to Scale
Matting Type Vegetation Chasacteristics
Reach Stability Analpsis Permissible Calculated Safety Factor Remarks
Staple Pattem Phase | Class | Type [Densty] Shear Stiess | Shear Stiess
A (psf) {psf)
Straight Unseinforced Vegetation . C |Bunch|75-95% 4.20 0.91 462 STABLE
Soil Sandp Loam 0035 0.029 1.21 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Mahning‘s Eq)

Client/Subject: PPL Bell Bend’

Description: SWALE 6.1 (segment A} TO SED BASIN 6 Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by:
JFM

Obijective:
Using Manning's equation, this spreadsheet will calcuiate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are aiso computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: ~ See PA Erosion and Sedimentation Control Manual for reference.
N . - A (203
Manning's Equation: _ 1486 , (; ) N \/g—
n’
. . Bare - Velocity ~ Grass - Velocity Grass - Capacity
Given Input Data: Swale 6.1A Check Chock " Check
Discharge, Q= 21.38 21.38 cfs
Left Side Slope = 20 2.0 HAV
Right Side Slope = 20 2.0 H1Vv
Base width of Channel, b= 35 3.5 feet
 Bedslope,s=  0.0100 0.0100 fUft
Available depth of channel: 2.00 200 feet
{OPTIONAL) Input Manning's 'n": 0.0400 0.0620
Lining Type:

Calculate Flow Depth:

Flow depth, d= 117 1.46 feet
Calculated Results: Design Acceptable? V foo high V too high
Freeboard, f= 0.83 0.54 . feet
Calculated Velocity, V= 3.14 2.28 fps
Flow Top Width, T= 8.17 9.34 “feet
Flow Area, A= 6.81 9.37 sq ft
Wetted Perimeter, P= 8.72 10.03 feet
Hydraulic Radius, R= 0.78 " 0.93 feet
Shear stress on channel bottom, t= 0.73 0.91 ibs/sf
Critical Stope, S;= 0.0270 0.0615 ft/ft
Flow stable? {no if .7S, < s < 1.38,)= yes yes
Required Freeboard= 0.5 0.5 feet -
Allowable Velocity for Lining Material= 0.0 fps

Conclusions _
A temporary erosion control blanket (ECB) is needed.

1APROJECTS\PPLS\PPLS0902-Bell Bend Land DevelopmenlANALYTICAL\CALCULATIONS\EROSION & SEDIMENTATION CALCS\SWALEYSwales.xisjSwale 6.1A



North American Green - ECMDS Version 4.3

18/29/2011 |08:58 AM [COMPUTED BY: JMO

PRCJECT NAME: PPL BBNPP

[PROJECT NO.. PPLS0302

FROM STATION/REACH:

|TO STATION/REACH: UNVEG

[DRAINAGE AREA: Swale 6.18 [DESIGN FREQUENCY: 2.25CFS

HYDRAULIC RESULTS SC250 (1=0.033)
Discharge | Peak Flow [Velocity (fps)] Atea {sq.f} | Hydraulic Moimal =
{cfs) Period [hrs) Radius(ft}] { Depth{ft} l !
228 0.1 4.90 4861 0.62 0.88
5 =0.0220
Bott
75 Width = 350 ft 70
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics ’
Reach Stability Analpsis Permissible Calculated Safety Factor Remarks
Staple Pattern Phase] Class | Type [Density|] Shear Stress | Shear Stress
‘ {psf) (psf} -
Straight SC250 Unvegetated 1 3.00 1.20 248 STABLE
Staple E




Noith American Green - ECMDS Version 4.3

|8/29/2011 0858 AM [COMPUTED BY: JMQ

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0902

FROM STATION/REACH:

{TO STATION/REACH: VEG

DRAINAGE AREA: Swale6.18B

[BESIGN FREQUENCY: 2.25 CFS

HYDRAULIC RESULTS
- " - SC250 (n=0.057]
Discharge | Peak Flow [Velocily {fps)] Area (sq.ft) | Hydraulic Normal *
(cfs) Period [his) Radius(ft) | Depth (ft) ,
22.6 01 329 6.88 073 1.18
‘ 5 =0.0220
I
Bott
70 Width = 3.50 f z
LINER RESULTS Notto Seale
Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattern Phase | Class | Type [Density| ShearStiess | Shear Stiess
. - (psf) (psf)
Straight SCc250 Yegetalion 3 C |Bunch|?5-95% 10.00 1.61 8.20 STABLE
Staple £ Sail Sandy Loam 0.800 0179 448 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: SWALE 6.1 (segment A and B) TO SED BASIN 6 Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Chocked by"
JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Ercsion and Sedimentation Control Manual for reference.
' A A (273
Manning's Equation: 1.486 A (-I; ) . \/S_
n
. . Bare - Velocity  Grass - Velocily  Grass - Capacity
____,Jg”___leen Input Data: Swale 6.1 A/B Check Check Check
Discharge, Q= 22.55 22.55 cfs
Left Side Slope = 20 ‘ 2.0 H1V
Right Side Slope = 2.0 2.0 ' H:AV
Base width of Channel, b= 3.5 3.5 feet
‘Bed slope, s=  0.0220 0.0220 fUt
Available depth of channel: 2.00 2.00 . feet
(OPTIONAL)  Input Manning's 'n'": 0.0330 0.0570
Lining Type:
Calculate Flow Depth:
. Flow depth, d= 0.88 1.18 feet
Calculated Resuits: Design Acceplable? Y foo high Y fo0 high )
Freeboard, f= 1.12 0.82 feet
Calculated Velocity, V= 4.86 3.28 fps .
Flow Top Width, T= 7.02 8.20 feet
Flow Area, A= 4.64 6.88 sq ft
Wetted Perimeter, P= 7.44 8.76 feet
Hydraulic Radius, R= 0.62 0.79 feet
Shear stress on channel bottom, 1= 1.21 1.61 Ibs/sf
Critical Slope, S.= 0.0197 0.0547 fUft
Flow stable? (no if .75, < 5 < 1.38,)= no . yes
Required Freeboard= 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
- Atemporary erosion control blanket (ECB) is needed.

[APROJECTS\PPLS\PPLS0902-Belf Send Land DevelopmentANALY TICALICALCULATIONSIEROSION & SECIMENTATION CALCSISWALESwates xis]Swale 6.18



[Noth American Gisen - ECMDS Version 4.3

[872572611_[03.27 PMICOMPUTED BY: JMD

[PROJECT NAME: PPL BBNNP

[PROJECT NO.: PPL50902

[FROM STATION/REACH: [TO STATION/REACH: UNVEG {DRAINAGE AREA: £G SWALE 10.1A [DESIGN FREQUENCY: 2.25 CFS
75 (<D
Discharge | Peak Fiow [Velocky (ips] Atca [sa 1) | Hydwkc | Nomna $75(n-0.048)
fofs] | Pesiod fvs] Radus(t] | Oepthif]
ma 01 306 386 058 083
Ly -l
. Wvgﬁ‘l '."?oo [ X
Not to Scale
Mating Type Vegetation Characidtistics
Reach tabiy Anslysis Peimissle | Calculated | Salety Factor | Remarks
Stophs Pattem Phase] Clss | Type [Damsty| Shear Stiess | Shear Shiess
(o) os))
Straight $75 Unvegetated 1.55 1.03 1.50 STABLE
Stapio D



Nosth American Gieen - ECHDS Version 4.3 [872%5/2011_ [33.26 PM ICOMPUTED BY. JMD

IPROJECT NAME: PPL BBNNP IPROJECT NO.: PPLSCA02 .
FROM STATION/REACH: 1O STATION/REACH: VEG [DRAINAGE AREA: ES SWALE 10.1A° {DESIGN FREQUENCY: 2.25CFS
Cischaigs | Peak Flow [Velocts Toel] Area Gl | Tiydiovke | Nemd Urveinforced Vegetation (n=0.070)

fcls) | Pesiod (his} Rodus(it} § Depth (ft)

11.8 ot 232 5.09 0.68 1.01

1'4775 741

‘ . wilh 3001 :

Not to Scale

, Matting Type Vegetation Characteristics

Reach [Stabity Andlysis Pesmissle Calculated | Salsty Factor Remaks

i Staple Paltem Phase | Class | Typo [Densty] Shesf Suess | Sheat Stess

x (psf) (p+)

, Straight Urvesdorced Vegetation C  ]Bunch({75-95% 4,20 1.26 332 STABLE

Sod Sandy Loam 0.035 003 L1 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eqg)

Client/Subject: PPL Bell Bend

Description: SWALE 10.1 (segment A) TO SED BASIN 10 Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Cheoked by:
JFM

Objective:

Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: ' See PA Erosion and Sedimentation Control Manual for reference.
gt s . A (23
Manning's Equation: _ 1486 |, A (_P. ) R /S
n
. N Bare - Velocity, ~ Grass - Velocity ~ Grass - Capagity
Given Input Data: Swale 10.1A Sheck Check Choeck
Discharge, Q= 11.75 11.75 cfs
Left Side Slope = 2.0 20 H:1V
Right Side Slope = 2.0 2.0 LAY
Base width of Channel, b= 3.0 3.0 feet
Bed slope, s= 0.0200 0.0200 ft/ft
Available depth of channel: 2.00 2.00 feet
{OPTIONAL) Input Manning's 'n': 0.0480 0.0700
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.83 1.02 feet
Calculated Results: Design Acceptable? V too high ¥ too high
Freeboard, f= 117 0.98 feet
Calculated Velocity, V= 3.02 .2.30 fps
Flow Top Width, T= 6.33 7.06 feet
Flow Area, A= 3.89 511 sq ft
Wetted Perimeter, P= 6.73 7.54 feet .
Hydraulic Radius, R= 0.58 0.68 feet
Shear stress on channel bottom, © = 1.04 1.27 Ibs/sf
Critical Slope, S.= 0.0428 0.0867 ft/ft
Flow stable? (no if .78, < § < 1.35;)= yes yes
Required Freeboard= 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

. Conclusions

A temporary erosion control blanket (ECB) is needed.

I\PROJECTS\PPLS\PPL.S0902-Bell Bend Land Development\ANALYTICALICALCULATIONS\ERCSION & SEQIMENTATION CALCS\SWALE\[Swales xis]Swale 10.1A



[North Amencan Green - ECMDS Version 4.3 18/25/2011 {0330 PM [COMPUTED BY: JMO

|PROJECT NAME: PPL 8BNNP PROJECT NO.- PPLS0302
[EROM STATION/REACH: {TO STATION/REACH: UNVEG IOFAINAGE AREA- E5 GWALE 1018 [DESIGN FREQUENCY: 2.95 CFS
HYDRAULIC RESULTS '
Dischaigs | Peck Fiow [Vetocky io] Area (sa ) | Aydimie | Nomal 575 p:0.041)
[cfs) | Period fhvs) Radusit) | Depth ()
17.1 al 29 543 073 141
$ 200100
‘ LZ'U —Zﬁ, ‘
Bolt
. Width = 3,00 f
Not to Scale
Malting Type Vegetation Chatactenstics ,
Reach [Stabilty Anaysis| smsibk Smaed Safety Factor Remarks
Stapla Pt Phass | Class | Type [Densty bess lress
sprPatem e {psf) {ps)
Straight 375 Urvegetated 15 0.70 2.23 STABLE
Stapte D




. [Notth Ameticen Green - ECMDS Version 4.3 7572011 |03.29 PM [CDMPUTED BY: JMD

[PROJETT NAME: PFL BBNNP [PROJECT NO.: PPLSG?
[FROM STATION/REACH: [TO STATION/REACH: VEG [ORAINAGE AREA ES SWALE 10.18  JDESIGN FREQUENLY: 225 CFS
Dischge | Pask Flow [Velocty ool Area g i | Fydiawbe | Nownal Urveinforced Yegetation (0. 098]
{cfs) [ Pesiod s} Radusif} | Depth (i) |
173 0.1 208 8.22 0.88 14
$ «0.0100
lLTO ‘2‘6’1
B
- widh <3004 :
Notto Scale
Matting Type | Vegelation Characteristics -
Reach tabllty Anabysis] Pemissble | Calousted | SafetyFacior | Remarks
Slaple Pattem Phase | Class | Type [Densiy s’”?'pz;’”‘ Sh""(";';”’

Stsight Unserdorced | Vegetation { | Bunch j75-95%] 42 068 4.77 STABLE
Sod Sandy Loam 0035 0.025 1.41 STABLE




Trapezoidal Channel Analysis - Open Channe! Flow {w/ Manning's Eq)

Client/Subject: PPL Bel Bend

Description: SWALE 10.1 (segment A and B) TO SED BASIN 10 Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO : Project #: PPLS0902
Date: 15 Sep 11 Checked by:
' JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
Manning's Equation: Q= 1486 A (A )2/3*\/8—
n P
Given Input Data: Swale 10.1 A/8 Barz:rl\é;lsociiv Gras&;\f‘k_lqc_igy_ Grasz—n;a—kgacity
Discharge, Q= 17.10 17.10 cfs
Left Side Slope = 2.0 2.0 H:1V
Right Side Slope = 20 20 H:v
Base width of Channel, b= 3.0 3.0 feet
Bed slope, s= 0.0100 0.0100 ft/ft
Available depth of channel: 2.00 2.00 : feet
{OPTIONAL) Input Manning's 'n": 0.0410 0.0660
Lining Type:
Calculate Flow Depth:
Flow depth, d= 1.12 142 feet
Calculated Resuits: . Design Acceptable? ¥ too high V too high
Freeboard, f= 0.88 0.58 feet
Calculated Velocity, V= 2.93 2.07 fps
Flow Top Width, T= 7.46 8.67 feet
Flow Area, A= 5.84 8.28 sq ft
Wetted Perimeter, P= 7.99 9.34 feet
Hydraulic Radius, R= 0.73 0.89 feet
Shear stress on channel bottom, t= 0.70 0.89 Ibs/sf
Critical Slope, S;= 0.0291 0.0711 fi/ft
Flow stable? (noif .7S, <s < 1.38;)= ‘yes yes :
Required Freeboard= 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

IPROJECTS\PPLS\PPLS0902-Bell Bend Land DavelopmentANALYTICALICALCULATIONSIEROSION & SEDIMENTATION CALCS\SWALEY Swales.xs|Swale 10.18

—~



{Nodth Amenican Giser - ECMDS Version 4.3

{PROJECT NAME: PPL BENNP

8725720010333 PM [COMPUTED BY: JMO

[PROJECT ND.. FPLS002

DM STATION/REACH: ~[TD STATION/REACH: UNVEG [GRAINAGE AREA’ £5 SWALE 0.2 IDESIGN FREGUENCY: 225078
HYDRAULIC RESULTS
Dischaige | Peak Flow [Velocky lips] Avea (safl] | Hydiade | Nomal 575 (0.0%5)
[dfs) | Period rés) Radusif) | Depth ()
49 0.1 78 178 0.5 045
1 741
Bot:
35 widh=300
LINER RESULTS Notto Scale
Mating Type Vegetation Charactenstics
Aeach Stably Analysisi Permissible Colculated | Safety Factox Remarks
Staplo Pattem Phasa] Class | Typo |Densiy SMS;'”S 9'*7;3“3
Straight 375 Unvegetated 5 754 125 STABLE
Staglo D




orth Amesican Gieen - ECMDS Version 4.3

/572011 [i332 PY[COMPUTED BY. JMO

IPROJECT NAME: PPL BBNNP

{PROJECT NO.: PPLS090Z

IFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: ES SWALE 10.24 DESIGN FREQUENCY: 25508
Discharge | Peak Flow [velocty o] Aiea (i) | Tivdiadc | Nomal Urverdorced Vegetation (0=0.090)
[cis) Period fhes] Raduslil] | Depth {ft)
43 ot 1.9 245 044 - 0.5%
Ly o
widh = Zoo .
LINER RESULTS Nt to Scalo
Maitng Type [S Vegetabon Characteristics B .
Reach tabity Anabysis] Pesmissibla Calcudated Safety Factor Remaks
Staple Pattem Phase| Class | Type [Density] Shear Stress | Shear Stiass
lpsf) fosh)
Staght Untemdorced Vegetation € }Bunch{7595% 420 163 258 STABLE
Sol Sandy Loam 0035 0,024 1.44 STABLE




Trapezoidat Channel Analysis - Open Channel Flow (w/ Manning's Eqg)

Client/Subject: PPL Bell Bend

Description: SWALE 10.2 (segment A)TO SED BASIN 10 Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO - Project #: PPLS0902
Date: 15 Sep 11 Cheoked by:
JML

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the

flow depth will be calculated. Other flow characteristics are also computed, including
* the critical slope and required freeboard based on E&S manual guidelines. The last

line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
' _— o A (23
Manning's Equation: . _ l.ﬁﬁﬁl A ( Eal ) . \/g—
n P _
. R Bare - Velocity,  Grass - Velogity  Grass - Capacity
Given Input Data: Swale 10.2A | Check Chack Check
Discharge, Q= 4.86 4.86 cfs
Left Side Slope = 2.0 2.0 HAV
Right Side Siope = 2.0 2.0 H:1v
Base width of Channel, b= 30 : 3.0 feet
Bed slope, s=  0.0444 0.0444 ) fUft
Available depth of channel: 2.00 2.00 feet
(OPTIONAL) Input Manning's 'n"; 0.05850 0.0900
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.45 0.59 feet
Calculated Results: Design Acceptable? V 100 high ¥ too high
Freeboard, f= 1.55 1.41 feet
Calculated Velocity, V= 2.77 1.97 fps
Flow Top Width, T= 4.80 5.36 feet
Flow Area, A= 1.75 2.47 sq ft
Wetted Perimeter, P= 5.01 5.64 feet
Hydraulic Radius, R= 0.35 0.44 feet
Shear stress on channel bottom, t= 1.24 1.63 ibs/sf
Critical Slope, S.= 0.0653 0.1634 f/ft
Flow stable? (no if .7S, <s < 1.38,)= yes yes
Required Freeboard= 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions ,
A temporary erosion control blanket (ECB) is needed.

$APROJECTS\PPLSWPPLS0902-Bell Bend Land DevelopmentANALYTICALICAL CULATIONS\EROSION & SEDIMENTATION CALCS\SWALE\Swales.xis|Swale 10.2A



iNorth American Green - ECMOS Version 4.3

18723/2011 J0S:00 AMJCOMPUTED 8Y: JMQ

PROJECT NAME: PPL BBNPP

PROJECT NQ.: PPLS0302

FROM STATION/REACH: {70 STATION/REACH: RIP RAP DRAINAGE AREA: Swale 10.28 [DESIGN FREQUENCY: 2.25 CFS
HYDRAULIC RESU
- L L"TS_ " : Rock Riprap (n=0.100)
Discharge |} Peak Flow [Velocity fos)] Area (sq.ft) | Hydiavic | Normal
(cls} Periad [his) Radiuslft) | Depthiit)
B8 6.1 374 262 0.45 062
Bottom
20 Width = 3.00 ft 20
LINER RESULTS Notlo Scele
Matting Type Vegetalion Characteristics ‘
Reach Stabifity Analysis Permissible Calculated Safety Factor Rematks
Staple Pattern Phase | Class | Type {Densily She‘[’éssnt'éss Shee}l’i'l]ress
Straight Rock Riprap | Unvegetated 5.00 7.01 0.71 UNSTABLE
L 15in




INoith American Green - ECMDS Yersion 4.3

|8/28/2011

103.05 AM [COMPUTED 8Y: JMQ

JPROJECT NAME: PPL BBNPP

PROJECT NQ.: PPL50302

JFROM STATION/REACH: ITO STATION/REACH: CONCRETE DRAINAGE AREA: Swale 10.28 iDESIGN FREQUENCY: 2.25CFS
HYBRAULIC RESULTS c te (n=0.020) :
Discharge | Peak Flow [Velocty (Fps)] Area (sa.il | Hydiauic | Noimal ot s
{cfs) Period {hs] Badius{ft] | Depth {ft} \
98 0.1 11.25 0.87 0.21 0.25
S=01818
1 L— J 1
Bottom '
20 Width = 3.00 ft 2.0
LINER RESULTS Not to Scale
Matling Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattemn Phase | Class | Type JDensiy] SheaiStiess | Shear Stiess
- (psf) fpsf)
Straight Concrete Unvegetated N/A 282 N/A STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Beil Bend
Description: SWALE 10.2 (segment A and B) TO SED BASIN 10 Print Date: 6 Sep 11 11:18 AM

Prepared by: JMO ' Project #: PP1S0902
Date: 15 Sep 11

Checked by:
JM

Objective;
‘ Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calfculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
e e _— A 203
Manning's Equation: 1.486 | A (.._ ) . /S
n P
. . Bare - Velocity ~ Grass - Velocity —Grass - Capacity
Given Input Data; Swale 10.2A/B Cheok Oheck Check
Discharge, Q= 8.79 cfs
Left Side Siope = 2.0 : H:1V
Right Side Slope = 20 , H:1V
Base width of Channel, b= 3.0 feet
" Bedslope,s=  0.1818 ) fu/ft
Available depth of channel: 1.50 feet
{ormionAL)  Input Manning's 'n': 0.0200
Lining Type:

Calculate Flow Depth:

" Flow depth, d= 0.25 feet
Calculated Resulits: Design Acceptable? V too high
Freeboard, = 1.25 feet
Calculated Velocity, V= 11.19 fps
Flow Top Width, T= 4.00 : feet
Flow Area, A= 0.88 sq ft
Wetted Perimeter, P= 4.12 feet
Hydraulic Radius, R= 0.21 feet
Shear stress on channel bottom, 1= 2.84 Ibs/sf
Critical Slope, S.= 0.0100 ft/ft
Flow stable? (no if .78, < s < 1.35.)= yes
Required Freeboard= 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

HMPROJECTSIPPLS\PPLS0902-Bell Bend Land DevelopmentANALYTICALICALCULATIONS\EROSION & SEDIMENTATION CALCSISWALEYSwales xis)Swale 10.28



[Norih Ametican Groen - ECHDS Version 4.3

[072572011_[03.36 PM [COMPUTED BY: JMO

[PROJECT NAME: PPL BBNNP ' [PROJECT NO.; PPLS0302
[FROM STATIONREACH. [T0 STATION/REACH: UNVEG [DRAINAGE AREA: £ SWALE 102 IDESIGN FREQUENCY: 2.5 CFS
S75 [ne0.044
Dischaigs | Peak Flow [valochy lipsl] Area fsa ] | Hydouic | Nomdl (n-0.044)
{els) Pesiod fhus) Radius(tt) | Oepth (k]
7.1 Y] 357 479 0.65 0.97
S = 0,0200
1 LTU TJ 1
Bott
Wich ~ 200
LNER RESULTS Notto Scdle
Matting Type Végetation Chasacteristics
Reach tabilty Analysis Permessible Caiciated | Sofety Factor Remaks
Staplo Pattem Phase | Closs | Type [Densty] Sheal Stress | Shear Stiess
{ps) {psf)
Sraight 575 Unvegelated 15 120 128 STABLE
Stapke D




INoith American Green - ECMDS Version 4.3

[873572011{03:35 PM [COMPUTED BY. JM0

[PRBJECT NAME: PPL BBNNP

[PROVECT NO.. PRLS0%02

IDRAINAGE AREA' ES SWALE 10.2C

[FE0M STATION/REALH: [V STATION/REACH: VEG JOESIGN FREQUENCY: 225 CFS
HYDRAULIC RESULTS . )
Discharge [ Peak Flow [Velocly sl Aica sl | Fydted | Noma Unseindorced Vegelation (=0, 062)
[cis) | Period () Radusift) | Depth i1
17 0.1 260 X1 075 1.15
$ = 0.0200
Ly .|
w0 n
LINER RESULTS Notto Scale
Maltrng Type Vegetabon Characiesstics
Reach Stabity Analysis Pemissble | Calcusied | SaletpFactor | Remarks
Staple Paitern Phase | Class | Type [Densty] Shear Stress | Shear Suess
[psf) {psf)
Staght | Urveinlorced | Vegetation € | Sod |75%%] 420 1.44 292 STABLE
Sol Sandy Loam 0035 0012 295 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning’s Eq)

Client/Subject: PPL Beil Bend
Description: SWALE 10.2 (segment A, B and C) TO SED BASIN 10 Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO Project #: PPLS0802
Date: 15 Sep 11

Checked by:
JML

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channe! characteristics, the
flow clepth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines, The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

‘

Method: See PA Erosion and Sedimentation Control Manual for reference.
A I A (203
Manning's Equation: Q= 1.486 ‘A ( _P.) R /S
n
. . Bare - Velocity ~ Grass - Velocity Grass - Capacity
Given Input Data: Swale 10.2A/8/C Check Check Check
Discharge, Q= 17.10 17.10 cfs
Left Side Slope = 2.0 2.0 HAV
Right Side Slope = 20 20 HAv
Base width of Channel, b= 3.0 3.0 feet
’ Bed slope, s=  0.0200 0.0200 fft
Available depth of channel: 2.00 2.00 feet
(OPTIONAL)  Input Manning's 'n" 0.0440 0.0620
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.97 1.15 feet
Calculated Results: Design Accentable? ¥ too high V too high
Freeboard, f= 1.03 0.85 feet
Calculated Velocity, V= 3.57 2.79 fps
Flow Top Width, T= 6.88 7.62 feet
Flow Area, A= 4.79 6.13 sq ft
Wetted Perimeter, P= 7.33 8.16 feet
Hydraulic Radius, R= 0.65 0.75 feet
Shear stress on channel bottom, ¢t = 1.21 1.44 Ibs/sf
Critical Slope, S;=  0.0347 - 0.0660 fuft
Flow stable? (noif .78, <s < 1.35,)= yes yes )
Required Freeboard= 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

IA\PROJECTS\PPLSWPPLS0902-8ell 8end Land Devetopment\ANALY TICAL\CALCULATIONSI\EROSION & SEDIMENTATION CALCS\SWALE\Swales xlsjSwale 10.2C



Morth American Green - ECMDS Version 4.3

1872872011 - {03:07 AM JCOMPUTED BY: JMO

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0302

IFROM STATION/REACH: JTO STATION/REACH: RIP RAP DRAINAGE AREA: Swale 10.2D IDESIGN FREQUENCY: 2.25CFS
HYDRAULIC RESULTS Rock Riprap [n=0.100)
Discharge | Peak Flow [Velocity [fps)] Area {sq.ft} | Hydraulic Normal OeK PP L
{cfs) Period (hrs) Radius(ft] | Depth {f) '
17.8 0.1 460 3.87 0.58 0.83
. 1
Bottom
2.0 Width = 3.00 ft 20
LINER RESULTS Notto Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated | Safety Factor Remarks
Staple Pattern Phase | Class | Type [Density Shear Stress } Shear Stress :
- (psf} {psf) ‘
Straight Rock Riprap | Unvegetated 5.00 10.36 0.48 UMSTABLE
| 15in




Noith Amerncan Green - ECMDS Version 4.3

18/29/2011 |03:08 AM [COMPUTED BY: JMO

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0302

FROM STATION/REACH: |TO STATION/REACH: CONCRETE DRAINAGE AREA: Swale 10.2D |DESIGN FREQUENCY: 2.25CFS
HYDRAULIC RESULTS ' c e {20,020
Discharge | Peak Flow |Velocity {ips] Area (sq.ft) | Hydraulic Normal oncrete [n=0.920)
{cts) Period {hrs) Radiuslft] | Depth [ft]
17.8 01 14.15 1.26 0.28 034
-
Bottom
20 Width = 3.00 ft 2.0
LINER RESULTS Notto Scale
Matting Type Vegetation Chatacteristics
Reach Stability Analysis| Permissible Calculated Safety Factor Remarks
Staple Pattem Phase | Class ] Type |Density] ShearStress | Shear Stiess
Staight Concrete Unvegetated N/A 4,26 N/A STABLE




Trapezoidal Channel Analysis - Qpen Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Beli Bend

Description: SWALE 10.2 (segment A, B, C and D)} TO SED BASIN 10 Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO Project #: PPLS0802
Date\: 15 Sep 11 Checked by:
JML

Obijective:
Using Manning's equation, this spreadsheet will caiculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
P _— A \2/3
Manning's Equation: Q= 1.486 ‘A (;) N /S
n
. . Bare - Velocity  Grass - Velocity Grass - Capacity
Given Input Data: Swale 10.2A/B/C/D | Cheok Chock Check
Discharge, Q= 17.80 cfs
Left Side Slope = 2.0 H:1V
Right Side Slope = 2.0 H:1v
Base width of Channel, b= 3.0 feet
Bed slope, s= 0.2000 fH/ft
Available depth of channel: 1.50 feet
(OPTIONAL)  Input Manning's 'n'; 0.0200
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.34 feet
Calculated Results: Desian Acceptable? V too high
Freeboard, f= 1.16 ' feet
Calculated Velocity, V= 14.15 fps
Flow Top Width, T= 4.37 feet
Flow Area, A= 1.26 sq ft
Wetted Perimeter, P= 4.53 feet
Hydraulic Radius, R= 0.28 feet
Shear stress on channel bottom, 1= 426 Ibs/sf
Critical Slope, S.= 0.0093 fuft
Flow stable? (no if .75, < s < 1.3S,)= yes
Required Freeboard= 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

I\PROJECTSIPPLS\PPLSCE02-Bell Bend Lang DevelopmenANALYTICALICALCULATICNSIERQSION & SEDIMENTAT(ON CALCS\SWALE\Swales xis}Swale 10,20



INodth American Green - ECMDS Version 4.3 1872572011 103:33 PM [COMPUTED BY: JMO

PROJECT NAME: PPLEBNNP [PROJECT NO- PPLS0I0D 5
[FROM STATION/REACH: [TO STATION/REACH: UNVEG [DRAINAGE AREA: ES SWALE 10.2¢ JOESIGN FREQUENCY: 225 CF5 :
HYDRAULIC RESULTS
O_ H
Dischaige | Peak Flow [Velocy (163)] Area (saltl | Hydadc | Nomal 2L 201e=0029)
{cfs} | Petiod ftws) Radus(it) | Depthft]
23 0.1 5.60 534 0.69 1.05
S = 0,0200
| 1 LZZS TJ 1
ol
wigh =300 )
Not to Scala
Matting Type Vegetation Chaiactesistics
fieach Stabisty Anaiysis Pemissble | Calcusted | SaletyFactor | Remarks :
: Staple Pattem Phase{ Class | Type |Densdy) Shear Stiass | Shear Stiess i
g fps) fpsf) !
Stsight 5C250 | Unvegetsted | 1 300 1.31 2.2 STASLE :
Staple E ’



orth Amencan Green - ECMDS Verson 4.3

[57572011_[05:40 PM [COMPUTED BY: JWD

PROJECT NAME: PPL BBNNP

[PROJECT NO.: PPLS0302

FROM STATION/REACH: [TO STATION/REACH: VEG [GRAINAGE AREA: ES SWALE 10.0F IDESIGN FAEQUENCY: 225 CFS
HYDBAULIC RESULTS
Divcharge | Pesk Flow [Velocly (ol Atea (sa 1] | Hydade | Noma SC250 [r=0.053)
{cfs) Period (hus} Radass{ft) | Depth(it)
pas 01 366 818 0.88 1.41
$ = 0.0200
L -
Wit o0
LINER RESULTS Netto Sedle
Mattng Type . Vegetation Characteristics
Reach Labity Anatysis Pemissbls | Caloulsied | SofetypFactor | Remaks
Staple Pattem Phase] Class | Type [Domsty] Shea Stess | Shea Stess
Ips) (psh)
Straight 5650 Vegetstion | 3 | C |Buh|75%%| 1000 176 570 STABLE
Stanke € Soi S arvdy Loam 0§00 5.159 503 STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: SWALE 10.2 (segment A, B, C, B and E) TO SED BASIN 1 Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO Project #: PPLS0802
Date: 15 Sep 11 Checked by:
JML

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
—_— I A 213
Marlmmgs Equation: Q- 1.486 A (_) . /S
’ n P
Given Input Data: Swale 10 2A/B/C/DIE Bare - Velocity ~ Grass - Velocity Grass - Capagity
2iven nput Lata; : Check Check Check
Discharge, Q= 29.93 29.93 cfs
Left Side Slope = 20 2.0 H:1V
Right Side Slope = 20 20 HAv
Base width of Channel, b= 3.0 3.0 feet
Bed slope, s=  0.0200 0.0200 Tttt
Available depth of channel: 2.00 2.00 feet
(OPTIONAL)  Input Manning's 'n": 0.0290 0.0530
Lining Type:
Calculate Flow Depth:
Flow depth, d= 1.04 1.41 feet
Calculated Results: Design Acceptable? ¥ too high V too high :
Freeboard, f= 0.96 C.59 feet
Calculated Velocity, V= 5.65 3.64 fps
Flow Top Width, T= 717 8.65 feet
Flow Area, A= 5.30 8.22 sq ft
Wetted Perimeter, P= 7.66 9.31 feet
Hydraulic Radius, R= 0.69 0.88 feet
Shear stress on channel bottom, 1 = 1.30 1.76 Ibs/sf
Critical Slope, S;= 0.0148 0.0459 fuft
Flow stable? (no if . 7S, < s < 1.35.)= yes yes
Required Freeboard= 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 - fps

-

Conclusions
A temporary erosion control blanket (ECB) is needed.

IAPROIECTS\PRLSWPLS0902-Bel Bend Land DevelopmenlANALYTICAL\CALCULATIONS\EROSION & SEDIMENTATION CALCSISWALESwales.xis}Swale 10.2E



Nosth American Green « ECMDS Version 4.3

872572011 [0343PM COMPUTED BY: JMO

PROJECT NAME: PPL BEMNP

[PROJECT NO.: PPLSGI02

FROM STATION/REACH: [TO STATION/REACH: UNVEG [DRAINAGE AREA: ES SWALE 10A1  [DESIGN FREQUENCY: 225CFS
SC250 {n=0.029
Dischargs | Poak Flow [Veiocky lfps] Area (sai] | Hydadic | Nomal (=029
(cfs) Petiod fivs) Radus(ft] | Depth (I}
B24 0.1 5.82 5.57 0N 1.08
S 2 00200
L o
Batt
Width = 3,00 1
{
LINER RESULTS Notto Scdle
Matting Type Vegelation Chacactesistics
Reach tabiity Analysis{ Peimissible Calculated Safety Factor Remaks
Staple Pattemn : Phase] Class | Type |Densry] Shex Stiess | Sheas Stiess
{psf) {psf)
Strsight SC250 Unvegetated 1 3.00 1.35 23 STABLE
Stapie E




North Amencen Green - ECMDS Vaision 4.3 R7BrRT1[03.44 PM [COMPUTED GY. JMO
[PROJECT NAME: PPL BBNNP [PROVECT NO.. PPLS0802
FROM STATION/REACH: [TG STATION/REACH: VEG [DRAINAGE AREA: £5 SWALE 10A.1  [DESIGN FREQUENCY: 2.25 CFS
Dischargs | Poak Flow [Velooky lips] Area sa T | Hydiadke | Nomnal SC250 (n=0.052)
lefs] Period {hus} Radis(ft) | Depth (i)
R4 01 379 8.54 0.90 1.45
$ 20,0200
- -
w8
Not to Scale
“T Wiating Tyoe Vegaiaton Chasactenisics
Reach Stablty Analyss] Pemissble | Caicusted | SafetyFactor | Remarks
Staple Patlern Phasa | Class | Type [Densiy] Shess Stiess [ Shear Siess
(psf) {psf)
Stasght SC250 Vegetation | 3 C |Bunch|7555%] 10.00 1.81 553 STABLE
Staple € Sod Sandy Loam 0.800 0.159 5.04 STABLE




Trapézoidal Channet Analysis - Open Channel Flow (w/ Manning's Eg)

Client/Subject: PPL. Bell Bend

Description: SWALE 10A.1 TO SED BASIN 10A ' Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO ' Project #: PPLS0902
Date: 15 Sep 11 Checked by:
JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidat or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
fine calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
. . A (203
Manning's Equation: 1486 , (_}; ) *\/_S_
n
. . ) Bare - Velocity  Grass - Velocity Grass - Capacity
Given input Data: Swale 10A.1 Check Check Check
Discharge, Q= 3242 3242 cfs
Left Side Slope = 2.0 2.0 H:1V
Right Side Siope = 20 2.0 H:1v
Base width of Channel, b= 3.0 3.0 : feet
Bed slope, s=  0.0200 0.0200 fifft
Available depth of channel: 2.00 2.00 - feet
{OPTIONAL) Input Manning's 'n’; 0.0290 0.0520
Lining Type:

Calculate Flow Depth:

Flow depth, d= 1.09 1.45 feet
Calculated Results: Design Acceptable? V foo high V fgo high
Freeboard, f= 0.91 0.55 feet
Calculated Velocity, V= 5.78 3.77 . fps
Flow Top Width, T= 7.34 8.82 ‘ feet
Flow Area, A= 5.61 8.59 sq ft
Wetted Perimeter, P= 7.85 9.50 feet
Hydraulic Radius, R= 0.71 0.90 feet
Shear stress on channel bottom, t= 1.35 1.82 ibs/sf
Critical Slope, S.= 0.0147 0.0439 ft/ft
Flow stable? (no if .7S_ < s < 1.3S;)= yes yes
Required Freeboard= 05 0.5 feet
Allowable Velocity for Lining Material= 0.0 : fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

1WPROJECTSIPPLS\PPLS0902-Bsl Band Land DevelopmentANALYTICAL\CALCULATIONS\EROSION & SEDIMENTATION CALCS\SWALE[Swales xis]Swale 10A.1



oth American Green - ECMDS Vetsion 4.3

[872572011 [03:47 PMICOMPUTED BY: JMQ

PROJECT NAME: PPL BBNNP

[PROJECT NO.: PPLSOI0R

IDESIGN FREQUENCY: 225 CF5

FROM STATION/REACH: |TO STATION/REACH: UNVEG [DRAINAGE AREA: ES SWALE 121
HYDRAULIC RESULTS
Discharge [ Peak Flow [Velocky (ips¥ Area (sqft) { Hydaulc Nomal S75(n-0055)
fcts) | Peviod (s} Radusit] § Depin{fy)
88 0.1 1.39 §34 0.34 038
)
Not to Scale

Maltng Type L Vegetation Chasactedstics

Reach tabiity Anadysis] Peimissble | Calcusted | Salety Factor Rematks
Staple Paitem Phase | Class | Type [Donsty She\("m%"w Shear Suess

Shaight S75 Unvegetated 1.55 0.26 595 STABLE

Staple 0




[Noth Amencan Gieen - ECMDS Version 4.3 faras/2m1 10346 PMICOMPUTED BY: JMO

[PROJECT NAME. PPL BBNNP [PROJECT NG PPLS0302
[FROM STATION/REACH: TG STATION/REACH: VEG [DRAINAGE AREA: ES SWALE 121 IDESIGN FREQUENCY: 225G
| Dischaios | Peck Flow [Velocky lips} Avea (a0 | Frdiadc | o Urserlorced Vegelation ins0 130
; {cfs] | Pesiod (hus) Raduus(it) | Depth it
: 88 01 073 | 710 | 05 | 062
$=00110
= o
i b
| widh 75,001
Not to Scale
| ' Wating Type Vegelation Characlernsbos
Reach Stabity Ansysi Pomisstie | Calculated | SafetyFactor | Remarks
; Staphe Pattem Phase | Class | 1vpe [Densiy| Sheas Stress | Shear Stisss
i (ps) (osf)
Susghi | Unieniorced | Vegelation € |Bwon|75%%] 420 043 381 STABLE
Sl Sendy Loam 0.6 000 1.2 STABLE




Trapezoidal Channet Analysis - Open Channel Flow (w/ Manning's £q)

Client/Subject: PPL Bell Bend

Description: SWALE 12.1 TO SED BASIN 12 Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by:
JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
N . 2/3
Manning's Equation: Q= 1.486 A ) . /S
n
. . Bare - Velocity ~ Grass - Velocity  Grass - Capacity
Given Input Data: Swale 12.1 Crock Chack
Discharge, Q= 8.75 8.75 cfs
" Left Side Slope = 3.0 3.0 H:1v
Right Side Slope = 6.0 6.0 H:1V
Base width of Channel, b= 15.0 15.0 feet
) Bed slope, s= 0.0110 0.0110 fuit
Available depth of channel: 2.50 2.50 feet
{OPTIONAL)  Input Manning's 'n": 0.0550 0.1300
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.38 0.63 feet
Calculated Results: Design Acceptable? v too high V 100 high
Freeboard, f= 212 1.87 feet
Calculated Velocity, V= 1.38 0.78 fps
Flow Top Width, T= 18.42 20.64 feet
Flow Area, A= 6.34 -11.16 sq ft
Wetted Perimeter, P= 18.50 20.77 feet
Hydraulic Radius, R= 0.34 0.54 feet
Shear stress on channel bottom, © = 0.26 0.43 Ibs/sf
~ Critical Slope, S.= 0.0632 0.3047 ft/ft
Flow stable? (no if .78, < s < 1.3S )= yes yes
Required Freeboard= 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions

A temporary erosion control blanket (ECB) is needed.

1WPROJECTS\PPLS\PPLS0902-Bell Bend Land DevelopmenfANALYTICAL\CALCULATIONS\EROSION & SEDIMENTATION CALCS\SWALEYSwales xis)Swale 12.1



North American Gieen - ECMDS Version 4.3

[7B72011_ [03.49 PMICOMPUTED BY: JMO

PROJECT NAME: PPL BBNNP

[PROJECT NO.: PPLSG902

FROM STATION/REACH: JTO STATION/REACH: UNVEG [DRAINAGE AREA: ES SWALE 1224 [DESIGN FREQUENCY: 2.25CFS
13
Discharge | Peak Flow [Velooty (s} Area (sa] | Hydvavic | Normal ST5 (ne0.046)
(cs) | Peiodfiv) Rodast] | Depth ) |
137 01 263 5.20 0.65 0.90
S«00N8
Ly o
t
\ wigh oo
Not to Scale
Mattng Type Vegetation Characterisbics .
Reach Stabilty Analysis] Peimissbls | Calculated | Safety Factor Remaxks
Stapla Paltein Fhass | Class | Type [Densty] Shea Stess | Shexr Stioss
{psh) {psf}
Straight 575 Unvegetated 1.55 0.68 234 STABLE
Staple D




[Noth Amedcan Gieen - ECMDS Vassion 4.3

[B725/2011_[02.48 PMICOMPUTED BY. JMO

[FROJECT NAME: PPL BENNP

[PROJECT NO.: PPLS0302

[FRGM STATION/REACH: 70 STATION/REACH: VEG [RAINAGE AREA: €5 SWALE 1227 [DESIGN FREQUENCY: 225 05
HYDRAULIC RESULTS . )
Discharge | Peak Fiow [Velociy [ioel] Area (sa 0| Hydiaks | Nownad Unveiforced Vegeloion (as0.071)
[els) | Pesiod {bvs) Radhusiit) § Depth (i)
137 a1 19 FAR 078 113
$ = 0.0118 :
L A4
3
wehstoon 1
LINER RESULTS NttoSodle
Watng Tipe ls Vagetaion Charadlensics * 3 ‘
Reach tabiRty Analysis| i Permissble | Cacudated § Salety Factor Rematks
Stapie Paliem Fhase] Class | Typs [Densty] Sred Stiess | Sheas Stiess i
{psh) (pst} :
Staight | Urvenforced | Vegataion € |Buech|7555%] 420 G54 503 STABLE
Sol Sandy Loam 0.035 0.020 1.75 STABLE



Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: SWALE 12.2 (segment A) TO SED BASIN 12 Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by: 7
' JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
—— I A \2/3
Manning's Equation: _ 1.486 ‘A (; ) /s
n
. . Bare - Velocity ~ Grass - Velocity  Grass - Capacity.
Given Input Data; Swale 12.2A Check Check Check
Discharge, Q= 13.66 13.66 cfs
Left Side Slope = 2.0 2.0 H:1V
Right Side Slope = 2.0 2.0 " HAv
Base width of Channel, b= 4.0 4.0 feet
. Bed slope, s= 0.0118 0.0118 fuft
- Available depth of channel: 2.00 2.00 feet
(OPTIONAL} Input Manning's 'n': 0.0460 0.0710
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.90 1.13 feet
Caliculated Results: Design Acceptable? Voo high V 100 high
Freeboard, f= 1.10 0.87 feet
Calculated Velocity, V= 262 - 1.92 fps
Flow Top Width, T= 7.60 8.54 feet
Flow Area, A= 5.22 7.11 sq ft
Wetted Perimeter, P= 8.02 9.07 . feet
Hydraulic Radius, R= 0.65 0.78 feet
Shear stress on channel bottom, 1= 0.66 - 0.84 {bs/sf
Critical Slope, S.= 0.0375 - 0.0846 ft/ft
Flow stable? (no if .75, < s < 1.38.)= yes yes
Required Freeboard= 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

A temporary erosion control blanket (ECB) is needed,

1PROJECTSIPPLS\PPLS0902-Bell Bend Land DevelopmenlANALYTICALVCALCULATIONS\EROSION & SEDIMENTATION CALCS\SWALE{Swales xis)Swale 12.2A



{North Amencan Gieen - ECMDS Version 4.3

[872572011_ (0351 PMCOMPUTED BY: JMO

[FROJECT NAME: PPL BBNNP

{PROJECT NO.; PPLSOS0Z

[DRAINAGE AREA: £S5 SWALE 1228 [DESIGN FREQUENCY: 225CFS

[FROM STATION/REACH: [TO STATIGN/REACH: UNVEG
Dicharge | Peak Flow [Velocky psY] Aiea (rafl) | Hydiouko | Nomal $7510:0043)
[cts)_| Period fhus] Radus(f] | Depth (]
8.0 01 28 6.36 073 104
S = 0.0100
Ly -l
wia o0
LINER RESULTS Nokto Scslo
Mating Type Vegetation Characienstics
Reach [SlabiﬁyAndysis‘ Swh SC’:cugaed Salety Factor Remarks
Staple P, ] toss o Shess
aple Patten Phase | Class | Type [Density 1os0) sl
Sumght 575 Unvegetated .55 065 239 STABLE
Stapls D




[Noth American Green - ECMDS Version 4.3 Je7a572611_[53:50 PM[COMPUTED BY: JMO

IPROJECT NAME. PPL BBNNP IPROVECT NO. PPLS0SI
[FROM STATION/REACH: [T0 STATION/REACH. VEG [DRAINAGE AREA: €5 SWALE 1228 [DESIGN FREGUENCY: 225 CFS
Dicharge | Peak Fiow [Velocty s Aiea (sl | Hydravke | Namal Urveinfosced Vegelaton [n=0.066)
(cls]__| Period frvs) Radus(it] | Depih (1)
k8o 01 207 869 083 131 _i

$ »0.0100

L, -

z Widh = 3001 :

LINER RESULTS Notto Scale
Matting Type L Vegetation Charactesishics

Reach tabity Analysisf Petmissibls Calcriated Safety Factor Remarks

Staple Pattem Phase] Class | Type |Dersay] Shear Suess | Sheas Stoss .

[psf} (=]

Staight | Unveiorced | Vegetation C [Bunch|rsesx] 420 082 513 STABLE ;

5ol Sandy Loam 0.035 0023 153 STABLE i




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: SWALE 12.2 (segment A and B) TO SED BASIN 12 Print Date; 6 Sep 11 11:18 AM
Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by:
JFM

Obijective;
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangutar (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
Manning's Equation:  _ 1.486 |, A (ﬁ )2/3,\/'8—
n P _
Given Input Data: Swale 12.2A/8 -———-——Y"Ba'ec'h_zg:fcn -——-—Masé_t']}/&ik’c“ ——-——Q—Massg’ng; Al
Discharge, Q= 17.98 17.98 cfs
Left Side Slope = 20 2.0 H:1V
Right Side Slope = 2.0 20 H:1v
Base width of Channel, b= 4.0 4.0 feet
Bed slope, s= 0.0100 0.0100 ) fi/ft
Available depth of channel: 200 2.00 feet
{opTioNay)  Input Manning's 'n'; 0.0430. 0.0660
Lining Type:
Calculate Flow Depth;
Flow depth, d= 1.06 1.32 feet
Calculated Results: Desian Acceptable? V loo high ¥ 100 high
, Freeboard, f= 0.95 0.68 feet
Calculated Velocity, V= 2.81 2.06 fps
Flow Top Width, T= = 8.20 9.26 feet
Flow Area, A= 6.41 8.72 sq ft
Wetted Perimeter, P= 8.70 0.88 feet
Hydraulic Radius, R= 0.74 0.88 feet
Shear stress on channel bottom, t= 0.66 0.82 Ibs/sf
Critical Slope, S¢= 0.0316 0.0706 ft/ft
Flow stable? (no if .75, < s < 1.3S,)= yes yes
Required Freeboard= 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

. Conclusions
A temporary erosion control blanket (ECB) is needed.

IAPROJECTS\PPLS\PPLS0802-Bell Bend Land DevelopmentANALYTICALICALCULATIONSIEROSION & SEDIMENTATION CALCS\SWALE\[Swales xIs)Swale 12.2B



North American Green - ECMDS Version 4.3

1842972011 "[05:10 AM JCOMPUTED BY: JMO

[PROJECT NAME: PPL BBNPP

[PROJECT NO.: PPLS0302

IDESIGN FREQUENCY: 2.25 CFS

IFROM STATION/REACH: JT0 STATION/REACH: RIP RaP |DRAINAGE AREA; Swale 12.2C
HYDRAULIC RESULTS Rock Ri 0.100)
Dischaige | Peak Flow {Velocity (fps)] Area (sq.ft) | Hydraulic Namal ock Riprap (=0,
{cfs) Period [hrs] Radiusfft] | Depthft] ‘
50.5 al 353 14.29 1.20 222
S =0.0444
Bott
20 Width = 2,00 & 20
LINER RESULTS Netto Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis| Permissible Caloutated Safety Factor Remarks
Staple Pattern Phase | Class | Type [Density| Shear Stress | Shear Stiess
[psf) {psf)
Staight Rock Riprap ] Unvegetated 5,00 6.15 0.81 UNSTABLE
15in




North American Green - ECMDS Version 4.3 - 18729/2011 [0%:11 AM|COMPUTED BY: JMG

PROJECT NAME: PPL BBNPP JPROJECT NO.: PPLS0302
FROM STATION/REACH: [TO STATION/REACH: CONCRETE — |DRAINAGE AREA; Swale 12.2C JDESIGN FREQUENCY: 2.25CFS
HYDRAULIC RESULTS

Concrete (n=0.020)

Discharge | Peak Flow {Velocity {fps]] Area (sq.it] | Hydraulic Normal
(cfs} Peyiod fhrs). Radius(ft] | Depth (ft)
B0 0.1 11.68 432 0.64 1.05
Botto
20 Width = 2.00 # 70
LINER RESULTS Not to Scale

Matting Type l Vegetation Characteristics )

Reach Stability Analysis] Permissible Calculated Safety Factor Remarks
Staple Pattern Phase | Class | Type [Density Shea;j;ress Shea[rpifl]wess

Straight Conctete Unvegetated N/A 292 N/A STABLE




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: SWALE 12.2 (segment A,B and C) TO SED BASIN 12 Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by:
JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Efosion and Sedimentation Control Manual for reference.
Manning's Equation: Q= 1.486 A (
Given Input Data: Swale 12.2A/B/C Barec-h\e/:Locitv Grass - Velocity  Grass - Capacity.
Discharge, Q= 50.54 cfs
Left Side Slope = 2.0 H:1V
Right Side Slope = 2.0 H:1V
Base width of Channel, b= 20 feet
Bed slope, s=  0.0444 fi/ft
Available depth of channel: 2.00 feet
{OPTIONAL}  Input Manning's 'n": 0.0200
Lining Type:
Calculate Flow Depth:
Flow depth, d=  1.05 feet
Calculated Results: Deslan Acceplable? V too high
Freeboard, f= 0.95 feet
Calculated Velocity, V= 11.68 fps
Flow Top Width, T= 6.21 feet
Flow Area, A= 4.33 sq ft
Wetted Perimeter, P= 6.71 feet
Hydraulic Radius, R= 0.64 feet
Shear siress on channel bottom, © = 2.92 Ibs/sf
Critical Slope, S,= 0.0073 fr/ft
Flow stable? (no if .75, <s < 1.3S,)= yes
Required Freeboard= 0.5 feet
Allowable Velocity for \Lining Material= 0.0 fps

Conclusions

A temporary erosion control blanket (ECB) is needed.

I\PROJECTSIPPLSWPPLS0902-Bell Bend Land DevalopmentANALYTICALICAL CULATIONSIEROSION & SEDIMENTATION CALCS\SWALEYSwales.ds)Swale 12.2C



Trapezoidal Channel Analysis - Open Channel Flow {(w/ Manning's Eq)

Client/Subject: PPL Bell Bend

-~ Description: SWALE 21.6D TO SED BASIN 21 Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by:
JFM N

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
—_— I A (213
Manning's Equation: Q- 1.486 A ( _P. ) . /S
. . Bare - Velocity  Grass - Velocity  Grass - Capacity
Given Input Data: Swale 21.6D Check Check Check
Discharge, Q= 7562 cfs
Left Side Slope = 20 H:AV
Right Side Slope = 20 H:1V
Base width of Channel, b= 2.0 feet
Bed slope, s= 0.2000 ft/ft
Available depth of channel: 3.00 feet

(OPTIONAL)  Input Manning's 'n": 0.0200
Lining Type:

Calculate Fiow Depth:

Flow depth, d= 0.89 feet
Calculated Results: Design Acceptable? V tog high
Freeboard, f= 2.1 feet
Calculated Velocity, V= 22.61 fps
Flow Top Width, T= 555 feet
Flow Area, A= 3.34 ©osqft
Wetted Perimeter, P= 5.96 feet
Hydraulic Radius, R= 0.56 N feet
Shear stress on channel bottom, © = 11.06 Ibs/sf
Critical Slope, S.= 0.0076 _ ft/ft
Flow stable? (no if .75, <s < 1.3S,)= yes
Required Freeboard= 05 feet
Allowable Velocity for Lining Material= 00 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

IPROJECTSIPPLSIPPLS0902-Bell Bend Land DevelopmentANALYTICALICALCULATIONSIEROSION & SEDIMENTATION CALCS\SWALE\[Swales xis}Swale 21.6D



North American Green - ECMDS Version 4.3

18/29/2011 109:27 AMICOMPUTED BY: JMO

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0302

FROM STATION/REACH: [TO STATION/REACH: CONCRETE DRAINAGE AREA: Swale 21.6D |DESIGN FREQUENCY: 2.25CFS
HYDRAULIC RESULTS e te (n=0.020]
tete {n=0.
Discharge | Peak Flow {Velocity (fps)] Area {sq.ft] | Hydraulic Noimal oree® +
(cfs) Period [hrs} Radius(ft) 1 Depth [it]
756 0.1 22.60 335 0.56 0.89
Bottom
20 Width = 2.00 ft 2.0
LINER RESULTS Notlo Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis _ Permissible Coalcutated Safety Factor Remarks
Staple Paltemn Phase| Class | Type |Densily] ShearStiess | Shear Stress
: (psf] {psf]
Straight Concrete Unvegetated N/A 11.07 N/A STABLE




{North Ameiizan Green - ECMD3S Version 4.3

[8729/2011

j09:26 AM [COMPUTED BY: JMOD

{PROJECT NAME: PPL BBNPP

PROJECT NO.. PPL50302

{FROM STATION/REACH:

|TO STATION/REACH: RIP RAP

DBAINAGE AREA: Swale 21.6D

JDESIGN FREQUEMCY: 2.25CFS

HYDRAULIC RESULTS Aock Ri 0.100)
Discharge § Peak Flow [Velocity {fps)] Area (sq.ft} | Hydraulic Normal ack Riprap (=0
(cis) Period (his) Radius(f) { Depth {ft) ' l
756 01 6.96 11.01 1.05 1.90
’ S =0.2000
Bottom
2.0 Width=2.00ft 2.0
LINER RESULTS Mot to Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis : Permissible Calculated Safety Factor Remarks
Staple Pattern Phase] Class | Type [Density] Shear Stiess | Shear Stress
, {psf) {psf)
Straight Rock Riprap | Unvegetated 5.00 237 0.21 UNSTABLE
15in




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: SWALE 21.6C TO SED BASIN 21 Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO Project i PPLS0902
Date: 15 Sep 11 Checked by- :
- JFM

Objective: -
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
N N 4 A 273
Manning's Equation: Q= 1486 , A ( ial ) N /S
n P
. . Bare - Velocity ~ Grass - Velocity —Grass - Capacity
Given Input Data: Swale 21,6C Check Check Check
Discharge, Q= 59,31 59.31 cfs
Left Side Slope = 2.0 20 ' H1v
Right Side Slope = 2.0 2.0 H:V
Base width of Channel, b= 5.0 5.0 feet
Bed slope, s=  0.0100 0.0100 ft/ft
Available depth of channel: 2.50 2.50 . feet
{opPTIONAL)  Input Manning's 'n': 0.0210 0.0480
Lining Type:

Calculate Flow Depth:

Flow depth, d= 1.23 ' 1.89 ' feet
Calculated Results: - Design Acceptabie? V 100 high V 100 high
Freeboard, f= 127 0.61 feet
Calculated Velocity, V= 6.47 3.56 fps
Flow Top Width, T= 9.92 12.58 feet
Flow Area, A= 9.17 16.65 sq ft
Wetted Perimeter, P= 10.50 13.47 feet
Hydraulic Radius, R= 0.87 1.24 feet
Shear stress on channel bottom, t= 0.77 1.18 Ibs/sf
Critical Slope, S.= 0.0071 0.0335 i/t
Flow stable? (no if .7S, <s < 1.38)= yes yes
Required Freeboard= 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions A
A temporary erosion control blanket (ECB) is needed.

NPROJECTS\PPLS\PPLS0902-Belt Bend Land DevelopmenttANALYTICALICALCULATIONSIEROSION & SEDIMENTATION CALCSISWALE{Swales.xis]Swale 21.6C



Noith American Green - ECMDS Version 4.3

[8729/2011

[10:47 AMJCOMPUTED 8Y: JMO

PROJECT NAME: PPL BBNPP

PROJECT NO.: PPLS0302

FROM STATION/REACH: |TO STATION/REACH: VEG DBEAINAGE AREA: SWALE 21.6C |DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS SC250 (r=0.048)
Discharge | Peak Flow {Velocity {fps)] Area (sq.ft} | Hydraulic Normal s
" tefs) | Period (hus) Radius(it) | Depth (1) l l
53.3 a1 357 16.59 1.23 1.89
$=0.0100
Bottom '
2.0 Width = 5.00 ft 2.0
LINER RESULTS Not to Scale
Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Caleulated Safety Factor Remarks
Staple Pattemn Phase| Class | Type |Densiy] Shear Stress | Shear Stiess
tpsf) (psf}
Straight SC250 Vegetation 3 C |Bunch}7585% 10.00 1.18 8.48 STABLE
Staple E Soil Sandy Loam 0.800 0.044 17.99 STABLE




{Morth American Green - ECMDS Version 4.3

1872972611 [03:13AM|COMPUTED BY: JMO

PROJECT NO.: PPLS0302

PRAOJECT NAME: PPL BBNPP .
FROM STATION/REACH: |TO STATIGN/REACH: UNVEG DRAINAGE AREA: Swale 21.6C JDESIGN FREQUENCY: 2.25CFS
HYDRAULIC RESULTS SC250 (n=0.021)
Discharge | Peak Flow |Velocity (fps)] Area {sq.ft}) | Hydiaulic Nomal (=0
(cfs) Period [hrs) Radws(ft) | Depth{ft)
59.3 0.1 6.70 886 0.92 1.48
Bottom
\ 28 Width = 3.00 ft 20
LINER RESULTS Notto Scale
Matting Type Vegelation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattem Phase | Class | Type |Density] Shear Stress | Shear Stiess
{psf) (psf)
. Staight SC250 Unvegetated 1 3.00 0.93 3.24 STABLE
| Staple E




Trapezoidal Channel Analysis - Open Channel Flow {w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: SWALE 21.6B TO SED BASIN 21 Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by-
JFM

Obijective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or friangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
-the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
_— — A (203
Manning's Equation: o= 1.486 *A (; ) . /S
n
. . Bare - Velocity =~ Grass - Velocity Grass - Capagity
Given Input Data: Swale 21.68 Check Check Check
Discharge, Q= 9.09 9.09 cfs
L eft Side Slope = 2.0 2.0 H:1V
Right Side Slope = 2.0 2.0 H:1Vv
Base width of Channel, b= 3.0 3.0 feet
Bed slope, s=  0.1000 >  0.1000 - fuUft
Available depth of channel: 2.00 2.00 feet
(OPTIONAL) Input Manning's 'n': 0.0400 0.0700
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.42 0.58 feet
Calculated Results: Design Acceptable? V f00 high ¥ tog high
Freeboard, f= ~  1.58 1.42 feet
Calculated Velocity, V= 5.59 3.79 fps
Flow Top Width, T= 4.69 5.31 feet
Flow Area, A= 1.63 2.40 sq ft
Welted Perimeter, P= 4.89 5.58 feet
Hydraulic Radius, R= 0.33 0.43 feet
Shear stress on channel bottom, © = 2.64 3.60 Ibs/sf
Critical Slope, S.= 0.0351 0.0994 ft/ft
Flow stable? (no if .78, < s < 1.38,)= yes no
Reguired Freeboard= 0.5 0.5 - feet
Allowable Velocity for Lining Material= 0.0 P fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

EYPROJECT S\PPLS\PPLS0902-Bell 8end Land DevelopmentANALYTICALICALCULATIONS\EROSION & SEDIMENTATION CALCS\SWALE\[Swales. xIsjSwale 21.68



[Nosth Ametican Gieen - ECMDS Vession 4.3 1872572011 _[04:26 PMICOMPUTED 8Y: JMO

[PROJECT NAME: PPL BENNP {PROJECT NO. PPLO0S02
[FROM STATION/REACH: [TO STATION/REACH: VEG [DRAINAGE AREA: ES SWALE 21.68  IDESIGN FREQUENCY: 225 UFS
HYDRAULIC RESULTS
Discharge | Peak Flow {Velocity {fpslf Asea (sqft) | Hydiadc | Nomal 3£230(2=0.070)
fefs}” ] Period (hs) Radwusift} | Depth (M)
81 0.1 308 25 0.49 0.68
| 1 Lzzs ‘Zﬁl]
H 8
W:dloml :-0%0 f
Not o Scale
Wating Type l Vegeiaton Chaaciernsios ;
Reach Stabity Analysis Permissble | Coloulsted | SafetyFactor | Remarks
Staplo Pattem Phase] Class | Type [Densay| Shea Stiess | Shear Stiess
tosi) fosf)
Staight 5C250 Vegeistion | 3 C |Buch]?5%6% 1000 23 4.30 STABLE
Stagle £ Sol ~Sandy Loam 0.800 0316 253 STABLE




[Noth American Green - £CMDS Version 8.3 1872572611 " [04:25 PM [COMPUTED BY: JMO

[PROJECT NAME. PPL BINHF [PROJECT NO.. PRLSBS2
IFROM STATION/REACH: [FoSTATION/REACH, URVEG [DRAINAGE AREA: ES SWALE 21.60 [DESIGN FREQUENCY: 225 CFS
Discharge | Peak Flow [velocty lips)] Avea foa ] | Hydroke | Nomal SE250 (n-0.040)
| fcls) | Pesiod fhes) Raduusiit] | Depth (1)
B1 o1 453 199 0.38 0.50
$ = 0.0550
‘Lﬂl 7011
{
widh o
LINER RESULTS Notto Scals
Mating Type Vegetation Characteristics
Reach k:mmm Pemisstle | Cokuated | SofetyFactor |  Remarks
Staple Pattem Phase] Class | Type [Densty] Shear Stiess | Sheat Stiess
(ost) {psf)
Staght 5Co50 | Unvegetated | 1 300 17 .76 STABLE
Staple £




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description. SWALE 21.6A TO SED BASIN 21 Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by:
JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
_— sl 213
Manning's Equation: Q= 1.486 Y ( ) . /S
n
Given Input Data: Swale 21.6A Barec-h\e/ilocity Gras(s:;‘e\zilocilv Grass - Capacity
Discharge, Q= 7.22 7.22 cls
Left Side Slope = 2.0 2.0 H:1V
Right Side Slope = 20 2.0 H:1v
Base width of Channel, b= 30 3.0 feet
Bed slope, s= 0.0571 0.0571 fuft
Available depth of channe: 1.50 1.50 feet
(OPTIONAL)  Input Manning's 'n": 0.0400 0.0760
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.44 - 0.62 feet
Calculated Results: Design Acceptable? ¥ too high V tao high
Freeboard, f= 1.06 0.88 feet
Calculated Velocity, V= 428 2.74 fps
Flow Top Width, T= 4,74 5.49 feet
Fiow Area, A= 1.69 2.64 sq ft
Wetted Perimeter, P= 4.95 5.78 feet
Hydraulic Radius, R= 0.34 0.46 feet
Shear stress on channel bottom, t = 1.55 2.22 Ibs/sf
Critical Slope, S.= 0.0348 0.1151 fi/ft
Flow stable? (no if .7S, < s < 1.35,)= yes yes
Required Freeboard= 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions

A temporary erosion control blanket (ECB) is needed.

IAPROJECTS\PPLSIPPLS0902-Bell Bend Land DevelopmenlANALYTICAL\CALCULATIONSIEROSION & SEDIMENTATION CALCS‘SWALE\(SwaleS.x'sISwaIe 21.6A



{North Amenican Green - ECHDS Version 4.3 [872572011 [04:21 PMICOMFUTED BY: JMO

[PROJECT NAME: PP, BENNP . {PROJECT NO.: PPLSO302
[FROM STATTON/REACH: [TG STATION/REACH: VEG [DRAINAGE AREA’ ES SWALE 21.6A JDESIGN FREQUENCY: 225 CFS
Discharge | Peak Flow [Vielocky 1ps)] Avea (a1 | Hydrake | Nomal 3250 in"0.078)
[¢h] | Pesiod us) Rodus(i) | Depth (i
p2 01 275 262 0.45 082
S = 0,057
1 Lﬂi 'TOJ ]
Boti
Width -?5.'00 ft
UNER RESULTS NottoScale
i Matting Type l Vegetation Characteristics
Reach Stabiity Analysis Pemissiis | Calcudated [ Safety Factor Remarks
Staple Pattein Phase] Class | Type [Denciy] ShearStess | Shext Strass
lps) {psf)
Stiaight 50250 Vegetsion | 3 | C {Buwch[7535% 1000 2.0 454 STABLE
; Staple £ Sod Sandy Loam 0.600 0.270 297 STABLE




{Nosth Ametican Green - ECMDS Vession 4.3 18/25/2011 _104:20 PM{COMPUTED 8Y: JMO

[PROJECT NAME. PPL GBNNP [PRGJECT NO.. PPLS0902 i
[FAOM STATION/REACH: [TO STATION/REACH: UNVEG [DRAINAGE AREA: ES SWALE 21.6A  [DESIGN FREQUENCY: 225 075 ;
Dischaige | Peak Flow [Velocky (ipef Area (sl | Hydodc | Nemdl SC20(n-0.040) ;
__cfs) | Petiod (bus} Badus(t] § Oepth (it] |
7.2- (X] 431 167 | 034 043
$ = Q071 :
1LG TJ]
Boltom H
Width = 3.00 ft ! !
LINER RESULTS NotloScale
Mattog Type Vegelation Characteristics
Reach [Stabity Analysis] Pesmissble | Calculated | Safety Factor Remarks
Staple Pattein Phase] Class | Type [Densty] Shest Stess | She Stress
(psf} {psf)
Stzight SC250 Unvegetated | 1 3.00 154 15 STABLE
Staple £




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: SWALE 21.5C TO SED BASIN 21 " Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Cheoked by:
JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
" - A (213
Manning's Equation: Q= 1.486 A (_P. ) . /s
n
" . Bare - Velocity  Grass - Velocity ~Grass - Capacity.
Given Input Data: Swale 21.5C Check Check Check
Discharge, Q= 65.23 ' cfs
Left Side Slope = 20 H:1V
Right Side Slope = 2.0 H1V
Base width of Channel, b= 3.0 feet
Bed slope, s= 0.0869 . fUft
Available depth of channel: 2.00 feet
(OPTIONAL)  Input Manning's 'n": 0.0200
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.88 feet
Calculated Results: Design Acceptable? V to0 high
' Freeboard, f= 1.12 feet
Calcuiated Velocity, V= 15.64 fps
Flow Top Width, T= 6.51 feet
Flow Area, A= 417 sq ft
Wetted Perimeter, P= 6.92 feet
Hydraulic Radius, R= 0.60 feet
Shear stress on channel bottom, 1= 4.76 lbs/sf
, Critical Slope, S.= 0.0073 g fuit
Flow stable? (no if .78, <s < 1.3§,)= yes
Required Freeboard= 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Qn_ql_uM
A temporary erosion control blanket {ECB) is needed.

INPROJECTS\PPLS\PPLS0902-8ell Bend Land DevelopmentANALYTICALCALCULATIONSIEROSION & SEDIMENTATION CALCSISWALE\(Swales xis)Swale 21.5C



Noith American Green - ECMDS Version 4.3

1872972011 |09:16 &AM [COMPUTED BY: JMO

PROJECT NAME: PPL BBNPP

PROJECT NO.. PPLS0902

FROM STATION/REACH: {TG STATION/REACH: COMCRETE DRAINAGE AREA: Swale 21.5C |DESIGN FREQUENCY: 2.25 CFS
HYDRAULIC RESULTS Concrete (1=0.020)
Discharge | Peak Flow |Velooty (ips]] Area (sq ) | Hydrauic | Homal - i
{cfs] Period (hrs) Radiusl(ft] | Depth (Y
85.2 0.1 15,63 417 0.60 088
Bott
70 widhe 500 1 7D
LINER RESULTS Not to Scale
Matting Type Yegetalion Characteristics
Reach Stability Analysis : Permissible Calculated Safety Factor Remaiks
Staple Pattern Phase | Class | Tgpe |Densiy] ShearStiess | Shear Stess
{psf) {pst}
Straight Concrete Unvegetated N/A 4.76 N/A STABLE




North American Green - ECMDS Version 4.3

18/29/2011 08:15 AM|COMPUTED B8Y: JMO

PROJECT NAME: PPL BBNPP

PROJECT WO.: PPL50S02

{FROM STATION/REACH: JTO STATION/REACH: RIP RAP DRAINAGE AREA: Swale 21.5C IDESIGN FREQUENCY: 2.25CFS
HYDRAULIC RESULTS Rock Riptap (n=0.100)
Dischaige | Peak Flow |Velocity (fps)] Asea (sqft) | Hydraulic Normal ook prap In=
(cis) | Period fhus) Radius(it) | Depth [f) ' '
85.2 01 4.81 1354 115 1.96
Bottom
20 Width = 3.00 ft 2.0
LINER RESULTS _ NottoScale
) Matting Type Vegetation Characteristics :
Reach Stability Analpsis Permissible Calculated Safety Factor Remarks
Staple Pattemn Phase [ Class | Type [Density] ShearStress | Shear Stiess
[psf} (psf)
Straight Rock Riprap | Unvegetated 5.00 10.62 0.47 UNSTABLE
18in




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description; SWALE 21,58 TO SED BASIN 21 Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO Project #: PPL50902
Date: 15 Sep 11 Checked by:
JFM

Objective:

, Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
— Lo : A \23
Manning's Equation: Q-= 1.486 | A (_ ) . /S
n P
. s Bare - Velocily  Grass - Velocity  Grass - Capacity
Given Input Data: Swale 21.58 Check Check Check
Discharge, Q= 0.23 0.23 cfs
Left Side Slope = 2.0 2.0 H:1V
Right Side Slope = 2.0 20 H:1vV
Base width of Channel, b= 3.0 3.0 feet
Bed slope, s=  0.0550 0.0550 fuft
Available depth of channel: 2.00 2.00 feet
{OPTIONAL) Input Manning's 'n'; 0.0550 0.2500
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.13 0.30 feet
Calculated Results: Design Acceplable? V too high V too high
Freeboard, f= 1.87 1.70 feet
Calculated Velocity, V= 0.55 0.21 fps
Flow Top Width, T= 3.51 4.19 feet
Flow Area, A= 0.42 1.07 sq ft
Wetted Perimeter, P= 3.57 4.33 feet
. Hydraulic Radius, R= 0.12 0.25 feet
Shear stress on channel bottom, 1 = 0.44 1.02 Ibs/sf
Critical Slope, S.= 0.0916 1.4979 ftift
Flow stable? (noif .78, < s < 1.38.)= yes yes
Required Freeboard= 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control bianket (ECB) is needed.

1APROJECTSIPPLS\PPLS0802-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\EROSION & SEDIMENTATION CALCS\SWALE\{SWBIes.xls]Swale 21.58

‘
S



[North Amencan Green - ECMDS Version 4.3 7572011 [04:16 PMICOMPUTED BY: JMD

PROJECT NAME: PPL BBNNP - [PROVECT NO.: PPLS0902
FROM STATION/REACH: {TO STATION/REACH: VEG [DRAINAGE AREA: ES SWALE 21.58 [DESIGN FREQUENCY: 225CFS
HYDRAULIC RESULTS
Dischaige | Peak Flow TVelocly (55| Auea (safj | Tiydacdc | Noma Unveinlorced Vegetetion (n=0.2%0)
(cfs] | Petiod (tes) Radusift] | Depth {f)
0.2 01 .38 0.53 Q14 018
§ »0.0550
Ly -}
wigh~Zoon
Not o Scale
i Mating Tope Vegetaton Charactenstos
Reach [Stabity Analysis) Peimssible Calculsted Safety Factor Remarks
Stapie Pattems Phase| Class | Type [Densay] Sheaf Stess | Shear Stess
1 {psf) [pst)
! Stiaght | Ureerdored | Vegetation T |Buchl?595%] 420 055 7.70 STABLE
Sl Sandy Loam 0.035 0.001 01 STABLE




Nosth Anericon Green - ECMDS Version 4.3 [8725/2011_[04:18 PM|COMPUTED BY: JMO

[PRGJECT NAME: PPLBBNNP [PROJECT NO.._PPL50902
{FROM STATION/REACH: ITO STATION/REACH: UNVEG [DRAINAGE AREA: ES SWALE 21.58 [DESIGN FREQUENCY: 2.25 CFS
HYDRAULIC RESULTS , i
Dischage | Pesk Flow [Velocsy {fpsh Area (sqit) | Hypdiadc | Nomal 575 [n-0.0%)
cls) | Petiod (s} Radusif) | Depth (1] l
02 01 093 0.20 0.06 0.06
S = 0.0550
1 -EJ 1
t
Lﬂl wiah S0 n
' Not to Scae
‘Matting Type Vegetation Charactemisbics
Reach [Stabiity Analysist Permissbie | Calculated | Safety Factor Remarks
Staple Pattern Phase | Closs | Type [Densiy] Shedl Stress Sheas Stiess
. (psf) {psh)
Suaight S75 Unvegetated 1.55 022 6.8 STABLE
Staple D




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: SWALE 21.5A TO SED BASIN 21 ‘ Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO Project #: PPLS0902
Date: 15Sep 11 Cheoked by:
JFM

Objective: ~ :
Using Manning's equation, this spreadsheet will caiculate the amount of flow through

a trapezoidatl or triangufar (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
P . A (273
Manning's Equation: Q= 1.486 A (_; ) . /S
n ‘
. . Bare - Velocity  Grass - Velocity  Grass - Capacily
Given Input Data: Swale 21.5A Check Crock Check
Discharge, Q=  61.29 6129 ofs
Left Side Slope = 20 2.0 H:AV
Right Side Slope = 2.0 2.0 H:AV
Base width of Channel, b= 3.0 3.0 feet
o Bed slope, s=  0.0500 0.0500 ftift
Available depth of channel: 2.00 2,00 feet
(OPTIONAL)  Input Manning's 'n': 0.0280 0.0420
Lining Type:

Calculate Flow Depth:

Flow depth, d= 1.17 1.43 ' feet
Calculated Results: Design Acceptable? ¥ 100 high V too high
Freeboard, f= 0.83 0.57 feet
Calcutated Velocity, V= 9.85 7.32 fps
Flow Top Width, T= 7.67 - 8.71 feet
Flow Area, A= 6.22 8.37 sq ft
Wetted Perimeter, P= - 8.22 9.39 feet
Hydraulic Radius, R= 0.76 0.89 feet
Shear stress on channel bottom, ¢ = 3.64 446 ibs/sf
Critical Slope, S.= 0.0134 0.0288 ft/ft
Flow stable? (noif .75, <s < 1.38;)= yes yes
Required Fregboard= 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
‘ A temporary erosion control blanket (ECB) is needed.

IAPROJECTS\PPLSWPPL S0902-Bell Bend Land DevelopmentANALYTICALICALCULATIONSIEROSION 8 SEDIMENTATION CALCSISWALESwales xis]Swale 21.5A



[872572011_ [04.15 PM{COMPUTED BY- JMO

INorth Amencan Green - ECMDS Version 4.3
[PROJECT NAME: PPL BENNP [PROJECT NG PPLS0902
[FROM STATION/REACH: [TO STATION/REACH: VEG [DRAINAGE AREA: £S SWALE 2154 DESIGN FREQUENCY: 2.25 CFS
Discharge | Peak Flow [VelocRy {fpsl Area (sqft] | Hydraulic | Noimal PS50 (n-0.042)
fets) | Period [hrs) Radus(it} | Depth k)
1.3 0.1- 7.24 8.3 083 1.43
S = 0.0500
1 LZ'D ‘2'6‘ 1
okl
wigh 00 1
LINER RESULTS Notto Sealo
' Mettng Type. !S Vegetation Chatactenshics :
Reach tabey Analysis Peamissibls Calculated Satety Factor Remarks
Stapie Paltemn Fhase| Class | Type [Densdy| ShearStess | Shear Stoss
tpsf) {psf)
Straight PS50 Vegetalion | 3 | C |Bunch|7595%]  14.00 445 314 STABLE
Stapls E Sod Sandy Loam 3.250 0.711 457 STABLE




INosth American Green - ECMDS Vetsion 4.3 [872572011 [04:12 PM[COMPUTED 6Y- JMO

{PROJECT NAME: PPL BBNNP [PROJECT NO.. PPLS09G2 -
[FROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA; £S SWALE 2154 [DESIGN FREQUENCY: 225 CFS
Discharge | Pesk Flow [Velocty (fusl] Asea(sq ) | Hydiatde | Nommat P (-0028)
fcts] Petiod {his) Radus(t] § Depth {ft}
613 18] 9.75 6.28 076 117

1 1
A
t
, Ln widh s So0 ‘ZTJ

LINER RESULTS Ntto Scale
Matting Type .J Vegetation Chaactesistics
Reach [StabSty Analysi Permissbie Caiculated Safety Factor RAemarks
Staple Paliein [Phase] Class | Type [Oensay} Shess Stess | Shear Stioss
- {psf] {psf])
Staght P50 Unvegetated | 1 400 367 1.09 STABLE
Staphe E




Trapezoidal Channel Analysis - Open Channel Flow {w/ Manning's Eq)

Client/Subject: PPL Bell Bend .
Description;: SWALE 21.4 TO SED BASIN 21 Print Date: 6 Sep 11 11:18 AM

Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by: -
JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
P . A 208
Manning's Equation: - _ 1.486 . A ( ial ) /s
n P
N . Bare - Velocity  Grass - Velocity  Grass - Capacity
Given Input Data: Swate 21.4 Check Check Check
Discharge, Q=  13.32 13.32 cfs
Left Side Slope = 2.0 20 v H:AV
Right Side Slope = 2.0 2.0 H:1V
Base width of Channel, b= 3.0 3.0 feet
Bed slope, s= 0.0800 0.0800 ft/ft
Available depth of channel: 2.00 2.00 T feet
(OPTIONAL) Input Manning's 'n": 0.0390 0.0600
Lining Type:
Caiculate Flow Depth:
Flow depth,d=  0.55 0.69 feet
Calculated Results: Design Acceplable? V too high ¥ too high
Freeboard, f= 1.45 1.31 feet
Calculated Velocity, V= = 5.94 4.38 fps k
Flow Top Width, T= 5.19 577 feet
Flow Area, A= 2.24 3.04 : sq ft
Wetted Perimeter, P= 5.45 6.10 feet
Hydraulic Radius, R= 0.41 0.50 feet
Shear stress on channel bottom, t= 2.74 346 Ibs/sf
Critical Slope, S.= 0.0313 0.0698 futt
Flow stable? (no if .78, <5 < 1.35,)= yes no v
Required Freeboard= \ 0.5 N 0.5 feet
., Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

FAPROJECTS\PPLSIPPLS0902-Beli Bend Land DeveiopmenhANALYTICALVCALCULATIONSIEROSION & SEDIMENTATION CALCS\SWALE Swates.xis[Swale 21.4



[North Amenican Gisen - ECMDS Version 4.3

7572001 [04:05 PM [COMPUTED BY; JMO

e et

IPROJECT NAME: PPL BBNNP

{PROJECT NO.. PPLSOSG2

[TO STATION/REACH: VEG [DRAINAGE AREA: €5 SWALE 214 [DESIGN FREQUENCY: 225CFS

FROM STATION/EACH:
Dischaigs | Poak Flow [Velocty (1pel Area (s | Fydradkc | Noimal SC250 (0,050}
[efs]_| Period (hvs) Radus(i) | Deoth (f)
133 a1 339 3B 0.50 .63 ,
$ = 0.0800
'Ly -
wigh o0
IN 5 Notto Scale
WMalting Troe Vegetabon Characensiics
Reach Stabily Analysis| Pemissble | Calcusted | SofetyFactor |  Remaks
Stapie Paltem Phate] Class | Type [Dernty| Shea Stiess | Shoar Skess
Ipsf) fost ;
Straghl 5250 Vegetaton ] 3 | C |Bunch]/585%  10.00 345 790 STABLE ;
"Staple € Sl Sandy Loam 0.800 0,629 137 STABLE ;




Noxdh Amencon Bieen - ECHMDS Version 4.3 BFE7301T~ [34:04 PM [OMPUTED BY: IMO
FROJECT NAME. PPLBBNNP IPROJECT NG, PPLS0902
FROM STATION/REACH: {TO STATION/REACH: UNVED IDRANAGE AREA ES SWALE 214 [DESIGN FREQUENCY. 225CFS
HYORAULIC RESULTS
Dischaige | Peak Flow [Velooty (o] Avea (safll | Hydauko T Tiormal ' SC250 (n=0.0%9)
| fcts) | Pesiod (bws) Radusi®t) | Depth (1)
123 o1 594 224 0.41 0.5

\
'Ly A4
: ngt ??00 it | ;
LINER RESULTS Notto Scale
) Hattng Type ls Vegetalon Charactenstics
Reach tablly Anakssisy Pemissble | Colculsled | Safety Factor Aemarks
Stapie Paltern Phase | Class | Type [Densty Shear Strese | Sheat Suess .
{psf) {psf)
Staight 5C250 Unvegetated | 1 300 2R R STABLE ;
Staple £ :




" Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: SWALE 21.3 TO SED BASIN 21 Print Date; 6Sep 11 11:18 AM
Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by: :
JFM

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are aiso computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for refereﬂce.
" iame A (213
Manning's Equation: . _ 1.486 A (; ) . /S
n
. . Bare - Velocity ~ Grass - Velocity Grass - Capacity
______g________Gnven Input Data: Swale 21.3 Check Check Check
Discharge, Q= 20.23 20.23 cfs
Left Side Slope = 3.0 3.0 H:tV
Right Side Slope = 3.0 3.0 H:1V
Base width of Channel, b= 2.0 2.0 feet
Bed slope, s= 0.0100 0.0100 ft/ft
Available depth of channel: 3.00 3.00 feet
{OPTIONAL)  Input Manning's 'n": 0.0390 0.0670
Lining Type:

Calculate Flow Depth:

Flow depth, d= 1.20 1.53 feet
Calculated Results: Design Acceptable? Y 100 high ¥ 100 high
Freeboard, f= 1.80 1.47 feet
Calculated Velocity, V= 3.00 2.00 fps
Flow Top Width, T= 922 11.19 feet
Flow Area, A= 6.74 10.10 sq ft
Wetted Perimeter, P= 9.61 11.69 feet
Hydraulic Radius, R= 0.70 ‘ 0.86 feet
Shear stress on channel bottom, = 0.75 0.96 Ibs/sf
Critical Slope, S.= 0.0260 0.0717 fuft
Flow stable? (noif .7S, <s < 1.38, )= yes yes
Required Freeboard= 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

[

Conclusions
A temporary erosion control blanket (ECB) is needed.

IMPROJECTS\PPLS\PPLS0802-Bell Bend Land DevelopmenNANALYTICAL\CALCULATIONS\EROSION & SEDIMENTATION CALCSISWALE\Swales xIs)Swale 21.3



[North Ametican Green - ECMDS Version 4.3 [872572011 {0400 PMICOMPUTED BY: JWMO
PROJECT NAME: PPL BBNNP [FRGJECT NO.. PPLSD902
FROM STATION/REACH: [TO STATION/REACH: VEG [DRAINAGE AREA: ES SWALE 213 [DESIGN FREQUENCY: 225 CFS
f HYDRAULIC RESULTS
Dischargs [ Pek Flow [Veock ] Avea o) | Hydouke | Nl Urveinforced Vegetation (n-0.087)
: [cfe) ] Petiod [hes) MJ__D_CI&&L‘
202 0l 200 1010 1.53
$ 200100
- -]
! anﬁu 3?& it
LINER RESULTS Not to Scale
Maiting Type Vegetation Charactesistics
Reach [Stabity Analysis Peimissible Calculsted Salety Factor Remaks
Staple Paitem Phase | Class | Tpoe JDensiy| Shed Stess | Shear Stress
. (pef) (pst)
Stasght Urveiforced | Vegetation C [Bunch|?55%] 420 0% 439 STABLE
Sol Sandy Loam 0035 0.026 1.37 STABLE



{North American Green - ECMDS Viersion 4.3

{672572011_[04:01 PM [COMPUTED BY- JMO

[PROJECT NAME: PPL BBNNP

[PROJECT NO.: PPLS0302

[DESIGN FREQUENCY: 225 CF3

[FAGM STATIONAEACH, [78 STATION/REACH: UNVEG [BRAINAGE AREA: ES SWALE 21.3
HYDRAULIC RESULTS
Dischargs | Peak Fiow [Velociy fips] Arsa sa k] | Hydrauio | Nomal 575 (n-0.039)
fcls) | Period fhus) Radusit] | Oepth (1)
202 0.1 300 573 0.70 1.20
§ = 3.0100
1 gﬂ 'TJ ‘
Bott
Wicth = 200 f .
LINER RESULTS Notio Scale
Matting Type Vegelation Chaacteristics
Reach Stabikly Analysis] Permissible Calcuated Safety Factor Remanks
Staple Patten Fhase | Class | Type J0ensty] Sheas Stoass Shea{;'l]:m
Stsight 575 Urvegetated 155 675 207 STABLE
Stapls D




Trapezoidal Channet Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend '
Description: SWALE 21.2 TO SED BASIN 21 ' Print Date: 6 Sep 11 11:18 AM

Prepared by: JMO . Project #: PPLS0902
Date: 15Sep 11 [
JFM

Objective: -
Using Manning's equation, this spreadsheet will calculate the amount of flow through

a trapezoidal or triangular (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required fregboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: _ See PA Erosion and Sedimentation Control Manual for reference.
. . . . A 2/3
Manning's Equation: Q= 1.486 “p (___) . /S
n P
. . Bare - Velocity — Grass - Velocity —Grass - Capacily
Given Input Data: Swale 21.2 Check Chack Check
Discharge, Q= 22.30 22.30 cfs
Left Side Slope = 3.0 ' 3.0 HAv
Right Side Slope = 3.0 3.0 HAV
Base width of Channel, b= 3.0 3.0 feet
Bed slope, s=  0.0100 0.0100 ft/ft
" Available depth of channel: 2.00 2.00 feet
{OPTIONAL) Input Manning's 'n': 0.0400 0.0660
Lining Type:

Calculate Flow Depth:

Flow depth, d= 1.16 1.46 feet
Calculated Results: Design Acceptable? ¥ 100 high V 100 high
Freeboard, f= 0.84 0.54 feet
Calculated Velocity, V= 2.98 2.06 fps
Flow Top Width, T= 9.93 11.78 feet
Flow Area, A= 7.47 10.81 sq ft
Wetted Perimeter, P= 10.31 12.25 feet
Hydraulic Radius, R= 0.72 0.88 feet
Shear stress on channel bottom, 1 = 0.72 0.91 lbs/sf
Critical Slope, S.= 0.0269 0.0688 ft/ft
Flow stable? (noif .75, < s < 1.38,)= yes yes
Required Freeboard= 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
: A temporary erosion controt blanket (ECB) is needed.

LPROJECTSIPPLS\PPLS0902-8Bell Bend Land DevelopmenhANALYTICALACALCULATIONS\EROSION & SEDIMENTATION CALCS\SWALE\Swales xisjSwale 21.2



North American Green - ECMDS Version 4.3

1872972011 |09 13 AMJCOMPUTED BY: JMO

PROJECT NAME: PPL BBMPP

PROJECT NO.: PPLS0302

IDESIGN FREQUENCY: 2.25 CFS

FROM STATION/REACH: ITO STATION/REACH: VEG DRAINAGE AREA: Swale 21.2
HYDRAULIC RESULTS Unisinforced Vegetation (n=0.066)
Discharge | Peak Flow [Velocity {fps)] Area (sq.ft} | Hydraulic | MNomal niemiolced vege aron s>
[cfs) Period [hrs} Radius{ft} | Depth{ft)
22.3 01 207 10,77 0.98 1.46
L,
Bottom
.0 Width = 3.00 ft 3.0
LINER RESULTS Notto Scale
Matting Type Vegetation Chatacteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattern Phase | Class | Tope [Density] ShearStiess | Shear Stiess
(psf) (ps)
Staight Unreinforced Vegetation C {Bunch{75-95% 4.20 0.91 4.61 STABLE
Soil Sandy Loam 0.035 0.025 1.37 STABLE




North American Green - ECMDS Version 4.3 ' 18/29/2011 |0%:14 AM|{COMPUTED BY: JMO

IPROJECT NAME: PPL BBNPP IPROJECT MO.: PPL5G302
[FROM STATION/REACH: [TO STATION/REACH: UNVEG ‘ |DRAINAGE AREA: Swale 21.2 JDESIGN FREQUENCY: 2.25CFS
HYDRAULIC RESULTS

=0).04
Discharge | Peak Flow |Velocity {fps)] Area [sq.f;]. Hydraulic Hormal ] 578 [n=0040) ’

(cfs) Period (hts) Radius(ft} | Depth (it}

R2.3 01 2.93 7.47 0.72 1.16
$=0.0100
g
Bottom
30 - Widh=300# 30
LINER RESULTS Not to Scale
Matting Type Vegelation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattem Phase| Class | Type [Density| Sheai Stess | ShearStress |-
- (psf) (psf]
Straight 875 Unvegetated 1.55 0.72 215 STABLE
I Staple D




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: SWALE 21.1 TO SED BASIN 21 ' Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO Project #: PPLS0902
Date: 15 Sep 11 Checked by:
JFM

Objective:
Using Manning's equation, this spreadsheet will caiculate the amount of flow through

a trapezoidal or triangular (b=0} channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
fine calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference. -
. - A \2/3
Manning's Equation: ., _ 1.486 A (; ) . /S
n
. . Bare - Velocily  Grass - Velocity ~ Grass - Capacity
Given Input Data: Swale 21.1 Check Check Check
Discharge, Q= 365 3.65 , cfs
Left Side Slope = 3.0 3.0 H:1V
Right Side Slope = 3.0 3.0 H:1v
Base width of Channel, b= 20 2.0 feet
Bed slope, s= 0.0400 0.0400 fift
Available depth of channel: 1.50 1.50 feet
(OPTIONAL) Input Manning's 'n'; 0.0550 0.1060
Lining Type:

Calculate Flow Depth:

Flow depth, d= 0.45 0.63 feet
Calculated Results: Desian Acceptable? V too high V too high
Freeboard, f= 1.05 0.87 feet
Calculated Velocity, V= 2.42 1.48 fos
Flow Top Width, T= 4.70 5.80 ~ feet
Flow Area, A= 1.51 2.47 sq ft
Wetted Perimeter, P= 4.85 6.00 feet
Hydraulic Radius, R= 0.31 0.41 feet
Shear stress on channel bottom, = 1.12 1.58 Ibs/sf
Critical Siope, S.= 0.0670 0.2278 fu/it
Flow stable? (noif .78, < s < 1.35;)= yes yes
Required Freeboard= 05 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

E\PROJECTS\PPLS\PPLS0802-Bell 8end Land DevelopmenANALYTICALVCALCULATIONSIEROSION & SEDIMENTATION CALCS\SWALEYSwates xIsjSwale 21.1



Nosth Amesicen Gieen - ECMDS Vession 4.3

[872572011 0356 PM {COMPUTED BY: JM0

[PROJECT NAME: PPL BBNNP

[PROJECT NO- FPLS0X0Z

IDRAINAGE AREA: €5 GWALE 219 [DESIGN FREGUENCY: 225 CFS

[FRGM STATION/REACH. fY0 STATION/REACH: VEG
HYRQRAULIC RESULTS . .
Dischargs | Peak Fiow [Veiocts ool Area 15y | Fydiae | Namal Ureeidorced Vogelalion fn-0. 106}
{cls) | Period tvs] Radus(f | Depth (1]
B7 0.1 153 24 041 082
$ w 0.0400
(. J
Sott
. Widh = 200 .
LINER RESULTS Notio Scale
Moltng Type Vegetation Chassctenstos .
Reach [Stablity Analysis] . Petmissible Caiculated | Sefety Factor Remarks
Stapke Paitein Phaso| Class | 1ype [Dencky] Shea Stiess | Shear Gliess
{psh) Ipsf)
Stragm | Unerioiced | Vegetation T |Buch|75%%] 420 1.56 770 STABLE
Sol Sandy Loam 0,035 0017 209 STABLE




[Noith Amesican Green - ECMDS Version 4.3

[8725/2011 10357 PMICOMPUTED BY: JMO

{PROJECT NAME: PPL BBNNP

[PRQJECT NO.: PPLS0902

[FROM STATION/REACH: [TO STATION/REACH: UNVEG DRAINAGE AREA: €5 SWALE 211 [DESIGN FREGUENCY: 2.25 CFS
HYDBAULIC RESULTS
Dischaige | Peak Flow [Velocky [Tps)| Area (a1 | Hydraubc | Nomdl S75n=0.059
(cfs) ] Pesiod fhrs) Radius(ft) § Depth (i)
87 01 247 150 031 0.45
$ = 0.0400
1'_5'0 'TJ1
y Bott
; widhe 300 1 .
NER 3 Not to Scals
Maltng Type IS Vegetation Chataclerislics .
Reach tabdity Analysis] Peimissible Colcuisted Safety Factor Remarks
Staple Pattem Phass ] Class | Type [Densty| Shess Stiess | Shoar Stress
{pst psf)
Stiaght 75 Unvegelatad 1.55 112 139 STABLE
Stapke 0




Trapezoidal Channel Analysis - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bell Bend

Description: SWALE 15A.1 TO SED BASIN 15A Print Date: 6 Sep 11 11:18 AM
Prepared by: JMO Project #: PPLS0002
Date: 15 Sep 11 Checked by:
JFM

Objective: -
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangutar (b=0) channel. By inputting the channel characteristics, the
flow depth will be calculated. Other flow characteristics are also computed, including
the critical slope and required freeboard based on E&S manual guidelines. The last
line calculates the maximum allowable velocity as indicated by the PA E&S manual.

Method: See PA Erosion and Sedimentation Control Manual for reference.
i _— 4 A (23
Manning’s Equation: Q= 1.486 * A (.__) . /S
n P
A . Bare - Velocity — Grass - Veloeity  Grass - Capagity
Given Input Data: Swale 15A.1 . Check Py Check
Discharge, Q= 12.20 12.20 cfs
Left Side Slope = 2.0 2.0 H:v
Right Side Slope = 2.0 2.0 H:AvV
Base width of Channel, b= 2.0 2.0 feet
Bed slope,‘s= 0.0930 0.0930 ft/t
Available depth of channel:- 1.50 _ 1.50 \ feet
(OPTIONAL)  Input Manning's 'n': 0.0390 0.0590
Lining Type:
Calculate Flow Depth:
Flow depth, d= 0.60 0.74 feet
Calculated Results; Design Acceplable? V too high ¥ too hiah
Freeboard, = 0.90 0.76 feet
Calculated Velocity, V= 6.36 4,72 fps
Flow Top Width, T= 4.40 4.97 feet
Flow Area, A= 1.92 2.58 sq ft
. Wetted Perimeter, P= 4.68 5.32 feet
Hydraulic Radius, R= 0.41 0.49 feet
Shear stress on channel bottom, © = 3.48 4.31 Ibs/sf
Critical Slope, S.= 0.0317 0.0690 ft/ft
Flow stable? (no if .7S; < s < 1.3S,)= yes yes
Required Freeboard= 0.5 0.5 feet
Allowable Velocity for Lining Material= 0.0 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.

E\PROJECTS\PPLS\PPLS0802-Bell Bend Land DevelopmenWANALYTICAL\CALCULATIONSIEROSION & SEDIMENTATION CALCS\SWALESwales.xisjSwale 15A.1



INocth Amesican Gitesn - ECMDS Version 4.3 [R7257011_{03.54 PM [COMPUTED BY: JMO

[PROJECT NAME. PPL BENNP [PROJECT NO.- PPLS0902
[FROM STATION/REACH: " [TO STATION/REACH: VEG [DRAINAGE AREA: £5 GWALE 15A1 [DESIGN FHEQUENCY: 255 CF5
HYDRAULIC RESULTS
Oischargs | Peak Flow [Velociy o] Ares o] | Hydade | Nama F350(n0059)
(cfs) Period (hvs} Radius(ft] | Depth (it}
22 0.1 475 2.57 0.48 0.74 :
$ = 00930
'Ly -
v .
LINER RESULTS NottoSede
Matting Type lS : Vegetation Characieristics .
Reach tabikty Anabsis Pemisstle | Cauated | Sslety Factor | Remarks
Staple Patten Phasa | Closs | Typo [Uensty] ohear Stiess | Shear Stess :
fodd) {psf)
Stisght PS50 Vegetastion | 3 | C |Buwh|7595%[ 1400 429 327 STABLE _
Stapke £ ol Sandy Loam 3250 0627 383 STABLE




[Noith Amenican Grean - ECMDS Version 4.3 [8725/2011 [03:53 PM [COMPUTED BY: JMO

[PROJECT NAME: PFL BBNNP [PROJECT NO.._ PPLS0302
{FROM STATION/REACH: [TO STATION/REACH: UNVEG [DRAINAGE AREA; ES SWALE 1541  [DESIGN FREQUENCY: 225CFS
HYDRAULIC RESULTS '
] T =0
: Disthargs | Peak Flow [Velocily flps)] Aseafsqft) | Hodaube | MNomal P50 (m09)
cfs}__} Period {ius] Radus(ft) ) Depth (it}
. 122 Gl 6.38 1.9 041 060
? ' 5 200330
L A
! ol
: wigh <300 )
: Not to Scale
Matting Type IS Vegetation Characteristcs
! Reach tabilty Analpsis Peimissible Calctg&ed Salety Factor Remarks
i Stapie Pal EY T Deneiy] Shedi Stiess | Shea Stiess
: aple Pattem so | Class | Type ps) tosh)
: Susight P550 Unvegetaled | 1 4.00 347 115 STABLE
Staple € .





