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PERMANENT SWALE CALCULATIONS

Bell Bend Nuclear Power plant
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STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend,- PPLS0902
LOCATION: Salem Township
PREPARED BY:NKG
CHECKED BY:JFM

DATE:07/21/11
DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 1.1 1.1 1.2 1.2
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 (AREA IN 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 0.0550 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
Qr (REQUIRED CAPACITY) CFS - - -

Sc (CRITICAL SLOPE) 0.0384 0.1341 0.0724 0.2948
.7S, 0.0268 0.0938 0.0506 0.0471
1.3S, 0.0499 0.1743 0.0941 0.0875
STABLE FLOW? (YIN) 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
d5o STONE SIZE (IN) ____- -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 9.5 15.0 5.0 3.5
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.37 0.72 1.08 0.64
Ta (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
LOCATION: Salem Township
PREPARED BY: NKG
CHECKED BY: JFM

DATE: 07/21/11
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 (AREA IN 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 - - --

Sc (CRITICAL SLOPE) 0.0149 0.0536 0.0610 0.285
.7So 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 2.25 1.50 1.50
d50 STONE SIZE (IN) ......_

DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5

'd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.48 0.65 0.73 1.07

t (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/21/11
DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 1.5 1.5 1.6 1.6
Unveg Veg Unveg Veg

PROTECTIVE LINING SC250 SC250 S75 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 (AREA IN SQ. FT.) 2.59 3.79 1.33 5.17
R (HYDRAULIC RADIUS) 0.49 0.60 3.50 0.71
S (BED SLOPE, FTIFT)* 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

Qr (REQUIRED CAPACITY) CFS -__ -

Sc (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
d50 STONE SIZE (IN) __- - _ _

DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 9.5 15.0 5.0 3.5
rd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  2.09 2.72 0.77 0.99

ta (MAX ALLOWABLE SHEAR STRESS) LBIFT 2  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 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
CHECKED BY: JFM

DATE: 07/22/11
DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 1.7 1.7 1.8 1.8
Unveg Veg Unveg Veg

PROTECTIVE LINING S* 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 (12:1 MAX) 6:1 4:1 3:1 2:1
A (AREA IN 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/FT)* 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
.7Sr 0.0499 0.2578 0.0087 0.0207
1.3Sr 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 - 0.66
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 1.0 1.0 2.75 2.75
d5o STONE SIZE (IN) - -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 9.5 15.0

Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.33 0.53 0.90 1.30

'ta (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22111
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)" 0.0340 0.0720 0.0400 0.0780
V (AT FLOW DEPTH d, CFS) 4.24 2.40 4.11 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
1.3Sr 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 2.0 2.0 1.50 1.50
d.0 STONE SIZE (IN) _______

DESIGN METHOD FOR PROTECTIVE LINING - V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 9.5 15.0 9.5 15.0
'd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  1.39 1.90 1.51 2.14

'Ca (MAX ALLOWABLE SHEAR STRESS) LB/FT2  3.0 8.0 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
CHECKED BY: JFM

DATE: 07/22/11
DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 1.11 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 3:1 9:1 6:1
A (AREA IN 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
Qr (REQUIRED CAPACITY) CFS - - - -

Sc (CRITICAL SLOPE) 0.0650 0.0650 0.0394 0.2041
•7Sc 0.0455 0.0455 0.0275 0.1428
1.3S. 0.0845 0.0845 0.0512 0.2653
STABLE FLOW? (YIN) .. 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 V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS(S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 9.5 15.0
Id (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0,36 0.60 1.75 2.82

ta (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22/11
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 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) 3:1 2:1 6:1 3:1

(AREA IN SQ. FT.) 2.42 4.16 0.99 1.97
R (HYDRAULIC RADIUS) 0.47 0.63 0.27 0.42
S (BED SLOPE, FTIFT)* 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
•7Sc 0.0017 0.1421 0.0480 0.2912
1.3S, 0.0032 0.2640 0.0893 0.5408
STABLE FLOW? (YIN) 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
d i0 STONE SIZE (IN) - -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 5.0 3.5 .5.0 3.5
'Cd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.44 0.64 0.45 0.76

¶a,(MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22/11
DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 1.15 1.15 1.16 1.16
Unveg Veg Unveg Veg

PROTECTIVE LINING S* $75 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) 3:1 3:1 3:1 2:1
A (AREA IN SQ. FT.) 4.94 7.43 2.84 4.03
R (HYDRAULIC RADIUS) 0.58 0.72 0.51 0.62
S (BED SLOPE, FTIFT)* 0.0112 0.0112 0.0200 0.0200
VEGETATIVE LINING RETARDANCE - C - 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
Qr (REQUIRED CAPACITY) CFS - - -

S, (CRITICAL SLOPE) 0.0383 0.1104 0.0449 0.1119
.7Sc 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
d5o STONE SIZE (IN)
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
rd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.61 0.80 0.99 1.25
ta (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22/11
DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 1.17 1.17 1.18 1.18
Unveg Veg Unveg Veg

PROTECTIVE LINING S* $75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 9.00 9.00 17.00 17.00
CHANNEL TOP WIDTH (FT)@ d 4.84 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) 0.44 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, FTIFT)* 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
Qr (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
ds0 STONE SIZE (IN) ... ... _

DESIGN METHOD FOR PROTECTIVE LINING - V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
Id (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.36 0.58 0.37 0.56
ta (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22/1I
DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 1.19 1.19 1.20 1.20
Unveg Veg Unveg Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 19.25 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, 3.5 3, 3.5 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 (AREA IN 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
Qr (REQUIRED CAPACITY) CFS - - -

S, (CRITICAL SLOPE) 0.0630 0.3722 0.0561 0.2215
.7S, 0.0441 0.2605 0.3927 0.1550
1.3SC 0.0819 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
d50 STONE SIZE (IN) _ _- - -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
•d (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.30 0.49 0.37 0.53
Ta (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22/11
DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 1.21 1.21 1.22 1.22
Unveg Veg Unveg Veg

PROTECTIVE LINING S $75 Grass S75 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 (AREA IN 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) 2.60 .2.60 5.80 5.80
Qr (REQUIRED CAPACITY) CFS - -

S, (CRITICAL SLOPE) 0.0667 0.2629 0.0588 0.2973
.7S, 0.0466 0.1840 0.0411 0.2081
1.3S, 0.0867 0.3417 0.0764 0.3864
STABLE FLOW? (YIN) y y y y

FREEBOARD BASED ON UNSTABLE FLOW FT - -

FREEBOARD BASED ON STABLE FLOW FT 0.97 0.74 2.92 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
d50 STONE SIZE (IN) - - -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5

Cd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.75 1.08 0.32 0.48

r; (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22/I1
DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 1.23 1.23 1.24 1.24
Unveg Veg Unveg Veg

PROTECTIVE LINING SA $75 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) 0.45 0.69 0.79 1.00
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 4:1 3:1 3:1 2:1
A (AREA IN SQ. FT.) 1.32 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) 2.40 2.40 7.8 7.8
Qr (REQUIRED CAPACITY) CFS - - -

S. (CRITICAL SLOPE) 0.0662 0.2914 0.0450 0.1120
.7S, 0.0463 0.2039 0.0315 0.0784
1.3S0  0 .0 86 0 0 .3 7 88  0 .0 5 85  0 .14 5 6
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 1.5 1.5 1.5 1.5
d50 STONE SIZE (IN) .... _

DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
'Ed (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.57 0.86 0.98 1.25

"a (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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 FreeboardF, 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
CHECKED BY: JFM

DATE: 07/22/11
DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 1.25 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, 5.5 2, 5.5 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 7:1 2:1 1:1
A (AREA IN SQ. FT.) 1.23 2.17 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
Qr (REQUIRED CAPACITY) CFS - - - -

S, (CRITICAL SLOPE) 0.0725 0.3231 0.0338 0.0962
.JS, 0.0507 0.2261 0.0236 0.0673
1.3Sc 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
d5o STONE SIZE (IN)
DESIGN METHOD FOR PROTECTIVE LINING * V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5

Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT 2 1.07 1.64 0.65 0.85
•Ta (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

I
DATE: 07/22/11
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, 5.5 2, 5.5 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 (AREA IN 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.S, 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
ds0 STONE SIZE (IN) - .... _-

DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)

V. (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5

Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  1.45 2.73 0.40 0.55
' (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22/11
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 1.52 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 1.94 1.03
Q (AT FLOW DEPTH d, CFS) 2.1 2.1 1.6 1.6
Qr. (REQUIRED CAPACITY) CFS - - -

_S.(CRITICAL SLOPE) 0.0721 0.2950 0.0721 0.3890
,7Sc 0.5047 0.2065 0.0504 0.2723
1.3Sr 0.0937 0.3835 0.0937 0.5057
STABLE FLOW? (YIN) 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 0.5
D (TOTAL DEPTH) FT 1.50 1.50 1.50 1.50
dso STONE SIZE (IN) ...
DESIGN METHOD FOR PROTECTIVE LINING * V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)

Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.99 1.50 0.67 1.10

a (MAX ALLOWABLE SHEAR STRESS) LBIFT2  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
CHECKED BY: JFM

DATE: 07/22/11
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 9.63
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) 0.95 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
Qr (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 FLOW 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
d5o STONE SIZE (IN) - - -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.48 0.65 0.60 0.79
Ta (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22/11
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 15.50 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) 1,44 2.08 0.74 1.16
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, CFS) 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? (YIN) 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
ds0 STONE SIZE (IN) ____- -
DESIGN METHOD FOR PROTECTIVE LINING'- V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 9.5 15.0 5.0 3.5
Id (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.90 1.30 0.23 0.36

"a (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
LOCATION: Salem Townshio
PREPARED BY: NKG
CHECKED BY: JFM

DATE: 07/22/11
DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 2.5 2.5 2.6 2.6
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 0.93 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 28.9
Qr (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? (Y/N) 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 1.5 1.5 2.25 2.25
d5o STONE SIZE (IN) ____- -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 9.5 15.0

'Cd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.89 1.16 0.74 1.07
t (MAX ALLOWABLE SHEAR STRESS) LBIFT2  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
CHECKED BY: JFM

DATE: 07/22/11
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 (AREA IN 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
Qr (REQUIRED CAPACITY) CFS -

S, (CRITICAL SLOPE) 0.0611 0.3862
T7So 0.0427 0.2703
1.3S, 0.0794 0.5020
STABLE FLOW? (Y/N) Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - -

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
dso STONE SIZE (IN)
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5
tCd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.38 0.58

a (MAX ALLOWABLE SHEAR STRESS) LB/FT2  1.55 .20 4.20 1

• 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
CHECKED BY: JFM

DATE: 07/22/11
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 (AREA IN 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
Qr (REQUIRED CAPACITY) CFS - I.- - -

Se (CRITICAL SLOPE) 0.0498 0.1176 0.0087 0.0433
.7S, 0.0348 0.0823 0.0060 0.0303
1.3Sc 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 - 0.53
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 1.5 1.5 2.5 2.5
d5o STONE SIZE (IN) - " "
DESIGN METHOD FOR PROTECTIVE LINING - V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 9.5 15.0

Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  1.12 1.42 0.85 1.23

ra (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22/11
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.) 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)" 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
17S, 0.0079 0.0360 0.0332 0.0777
1.3SC 0.0148 0.0669 0.0617 0.1443
STABLE FLOW? (Y/N) N Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT 3.75 - - -

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
ds0 STONE SIZE (IN)
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S) .......
Va (ALLOWABLE VELOCITY) FPS 9.5 15.0 5.0 3.5
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.77 1.11 1.17 1.45
t (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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 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
CHECKED BY: JFM

DATE: 07/22/11
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 5.98 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 IN SQ. FT.) 3.94 6.32 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
Qr (REQUIRED CAPACITY) CFS - - -

S. (CRITICAL SLOPE) 0.0357 0.1179 0.0204 0.0567
17S, 0.0249 0.0825 0.0142 0,0396
1.3Sc 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
d5o STONE SIZE (IN) ........
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 9.5 15.0
"Cd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.49 0.67 2.15 2.76
"ra (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22/11
DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 3.7 3.7 3.8 3.8
Unveg Veg Unveg Veg

PROTECTIVE LINING *S $75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 23.00 23.00 23.00 23.00
CHANNEL TOP WIDTH (FT)@ d 5.30 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.) 2.33 3.82 1.06 1.77
R (HYDRAULIC RADIUS) 0.42 0.57 0.24 0.35
S (BED SLOPE, FTIFT)* 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 DEPTH d, CFS) 4.2 4.2 2.5 2.5
Qr (REQUIRED CAPACITY) CFS - - -

S. (CRITICAL SLOPE) 0.0592 0,2141 0.0723 0.2929
.7Sc 0.0414 0.1498 0.0506 0.2050
1.3Sc 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 4.43 4.13 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
ds0 STONE SIZE (IN) ____- -
DESIGN METHOD FOR PROTECTIVE LINING - V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS.(S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.47 0.68 0.92 1.42

'a (MAX ALLOWABLE SHEAR STRESS) LBIFT2  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
CHECKED BY: JFM

DATE: 07/22/11
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 WIDTHDEPTH RATIO (12:1 MAX) 8:1 5:1 4:1 3:1
A (AREA IN 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 6.4 23.5 23.5
Qr (REQUIRED CAPACITY) CFS - - -

S, (CRITICAL SLOPE) 000359 0.1363 0.0218 0.0500
.7S, 0.0251 0.0954 0.0152 0.0350

1.3Sc 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
d5o STONE SIZE (IN) - - -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)

Va (ALLOWABLE VELOCITY) FPS 9.5 15.0 9.5 15.0
rd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  1.58 2.34 2.46 3.07
ta (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22/11
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 (AREA IN SQ. FT.) 0.08 0.24 2.62 3.89
R (HYDRAULIC RADIUS) 0.09 0.16 0.45 0.58
S (BED SLOPE, FTIFT)* 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
1.3Sc 0.1535 2.6249 0.0374 0.1050
STABLE FLOW? (YIN) Y 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 1.5 1,5 1.5
d50 STONE SIZE (IN) _- - -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 9.5 15.0
'Ed (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.70 1.24 1.47 1.98
a (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22/11
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
Qr (REQUIRED CAPACITY) CFS - - -

Se (CRITICAL SLOPE) 0.0373 0.1320 0.0130 0.0529
.7Sc 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 2.25
d50 STONE SIZE (IN)
DESIGN METHOD FOR PROTECTIVE LINING - V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 9.5 15.0 9.5 15.0
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  2.05 3.02 0.98 _ _

a (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22/11
DATE: 07/27/11

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 32.5
Q, (REQUIRED CAPACITY) CFS - -

S, (CRITICAL SLOPE) 0.0087 0.0085
.7SC 0.0060 0.0059
1.3Sr 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
d5o STONE SIZE (IN) - -
DESIGN METHOD FOR PROTECTIVE LINING S S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 14.5 14.5

Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT 2  6.56 7.52

'a (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22/11
DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 5.1 5.1 .5.2 5.2
Unveg Veg Unveg Veg

PROTECTIVE LINING S $75 Grass SC250 SC250
CHANNEL TOP WIDTH (FT)@ D 12.00 12.00 15.00 15.00
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 4:1 3:1
A (AREA IN 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 - - -

Sr (CRITICAL SLOPE) 0.0474 0.1167 0.0213 0.0737
.7Sc 0.0331 0.0816 0.0149 0.0515
1.3SC 0.0616 0.1517 0.0276 0.0958
STABLE FLOW? (Y/N) 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
ds0 STONE SIZE (IN) - - -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 9.5 15.0

Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.91 1.16 1.02 1.41

'r (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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 FreeboardF, 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
CHECKED BY: JFM

DATE: 07/22/11
DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 5.3 5.3 5.4 5.4
Unveg Veg Unveg Veg

PROTECTIVE LINING S* 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 (AREA IN 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
0 (AT FLOW DEPTH d, CFS) 5.5 5.5 8.1 8.1
Qr (REQUIRED CAPACITY) CFS - - - -

S, (CRITICAL SLOPE) 0.0518 0.1899 0.0413 0.1454
.7S, 0.0362 0.1329 0.0289 0.1017
1.3S, 0.0673 0.2468 0.0536 0.1890
STABLE FLOW? (YIN) 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
d50 STONE SIZE (IN) - -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY)FPS 5.0 3.5 5.0 3.5
'rd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.63 0.88 0.53 0.73

'a (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22/11
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 1:1 1:1
A (AREA IN SQ. FT.) 5.77 9.43 7.11 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) 39.9 39.9 48.6 48.6
Q, (REQUIRED CAPACITY) CFS - - - -

S, (CRITICAL SLOPE) 0.0109 0.0385 0.0081 0.0352
.7S, 0.0076 0.0269 0.0056 0.0246
1.3S, 0.0141 0.0500 0.0105 0.0457
STABLE FLOW? (YIN) 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 2.75 2.75
d5o STONE SIZE (IN)
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V. (ALLOWABLE VELOCITY) FPS 9.5 15.0 9.5 15.0
"d (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  1.59 2.16 1.13 1.63
r (MAX ALLOWABLE SHEAR STRESS) LB/FT2 3.00 8.00 3.00 8.00

* Slopes may not be averaged.
** For vegetated channels, provide data for temporary linings

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

and vegetated

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
CHECKED BY: JFM

DATE: 07/22/11
DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 5.7 5.7 5.8 5.8
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 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 (AREA IN SO. FT.) 2.86 4.05 1.20 2.21
R (HYDRAULIC RADIUS) 0.51 0.62 0.31 0.44
S(BED SLOPE, FTIFT)* 0.0200 0.0200 0.0200 0.0200
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING'S COEFFICIENT)" 0.0480 0U0780 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 2.1
Qr (REQUIRED CAPACITY) CFS - - - -

S6 (CRITICAL SLOPE) 0.0449 0.1117 0.0673 J 0.3284
.78C 0.0314 0.0781 0.0471 0.2298
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 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.00 2.00 1.50 1.50
ds0 STONE SIZE (IN) _____

DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.99 1.26 0.53 0.83

t8 (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22/11
DATE: 07/27/11

CHANNEL OR CHANNEL SECTION 5.9 5.9 5.10 5.10
Unveg Unveg 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 4.56 5.86 4.46 5.49
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) 0.61 0.89 0.61 0.84
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 2:1 3:1 2:1
A (AREA IN 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) 3.4 3.4 4.4 4.4
Q, (REQUIRED CAPACITY) CFS - -

S. (CRITICAL SLOPE) 0.0577 0.2375 0.0561 0.1794
17S, 0.0403 0.1662 0.0392 0.1255
1.3S, 0.0750 0.3087 0.0729 0.2332
STABLE FLOW? (YIN) 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 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 1.5 1.5 1.5 1.5
d5o STONE SIZE (IN)
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
'Cd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.47 0.70 0.76 1.05
a (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22/11
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 (AREA IN SQ. FT.) 6.87 11.82 1.94 3.55
R (HYDRAULIC RADIUS) 0.71 0.94 0.36 0.50
S (BED SLOPE, FTIFT)* 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
Qr (REQUIRED CAPACITY) CFS - - - -

Sc (CRITICAL SLOPE) 0.0115 0.0454 0.0614 0.2824
.7Sc 0.0080 0,0317 0.0429 0.1976
1.3S% 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 5.0 1.5 1.5
idi o STONE SIZE (IN) - -

DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S).
VVa (ALLOWABLE VELOCITY) FPS 9.5 15.0 5.0 3.5
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  1.14 1.57 0.50 0.75

ta (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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 FreeboardF, 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
CHECKED BY: JFM

DATE: 07/22/11
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 4.72 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 3:1
A (AREA IN 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
.7S, 0.0468 0.3017
1.3S, 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 1.5 1.5
d5o STONE SIZE (IN)
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5

'Cd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.41 0.68

t (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 07/22/11
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) 0.32 0.50 0.32 0.51
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 6:1 4:1 6:1 4:1
A (AREA IN SQ. FT.) 0.93 1.75 0.96 1.79
R (HYDRAULIC RADIUS) 0.23 0.34 0.24 0.34
S (BED SLOPE, FTIFT)* 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 - - -

So (CRITICAL SLOPE) 0.0730 0.3722 0.0725 0.3596
.7S, 0.0511 0.2605 0.0507 0.2517
1.3Sc 0.0949 0.4838 0.0942 0.4674
STABLE FLOW? (YIN) 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 0.5 0.5 0.5
D (TOTAL DEPTH) FT 1.5 1.5 1.5 1.5
d50 STONE SIZE (IN) -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
td (SHEAR STRESS AT FLOW DEPTH d) LBIFT2  0.87 1.39 0.90 1.41
Ca (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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 Equation Stormwater Calculations

Client: PPL0902
Project: POt l

Prepared by: NKG
Date: 15 Sep 11

Print Date: 17 Aug 11 11:49 AM

Project #: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k - I for englih units)

Description: SWALE 1.1 Structure:

Route: -

Station: -

STEP 1: Calculate Drainage Area, A

Hydrologic
Soil Group

tA.B.C.DO

and Runoff Coefficient, C:

Runoff
Land Coetficient,
Slope C

Land
Use

Area, A
(acres)

A*C
(acres)

Use

Lawn 0.40 1.950 0.780

Total A* G: 0.78 acres

STEP 2: Calculate Time of Concentration:

Tyoe of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (It)

Average Time of
Velocity Concentratn

(ft's) (min)

Velocity
Calculation

Method

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

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

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

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Sihettow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Override calculation for Tc? •yes 0 No Tc 5.0

Use Tc = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

Calculated Flow, Q (cfs) = 4.2

PLS\PPLS0902-Bell Bend Land DevetopmentMANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTn{PPLS0902-Rational Meihod-Conveyance.xlsmlSwale 1.1



INorth American Green -ECHDS Version 4.3 17/22/2011 F1J003AM ]COMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATIONWREACHK ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.1 IDESIGN FREQUENCY: 25YR

HYDRAUUC RESULTS
Discharge Peak Flow Velocity (fps) Area [sq.ft) Hydraulic Normal

(cfs) Period fhis) Radius(ft) Depth (ft]
4.2 0.1 4.72 0.89 0.25 0.33

SC2o50 n=0.0401

S- i .000

L Bottom
2.0 Width = 2.00 ft 2.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
I (ps] (psf)

Straight -SC250 Unvegetated 1 3.00 2.08 1.44 STABLE

Staple E I



North American Green - ECMDS Version 4.3 F7/1 9/2011 f03:15 PM ICOMPUTED BY: NKG
TPROJECT NAME: PPL BBNPP IPAOJECT NO.: PPLS0902
!FROM STATION/REACH: ITO STATION/REACH: IDRAINAGE AREA: SWALE 1.1 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps, Area (sq.ft] Hydraulic Normal

{cfs) I Period (hrs) Radiusilft) Depth [ft}
14.2 0.1 2.79 1.50 0.35 0.50

Bottom

2.0 Width = 2.00 It 2.0

Not to ScaleLINER RESULTS

Matting Type Vegetation Characteristics
Reach Stablity Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
I I (psf] (psf}

Straight SC250 Vegetation 3 C I Bunch 75-95% 10.00 3.13 3.20 STABLE
Staple E Soil Sandy Loam 0.800 0.351 228 STABLE



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

Client/Subject: PPL Bell Bend

Description: PollI Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902Prepared by: JMO
Date: 15 Sep 11 Checked by:

JFM
Objectiv e: !

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': =

Given Input Data: Swale 1,1

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':
Lining Type:

Calculate Flow Depth:

1.86, (A 21 /3 -n P)

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

4.20
2.0
2.0

2.0

0.1000

1.50

0.0400

4.20
2.0
2.0

2.0

0.1000

1.50
0.0840

4.20
2.0
2.0

2.0

0.1000

1.50

0.0840

cfs
H:IV
H:1V

feet
ftlft
feet

Flow depth, d= 0.34 0.51 0.51 feet

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r =

Critical Slope, Sc=

Flow stable? (no if .7S, < s < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high
1.16
4.65
3.35
0.90
3.51
0.26
2.11

0.0384

yes
0.5
0.0

V too hýh

0.99
2.76
4.02
1.52
4.26
0.36
3,16

0.1533

yes
0.5

V too high

0.99
2.76
4.02
1.52
4.26
0.36
3.16

0.1533

yes
0.5

feet
fps
feet
sq ft
feet
feet
Ibs/sf
ft/ft

feet
fps

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

l:APROJEcTSTPnL5SPPLS0902.Bell Bend Land 0evelopmnentANALYTICALkCALCULATIONSSWALE CALOSPER ANENT1[SwZ!Cs.AJSIwa~e 1.1



Rational Equation Stormwater Calculations

Client: PPL0902
Project: Pot 1

Prepared by: NKG

Date: 15 Sep 11

(Pennont-

Print Date: 17 Aug 11 11:49 AM
Project #: PPL0902Checked by:

I .JFM

Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 1.2 Structure:
Route: -

Station:

STEP 1: Calculate Drainage Area, A

Hydrologic
Soil Group Land

(A.B.C.DB1 Use

and Runoff Coefficient, C:

Runoff
Land
Slone

Impervious

Lawn

Coefficient, Area, A A C
C (acres) (acres)

0.95 0.013 0.012

0.40 1.020 0.408

- --- ------

Total A * C: 0.42035 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

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

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

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

Flow
Manning's Average Length

n SloPS fit)

Average Time of
Velocity Concentrafn

(ft/s) (mini

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, I-

Rainfall Intensity for

Override calculation for Tc? ® Yes 0 No TC 5.0

Use Tc = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

25 year

Calculated Flow, Q (cfs) = 2.3

PLS\PPLS0902-Bell Send Land Development\ANALY'rICAL\CALCULATIONS\SWALE CALCS\PERMANENT[PPLS0902-Rational Method-Conveyance.xfsm]Swale 1.2



JNoth Aneuican Green- ECMDS Version 4.3 / -2/202!1 142AM 1J0OMPUTED BY: NKG
FPFIOJECT NAME: PPL B13NPP IPROJECT NO.: PPLS0902
IrnoM ,TATION/nEACII: I'o OTATIONtflrACII UNVEG fD7nAiNAHC AfnEA: )WALE 1-2 JDIGIGN MCQUENCY: 25Yfl

HYDRAULIC RESULTS
Discharoe Peak Fo Vecit, ((psi, Area (s.ft) Hydraulc I Normal

(cf.) Period (h's RadiusfItI Depth (ttl
2.3 0.1 ?.37 0.97 1 0.24 1 0.33

I I I I

S75 (n=O.055)

S = 0.C521

Bottom
3.0 Width =2.00 ft 3.0

Noi to ScaI=LINER RESULTS

Reach Matn yeStablity Ana~sis 'eeainChrceitc Permisible Calculated Safety Factor Renarks
S tape Pattern PhseCless Type Density' hear S:ess Shear Stress
_________________________________ I I (psi' (ps:) ________________

Straight S75 Unvegetated 1.5e 1.03 1.46 STABLE
__ _ __ _ Staple D I _ _ _ _ I _ _ _ _ __ _ _ _ _ I__ _ _ _ _ _ _ _ _ _ _ _ _ _ _



WNorth America-) Green- ECMDS Version 4.3 1722072011 1 -43AM COMPUTED EY: NKG
JPýOJECT NAME: PPL BENPP iPROJECT NO.: PPLS0902
JFROM STATION/REACH: ITO STATION/REACH: VEG fDRAINAGE AREA: SWALE 1.2 !DESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps] Area (sq.ft] Hyadiratc Normhl

(cls) Period his' adiusit Depth ftj
V3 0.1 1.33 1.73 0.34 0.50

1 Botbm 1
3.0 Width = 2.00 It 3.0

LINER RESULTS Not toScale

Matting Type Vegetation Characteristics11
Reach Stbility Analysi Vh Permissible Calculated Safety Factor Remarks

StaplePattern Phase Cass Type Density Shear Stress Shear Stress(psf] (psfj
Straight Unreinforced Vegetation C Bunch75-95% 4.20 1.61 2.60 STABLE

I Soil Eandy Loam 0.035 0.013 2.73 STABLE

r"



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

Client/Subject: PPL Bell Ben

Description: POI 1

Prepared by: JMO

Date: 15 Sep 11

d

Checked by: JFM

Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902

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 =

Given Input Data: Swale 1.2

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n:

Lining Type:

Calculate Flow Depth:

1.486 *A ( *2
n P)

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

2.30
3.0
3.0
2.0

0.0521

1.50

0.0550

2.30
3.0
3.0

2.0

0.0521

1.50

0.1240

2.30
3.0
3.0
2.0

0.0521

1.50

0.1240

cfs
H:IV
H:1V
feet
ft/ft
feet

Flow depth, d= 0.33 0.55 0.55 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, - =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high
1.17
2.29
4.00
1.00
4.11
0.24
1.08

0.0724

no
0.5
0.0

V too high
0.95
1.16
5.28
1.99
5.45
0.36
1.77

0.3240

yes
0.5

V too high
0.95
1.16
5.28
1.99
5.45
0.36
1.77

0.3240

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

1APR0JECTSNPPLSMPPLS0902-Be1J Bend Land Development\ANALYTICAL\OALCULAT)ONS\SWALE CALCSIPERMANErNTýSwales.xis)Swale 1.2



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POlI1

Prepared by: NKG
Date: 15 Sep 11

..Pennoni)

Print Dale: 17 Avg 11 11:49 AM

Project #: PPLO902Checked by:

I JFM

Governing Equation: Q =k C i A (where k = 1 for english unitls)

Description: SWALE 1.3 Structure:
Route:

Station: -

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

Hydrologic
Soil Group
(A.B.CDl

Land
Use

Runoff
Land - Coefficient,
Slope C

0.95Impervious

Area, A A*C
(acres) (acres)

1.820 1.729

Lawn 0.40 5.150 2.060

Stone 0.85 4.200 3.570

Total A * C: 7.359 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

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

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

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

Flow
Manning's Average Lenglh

n Slope (il)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

Shallow Concentrated

Manning's Eq or olher

Manning's Eq or olher

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, h:

Rainfall intensity for

Override calculation for Tc? ® Yes 0 No Tc 5.0

Use Tc = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCIA

25 year

Calculated Flow, 0 (cfs) 39.7

PLS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANEN1\[PPLS0902-Rational Method-Conveyance.xlsm]Swale 1.3



INorthArnerican Green- ECMDS Version 4.3 F7/19/2011 J03:20 PMICOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: UNVEG ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.3 IDESIGN FREQUENCY: 25YR

HYDRAUUC RESULTS
Discharge Peak Flow Velocity (fp.]I Area (sq.ft) Hydraulic Normal

[cfs) Period (hr)I Radiusfft I Depth (ft)
039.7 0.1 3.26 12.18 0.94 1.59

S75 (n=0.031)

S = 0.0049

Bottom
3.0 Width = 3.00 ft 3.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stiess Sheai Stress
(psi) (psf)

Straight S75 Unvegetated 1.55 0.48 3.22 STABLE
Staple D L



INorth American Green -ECMDS Version 4.3 17/1972011 F03:37PMICOMPUTED BY: NKG
IPROJECT NAME: PPL 8BNPP FPROJECT NO.: PPLS0902
IFROM STATION/REACH: VEG ITO STATION/REACH; VEG IDRAINAGE AREA: SWALE 1.3 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fp s Area (sq.ft) Hydraulic Normal

[cfsl Period (hrsI Radius(ftI Depth [fl)
39.7 0.1 1.99 19.96 1.21 2.13

Bottom
3.0 Width = ••o0 t 3.0

LINER RESULTS Not to Scale

Matting Ty~pe Vegetation Characteristics......

Reach Stablity Analysis Permissible Calculated Safety Factor Remarks
Staple Pattern Phase Class Type Density Shear Stress Shear Stress

__________ _________ I I (pst) (pst) ________ _______

Straight Unreinforced Vegetation C I Bunch 75-95% 4.20 0.65 6.46 STABLE
I Soil Sandy Loam 0.035 0.022 1.56 STABLE



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

Client/Subject: PPL Bell Bend

Description: POI I

Prepared by: JMO

Date: 15 Sep 11 Checked by:

Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902

JFM
Obiective: JFM

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: =

Given Input Data: Swale 1.3

Discharge, Q=
Left Side Slope =

Right Side Slope =

Base width of Channel, b=
Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1.486 ,*A ( A) 2 /3 , ý/

Bare - Velocity Grass - Velocity-
Check Check

Grass - Capacity
Check

39.70
3.0
3.0
3.0

0.0049

2.75

0.0310

39.70
3.0
3.0
3.0

0.0049

2.75

0.0590

39.70
3.0
3.0
3.0

0.0049

2.75

0.0590

cfs
H:1V
H:IV
feet
ft/ft

feet

Flow depth, d= 1.58 2.12 2.12 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, tr =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high
1.17
3.23
12.50
12.27
13.02
0.94
0.49

0.0149

yes
0.5
0.0

V loo high
0.63
2.00
15.71
19.81
16.39
1.21
0.65

0.0497

yes
0.6

V too hih
0.63
2.00
15.71
19.81
16.39
1.21
0.65

0.0497

yes
0.6

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:APR0JECTSNPPLSkPPLS0902-5eII Send Land Developmentý.ANALYTICALXOALCULATION5S WVALE CALCSýPE:RMANENTMSwaIes.xls)Swale 1 3



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POI 1

Prepared by: NKG
Date: 15 Sep 11

Pennoni)

Print Date: 17Aug 11 11:49 AM

Project #: PPL0902Checked by:

I JFM

Governing Equation: Q = k C i A (wherek = 1 for english units)

Description: SWALE 1.4 Structure: -

Route; -

Station: -

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

Hydrologic
Soil Group Land
(A.B.C.D! Use

Runoff
Land Coefficient,
Siloe C

. ... '-• ... ... r-

Area, A
(acres)

0.090

A*C
(acres)

0.086Inpervious 0.95

Lawn 0.40 1.170 0,468

Total A ' C: 0.5535 acres

STEP 2: Calculate Time of Concentration:

Type of Flowl GIrnund Cover

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

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (It)

Average Time of
Velocity Concentratn

(It/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T0:

Shallow Concen'ated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? ® Ye 0 No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCIA

Calculated Flow, Q (cfs) = 3.0

PLS\PPLSO902-Bell Bend Land Development\,NALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTNIPPLS0902-Rational Method-Conveyance.sm]Swale 1.4



iNorth American Green- ECMDS Version 4.3 J7/19/2011 F03:24 PMICOMPUTED BY: NKG
IPR0JECT NAME: PPL BBNPP iPROJECT NO.: PPLS0902
]FROM STATION/REACH: UNVEG ITO STATION/REACH: UNVEG 5DRAINAGE AREA: SWALE 1.4 iDESIGN FREQUENCY: 25Y8

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps) Area (sq.ft] Hydraulic Normal

CfIcs Period [hrts) Radlusfftl Depth filI
3.0 0.1 1.91 1.57 0.34 0,58

L.0 Bottom
3.0 Width =1.00 it 3.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Clas Type Density' Shear Stre• Shear Sires*

Straight S75 Unvegetated 1.55 0.72 2.16 STABLE
Staple D

)



INorlh American Green- ECMDS Version 4.3 17/19/2011 r03:25 PMICOMPUTED BY: NKG
JPROJECT NAME: PPL BBNPP PROJECT NO.: PPLS09O2

JRFROM STATION/REACH: VEG ITO STATION/REACH: VEG jDRAfNAGE AREA: SWALE 1.4 DESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS

Discharge Peak Flow Velocity (Ipsl Area (sq.ft} Hydraulic 1 Normall
(cfs) Period Ihrs) ( I Radiuslft) I Depth (ftl I
3.0 0.1 1.04 2.89 0.46 0.83

L Bottom

3.0 Width = 1.00 It

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
_•0_ (PSI)

Strih Unreinforced Vegetation C Bunch 75.95% 4.20 1.03 4.06 STABLE

_____ I 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: P01 1

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.

Manning's Equation: Q = 1.48 AA ()213 * /F
n ,A(P S

Bare - Velocity Grass- Velocity Grass - Capacity
Check Check Check

Given Input Data: Swale 1.4

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

3.00
3.0
3.0
1.0

0.0200

1.50

0.0530

3.00
3.0
3.0
1.0

0.0200

1.50

0.1210

3.00
3.0
3.0
1.0

0.0200

1.50

0.1210

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d= 0.58 0.86 0.86 feet

Calculated Results: DesignAometable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -r =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high
0.92
1.88
4.49
1.59
4.68
0.34
0.73

0.0610

yes
0.5
0.0

V toohbigh
0.64
0.98
6.13
3.05
6.41
0.48
1.07

0.2854

yes
0.5

Vtoo h~h
0.64
0.98
6.13
3.05
6.41
0.48
1.07

0.2854

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:APROJEcTSIPPLSTPPLSO9O2.Bell Bend Land Development\NALYTICALICALCULATIONS'ýSWALE CALCS1PERMANENTMS~a~esjd~sJSwa~e 1.4



Rational Equation tormwater Calculations

Client: PPLO902
Project: POI 1

Prepared by: NKG

Date: 15 Sep 11

Cennoni/

Print Date: 1 Sep 11 11:04 AM

Project #: PPL092Checked by:

I JFM

Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 1.5 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group Land

(A,B,C,ID) Use

Runoff
Land Coefficient,
Slope C

Area, A
(acres)

A*C
(acres)r [

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

Lawn (Swale 1.5) 0.40 0.805

Lawn (Swale 1.26) 0.40 4.960

0,395

0.322

1.984

0.336Stone 0.85

TotalA*C: 2.64175 acres

STEP 2: Calculate Time of Concentration:

Tvoe of Flow / Ground Cover

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

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

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

STEPS: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (00)

Average Time of
Velocity Concentratn

(fIls) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

1Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? ® Yes 0 No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

NORM,'y.~- f v~r'' ~ ~ .~~~~~z2r

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

1 ~25 year

I Calculated Flow, Q (cfs) = 14.3

3PLS\PPLS0902-BeJl Bend Land DevelopmentfANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENflIPPLS0902-Rational Method-Conveyance.xlsm]Swale 1.5



NorthAmerican Green. ECMDS Version 4.3 F9/1/2011 111:02AM ]COMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP JPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.5 7DESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps) Area [sq.ft) Hydraulic Normalt t

14fs) Period 2hr. Radius0fl Depth.7t)
14.3 1 0.1 5,53 2.59 0.49 1 0.74

2.0 Width = 2.00 ft 2.0

Not to ScaleLINER RESULTS

Matting Type Vegetation Characteristics
Reach StabililyAnalysis Permissible Calculated Safety Factor Remarks

Staple Pattei Phase Clanp Type Density shear Stess Shear Stress
Spsit Spsfs

Straight SC250 Unvegetated 1 3.00 2.09 1.44 STABLE
Staple E I___II_ I



INorth American Green - ECMDS Version 4.3 F91-72511 1 I:01 AM COMPUTED BY: NKG
]PROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
JFROM STATION/REACH: ITO STATION/REACH: VEG DRAINAGE AREA: SWALE 1.5 ]DESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge I Peak Flow Velocity [fps) Area (sq.It) Hydraulic Normal

fcfsl Period hrs Radiusft Depth (ft
4.3 0.1 3.77 3.79 0.60 0.97

1 ` Bottom - 11
2.0 Width = 2.00 It 2.0

Not to ScaleLINER RESULTS
M erring Type Vegetation Characte~iisics

Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
I psf) (psi)

Straight SC250 Vegetation 3 C Bunch 75.95% 10.00 2.72 3.68 STABLE

_ _ Staple E Soil Sandy Loam 0.800 0.387 2.18 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:

Project #:

1Sep11 11:4 AM

PPLS0902

JFM I
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 =
In A (P )/

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check CheckGiven Input Data: Swale 1.5

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':
Lining Type:

Calculate Flow Depth:

14.30
2.0
2.0
2.0

0.0451
1.50

0.0350

14.30
2.0
2,0

2.0

0.0451

1.50

0.0600

14.30
2.0
2.0

2.0

0.0451

1.50

0.0600

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d= 0.74 0.97 0.97 feet

Calculated Results: Desion Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, t =
Critical Slope, S,=

Flow stable? (no if 37S < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high
0.76
5.54
4.97
2.58
5.32
0.49
2.09

0.0243

yes
0.5
0.0

V too high
0.53
3.73
5.88
3.83
6.34
0.60
2.73

0.0669

yes
0.5

V too high

0.53
3.73
5.88
3.83
6.34
0.60
2.73

0.0669

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:APROJEcTSkPPLS\PPLSO5O2-BeII Bond Land D~evefopmenLkANALYTICALýCALCULATflONSkSWALE CALCSkPERIMNENT\fSwales.xistSwale 1.5



Rational Equation Stormwater Calculations

Client: PPL0902
Project: Pot 1

Prepared by: NKG

Date: 15 Sep 11

(Pennofli)

Print Date: 17 Aug It 11:49 AM

Project #: PPLO902Checked by:

I JFM

Governing Equation: 0 = k C i A (where k = I for english units)

Description: SWALE 1.6 Structure: -

Route:

Station: -

STEP I.: Calculate Drainage Area, A and Runoff Coefficient, C:

Hydrologic
Soil Group Land

(A.BC.D) Use

Runoff
Land Coefficient,

Slope C

0.85

Area

(acr

Stone

aA A*C
res) (acres)

1.220 1.037

1.620 0.648Lawn 0.40

Total A * C: 1.685 acres

STEP 2: Calculate Time of Concentration:

TVpe of Flow / Ground Cover

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

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

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

Flow
Manning's Average Length

n Slone (ft)

Average Time of
Velocity Concentratn

(ft/sl (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrated 1E

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Override calculation for Tc? * Yes O No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

25 year

Calculated Flow, 0 (cfs) = 9.1

PLS\PPLS0902-Sell Bend Land Development\ANALY-rICAL\CALCULATIONS\SWALE CALCS\PERMANENTý[PPLS0902-Rational Method-Conveyance .xsm)Swale 1.6



iNorth American Green - ECNDS Version 4.3 F7/19/2011 F03:40 PM COMPUED BY NKG
FPROJECT NAME: PPL 8BNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG JDRAINAGE AREA: SWALE 1.6 JDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow IVelocity [fps) Area (sq it) Hydraulic I Normal

[cfsl Period (hrs] Radiusftl I Depth fft)
9.1 0.1 2.60 3.50 0.58 0.91

1 ` 'Bottom 1
2.0 Width = 2.00 ft 2.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stess Shear Stress
(ps]) (psi)

Straight S75 Unvegetated 1.55 0.76 2.04 STABLE

Staple D I I I I



INoithArrmerican Green - ECMDS Version 4.3 - 7/19/2011 F03:41 MICOMPUTED BY: NKG
FPROJECT NAME: PPL BBNPP fPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA- SWALE 1.6 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps1 Area (sq.ft] Hydraulic I Normal

Icfs) Period [hrSI RaadiusIft) Depth Ift)
0,1 0.1 1.76 5.17 0.71 1.18

Bottom
2.0 Width = 2.00 ft 2.0

LINER RESULTS Not to Scale

Matting Type taiyAnli Vegetation CharacteristicsReach Stablity Analysis Permissible Calculated Safety Factor Remarks
Staple Pattern Phase Class Type Density Shear Stress Shear Stress

F I I (psi) (psi)
Straight Unreinforced Vegetation C Bunch 75.95% 4.20 0.98 4.28 STABLE

I Soil Sandy Loam 0.035 0.020 1.75 STABLE



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

Client/Subject: PPL Bell Bend

Description: P01 1 Print Date: 17 Aug 11 3:6 PM

Project #; PPLS0902Prepared by: JMO

Date: 15 Sep 11 Checked by:

JFM
Oblective:

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: 0 = nAL6 .A

Given Input Data: Swale 1.6
Bare - Velocity

Check
Grass - Velocity Grass - Capacity

Check Check

Discharge, Q=

Left Side Slope =
Right Side Slope =

Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

9.10
2.0
2.0

2.0

0.0133

2.00

0.0460

9.10
2.0
2.0

2.0

0.0133

2.00
0.0770

9.10
2.0
2.0

2.0

0.0133

2.00

0.0770

cfs
H:IV
H:IV

feet
ft/ft

feet

Flow depth, d= 0.92 1.19 1.19 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, T =
Critical Slope, S,=

Flow stable? (no if .7Sc < s < 1.3Sc)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too hioh

1.08
2.56
5.69
3.55
6.13
0.58
0.77

0.0398

yes
0.5
0.0

V too high
0.81
1.75
6.74
5.19
7.30
0.71
0.99

0.1048

yes
0.5

Vtoohh
0.81
1.75
6.74
5.19
7.30
0.71
0.99

0.1048

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

1:\PROJECTSPPL5PPLS09O2-Bell Send Land DevetopmenL\ANALYrnCALCALCULATlONS\SWALE CALCSPERMANENTltSwafes.xlsISwale 1.6



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 1
Prepared by: NKG

Dale: 15 Sep 11

Pennoni)

Print Date: 17 Aug 1111:49 AM
Project #: PPLO902Checked by: JFM

Governing Equation: Q = k C i A (where k = I for english units)

Description: SWALE 1.7 Structure: -
Route: -

Station: -

STEP 1: Calcutate Drainage Area, A and Runoff Coeffictent, C:

Hydrologic

Soil Group Land
(A.B.C.D) Use

Runoft
Land Coefticient,
Slooe C

Area, A A*C

(acres) (acres)

0.260 0.247Impervious 0.95

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:

Tvoe of Flow I Ground Cover

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

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n Slone (ftf

Average Time of
Velocity Concenlratn

(ft/st (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrated IIZ

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? yes 0 No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

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

25 year

Calculated Flow, Q (cfs) = 3.0 II
PLS\PPLS0902-Bell Send Land Developmeni\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTIPPLSO092-RationaI Method-Conveyance.xlsm]Swale 1.7



INorth American Green- ECMDS Version 4.3 [7/19/2011 163:4_4PM ICOMPUTED BY: NKG
fPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.7 JOESIGN FEtEQUENCY: 25YR

HYDRAULIC RESULTS
Dischage I Peak Flow Velocity (fps) Area (sq.ft) Hydraulic Normal

fcfs] Period (hrsI Radius(ft) Depth fitI
3.0 0.1 1.42 2.12 0.35 0,48

S75 (n=-.q55]

S =0.0111

Bottom
3.0 Width = 3.00 ft 3.0

Not to ScaleLINER RESULTS

Matting Type Vegetation Characteristics
Reach Stability Analysis , Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Tj.pe Density Shear Stress Shear Stress
(psf) (psf]

Straght S75 Unvegetated 1.55 0.33 4.69 STABLE
Staple D I I I I I



INorth American Green* ECMDS Version 4.3 i7/19/2011 1--45PMICOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG )DRAINAGE AREA: SWALE 1.7 IDESIGN FREQUENCY: 25YYR

HYDRAULIC RESULTS
Discharge Peak Flow IVelocity (fps)l Area (sq.ft I Hydraulic Normal

fcfs) Period (hrsl Radus{ItI Depth Ift]
03.0 0.1 0.74 4.05 0.52 0.77

Unreinforced Vegetation (n=.0.1 36).

1L_ \` -Bottom' 1 1
3.0 Width = 3.00 ft 3.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
[psi) [pso

___JlJ__ll__I___ I__ I__ _ _ _ __ _ _ _ __ _ _ _ __ _ _ __ _ _ __ _ _ _ I__ _ _ IIIIIII__I
Straight Unreinforced Vegetation C IBunch 50-75 4.20 0.53 7.92 STABLE

I- I Soil Sandy Loam 0.035 0.004 8.39 STABLE



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

Client/Subject: PPL Bell Bend
Description: PO11

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=O) 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 =

Given Input Data: Swale 1.7

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OP7IONAL) Input Manning's 'n':
Lining Type:

Calculate Flow Depth:

1.486 . A A 2/
n P)

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

3.00
3.0
3.0

3.0

0.0111

1.50

0.0550

3.00
3.0
3.0

3.0

0.0111

1.50

0.1360

3.00
3,0
3.0
3.0

0.0111

1.50

0.1360

cfs
H:IV
H:IV
feet
ft/ft
feet

Flow depth, d= 0.50 0.84 0.84 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -r =
Critical Slope, Sc=

Flow stable? (no if .7S, < s < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

Vtcoohigh
1.00
1.32
6.03
2.28
6.19
0.37
0.35

0.0631

yes
0.5
0.0

V too hi_

0.66
0.64
8.07
4.67
8.34
0.56
0.59

0.3377

yes
0.5

Vto h;h

0.66
0.64
8.07
4.67
8.34
0.56
0.59

0.3377

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:1PROJECMSPPL5PPLS0902-BeII Bend Land Development\ANALYTICALýCALCuJLATIONSýSWALE CALCS\PERMANENTgtSwates~xJs]Swale 1.7



Rational Equation Stormwater Calculations

Client: PPLO902
Project: Pol 1

Prepared by: NKG

Date: 15 Sep 11

,PennoniV

Print Date: 17Aug 11 11:49 AM

Project #: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k,= 1 for english units)

Description: SWALE 1.8 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group Land

(A.B.C,Dl Use

Runoll
Land Coefficient,

Slope C

0.95

Area, A
(acres)

6.8

A'C
(acres)

850 6.508Impervious

Lawn 0.40

8.806Stone 0.85 10.360

Total A* C: 15.3135 acres

STEP 2: Calculate Time of Concentration:

Type of Flow I Ground Cover

I-F-1

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

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n Slooe (11)

Average Time ol
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? * Yes O No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCIA
25 year

Calculated Flow, Q (cfs) = 82.7

PL$\PPLS0902-Bell Send Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\IPPLS0902-Ralional Method.Conveyance.xlsm]Swale 1.8



iNoith American Green- ECMDS Version 4.3 / 17/19/2011 103:54 PMFICOMPUTED BY: NKG
iPROJECT NAME: PPL BBNPP ]PROJECT NO.: PPLS0902

IFROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.8 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS

Discharge Peak Flow Velocity (fps] Area [sq.ftj Hydraulic Normal
fcfs) Period [hrs)l I I Radius(ft) Depth I'M
82.7 0.1 6.87 12.39 0.97 1.44

12. Bottom = _f.02.0 Width = 5_00 ft 3.0

LINER RESULTS Not to Scale

I Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Patrern Phase Class Type Density Shear Stress Shear Stress
I I Psf) [psf)

Straight SC250 U nvegetated 1 3 .00 0.90 3.34 STABLE
_ Staple E _ _ _ _ __



INoithAmerican Green- ECMDS Version 4.3 17/19/2011 103:53_PM ICOMPUTED BY: NKG
JPROJECT NAME: PPL BBNPP rPFROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 1.8 IDESIGN FREQUENCY': 25YR
HYDRAULIC RESULTS

Discharge Peak Flow Velocity [fps) Area (sq.ftJ Hydraulic Normal
(cfsI Period (hrs) I I Radius ft) Depth (ft)
p32.7 0.1 3.89 21,26 1.31 2.08

1 Bottom I
2.0 Width = 5.00 ft 3.0

LINER RESULTS Not to Scale

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

Staple Pattern PhalaCs Tybe Density Shear Stress Shear Stress
I I (psf) (psf)

Straiht SC250 Vegetation 3 C Bunch 75-95% 10.00 1.30 7.69 STABLE
_ Staple E Soil Sandy Loam 0.800 0.038 21.26 STABLE



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

Client/Subject: PPL Bell Bend
Description: P01 1 Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902Prepared by: JMO
Date: 15 Sep 11 I Checked by:

I JFM
I

•l B d •
Ubiective: L

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 = 1.486 ,A (A)2 \/n P

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check CheckGiven Input Data: Swale 1.8

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':
Lining Type:

Calculate Flow Depth:

82.70
2.0
3.0

5.0

0.0100

2.75

0.0290

82.70
2.0
3.0

5.0

0.0100

2.75

0.0460

82.70
2.0
3.0
5.0

0.0100

2.75

0.0460

cfs
H:IV
H:1V

feet
ft/ft
feet

Flow depth, d= 1.66 2.09 2.09 feet

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r =
Critical Slope, S,=

Flow stable? (no if J7S, < s < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high

1.09
5.43

13.32
15.23
13.96
1.09
1.04

0.0125

no
0.7
0.0

V too high

0.66
3.87
15.44
21.35
16.25
1.31
1.30

0.0296

yes
0.6

V too high

0.66
3.87

15.44
21.35
16.25
1.31
1.30

0.0296

yes
0.6

feet
fps
feet
sqft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:APROJECTSIPPLSPPLSO9O2-Bell Bend Land DeveiopmenflMNALYTICALCALCULATIONSýSWALEC ALcSPERMANENTXtSwales~xis)Swale 1.8



Rational Equation Stormwater Calculations

Client: PPL0902
Project: POII

Prepared by: NKG

Date: 15 Sep 11

Pennoni)

Print Date: 17Aug 11 11:49AM

Project #: PPLO902Checked by: JFM

Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 1.9 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group Land

(A,B,C,D) Use

Impervious

Runoff
Land Coefficient,
Slope C

0.95

Area, A A * C

(acres) (acres)

0.530 0.504

Stone 0.85 2.980 2.533

Total A * C: 3.0365 acres

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, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (it)

Average Time of
Velocity Concentratn

(fts) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? * yes No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

25 year

Calculated Flow, Q (cfs) = 16.4

PLS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENIn[PPLS0902-Rationat Method.Conveyance.xlsm(Swale 1.9



jNorth American Green- ECMDS Version 4.3 f7/19/2011 F04726-PMICOMPUTED BY: NKG
P-ROJ ECT NAM E: PPL B NPP PROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG jDRAINAGE AREA: SWALE 1.9 IDESIGN FREQUENCY: 25 YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity flps) Area Isq.ft] Hydraulic Normal

fcfs) Period IhrsI Radius(ft) Depth Iti
p16.4 0.1 4.24 3.87 0.45 0.82

Bottom3.0 Width = .00 t S,0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
I I (psf) (psf)

Straight SC250 Unvegetated 1 3.00 1.39 2,17 STABLE

Staple E



iNoithAmetican Green- ECMDS Version 4.3 F7/19/2011 10F4:2e PM 1COMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG FDRAINAGE AREA: SWALE 1.9 IDESIGN FREQUENCY: 25YR

HYDRAUUC RESULTS
Discharge Peak Flow Velocity (fps) Area (sq.ft] Hydraulic Normal

icfs) Period hrs Radiusiff) Depth (ft_
[16.4 0.1 2.40 6.82 0.60 1.13

SC250 (n=0.072)

S = 0.0270

SBottoma

3.0 Width = 1.00 It 6.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
(psf) {psi)

• Stiah SC250 Vegetation 3 C Bunch 75-95% 10.00 1.90 5.27 STABLE

j Staple E S oil Sandy Loam 0.800 1 0.142 5.64 STABLE



Trapezoidal Channel Analysis - Ooen Channel Flow (w/ Manningi's Eq)

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

Project #: PPLS0902Prepared by: JMO

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.

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

Manning's Equation: =

Given Input Data: Swale 1.9

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1.486 * A(
n

Pare - Velocity
Check

A~ )2/3* F
P

Grass- Velocity Grass - Capacity
Check Check

16.40
3.0
6.0
1.0

0.0270

2.00

0.0450

16.40
3.0
&0
1.0

0.0270

2.00

0.0720

16.40
3.0
6.0
1.0

0.0270

2.00

0.0720

cfs
H:IV
H:IV
feet

ft/ft

feet

Flow depth, d= 0.93 1.13 1.13 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area,,A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high
1.07
3.41
9.35
4.80
9.56
0.50
1.56

0.0379

no
0.5
0.0

V too high

0.87
2.40
11.13
6.83
11.38
0.60
1.90

0.0915

yes
0.5

Vtoo hih

0.87
2.40
11.13
6.83

11.38
0.60
1.90

0.0915

yes
0.5

feet
fps
feet
sqft
feet
feet
Ibs/sf
ft/ft

feet
fps

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

IAPROJECT8XPPLSXPPLS09O2.BeeI Bend Land DevelopmenMýNALY'TICALýCALCULATIONSýSWALE CALCSýPERMAANENT\[Swaiesx s)$wale 1.9



Rational Equation Stormwater Calculations

Client: PPL0902
Project: POI 1

Prepared by: NKG
Date: 15 Sep 11

Pennoni

Print Dale: 17Aug 11 11:49 AM

Project #: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 1.10 Structure:

Route:

Station: -

STEP 1: Calculate Drainage Area, A and Runoff Coeffici

Hydrologic Runoff
Soil Group Land Land Coefficient,
(A,B,C,D) Use Slope C

Impervious 0.95

Area, A A*C
(acres) (acres)

0.410 0.390

Lawn 0.40 1.950 0.780

TotalA *C: 1.1695 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

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

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

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

Flow
Manning's Average Length

n Slope (it)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method

Shallow conc

Enter Value Manning's Ec

Enter Value Manning's Eq

Enter Value Manning's E
Calculated Total Time of Concentration, To: 5.0 minutes

entrated

or other

or olher

Or other

STEP 3: Calculate Rainfall Intensity, I: Override calculation for To? * Yes O No TC 5.0

Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

STEP 4: Calculate Peak Rate of Runoff, 0: Q = k C i A

25 year

Calculated Flow, 0 (cfs) = 6.3

'LS\PPLS0902-Belh Bend Land Development'ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANEN-[IPPLS0902-Ralionat Melhod-Conveyance.xlsm]Swale 1.10



INorthAmerican Green- ECMDS Version 4.3 F7/19/2011 104:34 PMjCOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.10 IDESIGN FREQUENCY: 25YR

HYDRAUUC RESULTS
Discharge Peak Flow Velocity (fpsI Area (sq.fit Hydraulic Normal

(cfs) Period (hrs) Radiusffl I Depth [1)
0.3 0.1 4.11 1.53 0,36 0.51

S C250 (n=0.040)

S 0.0477

2.0
Bottom " I

Width = 2.00 ft 2.0

Not to ScaleLINER RESULTS

Matting Type Vegetation Characteristics
Reach Stabilty Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern . Phase Class Type Density Shear Stress Shear Stress
I I (pst) (psf)

Straight SC250 Unvegetated 1 3.00 1.51 1.98 STABLE

I Staple E



rNorthAmerican Green- ECMDS Version 4.3 17/19/2011 104:.33PM ICOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
JFROM STATION/REACH: iTO STATION/REACH: VEG JDRAINAGE AREA: SWALE 1,10 JDESIGN FREQUENCY: 25YR

HYDRAUUC RESULTS
Discharge Peak Flow Velocity (fps) Area (sq.ft) Hydraulic Normal

[ (cisi Period (hrs) Radiusft) Depth (Ift)
6.3 0.1 2.55 2.47 0.47 0.72

SC250 (n=0.078)

S-=0.0477

Bottom
2.0 Width = 2.00 ft 2.0

Not to ScaleLINER RESULTS

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 SC250 Vegetation 3 C Bunch 15-955 10.00 2.14 4.67 STABLE

Staple E Soil Sandy Loam 0.800 0.228 3.51 STABLE



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

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

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

Project #: PPLS0902

JFM
Obiectivee: I

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

Given Input Data; Swale 1.10

Discharge, Q=
Left-Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's n':

Lining Type:

Calculate Flow Depth:

Flow depth, d=

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, ti =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3SJ=
Required Freeboard=

Allowable Velocity for Lining Material=

1 486  ,A A 2/3
n P)

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

6.30
2.0
2.0

2.0

0.0477

1.50

0.0477

6.30
2.0
2.0
2.0

0,0477

1.50

0.0780

6.30
2.0
2.0
2.0

0.0477

1.50

0.0780

cfs
H:1V
H:1V
feet
ft/ft
feet

0.56

Vtooh igh
0.94
3.58
4.25
1.76
4.52
0.39
1.67

0.0482

no
0.5
0.0

0.73

V too high
0,77
2.51
4.91
2.51
5.25
0.48
2.16

0.1212

yes
0.5

0.73 feet

V too high

0.77
2.51
4.91
2.51
5.25
0.48
2.16

0.1212

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

IAPROJECTS~PPMsPPLSo902-Bel Benld Land DevelopmeniýANALYTJCAL\CALCULATIONS\SWALE CALcs\PERMANrENTlswales.xls)Swaie 1.10



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POI 1

Prepared by: NKG

Dale: 15 Sep 11

Plennoni)

Print Date: 17Aug 11 11:49 AM
Project #: PPL0902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 1.11 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,BC,Dl Use Slope C (acres) (acres)

Impervious 0.95 0.210 0.200

Lawn 0.40 0.500 0.200

Total A * C: 0.3995 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (fl)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method

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

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

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

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

Shallow Concentrated V

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? *Yes O No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

STEP 4: Calculate Peak Rate of Runoff, 0: Q= k C i A

25 year

Calculated Flow, 0 (cfs) = 2.2

,LSkPPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANE'NTIPPLS0902-Rational Melhod-Conveyance.xlsm)Swale 1,11



!North American Green - ECMDS Version 4.3 F7/19/2011 fj0440 PMICOMPUTED BY: NKG
IPROJECT NAME: PPL BNPP IPROJECT NO.: PPLS0902
JFROM STATION/REACH: ITO STATION/REACH: UNVEG fDRAINAGE AREA: SWALE 1.11 IDESIGN Fq EQUENCY: 25YR

HYDRAULIC RESULTS
Discha'ge Peak Flow Velocity (fps] Area (sq.ft] Hydraulic Normal

[cfs) Period fhrsI Radius(ft) Depth YftL
2.2 0.1 1.41 1.56 0.32 0.46

S 75 (n=0. 055)

S =0,0127

3.0
Bottom __J

Width = 2.00 It 3.0

Not to ScaleLINER RESULTS

Matting Type J Vegetation CharEcteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class 'ipe- Density Shear Stress Shear Stress
I (psfj (psf)

Stiaght S75 Unvegetated 1.55 0.36 4.25 STABLE

Staple D _ I I I I I



INorth Ametican Green -ECMDS Version 4.3 17/19/2011 1o-..PMjCOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP , JPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG iDRAINAGE AREA: SWALE 1.11 IDESIGN FREQUENCY: 25YFI

HYDRAULIC RESULTS
Discharge Peak Flow, Ivelocty (fps) Area (sq.ft) H,,dr&ic Normal

Dcfs1  Period (hrs) I Radiuslft) Depth (ft)
2.2 0.1 0.69 3.20 0.47 0.75

Unreinforced Vegetation :n=0.148)

I1I S =0.01 27/

L Bottom

3.0 Width = 2.00 ft 3.0

Not to Scale
LINER RESULTS

Matting Type Vegetation Characteristics
Reach Stability Analysis Perrrissible Calculated Sdety Factor Remarks

Staple Pattern Phase Cass Type Density Shear Stress Shear Stress
(ps] (psf_

Straight Unreinforced Vegetation C I Bunch 175-95% 4.20 0.60 7.05 STABLE

_ I Soil Sandy Loam 0.035 0.003 10.55 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
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, includingI

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 =

Given Input Data: Swale 1,11

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTiONAL) Input Manning's 'n':
Lining Type:

Calculate Flow Depth:

1.48 A (A)213/
n P)

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

2.20
3.0
3.0
2.0

0.0127

1.50

0.0550

2.20
3.0
3.0
2.0

0.0127

1.50

0,1480

2.20
3.0
3.0
2.0

0.0127

1.50

0.1480

cfs
H:IV

H:1V

feet
ft/ft
feet

Flow depth, d= 0.51 0.86 0.86 feet

Calculated Results: Desion Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, ,T =
Critical Slope, S;=

Flow stable? (no if 7S, < s < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

0.99
1.24
5.03
1.78
5.19
0.34
0.40

0.0650

yes
0.5
0.0

V too high
0.64
0.56
7.13
3.90
7.41
0.53
0.68

0.4102

yes
0.5

Vloo high

0.64
0,56
7.13
3.90
7.41
0.53
0.68

0.4102

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:PROJECTSIPPLSIPPLSOM-2BeII Bend Land Oevelopment\NALYTICALICALCULATIONSýSWALE CALCSIPERMANENI'rSwales.xlsIS-ale 1.11



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI l
Prepared by: NKG

Date: 15 Sep 11

Pennoi

Print Date: 17Aug11 11:49 AM
Project #: PPLO902Checked by:

I JFM

Governing Equation: 0 = k C i A
Description: SWALE 1.12

(where k = 1 for english units)

Structure: -

Route: -

Station:

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

Hydrologic
Soil Group

(A,B,CD)
Land
Use

Runoff
Land Coefficient,
Slope C

Area, A
(acres)

A°C
(acres)

0.371Impervious 0.95 0.390

Lawn 0.40 0.930 0.372

Total A * C: 0.7425 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Chanl o

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):

Flow
Manning's Average Length

n Slooe (ftl

Average
Velocity

Ift/sl

Time of
Concentratn

(min)

Velocity
Calculation

Method

Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Override calculation for Tc? * Yes 0 No

5.0 minutes

Tc = 5.0

Use Tc = 5.0 minutes

25 year

S '.

.-.- ~r -~

STEP 4: Calculate Peak Rate of Runoff, 0: O=kCIA

25 year

Calculated Flow, Q (cfs) = 4.0

'LS\PPLS0902-Bell Bend Land Development\ANALYrTICAL\CALCULATIONS\SWALE CALCS\PERMANEN"R[PPLS0902-Ralional Method-Conveyance,xlsm]Swale 1.12



iNorth American Green- ECMDS Version 4.3 17/19/2011 104:49 PI41COMPUTED BY: NKG
JPR'OJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.12 ]DESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow IVelocity (fps Area (sq.ft) Hydraulic . Normal"'

(cfs)I Period RhrsI Radius(ft) Depth (ft)
4.0 0.1 4.27 0.94 0.22 0.28

L--- Bottom
3,0 Width = 2.50 ft

LINER RESULTS Not to Scale

Malting Type Vegetation Characteristics
R each Stablity Analysis Permissible Calculated Safety Factor Remarks

"_Staple Pattern Phase Class Type_ _ensit_ Shear Stess Shear Siress

S (psf) s pSfr
St•aight SC250 Un"egetated 1 13.00 1.75 1.71 STABLE

Staple E I III



INorth American Green- ECMDS Version 4.3 17/19/2011 F5444PM ICOMPUTED BY: NKG
[PROJECT NAME: PPL BBNPP [PROJECT NO.: PPLS0902
]FROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA- SWALE 1.12 IDESIGN FREQUENCY: 25 YR

HYDRAUUC RESULTS
Discharge Peak Flow Velocity (fps) Area (sq.ft) Hydraulic Normal

[cfs) Period [his] R adius(fll Depth (ft)
14.0 0.1 2.30 1.74 0.33 0.45

SC250 (n=0.097)

S =0.1000

L Bottom

3.0 Width = 2.50 ft 3.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
I I (psf) (psf)

Straight SC250 Vegetation 3 C I Bunch 75.95% 10.00 2.82 3.55 STABLE
Staple E Soil Sandy Loam 0.800 0.241 3.32 STABLE



Trapezoidal Channel Analysis - Open Channel Flow (w/ ManninQ's Ed)

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

.JFMI
Obiective:

Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=O) 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 =

Given Input Data: Swale 1.12

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

n

Bare - Velocity
Check

A)2 13, \/,P

Grass - Velocity Grass- Capacity
Check Check

4.00
3.0
3.0

2.5

0.1000

1.00

0.0400

4.00
3.0
3.0

2.5

0,1000

1.00

0.0970

4.00
3.0
3.0

2.5

0.1000

1.00

0.0970

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d= 0.28 0.46 0.46 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -r =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

Vtooh0h

0.72
4.22
4.20
0.95
4.29
0.22
1.77

0.0394

yes
0.5
0.0

V top high
0.54
2.26
5.25
1.77
5.39
0.33
2.86

0.2041

yes
0.5

V too high

0.54
2.26
5.25
1.77
5.39
0.33
2.86

0.2041

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:1PROJECTSWKPSWPLS0902-SeIl Send Land OevelopmentIANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTlSwales.xls$lwale 1.12



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POI1

Prepared by: NKG

Date: 15 Sep 11

Pennn

Print Date: 17Aug 11 11:49 AM

Project #: PPL0902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 1.13 Structure:

Route: -

Station: -

STEP I7: Calculate Drainage Area, A and Runoff Coefficient, C:

Hydrologic
Soil Group Land
(AB,C,D) Use

Land
Slope

Runoff
Coefficient, Area, A A* C

C (acres) (acres)

0.95 0.110 0,105Impervious

Lawn 0.40 1.720 0.688

Total A* C: 0.7925 acres

STEP 2: Calculate Time of Concentration:

_ype of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (0t)

Average Time of
Velocity Concentratn

(It/s) (min)

Velocity
Calculation

Method

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

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, Tc:

FshawConcentratd= 1

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for TV? ® Yes 0 No Tc = 5.0

Use T. = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

KIM(* .

STEP 4: Calculate-Peak Rate of Runoff, 0: Q=kCtA

25 year

Calculated Flow, Q (cfs) = 4.3

'LS\PPLS0902-Bell Bend Land Development\ANALYTICAL\ICALCULATIONS\SWALE CALCS\PERMANENTn[PPLS0902-Rational Method-Coneyance.xism]Swale 1.13



INorthArneican Gieen -ECMDS Veision 4.3 F7/1i9/2011 I04-52 PM ICOMPUTED BY: NKG
1PROJECT NAME: PPL BBNPP [PROJECT NO.: PPLS0902
FFROM STATION/REACH: ITO STATION/REACH: UNVEG T DRAINAGE AREA: SWALE 1.13 [DESIGN F9EQUENCY: 25YR

HYDRAULIC RESULTS
Dischage Peak Flow Velocity (fps) Area fsq.ft) Hydraulic Normal

[cfsl Period (hrsI Radiusfft1I Deth ff1
1I,3 0.1 1.78 2.42 0,47 0.71

s75 (n=O.050]

S = 0.01 00

L Bottom
2.0 Width = 2.00 ft 2.0

Not to ScaleLINER RESULTS

Matting Type 1 Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Twpe Density Shear Stiess Shear Stress
Ipsf] psf) _ _ _

Straght S75 Unvegetated 1.55 0.44 3.51 STABLE
Staple D I



iNoith American Green - ECMDS Version 4.3 17/19/2011 F04:53 PM ]COMPUTED BY: NKG
JPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 1.13 DESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow lVelocity (fps]I Area (sq.it] Hydraulic Normal

lcfs] Period fhrs I Radiusfft) Depth fit]
4.3 0.1 1.03 4.16 0.63 1.03

2.0 Width = 2.00 ft 2.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
I I (psf) (psfi

Stight Unreinforced Vegetation C Bunch 175-95 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 11i 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.

Manning's Equation: =

Given Input Data: Swale 1.13

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1.486 ,A (A S
n P 23x

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

4.30
2.0
2.0
2.0

0.0100

2.00

0.0100

4.30
2.0
2.0
2.0

0.0100

2.00

0.1060

4.30
2.0
2;0
2.0

0.0100

2.00

0.1060

cfs
H:IV
H:1V
feet
ft/ft
feet

Flow depth, d= 0.30 1,08 1.08 feet

Calculated Results: Design Acceplable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, T =
Critical Slope, Sc=

Flow stable? (no if .Sý < s < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high
1.70
5.53
3.20
0.78
3.34
0.23
0.19

0.0025

yes
0.5
0.0

V too hiah
0.92
0.95
6.33
4.51
6.84
0.66
0.68

0.2031

yes
0.5

V toohift
0.92
0.95

* 6.33
4.51
6.84
0.66
0.68

0.2031

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ftift

feet
fps

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

IAPROJECTsWpPLWS\P0s9o2-Bel Bend Land Development\ANALYrICAL\CALCULATIONSkSWALE CALCSýPERMANENTqSwales.xls]Swale 1.13



Rational Equation Stormwater Calculations

Client: PPL0902
Project: PO1 1

Prepared by: NKG

Date: 15 Sep 11

,Pennoni
2

Print Date: 17Aug 11 11:49 AM
Project #: PPL0902Checked by:

I JFM

Governing Equation: Q = k C i A (where k - 1 for english units)

Description: SWALE 1.14 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,BCD) Use Slope C (acres) (acres)

Impervious 0.95 0.129 0.123

Lawn 0.40 0.451 0.180

Cultivated 0.25

Total A * C: 0.30295 acres

STEP 2: Calculate Time of Concentration:

Manning's Average
n Stope

Flow
Length

(ft)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

MethodType of Flow / Ground Cover

e ow
Channel or Pipe Flow ...............

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

IShallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,: 5.0 minutes

Override calculation for Tc? * Yes O No TC 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

•,;••r •.• . ,• • , ••. , ,..-,• : • . ...' .•-.•• •Z:. :•-.''> - :":• • %• ": :,-: - • '',• ;' ? L• ,• ; ? J• .• 'i ,;'' '', :••• ':• ....•• • •,•.?• .:'.ir-k.;-

STEP : Calculate Peak Rate of Runoff, 0: Q=kCiA

Calculated Flow, 0 (cfs) = 1.6

,LS\PPLS0902-8ell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENThPPLS0902-Ralional Method-Conveyance.xlsm)Swale 1.14



INorth American Green- ECMDS Version 4.3 J7/19/20511 F54776 oPMCOMPUTE'D BY: NKG
]PROJECT NAME: PPL BBNPP [PROJECT NO.: PPLS0902
[FROM STATION/REACH: ]TO STATION/REACH: UNVEG 1DRAINAGE AREA: SWALE 1.14 IDESIGN FREQUENCY: 25 YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fpsi Area (sq.ft) Hydraulic Normal

fcfsl Period fhrI) Radiusfft]I Dep.th I'tM
1. 1 0.1 1.61 0.99 0.27 0.36

Bottom
2.0 Width = 2,00 ft 2.0

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics
Reach Stablity Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress ShearStress

S S dpsf5 0psfT
Straight S75 Unvegetatedj 1.55 0.45 3.41 STABLE

I Staple D III



INorth American Green- ECHDS Version 4.3 17/19/2011 104:5s6 PICOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP JPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG JDRAINAGE AREA: SWALE 1.14 IDESIGN F;EQUENCY: 25YR

HYDRAULIC RESULTS
Discha'ge Peak Flow Velocity (fps) Area (sq.1t) Hydraulic Normal

(cfsi Period (hrs) Radius(f]t Depth N ft)
[1.6 0.1 0.81 1,97 0.42 0.61

Unreinforced Vegetation (n=0.1 44)

S =00200

1 Bottom
2.0 Width = 2.00 ft 2.0

LINER RESULTS Not to Scale

Matting Type, Vegetation Characteristics
Reach Stabitty Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class T pe Density Shear Stress Shear Stress
(psf) (psf)

Straght Unreinforced Vegetation C Bunch 175-95 4,20 0.76 5.50 STABLE

Soil Sandy Loam 0.035 0.004 7.85 STABLE



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

Client/Subject: PPL Bell Bend
Description: POI 1

Prepared by: JMO
Date: 15 Sep I1 I Checked by:

Print Date:

Project #:

17 Aug 11 3:6 PM

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.

Manning's Equation: Q =

Given Input Data: Swale 1.14

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's n:

Lining Type:

Calculate Flow Depth:

1.48___6 *A (A)2/ 3 ",
1.n 6,A(PS

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

1.60
2.0
2.0

2.0.

0.0200

1.50

0.0550

1.60
2.0
2.0
2.0

0.0200

1.50

0.1440

1.60
2.0
2.0

2.0

0,0200
1.50

0.1440

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d= 0.42 0.71 0.71 feet

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, T =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high

1.08
1.34
3.68
1.20
3.88
0.31
0.53

0.0687

yes
0.5
0.0

Vtoohhigh
0.79
0.66
4.83
2.41
5.16
0.47
0.88

0.4160

yes
0.5

V too high

0.79
0.66
4.83
2.41
5.16
0.47
0.88

0.4160

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

IAPR0JECTSWPLS1PPLS0902-Be11 Bend Land Pevelopmentl.ANALYnlCAL\CALCULATIONSISWALE CALCSXPERMANENTqtSwales.xsls]wale 1.14



Rational Equation Stormwater Calculations

Client: PPLO902
Project: PO 12

Prepared by: NKG

Date: 15 Sep 11

Pennon

Print Date: 17Aug 11 11:49 AM

Project #: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 1.15 Structure: -

Route: -

Station:-

STEP 1: Calculate Drainage Area, A

Hydrologic
Soil Group Land
(A,BCD) Use.

. . . ..._ ]Impervious

and Runoff Coefficient, C:

Runoff
Land Coefficient, Area, A
Slope C (acres)

0.95 0.010

A*C
(acres)

0.010

Lawn 0.40 1.793 0.717

Stone 0.85 1.667 1.417

Total A* C: 2.14365 acres

STEP 2: Calculate Time of Concentration:

Manning's Average
n Slope

Flow
Length

(ft)

Average Time of
Velocity Concentratn

(ftl/s) (min)

Velocity
Calculation

MethodType of Flow / Ground Cover

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

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

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

Shallow Con-

Enter Value Manning's Ec

Enter Value Manning's Ec

Enter Value Manning's Eq

Calculated Total Time of Concentration, T,: 5.0 minutes

entrated ]l

or other

or other

or other

STEP : Calculate Rainfall Intensity, 1: Override calculation for Tc? y Ye 0 No Tc = 5.0

Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

STEP 4: Calculate Peak Rate of Runoff, 0: 0 = k C i A

25 year

-Calculated Flow, 0 (cfs) = 11.6

'LS\PPLS0902-Bell Bend Land DevelopmentlANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-RationaI Melhod-Conveyance.xlsmlSwale 1.15



INoith American Green- ECMDS Version 4.3 F7/-19/2011 ro0459PMICOMPUTED BY: NKG
FPROJECT NAME: PPL BBNPP rPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.15 IDESIGN F`IEQUENCY: 25YR

HYDRAULIC RESULTS
Discha'ge Peak Flow Velociy (fps). Area (sq.ft) Hydraulic Normal

(cfsI Period fhrs] RadiusfftI Depth Iftl
t11.6 0.1 2.35 4,94 0.58 0.88

S75 (n=0.0,46)

L iBottom
3.0 Width =3.00 ft 3.0

Not to ScaleLINER RESULTS

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

Staple Pattern 'Phase Class Tpe Density Shear Stress Shear Stress
(psf) (psf)

Straght S75 Unvegetated 1.55 0.61 2.53 STABLE

Staple D I I I I I



INorthAmerican Green- ECMDS Version 4.3 F7/19/2011 F05-00-PMICOMPUTED 8Y: NKG
FPROJECT NAME: PPL BBNPP [PROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 1.15 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fpsjl Area (sq.ft) I Hydraulic Normal

-Icfs I Period hrs) I Radiusfftl Depth [htj
[11.6 0.1 1.56 7.43 0.72 1,15

1L_ \- Bottom '
3.0 Width = 3.00 ft 3.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
(psI) psf)

Straight Unreinforced Vegetation C I Bunch 75-95% 4.20 0.80 5.22 STABLE

I Soil Sandy Loam 0.035 0.015 2.35 STABLE



Trapezoidal Channel Analysis - Open Channel Flow (w/ Mannino's Ea)

Client/Subject: PPL Bell Bend
Description: POI 1

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

Print Date:

Project #:

17 Aug 11 3:6 PM

PPLS0902

JFM I
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: =

Given Input Data: Swale 1.15

Discharge, Q=

Left Side Slope =
Right Side Slope =

Base width of Channel, b=
Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

1.486 * An (A 2/3 */-

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

11,60
3.0
3.0

3.0

0.0112

2.00

0.0460

11.60
3.0
3.0

3.0

0.0112

2.00

0.0810

11.60
3.0
3.0

3.0

0.0112

2.00

0.0810

cfs
H:IV
H: V

feet
ft/ft
feet

Calculate Flow Depth:

Flow depth, d= 0.87 1.15 1.15 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, 'r =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high
1.13
2.36
8.25
4.92
8.53
0.58
0.61

0.0383

yes
0.5
0.0

V too high
0.85
1.56
9.92
7.46
10.30
0.72
0.81

0.1104

yes
0.5

0.85
1.56
9.92
7.46
10.30
0.72
0.81

0.1104

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:VROJECTSWPPLSýPPLS0902-Beff Bend Land Oevelopmernp\ANALYTiOALICALCULATIONSMWALE CALCS\PERtAANrENflSwales~xts]Swale 1.15



Rational Equation Stormwaler Calculations

Client: PPLO902
Project: POI I

Prepared by: NKG

Date: 14 Oct 10

(.Pennoni)

Print Date: 17Aug 11 11:49 AM

Project #: PPLO902Checkedby: -)

I JFM

Governing Equation: 0 = k C i A (where k'" 1 for english units)

Description: SWALE 1.16 Structure: -

Route: -

Station:

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

Hydrologic
Soil Group Land

(A,B,CD) Use

Runoff
Land Coefficient,
Slope C

0.95

Area, A
(acres)

0.332

A*C
(acres)

0.315Impervious

Lawn 0.40 2.878 1.151

Total A ' C: 1.4666 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

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

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

Flow
Manning's Average Length

n Slone (ItI

Average Time of
Velocity Concentratn

(ffsl (mini

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, Tc:

L Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, I-

Rainfall Intensity for

Override calculation for To? ® Yes 0 No Tc = 5.0

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, 0 (cfs) 7.9

'LS\PPLS0902-Bell Bend Land Devetopment\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\IPPLS0902-Rational Method-Conveyance.xlsm)Swale 1,16



iNorth American Green- ECMDS Version 4.3 F7/19/2011 F05:02 PMjCOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP JPROJECT NO.: PPLS0902
JFROM STATION/REACH: ITO STATION/REACH: UNVEG FDRAINAGE AREA: SWALE 1.16 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps) Area (sq.flt) Hydraulic Normal

fcfs] Period fhrs) I Radius•i(t] Depth ft]i
7.9 0.1 2.78 2.84 0.51 0.79

S 75 In=0. 048)

2L. Wi Bdt20m0 ;/ 2.02.0 Width = 2.00 It 2.0

LINER RESULTS Not to Scale

M at ting Type Vegetation Characteristics
Reach S tability Analysis Permissible Catculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stiess Sheat Stress
I ps,) fpsf)

Straight S75 Unvegetated 1.55 0.99 1.57 STABLE

Staple D I I



iNorth American Green -ECMDS Version 4.3 F7/19/2011 F05-03-PMICOMPUTED BY: NKG
]PROJECT NAME: PPL BBNPP JPROJECT NO.: PPLS0902
IFROM STATION/REAG.H: ITO STATION/REACH: VEG JDRAINAGE AREA: SWALE 1.16 JDESIGN REQUENCY: 25YR

HYDRAULIC RESULTS
Oischa'ge Peak Flow Velocity (fps)I Area •sq.ft) Hydraulic Normal

[cfs I Period hrsll I I Radiusfftt . De th ft)
V9 0.1 1.96 4.03 0.62 '.00

U nreinforced Vegetation (n=0.078)

S = 0.0200

L * Bottom

2.0 Width = 2.00 ft 2,0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Tpe Density Shear Stress Shear Stress
I I (psf) (psf)

Straght Unreinforced Vegetation C I I urchI75-95% 4.20 1.25 3.35 STABLE
I Soil Sandy Loam 0.035 0.025 1.39 STABLE



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

Client/Subject: PPL Bell Bend
Description: P01 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 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 =

Given Input Data: Swale 1,16

Discharge, Q=

Left Side Slope =
Right Side Slope =

Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':
Lining Type:

Calculate Flow Depth:

.46*,A ( 2 3 A \5
n P

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

7.90
2.0
2.0

2.0

0.0200

2.00

0.0480

7.90
2.0
2.0
2.0

0.0200

2.00

0.0780

7,90
2,0
2.0

2.0

0.0200

2.00

0.0780

cfs
H:1V
H:IV
feet
ft/ft
feet

Flow depth, d= 0.79 1.01 1.01 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, - =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1 3S)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too hh
1.21
2.78
5.17
2.84
5.55
0.51
0.99

0.0449

yes
0.5
0.0

V too high

0.99
1.94

--6.04
4.07
6.52
0.62
1.26

0.1119

yes
0.5

V too h!gh
0.99
1.94
6.04
4.07
6.52
0.62
1.26

0.1119

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

l:\PROJECTSIPPMSPPLS09O2-BeIl Bend Land4 DeveicopmeniýANALYTICAL\CALCULATIONSISWALE CAI.CS\PERMANENT'4Swales.xlstSwale 1.16



Rational Equation Slormwater Calculations

Client: PPLO902
Project: Pol 1

Prepared by: NKG

Date: 15 Sep 11

(Pennoni,)

Print Date: 17 Aug 11 11:49 AM

Project #: PPL0902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 1.17 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group Land

(A.B,C.D) Use

Runoff
Land
SloDe

Impervious

Coefficient, Area, A A* C
C (acres) (acres)

0.95 0.291 0.276

Lawn 0.40 0.529 0.212

Total A * C: 0.48805 acres

STEP 2: Calculate Time ot Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (It)

Average Time of
Velocity Concentratn

(ft.s) (min)

Velocity
Calculation

Method

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

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

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

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Override calculation for Tc? ® Yes 0 No To 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: O=kCiA

" A ,25 year

Calculated Flow, Q (cfs) = 2.6 1
'LS\PPLS0902-Bell Bend Land DevetOpment\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTn1PPLS0902-Rational Melhod-Conveyance.xism}Swale 1.17



INoith American Green- ECMDS Version 4.3 J7/-19/2011 F0506 PM ICOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP ]PROJECT NO.: PPLS0902
IFROM ST4TION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.17 IDESIGN :EQUENCY: 25YR

HYDRAULIC RESULTS
Discha'ge Peak Flovw Velocity (fps)I Area (sq.ft) I Hydraulic Normal

Icis) Period (hrs) Radiusift D 1eph f1)
2.6 0.1 . 1.53 1.70 0.34 0.44

S 75 (n=0.055)

S s .0133

L Bottom
2.0 Width =3. 00 ft 2.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Clas T•.pe Density Shear Stress Shear Stress
(psf) (psf

Straght S75 Unvegetated 1.55 0.36 4.25 STABLE

Staple D I I I I



INoith American Green -ECMDS Version 4.3 17t19/2011 I05,07PMJCOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP ]PROJECT NO.: PPLS0902
JFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 1.17 IDESIGN F1EQUENCY: 25YR

HYDRAULIC RESULTS
Dischage Peak Flow Velocity (fps] Area (sq.ft) Hydraulic Normal

fclst Period fhrs I I Radiusfft) Depth It}
P2.6 0.1 0.84 3,10 0.50 0.70

Unreinforced Vegetation (n=0.1 29)

S=0.0133

2L Bottom 1
2.0 Width = 3.00 ft 2.0

LINER RESULTS Not to Scale

Matting Tyupe Vegetation Charecteristics ......
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class T.pe Density Shear Stress Shear Stress
[Pf} (psf)

Stlaght Unreinforced Vegetation C Bunch 4.20 0,58 7.20 STABLE
[ Soil Sandy Loam 0.035 0.004 8.25 STABLE



Trapezoidal Channel Analysis - Open Channel Flow (w/ Mannin.Q's EQ)

Client/Subject: PPL Bell Bend
Description: P01 1

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

Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902

JFM I
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: Q = 1.486 *A' ( A) 3 " ý• *n A P )/

Bare - Velocity Grass . Velocity Grass- Capacity
Check Check CheckGiven Input Data: Swale 1.17

Q
Discharge, Q=

Left Side Slope =
Right Side Slope =

Base width of Channel, b=
Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

2.60
.2.0
2.0

3.0

0.0133

1.50

0.0550

2.60
2.0
2.0

3.0

0.0133

1.50

0,1290

2.60
2.0
2.0

3.0

0.0133

1.50

0.1290

cfs
H:IV
H:IV
feet
ft/ft
feet

Flow depth, d= 0.46 0.79 0.79 feet

Calculated Results: Desion Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, c =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too hloh
1.04
1.44
4.84
1.80
5.06
0.36
0.38

0.0649

yes
0.5
0.0

V.oohigh
0.71
0.71
6.18
3.65
6.56
0.56
0.66

0.3124

yes
0.5

V .oo hiob

0.71
0.71
6.18
3.65
6.56
0.56
0.66

0.3124

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:\PROJECTSIPPMSPPLSOOO2-Bell Bend Land Developmenkt ANALYTICALCALCULATION$%SWALE CALcS\PERMANENTMSwales.xlst$wale 1.17



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POt 1

Prepared by: NKG

Date: 15 Sep 11

,.Pennoni•,

Print Dale: 17 Aug 11 11:49 AM

Projecl #: PPL0902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = I for english units)

Description: SWALE 1.18 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 0.453 0.430

Lawn 0.40 1.097 0.439

Stone 0,85

Total A * C: 0.86915 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (0t)

Average
Velocity

(fvs)

Time of
Concentratn

(min)

Velocity
Calculation

Method

......-_ --------
Channel or Pipe Flow ...............

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

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

STEP S.: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Enler Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

[Shalowoncentrate d ---

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? ®yes O No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

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

25 Yea

Calculated Flow, Q (cfs) = 4.7

'LS\PPLSO902-Be11 Bend Land DevelopmentlANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANEN-R[PPLS0902-Rational Method-Conveyance.xlsmlSwale 1.18



jNorth American Green- ECMDS Version 4,3 F7/19/2011 F050S,9PMICOMPUTED BY: NKG
FPFROJECT NAME: PPL 8BNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG FDRAINAGE AREA: SWALE 1.18 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps)/ Area (sq.ft) Hydraulic Normal

[cfs] Period lhrs]) Radiusff]i Depth Ifti
14.7 0.1 1.56 3.02 0.41 0.59

Bottom
3.0 Width = 3.00 ft

Not to ScaleLINER RESULTS

Matting Type Vegetation Ch aracterietioc
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
I I (pst) (psf

Straight S75 Unvegetated 1.55 0.37 4,18 STABLE

Staple D I I



Noith American Green - ECMDS Version 4.3 17/1912011 105;09 PM ICOMPUTED BY: NKG
INorLh AmericanSteen. EGMOS Version 4.3 i7/1912011 05:09 PHICOMPUTED BY: NKI3
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
lFRUM STATION/REACH:

HYDRAUULC RESULTS
ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 1.18 IDESIGN FREQUENCY: 25YR

Discharge Peak Flow IVelocity lIps)l Area fsq.ft) Hydraulic I Normal
(ctsl Period fhrzsI Radius(t)I Depth I'tM
4.7 0.1 0.85 5.51 0.58 0.90

Unreinforced Vegetation [n=0.121)

S- 0.0100

L Iltom
3.0 Wirsth = 3.00 it 4.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density shear Stress Shear Stress

S P (psfn (psfj

Straight Unteinforced Vegetation C Bunch 75-95% 4.20 0.56 7.50 STABLE
I -Soil Sandy Loam 0.035 0.005 7.49 STABLE



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

Client/Subject: PPL Bell Bend
Description: P01 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=O) 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: 0 =

Given Input Data: Swale 1.18

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1.486 ,A A)2/3 * ý
n (P

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

4.70
3.0
4.0

3.0

0.0100

2.00

0.0530

4.70
3.0
4.0
3.0

0.0100

2.00

0.1210

4.70
3.0
4.0

3.0

0.0100

2.00

0.1210

cfs
H:IV
H:1V

feet
ft/ft
feet

Flow depth, d= 0.60 0.94 0.94 feet

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -r =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high
1.40
1.53
7.21
3.07
7.38
0.42
0.38

0.0561

yes
0.5
0.0

V too high

1.06
0.80
9.55
5.87
9.81
0.60
0.58

0.2599

yes
0.5

V too high

1.06
0.80
9.55
5.87
9.81
0.60
0.58

0.2599

yes
0.5

feet
fps
feet
sq ft
feet
feet
Ibs/sf
ft/ft

feet
fps

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

I:'PR0JECTS\PPLS&PPL50982-Be1J Send Land DevelopmentIANALYtJICALXCALCULATIONSNSWALE CALCS\PER ANENfllSwalesxis15Swae 1.18



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POl 1
Prepared by: NKG

Date: 15 Sep 11

,PennonP)

Print Date: 17 Aug 11 11:49 AM

Project #: PPL0902Checked by:

I JFM

Governing Equation: 0 = k C i A (where k = 1 lor english unils)

Description: SWALE 1.19 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 0.229 0.218

Lawn 0.40 0.801 0.320

Total A * C: 0.53795 acres

STEP 2: Calculate Time of Concentration:

Tvoe of Flow / Ground Cover

Flow
Manning's Average Length

n SloOe (t1)

Average
Velocity

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

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

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

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

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

[ShallowConcentrated '

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Override calculation for To? ®*Y OtNo To 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

25 year

Calculated Flow, 0 (cfs) = 2.9
11

,LS\PPLS0902.Bell Bend Land Development\ANALYrICAL\CALCULATIONS\SWALE CALCS\PERMANENR[P PPLS0902-Rational Melhod-Conveyance.xlsm]Swale 1.19



North American Green -ECMDS Version 4.3 F7/19/2011 f10512 PM ICOMPUTED BY: NKGI
fP-ROJECT NAME: PPL BBNPP ]PFIOJECT NO.: PPLS0902
FFROM STATION/REACH: ITO STATION/REACH: UNVEG JDIRAINAGE AREA: SWALE 1.19 IDESIGN F:EQUENCY: 25YR

HYDRAULIC RESULTS
Discha'ge Peak Flow Velocity (fps) Area (sq.1tt Hydraulic Normal

fcfsl Period [htls Radius(ftI Depth (ftl
2.9 0.1 1,34 2.17 0.35 0,48

S75 (n=0.Q55)

S=0.0100

LBottom1
3.5 Width =3.00 It 3.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Tpe Densiiy Shear Stress Shear Stress
fpsf (psf])

Straght S75 Unvegetated 1.55 0.30 5.21 STABLE
__...... .... Staple D



INorth American Green- ECIDS Version 4.3 F7/19/2011 F05-13PMICOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
JFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 1.19 IDESIGNF=EQUENCY: 25YR

HYDRAULIC RESULTS
Discha'ge Peak Flow Velocity (Ips] Area (sq.ft) Hydraulic Normal -

[cfsl Period (hrs] I I RadiusfftI Depth ftt
12.9 0.1 0.67 4.31 0.52 0.78

Unreinforced Vegetation (n=0.1 43)

S =0 .0100

1 ~Bottom1
3.5 Width = 3.00 ft 3.0

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics
Reach Slability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class T.pe Density Shear Stress Shear Stress
I I (psf) (psf)

Straght Unreinforced Vegetation C I Bunch 75-95% 4.20 0.49 8.63 STABLE
I I Soil Sandy Loam 0.035 0.003 12.07 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

Project #: PPLS0902Prepared by: JMO
Date: 15 Sep 11 Checked by:

JFM
Objectiv e; |

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 =

Given Input Data: Swale 1.19

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

146.A ( A)213 1/-S
n P)

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

2.90
3.5
3.0

3.0

0.0100

2.50.

0.0550

2.90
3.5
3.0

3.0

0.0100

2.50

0.1430

2.90
3.5
3.0

3.0

0.0100

2.50

0.1430

cfs
H:1V
H:IV

feet
ft/ft
feet

Flow depth, d= 0.51 0.85 0.85 feet

Calculated Results: DesignAcceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -r =
Critical Slope, Sc=

Flow stable? (no if .7S, < s < 1.3Sc)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high
1.99
1.22
6.31
2.37
6.47
0.37
0.32

0.0630

yes
0.5
0.0

V too high

1.65
0.59
8.54
4.92
8.80
0.56
0.53

0.3722

yes
0.5

V too hioh
1.65
0.59
8.54
4.92
8.80
0.56
0.53

0.3722

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

IAPRoJEcrs\PPLSlPPLSo902-Be1 Bend Land DevelopmenlLNALYTICALkCALCULATIONS\SWALE CALMsPERMANENrqSwa~es.xtslSwa~e 1.19



Rational Equation Stormwaler Calculations

Client: PPL0902
Project: POII

Prepared by: NKG

Date: 15 Sep 11

rPennoni 5

Print Date: 17 Aug 11 11:49 AM

Project #: PPL0902Checked by:

JFM

Governing Equation: Q = k C i A (where k =for english units)

Description: SWALE 1.20 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group Land

(A.B,C,D) Use

Land Co
Slope

Runoff
'efficient, Area, A A* C

C (acres) (acres)

0.95 ..... 0.765 ----- 0.727Impervious

Lawn 0.4*0 1.875 0.750

Total A * C: 1.47675 acres

STEP 2: Calculate Time of Concentration:

Type of Ftow / Ground Cover

Flow
Manning's Average Length

n SloDe (It)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method

F- 'V

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

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

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

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrated - [ý

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Override calculation for Tc? * yes O No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

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

25 vear

Calculated Flow, Q (cfs) = 8,0

'LS\PPLS0902-Bell Bend Land DevelopmenMkANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT-[PPLS0902-Rational Method-Conveyance.xlsm]Swale 1.20



INorthAmerican Green. ECDS Version 4.3 1/21/2011 1I:40.AM ]COMPUTED BY: NKG
IPROJECT NAME: PPLRBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: FTO STATION/REACH: UNVEG IDRAIAGE EA: SWALE 1.20 1DESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocily (fpsl Area .sq.ft) Hyc'aulic Normal

(cf.ff Period (his), - Radius(rt) Depth (It
8.0 0.1 1.74 1 4.60 1 0.50 0.66

3.0 Width = 5,00 ft 3.0

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics
Reach Stability Analysis Peraissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
- lpsI) (psf)

Straight S75 Unvegetated 1.,55 0.37 4.14 STABLE

Staple D , I



iNorth Amejican Green- ECMDS Version 4.3 J7/21/2011 iIi1:42'AM COMPUTED BY: N•.IKG
JPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
1FROM STATION/REACH: ITO STATION/REACH: VEG MDRAINAGE AREA: SWALE 1.20 JDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS

Discharge I Peak Flow Velocity (fps) Area sq.ftJ Hydraukc Normal "
(cfs) .Period frs} ..... Radius~ftl Depth (Mt)

3.0 0.1 ,109 7.35 0.67 0.94

3.0 Width =5.00 It .

LINER RESULTS Not to Scale

Matfing Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type IDensity Shear Stess Shear Stress

_________ _________ _________I I (psI] (psI) _______________

Straight Unreinforced Vegetation C Bunch 175.95% 4.20 0.53 7.87 STABLE
I I Soil Sandy Loam 0.035 0.007 5.38 STABLE



Trapezoidal Channel Analysis - Open Channel Flow (w/ Manninq'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=O) 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

Given Input Data: Swale 1.20

1 .486 ,A
n

Bare - Velocity
Check

P,

Grass - Velocity
Check

Grass - Capacity
Check

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n':
Lining Type:

8.00
3.0
3.0
5.0

0.0091

3.50

0.0550

8.00
3.0
3.0

5.0

0.0091
3.50

0.1150

8,00
3.0
3.0

5.0

0.0091

3.50

0.1150

cfs
H:IV
H:1V

feet
ft/ft

feet

Calculate Flow Depth:

Flow depth, d= 0.69 1.02 1.02 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3Sc)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high

2.81
1.65
9.13
4.86
9.35
0.52
0.39

0.0561

yes
0.5
0.0

V toohigh
2.48
0.98
11.11
8.20
11.44
0.72
0.58

0.2215

yes
0.5

V too high

2.48
0.98
11.11
8.20
11.44
0.72
0.58

0.2215

yes
0.5

feet
fps
feet
sq ft
feet
feet
Ibs/sf
ft/ft

feet
fps

Conclusions
A temporary erosion control blan ket (ECB) is needed.

ýA~PROJECTS\PPLSWPLSO902-8e[; Bend Land Developnient\ANALYTICALXCALCULATIONSýSWALE CALCS\PERMANEN1\ýSwales.xIs)$wale 1.20



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POI l

Prepared by: NKG
Date: 15 Sep 11

(Pennoni)

Print Date: 17 Aug 11 11:49AM

Project #: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = I for english unils)

Description: SWALE 1,21 Structure:

Route:

Station: -

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

Hydrologic
Soil Group
(A.B.C.Dl

Land
Use

Runoff
Land Coefficient,
Slope C

0.95Impervious

Area, A

(acres)

0.205

A*C
(acres)

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:

Type of Flow / Ground Cover

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

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

Flow

Manning's Average Length
n Slope (0t)

Average
Velocity

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

[Shaltow Cncentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for
Override calculation for Tc? ® Yes 0 No Tc = 5.0

Use Tc = 5.0 minutes

Storm Recurrence frequency (years): 25 year
RII." -'%" ," . ,-

STEP 4: Calculate Peak Rate of Runoff, 0: a=kCIA
25 year

Calculated Flow, Q (cfs) = 2.6

'LS\PPLS0902-Bell Send Land DevelopmentIANALYrICAL\CALCULATIONS\SWALE CALCS\PERMANE NT\MPPLS0902-Rational Method-Conveyance.xlsm]Swale 1.21



WNorth American Green- ECMDS Version 4.3 17/19/2011 05.:19PIPICOMPUTED BY: NKG
PROJECT NAME: PPL BNPP iPROJECT NO.: PPLS0902

IFROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.21 IDESIGN FqEQUENCY: 25YR
HYDRAULIC RESULTS

Discha'ge Peak Flow Velocity (fps) Area (sq.ft) Hydraulic Normal
fcfs) Period (hrs) Radius(tl) Depth (ft)
02.6 0.1 2.02 1.28 0.34 0.51

S75 (n=0.055)

S = 0.0235

L. Bottom
2.0 Width =1.50 It 2.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class T.pe Density Shear Stress Shear Stress
_psf) fpsfl

Straght S75 Unvegetated 1.55 0.75 2.07 STABLE

Staple D



NorthAmerican Green- ECMDS Version 4.3 F7/19/2011 F05-:20PMICOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP FPROJECT NO.: PPLS0902
JFROM STATION/REACH: ITO STATION/REACH: VEG JDRAINAGE AREA: SWALE 1.21 JDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps Area (sq.ft] Hydraulic NIormal

rcfrs Period [hrsl) RadiusiftI Depth (ft)
Vs 0.1 1.18 2.19 0.46 0.74

Unreinforced Vegetation (n=0. 114)

L____ ýBottom
2.0 Width = 1.50 ft

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics
Reach Stably Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress

I I (ps] (psi]

Straight Unreinforced Vegetation C I Bunch 75-95% 4.20 1.08 3.88 STABLE

Soil SandyLoam 0.035 0.010 3.46 STABLE



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

Client/Subject: PPL Bell Bend
Description: P01 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 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: =

Given Input Data: Swale 1.21

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1IA6 ,A (A )21.\/3
n P

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

2.60
2.0
2.0
1.5

0.0235

1.50

0.0550

2.60
2.0
2.0
1.5

0.0235

1.50

0.1140

2.60
2.0
2.0

1.5

0.0235

1.50

0.1140

cfs
H:IV
H:IV
feet
ft/ft
feet

Flow depth, d= 0.53 0.76 0.76 feet

Calculated Results: Desion Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, c =
Critical Slope, Sc=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high

0.97
1.90
3.63
1.37
3.88
0.35
0.78

0.0667

yes
0.5
0.0

V too hýh

0.74
1.13
4.54
2.29
4.90
0.47
1.11

0.2629

yes
0.5

Vtoo hich
0.74
1.13
4.54
2.29
4.90
0.47
1.11

0.2629

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:\PROJECTSXPPLSXPPLSOSO2-Be11 Bend Land Dev'elopmenM\NALYrlOAL\CALCULATIONS\5 WALE CALCS\PERMANENT\tSwales.x~s)Swale 1.21



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POI 1

Prepared by: NKG

Date: 15 Sep 11

(Pennoni)

Print Date: 17Aug 11 11:49 AM

Project #: PPLO902Checked by: JFM

Governing Equation: Q = k C i A (wherek = I forenglsh 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,
(ABC,D) Use Slope C

Impervious 0,95

Area, A A*C
(acres) (acres)

0.296 0,281

Slone 0.85 0.924 0.785

Total A * C: 1.0666 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (ft)

Average Time of
Velocity Concentrafn

(ft/s) (min)

Velocity
Calculation

Method

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

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

SShutow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? y Yes 0 No Tc 5.0

Use T, 5.0 minutes

Storm Recurrence frequency (years): 25 year

110.

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCIA
25 year

Calculated Flow, Q (cfs) = 5.8

'LS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANEN'\[PPLS0902-RalionaI Method.Conveyance.xlsm]Swale 1.22



IN oth Amefican Green • ECNfDS Version 4.3 :7/21/2011 01:09 FP4MCOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
JFROM STATION/REACH; ITO STATION/REACH: UNVEG IDRAINAGEAREA: SWALE 1.22 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS

Discharge I Peak Flow Velocity f[In Area (sq.ft] Hydraulic Normal
(cf0) .1Period 1.53) Radiusft Depth 041S
ý.o 0.1 1.53 3.78 1 0.44 0.m

iig.T of

Not Io ScaleLINER RESULTS

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

Staple Pattern Phase Class Type ensky Shear Stress Shear Stress
(Psf) (psf)

Straight 975 Unvegetated 1.55 0.32 4.83 STABLE

Staple D _ I I I



INoithAmerican Gieen -ECMDS Version 4.3 I7/2112011 Fo1-OPN ]COMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP JPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 1.22 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps) Aiea (sq.ft) Hydraulic Notlmal

,cs3. Peiod hs) Radius0f.l 4De30h f62),0
.B 0.1 0.90 16.43 0.62 1 .85

Ureinforced Vegetation (n=0.1 141

K Botom J
3.0 Width - 5.00 ft 3.0

Not to ScaleLINER RESULTS

Matting Type Vegetation Characteristics

Reach Stability Analysis j Permissible Calculated Salety Factor RemarktStaple Pattein Phase Class Type Density Sheat Stress Shear Stress
I I(psfl (psf)

Straight Unreinfoiced Vegetation C I Bunch 17595% 4.20 0.48 8.69 STABLE

I I Soil Sandy Loamr 0.035 0.005 7.76 STABLE



Trapezoidal Channel Analysis - Open Channel Flow (w/ Manninq'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 I
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: 0 =

Given Inout Data: Swale 1.22

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

4 *A 2*
In (P

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

5.80
3.0
3.0

5.0

0.0091

3.50

0.0550

5.80
3.0
3.0

5.0

0.0091

3.50

0.1320

5.80
3.0
3.0

5.0

0.0091

3.50

0.1320

cfs
H:1V
H:IV

feet
ft/ft
feet

Flow depth, d= 0.58 0.95 0.95 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r =
Critical Slope, S,=

Flow stable? (no if .7S, < s < .3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high

2.92
1.49
8.47
3.89
8.66
0.45
0.33

0.0588

yes
0.5
0.0

V too h•_•h
2.55
0.78
10.69
7.44

11.00
0.68
0.54

0.2973

yes
0.5

V too hih
2.55
0.78
10.69
7.44
11.00
0.68
0.54

0.2973

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:VPROJECTsIPPL5PPLSogo2-Be;I Bend Land OevelopmenIýANALYrTICALXCALCULA1ION5\SWALE CALCSMPERMANEN7NSw8Ia~e.XI5s$wa~ 1.22



Rational Equation Stormwater Calculations

Client: PPL0902
Project: POI 1

Prepared by: NKG

Dale: 15 Sep 11

Pennoni,

Prini Date: 17Aug 11 11:49AM

Project #: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 1.23 Structure: -

Route: -

Station:

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

Hydrologic
Soil Group Land

WAB.C.D) Use

Runotf

Land Coefficient,
Slone C

Area, A
(acres)

A*C
(acres)

1 . . . . -- .. . . r-

Lawn 0.40 1.130 _ 0.452

Total A * C: 0.452 acres

STEP 2: Calculate Time of Concentration:

Tvoe 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

Flow
Manning's Average Length

n SIooe (ft)

Average Time of
Velocity Concentratn

(t1/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

[7[
[Shallow Conrcentrated '

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? y Yes 0 No Tc 5.0

Use T,= 5.0 minutes

Storm Recurrence frequency (years): 25 yea

Pa*'

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

25 Year

Calculated Flow, Q (cfs) = 2.4

'LS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENThIPPLS0902-RalionaI Melhod-Ccnveyance.xlsm)Swale 1.23



INorth American Green- ECMDS Version 4.3 [7/20/2011 0-804 AM ICOMPUTED BY: NKG
[PROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.23 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Dis charge Peak Flow Velocity [fps) Area (sq.ft) Hydraulic Normal

fcfsl Period NhrsI Radiusfftl Depth (ft)
A2.4 0.1 1.82 1.32 0.33 0.45

Bottom '

2.0 Width = 2.00 It 2.0

Not to ScaleLINER RESULTS

Matting Type Vegetation CharacteristicsReach Stability Analysis Permissible Calculated Safety Factor R emarksStaple Pattern Phase Class Type Density Shear Stress Shear Stress

[psf) [psfA

Straight 575 Unvegetated 1.55 0.57 2.73 STA8LE

Staple D I I I



INorthAmerican Green. ECMDS Version 4.3 17/20/2011 108:05AM ICOMIPUTED BY: NKG
IPROJECT NAME: PPLBBNPP [PROJECT NO,: PPLS0902
IFROM STTION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 1.23 [DESIGN FEQUENCY: 25YR

HYDRAULIC RESULTS
Discha'ge Peak Flow Velocity (fps] Area (sq.ft) Hydraulic Normal

refs] Period (hrsl I I R adiusft) Depth (110
2.4 0.1 1.02 2.34 0.46 0.69

Unreinforced Vegetation (n=0. 122)

S =0.0200

Bottom
2.0 Width = 2.00 ft 2.0

Notto ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
, I I (psf] (psf)

Straght Unreinforced Vegetation C I Bunch 75.95% 4,20 0.86 4.86 STABLE
_ Soil Sandy Loam 1 0.035 0.007 4.97 STABLE



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

Client/Subject: PPL Bell Bend
Description: POI 1

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

Print Date: 17 Aug 11 3:6 PM

Project M: 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 channer 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: =

Given Input Data: Swale 1.23

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1.486 *A (pA 2/3

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

2.40
2.0
2.0

2.0

0.0200

1.50

0.0550

2.40
2.0
2.0

2.0

0.0200

1.50

0.1220

2.40
2.0
2.0
2.0

0.0200

1.50

0.1220

cfs
H:1V
H:1 V
feet
ft/ft
feet

Flow depth, d= 0.49 0.78 0.78 feet

Calculated Results: Desinn Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, t =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3SJ)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too hih

1.01
1.63
3.97
1.47
4.20
0.35
0.61

0.0662

yes
0.5
0.0

V too high
0.72
0.86
5.13
2.78
5.49
0.51
0.98

0.2914

yes
0.5

Vtoohigh
0.72
0.86
5.13
2.78
5.49
0.51
0.98

0.2914

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

IA'PROJECT5\PPLSIPPLS0902-Bell Bend Land Development\ANALYTICALXCALCULATIONS\SWALE CALCS\PERIMNEN1NS~ales~xls)Swale 1.23



Rational Equation Slormwater Calculations

Client: PPL0902
Project: POt 1

Prepared by: NKG
Date: 15Sep 11

,Pennoni)

Print Date: 17Aug 11 11:49 AM
Project #: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 1.24 Structure: -

Route: -

Station:

STEP 1: Calculate Drainage Area, A and R~unoff Coefficient, C:

Hydrologic
Soil Group Land

(A,B,C,D) Use

Impervious

Runoff
Land Coefficient,
Slope C

0.95

Area, A
(acres)

0.225

A*C
(acres)

0.214

Lawn 0.40 3.065 1.226

9Total A * C: 1.43975 acres

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, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n Slone (ft)

Average Time of
Velocity Concentratn

(ftVs (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

LL
Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? yes () No To 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

25 vear

Calculated Flow, Q (cfs) = 7.8

LS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PEAMANENn[PPLS0902-Rational Method-Conveyance.xlsm]Swale 1.24



]North American Green- ECMDS Version 4.3 j7/20/201 1 J08:07 AM ICOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP JPROJECT NO.: PPLS0902
IFROM STATION/REACH: fTO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.24 IDESIGN FREQUENCY: 25 YR

HYDRAULIC RESULTS
Discha'ge Peak Flow Velocity (fps) Area (sq.ft) Hydraulic Normal

fe[s) Period (hrs) RadiusfftI Depth fit)
7.8 0.1 2.77 2.82 0.51 0.79

2 Bottom I2.0 Widlh = 2,00 ft 2.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Tspe Density Shear Sties:s Shear Stress
fpsf) (psfA

Straght S75 Unvegetated 1.55 0.98 1.58 STABLE

Staple D I I I I _ __



INorth American Green -ECMDS Version 4,3 17/20/2011 FOBO8AMJCOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 1.24 IDESIGN FREQUENCY: 25 YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity {fpsl Area (sq.ft1 Hydraulic Normal

DCfs) Period (hrs) RadiusfftI Depth (ftI
j'.8 0.1 1.95 4.00 0.62 1.00

S \ Bottom -_

2.0 Width = 200 It 2.0

Not to ScaleLINER RESULTS

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

Staple Pattern . Phase Class Type Density Shear Stre.s Shear Stress
_psfj (psf]

Stiaight Unreinforced Vegetation C Bunch 175-95% 4.20 1.25 3.36 STABLE
__ I Soil Sandy Loam 0.035 0.025 1.41 STABiLE



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

ClientlSubject: PPL Bell Bend
Description: POI 1

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

Print Date:

Project #:

17Aug 11 3:6 PM

PPLSD902

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: Q =

Given Input Data: Swale 1.24

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:.

(OPTIONAL) Input Manning's 'n':
Lining Type:

Calculate Flow Depth:

1.486a ,*A ( A)213\ 5 /-
n P)

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

7.80
2.0
2.0

2.0

0.0200

1.50

0.0480

7.80
2.0
2.0

2.0

0.0200

1.50

0.0780

7.80
2.0
2.0

2.0

0.0200

1.50

0.0780

cfs
H:IV
H:1V
feet
ft/ft

feet

Flow depth, d= 0.79 1.00 1.00 feet

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -r =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high

0.71
2.77
5.15
2.82
5.52
0.51
0.98

0.0450

yes
0.5
0.0

V too high
0.50
1.94
6.02
4.03
6.49
0.62
1.25

0.1120

yes
0.5

V toohift
0.50
1.94
6.02
4.03
6.49
0.62
1.25

0.1120

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I1APR0JECTSPPLSPPLS0902-BeII Send Land DevelopmeflZ\ANALYTICAL\CALCULATIONS\SWALE r-ALCSkPERMANENT4Swales~xIlsSwale 1.24



Rational Equation Stormwater Calculations

Client: PPLO902
Project: PO 1

Prepared by: NKG

Date: 15 Sep 11

Print Date: 17Aug 11 11:49 AM

Project #: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = 1 for engtlsh units)

Description: SWALE 1.25 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 0.031 . .. __ _0.029

Stone 0.85 0.609 0.518

Total A * C: 0.5471 acres

STEP 2: Calculate Time of Concentration:

Tyve of Flow / Ground Cover

L !,,

Flow
Manning's Average Length

n Slooe ift)

Average Time of
Velocity Concentratn

(ft/sl [min)

Velocity
Calculation

Method

r , ,
r

L. 1V-
Channel or Pipe Flow ...............

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

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

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

E -
[Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Override calculation for TV? ® Yes 0 No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCIA

25 Year

Calculated Flow, 0 (cfs) = 3.0

LS\PPLS0902-Bell Bend Land Developmenl\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\IPPLS0902-Rational Method-Conveyance.xlsm]Swale 1.25



INorth American Gieen_- ECMDS Version 4.3 f7/20/2011 08:10:AMICOMPUTED BY: NKG
FPROJECT NAME: PPLBBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG [DRAINAGE AREA: SWALE 1.25 IDESIGN FREQUENCY: 25 YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps) Area (sq.ft) Hydraulic Normal

fcfsI Period fhrsI RadiuslftI Depth ff11
03.0 0.1 2.43 1.23 0.23 0.30

Bottom
2.0 Widlh z 3.00 ft 5.

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress

____________ _(psi) fpsf)

Straight S75 .nvegetated 1,55 1.07 1.45 STABLE

Staple D I I I_



INorth American Green -ECMDS Version 4.3 1720/2011 F0811AMICOMPUTED BY: NKG
IPROJECT NAME: PPL B8NPP ]PROJECT NO.: PPLS0902
[FROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 1.25 IDESIGN FREQUENCY: 25 YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps) Area (sq.ftt Hydraulic Normal

Wcfs) Period fhrsl Radiuslft) Depth (ftI
03.0 0.1 1.38 2.17 0.33 0.46

1L__.Bottom
2.0 Width = 3.00 it

I INFR AF~qltJI T.9 Not to Scale

Matting Type }Vegetation Characteristics
Reach i Stability Analysis Permissible Calculated Safety Factor Remarks

.. Staple Pattern Phase Class Type Density Shear Strems Shear Stress{pF 1{0 psf)

Straight Unreinforced Vegetation C Bunch 75-95% 4.20 1.84 2.56 STABLE

I Soil Sandy Loam 0.035 0.013 2.64 STABLE



Trapezoidal Channel Analysis - OpenChannel Flow (w/ Manninq's Ep)

Client/Subject: PPL Bell Bend

Description: POI 1

Prepared by: JMO

Print Date; 17 Aug 11 3:6 PM

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 =

Given Input Data: Swale 1.25

Discharge, Q=
Left Side Slope =

Right Side Slope =

Base width of Channel, b=
Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1.486 .A )2/3/-
n P)

Bare - Velocity - Grass - Velocity
Check Check

Grass - Capacity
Check

3.00
2.0
5.5
3.0

0.0571

1.00

0.0550

3.00
2.0
5.5
3.0

0.0571

1.00

0.1230

3.00
2.0
5.5
3.0

0.0571

1.00

0.1230

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d= 0.30 0.47 0.47 feet

Calculated Results: Qesian Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, c =
Critical Slope, S,=

Flow stable? (no if .7Sc < s < 1.3Sc)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too hnh
0.70
2.38
5.28
1.26
5.36
0.23
1.08

0.0725

no
0.5
0.0

V too higo

0.53
1.35
6.50
2.22
6.63
0.33
1.67

0.3231

yes
0.5

Vtoohigh

0.53
1.35
6.50
2.22
6.63
0.33
1.67

0.3231

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:\PROJECTSWPPLSIPPLSO5O2-BeII Bend Land DevelopmnentýANALYrJCALICALCULATIONSýSWALE CALCSNPERM4ANENTPSwvales.xlslSwale 1 .25



Rational Equation Stormwater Calculations

Client: PPL0902
Project: POll 1

Prepared by: NKG
Date: 15 Sep 11

-Pennoni)

Print Date: 17Aug 11 11:49 AM

Project #: PPL0902Ch-ecked by:

I JFMV

Governing Equation: Q = k C i A (where k = I for english units)

Description: SWALE 1.26 Structure:
Route: -

Station:

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

Hydrologic
Soil Group Land

(A,B,C,D) Use

Runoff
Land Coefficient,
Slope C

0.40

Area, A
(acres)

4.960Lawn

A'C
(acres)

1.984

Total A ' C: 1.984 acres

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

Flow
Manning's Average Length

n Slope (ft)

Average Time of
Velocity Concentratn

(111s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

[hllow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? * yes No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

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

Calculated Flow, 0 (cfs) = 10.7

LS\PPLS0902-Sell Bend Land Development\ANIALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rational Method-Conveyance.xlsmlSwale 1.26



]North American Green- ECMDS Version 4.3 r7/20/2011 108:15 AMI COMPUTED BY: NKG
1PROJECT NAME: PPL BBNPP [PROJECT NO.: PPLS09D2
IFROM STATION/REACH: ITO STATION/REACH: UNVEG [DRAINAGE AREA: SWALE 1.26 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow (Velocity (fpsJ Area (sq.1t) Hydraulic Normal

(ofs] Period (hrs) RadiusfIfI Depth [tt
10.7 0.1 2.56 4.18 0.63 1.03

S75 [n=0.0431

__ Bottom
2,0 Width = 2.00 It 2.0

Not to ScaleLINER RESULTS

Matting Type Vegetation Characteristics
Reach Stabiity Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
(psf] (psf)

Straight S75 Un'egetated 1.55 0.65 2.39 STABLE
Staple D



_NorthAmerican Green- ECMDS Version 4.3 F7/20/2011 FO15AMICOMPUTED BY: NKG
1PROJECT NAME: PPL BBNPP FPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 1.26 IDESIGN FREQUENCY: 25 YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity(fps) Area (sq.ft) ydraulic Nomal
Dsacfsr,, Period fhrsl, RadiusfIti Depth (I1l

10.7 0,1 1.69 6.32 0.79 1.35

L ` Bottom 1
2.0 Width = 2.00 It 2.0

Not to ScaleLINER RESULTS

H",atting Type Vegetation CharacteristicsReach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
(psf] (psf)

Straight Unreinforced Vegetation C Bunch 75-95% 4.20 0.85 4.95 STABLE

S Soil Sandy Loam 0.035 0.018 1.92 STABLE



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

Client/Subject: PPL Bell Bend

Description: P01 1 Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902Prepared by: JMO

Date: 15 Sep 1 Checked by:

JFM
Objectivee:

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: O =

Given Inout Data: Swale 1.26

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1.486 ,A (
n -

Bare - Velocity
Checl

PS

Grass - Velocity Grass - Capacity
Check Check

10.70
2.0
2.0

2.0

0.0101

2.00

0.0430

10,70
2.0
2.0

2.0

0.0101

2.00

0.0750

10.70
2.0
2.0

2.0

0.0101

2.00

0.0750

cfs
H:1V
H:IV

feet
ft/ft

feet

Flow depth, d= 1.03 1.35 1.35 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too hifh
0.97
2.54
6.14
4.21
6.63
0.64
0.65

0.0338

yes
0.5
0.0

V too 111
0.65
1.69
7.40
6.35
8.04
0.79
0.85

0.0962

yes
0.5

V too high

0.65
1.69
7.40
6.35
8.04
0.79
0.85

0.0962

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

IAPROJECTSIPPL5SPPLSO902-Bell Bend Land Develop~mejiýANALYTICALICALCULATiONSXSWALE CALCSýPERMANEN-NSwalesLXlslSwale 1.26



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI l

Prepared by: NKG

Date: 15 Sep 11

PennoniV

Print Date: 18 Aug 11 3:21 PM

Project #: PPLO902Checked by,

JFM

Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 1.27 Structure:

Route:

Station: -

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

Hydrologic
Soil Group Land

(A,B.C.D) Use

Runoff
Land Coefficient,
Slope C

Area, A

(acres)

0.095

0.129

A*C
(acres)

0.090

0.123

Impervious (1.27) 0.95

Impervious (Swale 1.14) 0.95

Lawn (Swale 1.27) 0.40 1A455 0.582

Lawn (Swale 1.14 0.40 0.451 0.180

Total A * C: 0.9752 acres

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

Storm Recurrence frequency (years):

Flow
Manning's Average Length

n Slope (ft)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrated

Manning's Eqt or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? yes 0 No Tc 5.0

Use T, = 5.0 minutes

25 year

a n

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

25 veas

Calculated Flow, Q (cfs) = 5.3

ILS\PPLS0902-Bell Bend Land DevelopmenILANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rational Method-Conveyance.xlsm]Swale 1.27



JWorth American Green- ECMDS Version 4.3 F8/i 8/2011 FO1330 PM ICOMPUTED BY: 1KG
JPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: UNVEG ITO STATION/REACH: IDRAINAGE AREA: SWALE 1.27 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peek Flow Velocity (fpsil Area (sq.ft) Hydraulic Normal

(cts] Period fhrsI Radius(ft]I Depth 1111I
5.3 0.1 2.88 1.84 0.30 0.41

S75 (n=0. 055)

L 1dt 3t2.0 Width = 3.00 It 5.5

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics
Reach StabilityAnalsis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase "ClassI Type _Densiy _Shear Stress Shear Stress

(pSp) Ppsh S

Straight S75 Unvegetated 1.55 1.45 1.07 STABLE

Staple D



INoth American Green- ECMDS Version 4.3 F8/18/2011 F03:31 PMICOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
1FROM STATION/REACH: VEG ITO STATION/REACH: FDRAINAGE AREA: SWALE 1.27 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity lps', Area fsq.ft) Hydraulic Normal

(of.S) Period (hTs) Radiusti Depth IltI
K3 0.1 1.17 4.51 0.50 0.77

Unreinforced Vegetation (n--O.191)

i1i: 0ii " _
2L ` t -Bottom 5
2.0 Width = 3.00 It 5.5

Not to ScaleLINER RESULTS

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

Staple Pattern "Phase Class Type Density Shear Stress Shear Stress
I I I(psfj (psi)

Straight Unreinfoiced Vegetation B IBnch 17595 5,73 2.73 2.10 STABLE

Soil Sandy Loam 0.035 0.009 3.82 STABLE



r

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

Client/Subject: PPL Bell Bend
Description: POI 1

Prepared by: JMO

Date: 15 Sep I I Checked by:

I JFM

Print Date: 18 Aug 11 3:35 PM

Project #: PPLS0902

I
OD'ectiV

Method:

'e: !

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.

See PA Erosion and Sedimentation Control Manual for reference.

Manning's Equation: Q =

Given Input Data: Swale 1.27

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':
Lining Type:

Calculate Flow Depth:

Bare - Velocity Grass - Velocity
Check Check

Grass- Capacity
Check

5.30
2.0
5.5
3.0.

0.0571

1.50

0.0550

5.30
2.0
5.5

3.0

0.0571

1.50

0.1910

5.30
2.0
5.5
3.0

0.0571

1.50

0,1910

cfs
H:tV
H:1V
feet
ft/ft
feet

Flow depth, d= 0.41 0.78 0.78 feet

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, T =

Critical Slope, S,=
Flow stable? (no if .7S, < s < 1.3Sd)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high

1.09
2.85
6.07
1.86
6.18
0.30
1.46

0.0669

no
0.5
0.0

V too high

0.72
1.14
8.86
4.63
9.06
0.51
2.78

0.6798

yes
0.5

V too high

0.72
1.14
8.86
4.63
9.06
0.51
2.78

0.6798

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:1PROJECTS\PPLSkPPLS0902-BeII Bend Land DevelopmentMNALYTICAL\OALCULATIONSk$WALE CALCSýPERMANENTn(Swales.xlstSwate 1.27



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POl 1

Prepared by: NKG

Date: 15 Sep 11

Pennonil

Print Date: 18 Aug 11 3:21 PM

Project M: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i 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
Soil Group Land Land Coefficient, Area, A A * C
(A,S,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) 0.40 0.451 0.180
Lawn (Swale 1.27) 0.40 1.455 . 0.582

Total A * C: 1.7071 acres

STEP 2: Calculate Time of Concentration:

Type of Flow I Ground Cover

-- I.--.- ---.-----. ...

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

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

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

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (ft)

Average Time of
Velocity Concentratn

{ft/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentretedj V

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? ® Yes 0 No Tc = 5.0

Use Tc = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

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

25 year
Calculated Flow, Q (cfs) = 9.2

'LS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENfl[PPLS0902-Rational Method-Conveyance.xlsm]Swale 1.28



iNorth American Green - ECMDS Version 4.3
IPROJECT NAME: PPL BBNPP
IFROM STATION/REACH: ITO STATION/REACH: UNVEG

HYDRAULIC RESULTS

Discharge Peak Flow Velocity (fpsI Area (sq.ltt Hydraulic Normal
(cfs) Period (hrsl Radius~ft] Depth (It),,
9.2 0.1 2.06 4.47 0.66 1.08

18/18/2011 103:44 PMICOMPUTED BY: NKG
IPROJECT NO.: PPLSO902
IDRAINAGE AREA: SWALE 1.28 [DESIGN FREQUENCVY 25YR

2.0 Width = 2.00 ft 2.0

Not to Scale

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
fps,) 1ps:fj

Stiaight S75 Unvegetated 1.55 0.40 391 STABLE

Staple D



jNorth American Green- ECMDS Version 4.3 8'/18/2011 F034-4PM COMPUTED BY: NKG
JPROJECT NAME: PPL B8NPP JPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG FDRAINAGE AREA: SWALE 1.28 JDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Fow Velocity (fps) Area (sq.ft} Hydraulic Normal

(cisI Period fhrsI Radiusft)I Depth ift
9.2 0.1 1.23 7.49 0.86 1.50

S ` ottom2.0 Width = 2.00 It

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress

(psfJ (psl]
Straight Urveinforced Vegetation C Bunch 75-95% 4.20 0.55 7.61 STABLE

I _ Soil Sandy Loam 0.035 0.010 3.68 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: 18 Aug 11 3:47 PM

Project #: PPLS0902

JFM
ObiectiVye JFM

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: =

Given Input Data: Swale 1.28

Discharge, Q=
Left Side Slope =

Right Side Slope =

Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1-4. ,A (A ) 2/ 3 f"Vr-

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

9.20
2.0
2.0

2.0

0.0059

2.25

0.0420

9.20
2.0
2.0

2.0

0.0059

2.25

0.0840

9.20
2.0
2.0

2.0

0.0059

2.25

0.0840

cfs
H:1V
H:1V

feet
ft/ft
feet

Flow depth, d= 1.08 1.51 1.51 feet

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -r =
Critical Slope, Sc=

Flow stable? (no if 37Sc < s < 1.3Sc)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too hiQh

1.17
2.04
6.33
4.51
6.84
0.66
0.40

0.0319

yes
0.5
0.0

V too high

0.74
1.22
8.02
7.54
8.73
0.86
0.55

0.1174

yes
0.5

V too hih
0.74
1.22
8.02
7.54
8.73
0.86
0.55

0.1174

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

IAPR0JECTSPPLSkPPLSO902-Be11 Bend Land Development\ANALYTICALICALcULATIONSISWALE CALCSIPERMANENTr\swales.xls)Swale 1.28



Rational Equation Stormwater Calculations

Client: PPLO902

Project: Pot 1

Prepared by: NKG

Date: 15 Sep 11

.Pe .nno

Print Dale: 17 Aug 1 11:49 AM

Project #: PPL0902Checked by:

JFM

Governing Equation: Q = k C i A (where k -1 for english units)

Description: SWALE 1.29 Structure:
Route: -

Station: -

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

Hydrologic
Soil Group Land
(AB,C,D) Use

Runoff
Land Coefficient,

Slope C

0.95

Area, A
(acres)

0.104

A-C

(acres)

0.099Impervious

Lawn 0.40 0.726 0.290

Total A * C: 0.3892 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (ft)

Average Time of
Velocity Concentratn

(ft/st (min)

Velocity
Calculation

Method

__-_

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

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

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

STEP 3: Calculate Rainfall Intensity, 1h

Rainfall Intensity for

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

[Shallow Con.cen.ted

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? yes O No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCIA

25 year

Calculated Flow, 0 (cfs) = 2.1

LS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTI•[PPLS0902-Rational Method-Conveyance.xlsm]Swate 1.29



INorth American Green- ECM.DS Version 4.3 F7/22011 108:26 AM COMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
JFROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.29 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps) Area (sq.ft) Hydraulic Normal

(cfsl Period [hisl RadiuslftI Depth (ftt
2.1 0.1 2.37 0.89 0.25 0.33

2. Wid Bottom ft .02.0 'Width = 2.00 ft 2.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
(psf} (ps~f)

Straight S75 Unvegetated 1.55 0.99 1.57 STABLE

StapleD I I



JNorth American Green- ECMDS Version 4.3 17/20/2011 5572-6AMICOMPUTED BY: NKG
FPROJECT NAME: PPL BBNPP ]PROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG FDRAINAGE AREA: SWALE 1.29 DESIGN REQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps) Area (sq.itJ Hydraulic Normal

[els) Period (hrs) R adiusfftI Depth (fitI
2.1 0.1 1.38 1.52 0.36 0.51

Unreinforced Vegetation (n=.1 18]

L `___ " -;Bottom ̀ 1
2.0 Width = 2.OO ft 2.0

LINER RESULTS Not to Scale

M atting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
(ps) f] [PSO

Straight Unreinforced Vegetation C Bunch 175.95 4.20 1.50 2.80 STABLE

Soil Sandy Loam 0.035 0.013 2.68 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: 17Aug 11 3:6 PM

Project M: PPLS0902

JFMJ
Ubiective: f•

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: =

Given Input Data: Swale 1.29

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1.486 A S

Bare - Velocity Grass - Velocity Capagity
Check Check Check

2.10
2.0
2.0
2.0

0.0476

1.50

0.0550

2.102,10
2.0

2.0
2.0

0.0476

1.50
0.1180

2.10
2.0
2.0
2.0

0.0476

1.50
0.1180

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d=

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r =
Critical Slope, S,=

Flow stable? (no if I7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

0.35

V too hio

1.15
2.25
3.38
0.93
3.55
0.26
1.03

0.0721

yes
0.5
0.0

0.56

V too hih

0.94
'1.20
4.25
1.76
4.51
0.39
1.67

0.2950

yes
0.5

0.56 feet

V too hioh

0.94
1.20
4.25
1.76
4.51
0.39
1.67

0.2950

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

1:XPR0JECMSPPLSkPPLSOS02-Be11 Bend Land DevloipmenLýANALYTICAL\OALCULATIONSXSWALE CALGS\PERMANENThSwales.xI$]Swale 1 .29



Rational Equation Stormwater Calculations

Client: PPL0902
Project: POl 1

Prepared by: NKG
Date: 15 Sep 11

-Pen noni)

Print Date: 17Aug 11 11:49 AM

Project #: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k =1 for english units)

Description: SWALE 1.30 Structure:
Route: -

Station: -

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

Hydrologic
Soil Group
(A,B,C,OD)

Land
Use

Runoff
Land Coefficient,
Slope C

0.95

Area, A A*C
(acres) (acres)

0.055 0.052Impervious

Lawn 0.40 0.625 0.250

Total A ' C: 0.30225 acres

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, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (0t)

Average Time of
Velocity Concentratn

(ftfs) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, Tr:

LShalowCon!ýcentrat

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? * Yes 0 No Tc 5.0

Use Tc = 5.0 minutes

Storm Recurrence frequency (years): 2. yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=k CiA
25 yeaI

Calculated Flow, Q (cfs) = 1.6

'LS\PPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONSXSWALE CALCS\PERMANEN1[PPLS0902-Ralional Method-Conveyance.xlsm)Swale 1.30



INorhAmedcan Green- ECMDS Version 4.3 f7/20/2011 F08:28-AMICOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 1.30 JDESIGN FREQUENCY: 25YR

HYDF.AUUC RESULTS
Discharge I Peak Flow Velocity (•ps) Area (sq It] Hydraulic Normal

.cfsl Period (hisI Radiusf•tI Depth [It)
1i.6 0.1 1.94 0.82 0.24 0.31

S75 (n=O.055)

S 0.0343

Bottom
2.0 Width = 2.00 tI 2.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type Density Shoa Stpes] Shea] _Sess

(psfh (psh S

Straight S75 Unvegetated 1.55 0.67 2.31 STABLE

_ _ Staple D _ _ _ _



lNorthAmerican 6reen_- ECMDS Version 4.3 F7/20/2011 F08:30AM ICOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 1.30 IDESIGN FREQUENCY: 25YR

HYDRAUUC RESULTS
Discharge Peak Flow Velocity (fps Area (sq.tJ Hydraulic Normal

[cfs) Period (hrs) Radiuslft] Depth rtt
1.6 0.1 1.03 1.56 0.36 0.52

U nreinforced Vegetation (n=0.1 37)

S = 0.0343

1 ~Bottom1
2.ý Width =2.01) ft 2.01

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stress Shear StressI (psf] " __psf_

Straight Unreinforced Vegetation C Bunch 175-95 4.20 1,10 3.81 STABLE

I I Soil Sandy Loam 0.035 0.007 4.86 STABLE



Trapezoidal Channel Analysis - Ooen Channel Flow (w/ Mannincgs Ep)

ClientlSubject: PPL Bell Bend
Description: POl 1

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.

Manning's Equation: Q =

Given Input Data: Swale 1.30

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1 8 *A A 2/3* S
n P)

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

1.60
2.0
2.0
2.0

0.0343

1.50

0.0550

1.60
2.0
2.0

2.0

0.0343

1.50

0.1370

1.60
2.0
2.0

2.0

0.0343

1.50

0.1370

cfs
H:1V
H:IV

feet
ft/ft
feet

Flow depth, d= 0.35 0.62 0.62 feet

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -c =

Critical Slope, S,=
Flow stable? (no if .7S, < s < 1.3S,)=

Required Freeboard=

Allowable Velocity for Lining Material=

V too high

1.15
1.72
3.38
0.93
3.55
0.26
0.74

0.0721

yes
0.5
0.0

V too hIgh
0.88
0.80
4,47
1.99
4.76
0.42
1.32

0.3890

yes
0.5

V too high

0.88
0.80
4.47
1.99
4.76
0.42
1.32

0.3890

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I;%PR0JECTSkPPMSPPLSO902.Be1I Bend Land DevelopmenW.ANALYTICAUCALcUL-ATIONSXSWALE CALCSIPERMANENT'4Swales.xlslSwale 1.30



Rational Equation Stormwater Calculations

Client: PPL0902
Project: POI 2

Prepared by: NKG

Date: 15 Sep 11

Pennoi

Print Date: 17 Aug 11 11:49 AM

Project #: PPLO902Checked by;

JFM

Governing Equation: 0 = k C i A (where k = 1 for english units)

Description: SWALE 2.1 Structure: -

Route: -

Station:

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

Hydrologic
Soil Group Land
(A,B.C.D) Use

Runoff
Land Coefficient, Area, A A * C

Slope C (acres) (acres)

0.95 0.845 0.803Impervious

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:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (fl)

Average Time of
Velocity Concentraln

(MtIS) (min)

Velocity
Calculation

Method

Ch e o

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

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

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shaltow Concentrated h ]

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Override calculation for Tc? * yes O No Tc = 5.0

Use T, = 5.0 minutes

Storm Recurrence Irequency (years): 25 Yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCIA

25 year

Calculated Flow, 0 (cfs) = 7.8

PLS\PPLS0902-Bell Bend Land Development\ANALYVT"CAL\CALCULATIONS\SWALE CALCS\PERMANENT(PPLS0902-Rational Method.Conveyance.xlsm]Swale 2.1



INorth American Green -ECMDS Version 4.3 J7/20/2011 08:33 AM ICOtMPUTED BY: NKG
IPROJECT NAME: PPL B3NPP IPROJECT NO.: PPLS0902
]FROM STATION/REACH: ITO STATION/REACH: UNVEG FDRAINAGE AREA: SWALE 2.1 IDES!GN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fpsj Area (sq.ft] Hydraulic Normal

(cfs) Period (his) RadiusfftI Depth (ftl,,
17.8 0.1 2.10 3.72 0.59 0.95

12.0 WiBottom I 2.0

2.0 'width = 2.00 ft 2,0

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics
Reach Stabiity Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
[psf) (psfj

Straight S75 Unvegetated 1.55 0.48 3.26 STABLE

, Staple D I I I I I



INorth American Green- ECMDS Version 4.3 17/20/2011 08:33AM ICOMPUTED BY: NKG
]PROJECT NAME: PPL BBNPP jPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 2.1 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS

Discharge PeakFlow Velocity (fps Area (sq.ft) Hydiaullc Normal
(cf78 Period (h 12) R6diu( 0.7 De.h ft
7,8 0.1 1.29 6,03 1 0.77 l.1.31

U nreinforced Vegetation (n=0,OB6)

Bottom
2.0 Width = 2.00 ft .

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics
Reach S tablity Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
I psfj [p sfl

Straight Unreinforced Vegetation C Bunch 75-95% 4.20 0.65 6.44 STABLE
_ Soil Sandy Loam 0.035 0.011 3.28 STABLE



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

Client/Subject: PPL Bell Bend

Description: PO 2

Prepared by: JMO

Date: 15 Sep 11 Checked by:

Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902

JFM I
Objective:

Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=O) 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 =

Given Input Data: Swale 2,1

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1.486 ,*A ( A)2/3 ,ýs
n P)

Bare- Velocity Grass - Velocity Grass - Capacity
Check Check Check

7.80
2.0
2.0
2.0

0.0080

2.00

0.0450

7.80
'2.0
2.0
2.0

0.0080

2.00

0,0860

7.80
2.0
2.0
2.0

0.0080

2.00

0.0860

cfs
H:1V
H:IV
feet
ft/ft
feet

Flow depth, d= 0.96 1.31 1.31 feet

Calculated Results: Design AcceptabJe?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r =
Critical Slope, Sc=

Flow stable? (no if .7S, < s < 1.3Sc)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high
1.04
2.07
5.84
3.76
6.29
0.60
0.48

0.0377

yes
0.5
0.0

V too NOg
0.69
1.28
7,25
6.07
7.87
0.77
0.66

0.1274

yes
0.5

V too hki
0.69
1.28
7.25
6.07
7.87
0.77
0.66

0.1274

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

M:PROJEcTSTPPLSPPLS0902-Bell nnd Land DevelopmenftANALYTIcALkcALCULATIONSISWALE CALCs\PERMANENrlNSwales.xsls)wale 2.1



Rational Equation Stormwater Calculations

Client: PPLO902
Project: P01 2

Prepared by: NKG
Date: 15 Sep 11

,Pennoni)

Print Oate: 17 Aug 11 11:49 AM

Project #: PPL0902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = 1 fo, english units)

Description: SWALE 2.2 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,BC,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:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (It)

Average Time of
Velocity Concentratn

(Yvs) (min)

Velocity
Calculation

Method

_ ___- l

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

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

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

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

S~hallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? yes 0 No Tc = 5.0

Use T, 5.0 minutes

Storm Recurrence frequency (years): 25 year

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCIA

25 year

Calculated Flow, Q (cfs) = 10.7

PLS\PPLS0902.Betl Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rational Method.Conveyance.xlsmISwale 2.2



INorth American Green- ECMDS Version 4.3 r7/2012011 108:38 AM JCOMPU TE D BY: N KG
IPROJECT NAME: PPL BBNPP JPROJECT NO.: PPLS0902
]FROM STATION/REACH: ITO STATION/REACH: UNVEG FDRAINAGE AREA: SWALE 2.2 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps) Area (sq.1t] Hydraulic Normal[cfs•] Period fhrsI Radiusift) Depth (ft]

10.7 0.1 2.31 4.64 0.58 0.95

__ Bottom
3.0 Width = 2.00 ft 3.0

LINER RESULTS Not to Scale

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

" Staple Pattern Phase Class Type Density Shear Stress Shear Stress
S(psi) (psf)

Straight S75 Unvegetated 1.55 10.60 2.60 STABLE

Staple D I I _



INorthAmerican Green - ECMDS Version 4.3 17120/2011 F08:3SAICOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROI, STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA. SWALE 22 IDESIGN FREQUENCY: 25YR

HYD)RAULIC RESULTS
Discharge Peak Flow Velocity (fps), Area [sq.ft) Hydraulic Norma

fcfts] Period (hrs) Radiusrit} Depth ft)
10.7 0.1 1.45 7.36 0.73 1.27

Not to ScaleLINER RESULTS

Matting Type Vegetation Characteri;tics
Reach Stabilty Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Pbase Class Type Density Shear Stress Shear Stress
fpst] _psf}

Straight Unreinforced Vegetation C Bunch 15-95% 4.20 0.79 5.31 STABLE

I Soil Sandy Loam 0.035 0,014 2.52 STABLE



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

Client/Subject: PPL Bell Bend
Description: P01 2

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

Print Date: 17 Aug 113:6 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.

Manning's Equation: Q

Given Input Data: Swale 2.2

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

iA~*AA )2/3, /1.486 , A ( A- 23- /
n \ P

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

10.70
3.0
3.0

2.0

0.0100

-2.00

0.0450

10.70
3.0
3.0

2.0

0.0100

2.00

0.0830

10.70
3.0
3.0
2.0

0.0100

2.00

0.0830

cfs
H:1V
H:IV

feet
ft/ft
feet

Flow depth, d= 0.96 1.27 1.27 feet

Calculated Results: Desin ACCeptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, c =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S)=

Required Freeboard=
Allowable Velocity for Lining Material=

Vtoohigh

1.04
2.28
7.76
4.69
8.07
0.58
0.60

0.0368

yes
0.5
0.0

V too high

0.73
1.45
9.63
7.40
10.04
0.74
0.79

0.1158

yes
0.5

V too high

0.73
1.45
9.63
7.40
10.04
0.74
0.79

0.1158

yes
0.5

feet
fps
feet
sq ft
feet
feet
Ibs/sf
ft/ft

feet
fps

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

1:\PROJECTSIPPLSNPPLS0902-Bell Bend Land DevelopmelAMNALYTICALICAILCULATIONS\SWALE CALCS\PERMANENTVSwales.xlsjswale 2.2



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POI 2

Prepared by: NKG

Date:'15 Sep 11

Pennoni,

Print Date: 29 Aug 11 10:52 AM

Project #: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 2.3 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group
-(A,B,CD)

Land
Use

Land
Slope

Runoff
Coefficient,

C
Area, A
(acres)

A*C
(acres)

Impervious (Swale 2.3) 0.95 1.515 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) 0.85 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:

Type of Flow / Ground Cover

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

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):

Flow
Manning's Average Length

n Slope (01)

Average
Velocity

(fts)

Time of
Concentratn

(min)

Velocity
Calculation

Method

tShallow Concentrated TV

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Override calculation for Tc? ®ý Yes 0 No

5.0 minutes

Tc = 5.0

Use T, = 5.0 minutes

25 yea

-6,14 9 Ry-R, VEX-44. R, -ýA ý 41. "R-i'm 4

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

25 vear

Calculated Flow, Q (cfs) = 54.2

3PLSPPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENr[PPLS0902.Rational Method-Conveyance.xtsm]Swale 2.3



North American Green - ECMDS Version 4.3 8/2920 11F [ A-IAMJ•COMPUTED BY: NKG
IPROJECT NAME: PPL 8BNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 2.3 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peek Flow Velocity [fps] Area (sq.ft) Hydraulic Normal

fcfs) Period fhrs)I Radiusfft) Depth Ift]
54.2 0.1 5.96 9.10 0.82 1.44

BottomI
3.0 Width -2.00 It 3.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Clas Type Density Shear Stress Shear Stress

I I (psI) (psI)
Straight SC250 Unvegetated 1 3.00 0.90 3.34 STABLE

Staple E I I I I



INoith American Green -ECMDS Version 4.3 8 -/29/2011 F10:42AM ICOIPUTED BY: NKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
)FROM STATIDNIfEACH: -TO STATION/REACH: VEG FDRAINAGE AREA: SWALE 2.3 IDESIGN FREQUENCY: 25 YR

HYDRAULIC RESULTS

Discharge Peak Flow Velocity (fps] Area (sq.t Hydraulics I Normal
!cfs] Period (his) Radiusfft] Depth Uft]
54.2 0.1 3.15 17.20 1.13 2.08

L ý,,, m 11Bottom
3.0 Width = 2.00 It 3.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
I I (psf) (psf}

Straight SC250 Vegetation 3 C Bunch 175-95, 10.00 1.30 7.69 STABLE
I- ____ Staple E Soil 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: POI 2

Prepared by: JMO

Date: 15 Sep 11 Checked by:

Print Date: 29 Aug 11 10:52 AM

Project #: PPLS0902

JML
Objective:

Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=Q) 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: 0 =
n

Bare - Velocity

Check
Grass - Velocity Grass - Capacity

Given Input Data: Swale 2.3
Check

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':
Lining Type:

Calculate Flow Depth:

54.20
3.0
3.0
2.0

0.0100

2.75

0.0220

54.20
3.0
3.0
2.0

0.0100

2.75

0.0510

Check

54.20
3.0
3.0
2.0

0.0100

2.75

0.0510

cfs
H:1V
H:IV

feet
ft/ft
feet

Flow depth, d= 1.44 2.08 2.08 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, T =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too hih

1.31
5.92
10.67
9.15
11.14
0.82
0.90

0,0079

no
0.7
0.0

V too high

0.67
3.16
14.48
17.14
15.16
1.13
1.30

0.0380

yes
0.6

V too hioh

0.67
3.16
14.48
17.14
15.16
1.13
1.30

0.0380

yes
0.6

feet
fps
feet
sq ft
feet
feet
Ibs/sf
ft/ft

feet
fps

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

1APROJECTSWPPSTPPLSO9O2-Bell Send Land O~evelopment\ANALYTICALNCALCULATIONSISWALE CALCSU'ERMANENq$swales.xsls]wale 2.3



Rational Equation Stormwater Calculations

Client: PPL0902
Project: POI 2

Prepared by: NKG

Date: 15 Sep 11

Penn oni-)

Print Date: 17 Aug 11 11:49 AM
Project#: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = 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 Land Land Coefficient, Area, A A* C
(A,B,C,D) Use Slope C . (acres) (acres)

Impervious 0.95 0.607 0.577

Lawn 0.40 0.4130.413 0.165

Total A* C: 0.74185 acres

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, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n SIoDe Illt

Average Time of
Veloizity Concentratn

(It/sl IminI

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

VShallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? j) Yes 0 No To 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

25 Year

Calculated Flow, Q (cfs) = 4.0

PLS\PPLS0902. Bell Bend Land DevelopmentIANALYTICAL\CALCULATIONS\SWALE CALCSlPERMANEN'IrPPLS0902-Rational Melhod-Conveyance.xlsmiSwale 2.4



lI'brth American L~reen ECMDS Version 4.3 17/20/2011 108:43 A~1 ICOMPUTED BY: NKB
!Nxth American Green - ECMDS Version 4.3
]PROJECT NAME: PPL BBNPP
IFROM STATIONIREACH:

HYDRAULIC RESULTS

IPROJECT N~O.: PPLS0902
ITO STATION/REACH: UIVEG IDRAINAGE AREA: SWAE 2.4 IDESIGN FREQUENCY: 25YR

Discharge Peak Flow velocity (Ipfps Area (sq.t) Hydraulic Normal
[cfsl Period fhrsI R adius(ft) Depth Iil
14.0 0.1 1.28 3.13 0.47 0.74

LINER RESULTS Not to Scale

Matting Fype Vegetation Characteristics
Reach Stabili:y Analysis Permis;ible Calculated Safety Factor Remarks

Staple Pattern Phave Clacc Type e1,ity Shear Stress Shea Stress
I I y (psl] "IpsI]

Straight S7E Unv=getated 1.55 0.23 6.71 STABLE

StaplE D



JNorth American Green- ECMDS Version 4.3 17/20/2011 10844 AM ICOMPJTED BY: NGI3
IPROJECT NAME: PPL BBNPP JPROJECT NO,: PPLS0902
IFROM STATIONiREACH: ITO 3TATION/REACH: VEG IDRAIWAGE AREA: SWALE 2.4 IDESIGN FREQLUENCY: 25YR

HYDRAULIC RESULTS
bDichorgo Pook Flow IVdocity (fpo) Arco (eq.ft) Hydraulic NoryAol

_cf~s) Period [hrsl RadiusiftO Depth (ft)
14.0 0.1 o0.2 6.40 C.6 1.16

Unrehforced Vegetation (n=0.130j

S= 0.0050

L__ Bottom
3.0 Width = 2.001: 3.0

LINER RESULTS Not to Scale

Reach
Matting Type

Staple Pattern
Stability A-ralysis

Vegetation Charac:eristics

Phase Class Type Density
Permissible

Shear Stress
(psf}

Calculated
Shear Stress

(psf)

Safety Factor Rematrk

Straight "Unreinfoiced Vegetation C Bunch 75-95% 4.20 1 0.36 [ 11.56 1 STABLE
Soil Sandy Loan 1 0.035 0.003 13.46 STABLE



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

Client/Subject: PPL Bell Bend
Description: PO0 2

Prepared by: JMO

Date: 15 Sep 11 Checked by:

Print Date:

Project #:

17 Aug 11 3:6 PM

PPLS0902

JFM I
A m t =m
ublective: I

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 =

Given Input Data: Swale 2A4

Discharge, Q=

Left Side Slope =
Right Side Slope =

Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1.486 , A  (  *A
n \

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

4.00
3.0
3.0

2.0
0.0050

2.00

0.0500

4.00
3.0
3.0

2.0

0.0050

2.00

0.1300

4.00
3.0
3.0

2.0

0.0050

2.00

0.1300

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d= 0.76 1.23 1.23 feet

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r =
Critical Slope, Sc=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too hioh
1.24
1.22
6.58
3.28
6.83
0.48
0.24

0.0482

yes
0.5
0.0

V too hiwh
0.77
0.57
9.39
7.01
9.79
0.72
0.38

0.2867

yes
0.5

V too high
0.77
0.57
9.39
7.01
9.79
0.72
0.38

0.2867

yes
0.5

feet
fps
feet
sq ft
feet
feet
Ibs/sf
ft/ft

feet
fps

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

J:APR0JCcTSPPL$\PPLSO902-BeeI Bend Land DevedopmenitýANALY-rIcAL\CALCULATJONStSWALE CALCS\PERL ANENT\ wales.xIls$wale 2.4



Rational Equation Stormwater Calculations

Client: PPL0902
Project: POI 2

Prepared by: NKG
Date: 15 Sep 11

e(pennani)

Print Dale: 17 Aug 11 11:49 AM

Project #: PPLO902Checked by:

JFM

Governing Equation: 0 = k C i A (where k = 1 for english units)

Description: SWALE 2.5 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.O) 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

Total A *C: 1.14875 acres

STEP 2: Calculate Time of Concentration:

Tvpe of Flow ! Ground Cover

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

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (It)

Average Time of
Velocity Concentratn

(It/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

EShalow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for To? @)yes O No To 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCIA

25 year

Calculated Flow, Q (cfs) 6.2

PL5ýPPLS0902-Bel Send Land DevelopmenMýNALYTICALýCALCULATIOhJS\SWALE CALCSIPERMANEPJ7\(PPLS0902-at~aionaI Method-Conveyance.xism)Swale 2.5



!North Amefica-i Green- ECMDS Version 4.3 7/20/2011 )38.48AMICOMPUTED EY: NKG
iPIOJECT NAvAE: PPL BENPP )PROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATiON/REACH; UNVEG FDRAINAGE AREA: SWALE 25 LDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge I Peak Flow Velocity (fts)I Area (sq.flt) Hydradic Normal

fcfs) Period (hrs' R adiusift] Depth (ft)
6.2 0.1 2.54 2.44 0.47 0.71

L `- -Botbm 1 1
2.0 Width = 2.00 ft 2.0

LINER RESULTS Not to Scale

Matting Type Vegetation Characteistics
Heach 5tzbihty Analysi. I-'ermissible Calculated 6atety I-actor Hemarks

StaplePattern Phase Cas Type Density ShearStress Shear Stress
I I (psf] fpsf _

Straight S75 Unvegetated 1.55 0.89 1.74 STABLE

,, StapleD I _



]North American Green - ECMDS Version 4.3 17!20/2011 FOR48AMICOMPJTED BY: NKG
IPROJECT NAME: PPL BBNPP iPROJECT NO.: PPLS0902
JFROM STATION/REACH: ITO 3TATION/REACH: VEG JDRAINAGE AREA: SWALE.2.5 IDESIG, FREQUENCY: 25YR

HYDRAULIC RESULTS
Diohotgc Peok Flow Vclocity (fp3] Arco (*q.ft) Hydraulic Norm-al

(cfs) Period (hrsl RadiusIftI Depth Ifti
ý6.2 0.1 1.73 3.59 [.58 0.93

Unrenlorced Vegetation (n=0.085)

T\ S =0.0200

Bottom
2.0 Width = 2.00 f: 2.0

Ilot to ScaleLINER RESULTS

Matting Type Vegetation Charac:eristics
Reach Stability A)alysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type 'Density Shear Stress Shear Stress
IpsfA - (psf)

Stiaioht Unreinforced Veoetation C Bunch 75-95%, 4.20 1.16 3.62 STABLE

I Soil Sandy Loam 1 0.035 0.020 1.79 STABLE



Trapezoidal Channel Analysis - Open Channel Flow (wI 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:

Given Input Dat

See PA Erosion and Sedimentation Control Manual for reference./
Manning's Equation: Q ! -6,A (A) 2 /3

A P),-fi

Bare - Velocity Grass - Velocity Grass.
Check Check Cl

Capacity
heck

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n:

Lining Type:

Calculate Flow Depth:

6.20
2.0
2.0

2.0

0.0200

1.50

0.0500

6.20
2.0
2.0

2.0

0.0200

1.50

0.0850

6.20
2.0
2.0

2.0

0.0200

1.50

0.0850

cfs
H:1V
H:1V

feet
ft/ft
feet

Flow depth, d= 0.72 0.94 0.94 feet

Calculiated Results: Desiqn Acce table? V tooh ih V too high Vto
Freeboard, f= 0.78 0.56 0

Calculated Velocity, V= 2.52 1.71 1
Flow Top Width, T= 4.87 5.75 5

Flow Area, A= 2.46 3.63 3
Wetted Perimeter, P= 5.21 6.19 6
Hydraulic Radius, R= 0.47 0.59 0

Shear stress on channel bottom, c = 0.89 1.17 1
Critical Slope, Sc= 0.0500 0.1353 0.1

Flow stable? (no if .7Sc < s < 1.3S)= yes yes y
Required Freeboard= 0.5 0.5 C

Allowable Velocity for Lining Material= 0.0

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

oo high

.56

.71

.75

.63
.19
.59
.17
'353

'es
1.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

Conclu

1APROJECTS\PP'LSWPLS059O2-BeII Bend Land OevelopmentýANALYTICALýcALCULATIONSSWALECcALCS\PERMANENTIJSwales.xls)Swale 2.5



Rational Equation Slormwater Calculations

Client: PPLOS02
Project: Pol 2

Prepared by: NKG
Date: 15Sep 11

(Pennoni)

Print Dale: 17 Aug 11 11:49 AM

Project #: PPLO902Checked by:

I JMF

Governing Equation: 0 = k C i A (where k = 1 for english units)

Description: SWALE 2.6 Structure:

Route: -

Station: -

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

Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A
(AB,.C,DI Use Slope C (acres)

Impervious__ _ 0.95 1.057

A*C

(acres)

1.004

Lawn 0.40 1.601 0.640

Slone 0.85 4.362 3,708

0 02O A Total A - C: 5.35225 acres

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, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (ft)

Average Time of
Velocity Concentrain

(fvs) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

Shallow Concentrated

M Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? ® Yes 0 No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year
-1` 0,, '4, .` `

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

25 year

Calculated Flow, 0 (cfs) = 28.9

PLS\PPLS0902-Bell Bend Land Development"ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENThIPPLS0902-RalionaI Method-Conveyance.xlsm]Swale 2.6



JNoith American Green -ECMDS Version 4.3 17120/2011 108:54 AMICOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP 1PROJECT NO.: PPLS0902
IFROM STATION/REACH: 'ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 2.6 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fpsI Area (sq.ft) Hydraulic Normal

lots] Period [hrsI Radius[II) Depth Ut]
28.9 0.1 4.37 6.61 1 070 1.19

L_ ` BoItom' 1 1
3.0 Width = 2.00 It 3.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
I I (psi) (psI]

Straight SC250 Unvegetated 1 3.00 0.74 4.05 STABLE
Staple E I _



INorthAmerican Green- ECMDS Version 4.3 17/20/2011 108:54 AM ICOMPUTED BY: NKG
IFROJECT NAME: PPL BBNPP PROJECT NO.: PPLS)902
IRF•O STAT ON/REACH: ITO SSTATION/RE4CH: VEG IDRAINAGEAREA: SWALE 2.6 IDESIGN FREQUENCY: 2EYR

HYflRAIJI IC RFRI l TR

Discharge Peak Fv,# I Velocity fps) Area sq.ft) Hydraulic I"ortmal
(cfs) Period (h'sI Radiusfft) Depth [it)
028.9 0.1 2.37 12.18 0.95 1.71

SC5 (= 0.0100

L3.3.0 Bottom __j
Width = 2.30 ft 3.0

LINER RESULTS Not to Scale

Mating Type Vegetation Characteristics
Reach Stability Analysis Permirsible Calculated Safety Fsctor Remarks

Stape Pattern Phase Class Type Denrity Shear Stress Shear Stress
fo~f) psfl

Straight SC250 Vegetalion 3 C I Bunch 75-95% 10.00 1.07 9.38 ETABLE
Staple E Soil Sandy Lnam 0.900 0.040 19.94 STABLE



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

Client/Subject:

Description:

Prepared by:

Date:

PPL Bell Bend
POI 2

JMO
15 Sep11 I Checked by:

Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902

JFM
Obiectivh

Method:

ce:

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.

See PA Erosion and Sedimentation Control Manual for reference.

Manning's Equation: o =

Given Input Data: Swale 2.6

Discharge, Q=
Left Side Slope =

Right Side Slope =

Base width of Channel, b=
Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

.486, A_1.n 6,A(P /

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

28.90
3.0
3.0

2.0

0.0100

2.25

0.0270

28.90
3.0
3.0
2.0

0.0100

2.25

0.0610

28.90
3.0
3.0

2.0

0.0100

2.25

0.0610

cfs
H:1V
H:IV

feet
ft/ft
feet

Flow depth, d= 1.20 1.72 1.72 feet

Calculated Results: Design Acceotable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, c =
Critical Slope, S,=

Flow stable? (no if .7Sc < s < 1.3Sc)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high
1.05
4.33
9.17
6.68
9.56
0.70
0.75

0.0125

no
0.5
0.0

V too high
0.53
2.35
12.30
12.27
12.86
0.95
1.07

0.0575

yes
0.5

V too hih
0.53
2.35
12.30
12.27
12.86
0.95
1.07

0.0575

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:APROJEcT5SPPLs\PPLS09O2-BeII Send Land DevelopmenMýNALYTlCALICALCULATIONSISWAI.E CALCSXPERMANENTMlSwales.xis)Swale 2.6



Rational Equation Stormwater Calculations

Client: PPL0902
Project: POI 2

Prepared by: NKG
Date: 15 Sep 11

Pennoni2

Print Dale: 17Aug 11 11:49 AM

Project #: PPLO902Checked by:

I JFM

Governing Equation: 0 k C i A (where k = I ,or english units)

Description: SWALE 2.7 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 C (acres) (acres)

Impervious 0.95 0.409 0.389

Lawn 0.40 0.701 0.280

Total A * C: 0.66895 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Ch n e r ieFo ..............
Channel or Pipe Flow ...............

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

Flow
Manning's Average Length

n SooDe (1t)

Average Time of
Velocity Concentrain

(ft/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

[Shallow Concentrated iF

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Override calculation for Tc? ® Yes 0 No Tc = 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

25 year

Calculated Flow, Q (cfs) = 3.6

PLS\PPLS0902-Bell Bend Land DevelopmenftANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT'PPLS0902-Rational Method-Conveyance.xlsmJSwale 2.7



]NoithAmerican Green -ECMDS Version 4.3 17/2172011 F0-317PNMiCOMPUTED BY: NKG
IPROJECT NAME: PPL B8NPP [P.ROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG DRAINAGE AREA: SWALE 2? IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Ditcharge Peak Flow Velocity (fpsl Area (sq.ft) Hydraulic Norma

fcfs• I Period (hrs) I Radiusft(I D epth [II
13.8 0.1 1.54 2.34 0.40 0.81

s75 (n=O.,52]

S = 0.0100

L wBottom
3.0 Width = 2.00 ft 3.0

Not to ScaleLINER RESULTS

Matting Type Vegetation Characteristics
Reach St~billy Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear S tress Sheaf Stress
I (psf] (psf _

Straight S75 Un,,egetaled 1.55 0.38 4,08 STABLE

I__________ I Staple D I I I I I



INorth American Green - ECMDS Version 4.3 17/21/2011 103:18PMICOMPUTED BY: NKG
FPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 2.7 IDESIaN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps) Area (sq.ft] FHydraulic Normal

fcfs) Period (his) RadiusUftI Depth (ft)
3.6 0.1 0.81 4.44 0.56 0.93

Unreinforced Vegetation (n=0.125)

1L___ "" Bottom "/ 1
3.0 Width = 2.00 ft 3.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
(psf) [ps_)

Straight Unteinforced Vegetation C Bunch 175-95% 4.20 0.58 7.26 STABLE

Soo Sandy Loam 0.035 0.005 7.77 STABLE



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

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

Prepared by: JMO Project #: PPLS0902

Date: 15 Sep 11 Checked by:

O bje c tiv e : 
I ec db

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 arealso 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 . *A
n

Bare. Velocity Grass - Velocity Grass - CapacityGiven Input Data: Swale 2.7ChcCekCek
Check Check Check

Discharge, Q= 3.60 3.60 3.60 cfs
Left Side Slope = 3.0 3.0 3.0 H:IV

Right Side Slope = 3.0 3.0 3.0 H:IV
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, -r = 0.40 0.67 0.67 Ibs/sf
Critical Slope, S,= 0.0611 0.3862 0.3862 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.

B:PROJECTSýPPLSWPLS09O2.BeII Bend Land Developmend\ANALYTICALkCALCULATIONS\SWALE CALCSXPERMANENTýtswa1esiIls)wale 2.7



Rational Equation Stormwaler Calculations

Client: PPL0902
Project: POI 3

Prepared by: NKG
Date: 15 Sep 11

,.Pennoni)

Print Date: 17Aug 11 11:49 AM

Project #: PPLO902Checked by:

I JFM

Governing Equation: 0 = k C i A (where k = 1 for english units)

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,B,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:

Type of Flow / Ground Cover

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

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (0t)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Melhod

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

SShallow Concent•ated 7T-j

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? * yes O No Tc 5.0
Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

N. analIte ~~~7

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

25 year

Calculated Flow, 0 (cfs) = 7.1

PLS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLSO902-Rational Method-Conveyance.xlsmlSwale 3.1



lNorthAmedcan Green - ECMDS Version 43 17ý20/2011 J09:01 AM 1COMPUTED BY: 14KG
INath American l3reer~- ECMDS Version 43 17/20/2011 109:01 AMICOMPUTED BY: NKG
!PROJECT NAME: PP_ BBNPP
[FROM STATION/REACH:

HYDRAULIC RESULTS

)PROJECT NO.: :PLS0902
fO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 3.1 IDESIGN FREQUENCY: 25YR

Discharge Peak Flow Velocity ffps) Area (sq.t) y raule Normal
(c•s] Period (hrs) Radijsfft) Depth [Itl
17.1 0.1 2.96 2.49 0.47 0.72

s75 (n=o.o50)

S = 0.0250i O2

L Bottom
2.0 Width = 2.00 It 2.0

Not to ScaleUNER RESULTS

Matting Type Vegetation Characteristics
Heach Stablity Analysis lFermissible Lalculated Salety I-actor Hemarks

. .. Staple Pattern-.' Phase Class Type Density SheaLStress Shear Stess
_psf) (psi]

Straight S75 Unvegetated 1.55 1.12 1.38 STABLE

StapleD I I I I _



JIorthAmeiican GreEn ECMDS Vetsion4.3 P7-20/2061 09:02Am ICOMPUTED BY: NKG
IFROJECT NAME: FPL B8NPl IPROJECT NO: PPLS0902

IFROM STATION/REACH: ITO STATION/REACH: VEG FDRAjNAGE AREA: SWALE 3.1 IDESIGN FREQUENCY: 25YF
HYDRAULIC RESULTS

Discharge Peak Flow Velocity (fp:)I Area (sq.ft) Hsdraulic Normal
fcfs] Pericd (his) R,-.-dius(ftl Depth fit.
7.1 0.1 1 2.05 3.47 ).57 0.91

U nreinfor.ed Vege:ation n=0.0791

S =0.250

1 Bottcm *

2.0 Width =2.00 it 2.0

Not :o ScaleLINER RESULTS

Matting Type Vegetation Characteris:icks
Reach Stability Analysis Peimissille Clculated Salet5, Factor Remarks

Staple Pat:em Pha'e Cla"i, Type Denitj' Shear Stress Shear Stress(psf) [psf)

Straight Unreinforced 'Vegetation C Bunch 75-95V 4.20 1.42 2.96 STABLE

I soil gandj Loam 0.035 0.029 1.27 1 STABLE



Trapezoidal Channel Analysis - Open Channel Flow (w/ Manningq's Ea)

Client/Subject: PPL Bell Bend
Description: P01 3

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

Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902

JFM
•m W =O
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: Q =

Given Input Data: Swale 3.1

Discharge, Q=
Left Side Slope =

Right Side Slope =

Base width of Channel, b=
Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

!A 86A ( )23\/n P

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

7.10
2.0
2.0

2.0

0.0250

1.50

0.0500

7.10
2.0
2.0

2.0

0.0250

1.50

0.0790

7.10
2.0
2.0

2.0

0.0250

1.50

0.0790

cfs
H:IV
H:IV

feet
ft/ft

feet

Flow depth, d= 0.73 0.91 0.91 feet

Calculated Results: Desin Acceplable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -c =
Critical Slope, S,=

Flow stable? (no if .7Sc < s < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too bigh
0.77
2.84
4.90
2.50
5.24
0.48
1.13

0.0498

yes
0.5
0.0

V too hia
0.59
2.03
5.66
3.50
6.09
0.57
1.43

0.1176

yes
0.5

V too hicQh
0.59
2.03
5.66
3.50
6.09
0.57
1.43

0.1176

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

M:PROJECTSIPPLSIPPLS0SO2-8e0 Send Land DevelopmentýANALYTICALNCALCULATIONSZSWALE CALCS'PERMANENnl[swalesASISswale 3.1



Rational Equation Stormwater Calculations

Client: PPLO902
Project: Pot 3

Prepared by: NKG

Date: 15 Sep 11

cPennoni)

Print Date: 17Aug 11 11:49 AM
Projecl #: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k= 1 for english units)

Description: SWALE 3.2 Structure: -

Route: -

Station: -

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

Hydrologic Runoff
Soil Group Land Land Coefticient, Area, A A* C

(ABCOD) 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:

Type of Flow / Ground Cover

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

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n Slooe (ft)

Average
Velocity

(ft/si

Time of
Concentratn

(minl

Velocity
Calculation

Method

[Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,: 5.0 minutes

Override calculation for Tc? 1j Yes 0 No Tc 5.0

Use Tc = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

25 venr

Calculated Flow, Q (cfs) = 45.3

PLS\PPLS0902-Bell Bend Land Developmenl\AJNALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\IPPLS0902- Rational Method-Conveyance.xlsm]Swale 3.2



Kith American Green- ECMDS Version 4.3 17/20/2011 f0 AM JCOMPUTED BY: NKG
IPROJECT NAMv1E: PPL BBNPP )PROJECT NO.: PPLS0902
fFROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 3.2 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity [fps3 Area (sq.It Hydraulic Normal

(cfs I Period (hrsi R adiusift)I D teph ftJ
I45.3 0.1 5.43 8.34 0.78 1.37

3.0__ B~1 ~ollo ft-3.0 Width = 2.oo It 3,0

LINER RESULT, Not to Scale

Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remrrks

Staple Pattern - Phase Class FypeDensity Shear Stress Shear Stress

________________~ ~ Type_______ Density__ _ SI fps() (psQ ________Straight SC250 Unvegetated 1 1 3,00 0.85 3.52 STABLE

Staple E I I I



JNorth American Green- ECIMDS Version 4.3 F7/2GY2011 03:05 AM ICOMPUTED BY: NKG
1PROJECT NAME: PPL BBNPP jPROJECT NO.: PPLS0902
FFROM STATION/REACH: ITO STATION/REACH: VEG rD-RNAGE AREA: SWALE 3.2 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discha-ge Peak Flow Velocity (fps) Area (sq.ft) Hydraulic Normal

Icfs) Period [hrs I Radiusift) Depth ff(I
145.3 0.1 2.91 15.56 1,08 ".97

SC250 fn=0,054)

S =0.0100

L Bottom
3.0 Width = 2.00 It 3.0

Not to ScaleLINER RESULTS
Matting Type Vegetation Characteristics

Reach Stability Analysis Permissible Calculated, Safety Factor Remarks
Staple Pattern Phase Class Tpe Density Shear Stress Shear Stress

I[ psI) (psf)

Straght SC250 Vegetation 3 1C Bunch 7595% 10.00 1.23 8.14 STABLE
Staple E Soil Sandy Loam 0.800 0.029 27.79 STABLE



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

Client/Subject: PPL Bell Bend

Description: P01 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 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: =

Given Input Data: Swale 3.2

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':
Lining Type:

Retardance Factor for Grass Cover:

1.4,6 A ) 2/3 _
n P

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

45.30
3.0'
3.0

2.0

0.0100

2.50

0.0230

ECB

45.30
3.0
3.0
2.0

0.0100

2.50

0.0540

Grass

B

45.30
3.0
3.0

2.0

0.0100

2.50

0.0540

Grass

B

cfs
H:IV
H:1V

feet
ft/ft
feet

Calculate Flow Depth:

Flow depth, d= 1.36 1.97 1.97 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, u =
I Critical Slope, Sc=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too hig
1.14
5.47
10.17
8.29
10.61
0.78
0.85

0.0087

no
0.6
3.5

Yes
0.53
2.90

13.84
15.63
14.48
1.08
1.23

0.0433

yes
0.5
3.5

Les
0.53
2.90
13.84
15.63
14.48
1.08
1.23

0.0433

yes
0.5
3.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:APR0JECTSkPPLSPPLSG902-8eQ Beerd Land Oevelopment'ANALYTICALXCALCULATIONS\SWALE CALCS\PERMANENT\(Swales.nls1Swale 3,2



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POt 3

Prepared by: NKG
Date: 15Sep 11

Print Dale: 17 Aug 11 11:49 AM

Project #: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 3.3 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.8,C,D) Use Slope C (acres) (acres)

Impervious 0.95 0.680 0.646

Lawn 0.40 3.596 1.438

Stone 0.85 4.724 4.015

Total A * C: 6.0998 acres

STEP 2: Calculate Time of Concentration:

Type of Flow I Ground Cover

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

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

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

Manning's Average
n Slooe

Flow
Length

(It)

Average Time
Velocity Concei

Ntis) (mi
I I t i i I

of Velocity
nlraln Calculation
n) Method

Shalow ConcentrateLi___

Enter Value Manning's Ei

Enter Value Manning's E

Enter Value Manning's E,

Calculated Total Time of Concentration, T.: 5.0 minutes

q or other

o erother

q or other

STEP 3: Calculate Rainfall Intensity, 1: Override calculation for Tc? @) Yes 0 No Tc = 5.0

Rainfall Intensity for Use T, 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q = k C I A

25 year

Calculated Flow, 0 (cfs) = 32.9

PLS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\1PPLS0902-Rational Method-Conveyance.xlsm]Swale 3.3



INorth American Green, ECMDS Version 4.3 F7/20/2011 J09:11 AM COMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP 1PROJECT NO.: PPLS)902
IFPOM STAT ON/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 3.3 IDESIGN FREQUENCY: 2EYR
HY)RAIJI I(- RFRtJI TS

Discharge Peak Flod Velocity (fps) Area'.q.) Hydraulic etormal
fcfs) Peakod h es i A sq iutft D ,epth (ft)
32.9 0.1 4.68 7.08 0.72 1.24

SC250 [n=0.026)

IF I

3.0 Width = 2.30 It 3.0

Not to ScaleLINER RESULTS

Mattng Type Vegetation Characteristics
Reach Stability Analysis Permisible Calculated Safety FBctor Remarks

Stape Pattern Phase Class TypeDeniy Shear Stress Shear Stress
I(p-.f) [0 )f

Straighl SC250 Unvegetated 1 3.00 0.77 3.88 STABLE

Spe E I I I I



JI orthAmerican Greer - ECMDS Version 4.3 F7/20/2011 091i 0 Af MICOMPUTED 8Y: NKG
IFROJECT NAME: PPL BBNPP 1PROJECT NO.: PPLS0902
fFROM STATION/REACH: Fro STATION/REACH: VEG 1DRAINAGE AREA: SWALE 3.3 IDESIGN FREQUEI14CY: 25YR

HYDRAULIC RESULTS

Dischae ic Peak "ow IVelocity (fps] Area (sq.ft) I Hydlailic Normal
(cfsl Perioc his) Radiu;(ftI Depth (ft)
02.3 0.1 2.52 113.06 0.33 ".78

SC250 [n=3.058)

-S =00100

L. ,,, Botiom
3.0 Width = 2.001t 3.0

Not to ScaleLINER RESULTS

fvatwng Type Vegetation CharEcteristics
Reach Stabilily Analysis Penrrissible Calculated Safety Factor Remaiks

Staple Patten P5a Class T.pe Densty Shea, Stress Shear Stress
- (psf) ppsf)

Straight SC250 Vegetation C Bunch 75-9E% K00 1.11 9.00 STABLE

Staple E Soil SandyLoam 0.800 0,038 21.12 STABLE



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

Client/Subject: PPL Bell Bend

Description: P01 3 Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902Prepared by: JMO

Date: 15 Sep II Checked by:

JFM
Obiectiv e: JFM

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 = 1.486 .A (A2 S
n P 23*,

Given Input Data: Swale 3.3
Bare - Velocity

Check
Grass - Velocity

Check
Grass - Capacity

Check

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

32.90
3.0
3.0

2.0

0.0100

5.00

0.0260

32.90
3.0
3.0
2.0

0.0100

5.00

0.0580

32.90
3.0
3.0

2.0

0.0100

5.00

0.0580

cfs
H:1V
H:1V

feet
ft/ft
feet

Flow depth, d= 1.25 1.78 1.78 feet

Calculated Results: Desin Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, c =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=
. Required Freeboard=

Allowable Velocity for Lining Material=

V toohigh
3.75
4.60
9.48
7.15
9.88
0.72
0.78

0.0114

no
0.5
0.0

V toohich
3.22
2.53
12.65
13.01
13.23
0.98
1.11

0.0515

yes
0.5

V too hit/
3.22
2.53
12.65
13.01
13.23
0.98
1.11

0.0515

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

IAPROJEcTSIPPLS\PPLSO9O2-Bell Bend Land DevelopmentýANALYTICAL\CALCULATIONSSWALE CALCSIPERMANENTIlSwales~xls]Swale 3.3



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 3
Prepared by: NKG

Date: 15 Sep 11

(PennoniV

Print Date: 17 Aug 11 11:49 AM

Project #: PPL0902Checked by:

JFM

Governing Equation: 0 = k C i A (where. k= 1 forenglish units)

Description: SWALE 3.4 Structure: -

Roule:
Station: -

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

Hydrologic Runotf
Soil Group Land Land Coefficient,

(A,BC,Dl Use Slope C

.. . ...... jImpervious . . . . . .. 0.95

Lawn 0.40

Area, A A*C
(acres) (acres)

1.231 1,169

0.505 0.202

0.074 0.063

Total A* C: 1.43435 acres

Stone 0.85

STEP 2: Calculate Time of Concentration:

Manning's Average
n Slope

Flow
Length

(0)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

MethodType of Flow / Ground Cover

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

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

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

STEP3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

Shallow Concentrated V

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? ® Yes 0 No TC 5.0

Use T, 5.0 minutes

Storm Recurrence frequency (years): 25 year

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

25 year
Calculated Flow, 0 (cfs) = 7.7

PLS\PPLs0902-Bell Bend Land DevelopmenI"ANALYTiCAL\CALCULATIONS\SWALE CALCS\PERMANENIR[PPLS0902-Rational Method-Conveyance.xlsm]Swale 3.4



INoith American Green - ECM DS Version 4.3 F7!20/2011 FOS 3AM ICOMPJTED BY: NKG
]PROJECT NAME: PPL BBNPP fPROJECT NO,: PPLS0902
IFROM STATIOI/REACH: ITO 3TATIONREACH: UNVEG DRAINAGE AREA: SWALE 3.4 OESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak nlow Velocity (fps) Atea (sq.f I l fI Nornal

fctsc Period fhrs) Radius[ft} Deplh (ft)
V7.7 0.1 2.95 2.81 C.49 0.75

S75 (n=0.049)

S = 0.0250

Bottom
2.0 Width = 2.00 f: 2.0

L

LINER RESULTS Not to Scale

IMatting Type Vegetation Charac:efiitics
Reach Stability Aialysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Typa Density Shear Stress Shear Stress
(ps} (sps __

Stroight S75 U nYogc:atod 1.55 1.17 1.33 STABLE

Staple D I I I I I



INoith American Green - ECMDS Version 4.3 I7/2)/2011 F0914AMICjC3MPUTED BY: NKG
IPR3JECT NAME: PPL BBNPP FPROJECT NO.: PPLS0902
iFROM. STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 2.4 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity ffps) Area (sq, t) Hydraulic Normal

[cls} Period fhrs3 Radiustt DepI h tt)
V7.7 0,1 2.14 3.60 0.58 0.93

[L Bottom
2.0 Width = 2,00 It 2.0

LINER RESULTS No: to Scale

Mattihg Type Vegetation Characteristics
R each Stabiity Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Strss
I I (psf] (psf]

Straight Unjehforced Vegetation C IBunch. 5 4,20 1.45 2.89 STABLE
I Soil Sandy Loam 1 .035 0.03C 1.17 STABLE



Trapezoidal Channel Analysis - Open Channel Flow (w/ Mannin.Q'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
Obiecti•/e:

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: =

Given Input Data: Swale 3.4

1.486 *A A 2/3*
n P)

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

7.70
2.0
2.0
2.0

0.0250

1.50

0.0490

7.70
2.0
2.0
2.0

0.0250

1.50

0.07,70

7.70
2.0
2.0
2.0

0.0250

1.50

0.0770

cfs
H:IV
H:1V
feet
ft/ft
feet

Calculate Flow Depth:

Flow depth, d= 0.75 0.94 0.94 feet

Calculated Results: Desiqn Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

I Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, u =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high
0.75
2.94
4.99
2.62
5.35
0.49
1.17

0.0475

yes
0.5
0.0

V too high
0.56
2.11
5.76
3.64
6.20
0.59
1.47

0.1110

yes
0.5

V too high
0,56
2.11
5.76
3.64
6.20
0.59
1.47

0.1110

yes
0.5

feet
fps
feet
sq ft
feet
feet
Ibs/sf
ft/ft

feet
fps

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

IAPROJECMSPPLSýPPLSO9O2-Bell Bend Land~ Develor-menl\ANALYTICALýCALCULATIONSISWALE CALCS\PERMANENT\[Swales.xls)swale 3.4



Rational Equation Stormwater Calculations

Client: PPLO902
Project: Pot 3

Prepared by: NKG

Dale: I5 Sep 11

Pennoi

Print Date: 17 Aug 11 11:49 AM

Project #. PPLO902Checked by:

I JFM

Governing Equation: 0 = k C i A (where k = t for english units)

Description: SWALE 3.5 Structure:
Route:

Station: -

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

Hydrologic
Soil Group Land

(A.B.C.D) Use

Runoff
Land
Slooe

Stone

Lawn

Coefficient, Area, A A C
C (acres) (acres)

0.85 0.355 0.302

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:

Tvye of Flow/ Ground Cover

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

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

Flow
Manning's Average Length

n Slone (fI)

Average Time ol
Velocity Concentratn

(ItlsI (minl

Velocity
Calculation

Method

Shallow Concentrated j

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,: 5.0 minutes

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Override calculation for Tc? y y 0 No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

K!...,

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

25 vea

Calculated Flow, 0 (cfs) = 8.6

PLS\PPLS0902,Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rational Method-Conveyance.xism]Swale 3.5



INorth American Green_- EC MDS Version 4.3 f7/20/2011 F09:t8AMjCOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP )PROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 3.5 IDESION FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (psJI Area [sq.ft' Hydraulic Normal

(cfs) [ Period (hrsj Radius(ftl Depth (ft)
8.6 0.1 2.18 3.94 0.61 0.99

L -Bottom
2.0 Width = 2.00 fl

Not to ScaleLINER RESULTS
Matting Type Vegetation Characteristics

Reach Stability Analysis Permissible Calculated Safety Factor R em:rks. Staple Pattern "Phase Class Type Density Shear Strers Shear Stress

(psf) (psi)

Straight S75 Unvegetated 1.55 0.49 3.14 STABLE

Staple D I II _II



]Nor:h American Green- ECMDS Version 4.3 17120/2011 F09TTANICOMPUTED BY: IIKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
)FROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 3.5 JDESIGN FREQUENCY: 25 YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps) Area (sq.ft) Hydraulic Normal

icfs)s Period (hisl Radiuslft)] Depth (ft)
0.6 0.1 1.36 6.32 0.79 1.35

aL ` Bottom I 1
2.0 Width = 2.00 ft 2.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Dnsity Shear Stress Thear Stress

I I (psf) (psi] "

H Stiaight Unreinforced Vegetation C Bunch 75-95P 4.20 0.67 6.25 STABLE
I Soil Sandy Loam 0.035 0.012 2,97 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

Project #: PPLS0902Prepared by: JMO
Date: 15 Sep 11 Checked by:

JFM
Obiectivie:

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

Given Input Data: Swale 3.5

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1.4-- .A
n

Bare - Velocity
Check

A) 2/3

Grass - Velocity Grass- Capacity
Check Check

8.60
2.0
2.0

2.0

0.0080

2.00

0.0440

8.60
2.0
2.0
2.0

0.0080

2.00

0.0830

8.60
2.0
2.0
2.0

0.0080

2.00

0.0830

cfs
H:1V
H:IV

feet
ft/ft
feet

Flow depth, d= 1.00 1.35 1.35 feet

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -r =
Critical Slope, S,=

Flow stable? (no if .7Sc < s < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high

1.00
2.17
5.98
3.97
6.45
0.62
0.50

0.0357

yes
0.5
0.0

VtoohIoh
0.65
1.35
7.40
6.35
8.04
0.79
0.67

0.1179

yes
0.5

0.65
1.35
7.40
6.35
8.04
0.79
0.67

0.1179

yes
0.5

feet
fps
feet
sq ft
feet
feet
Ibs/sf
ft/ft

feet
fps

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

IAPROJECTS\PPLS\PPLS09O2-6e0I Bend Land Developrneniý.ANALYTICALNCALCULATIONSISWALE CALCS\PERMANENT'lSwales.xis)Swale 3.5



Rational Equation Stormwater Calculations

Client: PPLO902
Project: Pot 3

Prepared by: NKG

Date: 15 Sep 11

Print Date: 17Aug 11 11:49 AM

Project #: PPL0902Checked by:

I JFM

Governing Equation: Q = k C i A (where k " 1 for english units)

Description: SWALE 3.6 Structure:

Route:

Station: -

STEP I.: Calculate Drainage Area, A and Runoff Coefficient, C:

Hydrologic
Soil Group

(A.BC.D}
Land
Use

Runoff
Land Coefficient,
Slooe C

..... i

Area, A A*C

(acres) (acres)

0.263 0.250inpervious 0.95

Lawn 0.40 0,320 0.128

3.924Stone 0.85 4.617

Total A C: 4.3023 acres

STEP 2: Calculate Time of Concentration:

Tvye of Flow / Ground Cover

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

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

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

Flow
Manning's Average Length

n Slope (ft)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

{Shallwto, cetoe._~~

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, I-

Rainfall Intensity for

Override calculation for Tc? * Yes O No T= 5,0

Use Tc = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCIA

25 yeat

Calculated Flow, Q (cfs) = 23.2

PLS\PPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rational Method-Conveyance.xismlSwale 3.6



PNorth American Green- ECMDS Version 4.3 F7/20/2011 19919 TAM )COMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP JPROJECT NO.: PPLS0902
JFRO0,, STATION/REACH: iTO STATION/REACH: UNVEG 1DRAINAGE AREA: SWALE 3.6 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocty (fps)j Area fsq.ft) Hydradic I Normal

rcfsl I Period fhris R adiusift) I Depth fit)
23.2 0,1 5.89 3.94 0153 0.86

L.0 '-Bo t t 3.0_I3.0 W'idth = 2.00 It 3.0

LINER RESULTS Not to Scale

Matting Type Vegetai~on Characteristics

Reach Stability Analysis Perrrissible Calculated Safety Factor Remarks
- " Staple Pattern Phase Cass Type Density Sheai Stress Shear Stress

(pSI) (psf)
Straight SC250 Unvegetated 1Z3.00 2.15 1.40 STABLE

I Staple E I I I



INorth American Green- ECMDS Version 4.3 F7!20/2011 I!a2oAMJCOMPJTED BY: NKG
FPROJECT NAME: PPL BBNPP IPROJECT NO,: PPLS0902
IFROM STATION/REACH: ITO 3TATION/REACH: VEG IDRAINAGE AREA: SWALE 3.6 IDESIGN FREQUENCY': 25YR

HYDRAULIC RESULTS
Ditoharge Peak Flow Vlocity ffpc]I Area (cq.ft] Hydraulic Nor-nal

[cfsl Period (hrs) I I RadiusfftI Depth (ftI

23.2 0.1 3.94 5.88 C65 1.11

SC250 (n=0.,057)

S=0.0400

L Bottom
3.0 Width = 2.00 f: 3.0

Not to ScaleLINER RESULTS

Matting Type Vegetation Charac:eristics
Reach Stability Aialysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase 'Clas Shear Stress Shear Stress

Stapl P J P(psf) (psfS

Straight SC250 Vegetation 3 C Bunch 75-95%1 10.00 2.76 3.62 STABLE

I_ Staple E Soil Sandy Loam 0.800 0,342 2.34 STABLE



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

Client/Subject: PPL Bell Bend

Description: P01 3

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

Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902

JFM
Obiecti,re: JFM

Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=O) 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 = 1.486 . A ( A)2/3 ,ý -
n P)

Bare - Velocity , Grass - Velocity Grass- Capacity
Check Check Check

Given Input Data: Swale 3.6

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

23.20
3.0
3.0
2.0

0.0400

4.00

0.0330

23.20
3.0
3.0
2.0

0.0400

4.00

0.0570

23.20
3.0
3.0
2.0

0.0400

4.00

0.0570

cfs
H:1V
H:IV
feet
ft/ft
feet

Flow depth, d= 0.86 1.11 1.11 feet

Calculated Results: Desian Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -r =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high
3.14
5.88
7.17
3.95
7.45
0.53
2.15

0.0204

yes
0.5
0.0

V too high
2.89
3.92
8.66
5.91
9.02
0.66
2.77

0.0567

no
0.5

V too high

2.89
3.92
8.66
5.91
9.02
0.66
2.77

0.0567

no
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

b:PR0JEcT8%PPLS\PPLSO9O2-BeII Bend Land Developmeni\ANALYrICAL~rcALCULATIONSXSWALE CALCS\PERPMANEN1N~wales.xis]Swale 3.6



Rational Euabtion Stormwater Calculations

Client: PPL0902
Project: POI 3

Prepared by: NKG

Date: 15 Sep 11

Pennoi

Print DaWe: 17 Aug 11 11:49 AM

Project N: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = 1 lor 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 Coefficient, Area, A A* C
(A,BC,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:

Type of Flow / Ground Cover

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

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

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

Flow
Manning's Average Length

n Slope (ft)

Average Time of
Velocity Concentratn

(ftls) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T":

[Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Override calculation for Tc? ®Yes O N, Tc 5.0

Use Tý = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCIA

25 year

Calculated Flow, 0 (cfs) = 4.2

PLS\PPLS0902-Bell Bend Land DevelopmentýANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\MPPLS0902-RaiionaI Method-Conveyance x.rsm]Swale 3.7



INorth American Green- ECMDS Version 4.3 F7/20/2011 1097:22AMCOMPUTED BY: NKG
FPROJECT NAME: PPL BBNPP FPROJECT NO.: PPLS0902
[FROM STTION/REACH: ITO STATION/REACH: UINVEG )DRAINAGE AREA: SWALE 3.7 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discha'ge Peak Flow Velocity [fps) Area (sq.1) Hydraulic Normal

Dcfs) Period (hrs) Radius(ft) .Depth [ft1
4.2 1 0.1 1.80 2.33 0.42 0.56

S75 (n=o. 054)

S = 0.01 33

2.0 Width = TOO It 2.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class T~pe Density Shear Stress Shear Stress
(psf) [psf)

Straght S75 Unvegetated 1.55 0.47 3.31 STABLE

I Staple D I I L I I I _ _ _



INorthAmerican Green. ECMDS Version 4.3 J7/20/2011 [09:23 AMI COMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP ]PROJECT NO.: PPLS0902
IFROM STATION/REACH: FTO STATION/REACH: VEG IDRAINAGE AREA: SWALE37 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Di.charge Peak Flow Velocity (fps) Airea (sq.ft] Hydraulic Norma

(cfs) Period lhrsl Radius ftI Depth !:t)
4.2 0.1 1.10 3.82 0.57 0.82

U nreinforced Vs-getation (nr0.1 08)

Rntlnm
2.0 Width = 3.00 ft 2.0

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics
Reach Stabilty Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
(PSf) (Ps~f)

Straight Unreinforced Vegetation C Bunch 75-95% 4.20 0.68 6.15 STABLE

IIS oil Sandy Loam 0.035 0.007 4.87 STABLE



Traoezoidal Channel Analysis - Open Channel Flow (wJ Mannino's Eo)

Client/Subject: PPL Bell Bend,
Description: POI 3

Prepared by: JMO

Date: 15 Sep 11 Checked by:

Print Date:

Project #:

17 Aug 11 3:6 PM

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.

Manning's Equation: 0 =

Given Input Data: Swale 3.7

Discharge, Q=

Left Side Slope =
Right Side Slope =

Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

!486. A 2/3

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

4.20
2,0
2.0
3.0

0.0133

5.00

0.0540

4.20
2.0
2.0
3.0

0.0133

5.00

0.1080

4.20
2.0
2.0

3.0

0.0133

5.00

0.1080

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d= 0.57 0.87 0.87 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -r =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too h0
4.43
1.76
5.30
2.38
5.57
0.43
0.48

0.0592

yes
0.5
0.0

V too high

4.13
1.01
6.49
4.14
6.90
0.60
0.72

0.2141

yes
0.5

V too high
4.13
1.01
6.49
4.14
6.90
0.60
0.72

0.2141

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:APR0JECTSkPPLSXPPLS09o2-Be11 Send L~and DeveloprnenINALYTICALCALCULATIONS\SWALE CALCSkPERMANEN1TqSwates.xIs)Swale 3.7



Rational Equation Stormwater Calculations

Client: PPLO0O2
Project: POI 3

Prepared by: NKG

Date: 15 Sep 11

(Pennoni-
Print Date: 17 Aug I1 11:49 AM

Project #: PPLO902Checked by:

I JFM

Governing Equation: Q - k C i A (where k = I for english units)

Description: SWALE 3.8 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)

Lawn 0.40 1090.440

St-ne 0.850•- ...... . -. -.... . 0.

Stone 0.85 0.031 0.026

Total A * C: 0.46595 acres

STEP : Calculate Time of Concentration:

Type of Flow I Ground Cover

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

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (It)

Average
Velocity

(ft/s)

Time ol
Concentratn

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

[shaltow Conoentrated ]

Manning's Eq or other

Manning's Eq or other

Manning's Es or other

5.0 minutes

Override calculation for Tc? ® Yes 0 No TC = 5.0

Use T, 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP.4: Calculate Peak Rate of Runoff, 0: 0 k C I A

25 year
Calculated Flow, Q (cfs) 2.5

PLS\PPLS0902-Bell Bend Land Development¼ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMAN ENT-IPPLS0902-Ralional Method-Conveyance.xlsm(Swale 3.8



]NorthAmerican Green ECMDS Version 4.3 7/20/2011 09:25 AM ICOMPUTED BY: NKG
lNoilhAmerican, Green - ECMDS Version 43 W-25/2511 F09-.25AM )COMPUTED BY: NKG
]PROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902

"HYDRUI C RUN/EASLH:HYDRAULIC RESULTS
IT U bAlI lUNRE~ACH: UNVEG JDHAINAGE AREA: SWALE a38 IUESIGN FREQtUENCY: 25YR

Di.rcharge Peak Flow 'Velocity [fps)I Area [sq.ft] Hydraulic Norma
(cfsl Period (hisl R adiu[sfft Depth )t]
ý.5 0.1 2.36 1.01 0.24 0.29

S75 (n=0.o055]

2.0 Width = 3.00 ft 2.0

Not to ScaleLINER RESULTS

Matting Type Vegetation Characteri.tics
Reach Stabilty Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Ph Cas Type D)ensrts Shear Stress Shear Stress..
(psi) (psi)

Straight S75 Unwegetated 1.55 0.92 1.69 STABLE

Staple D _ I, I _ _ _ __i



INojth American Green - ECMDS Version 4.3 I712312o011 5MC]IMUTED BY: NKG
JPR3JECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH ITO SIATION/REACH: VEG iDRAINAGE AREA: SWALE ".8 IDESIGN FREQUENCY: 25 YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fpsi Area (sq.ft) Hydraulic Normal

(cfs) Period (hrI) Radiuslft) Depth (ft)
2.5 0.1 1.41 1.77 0.35 0.45

Unreinforced Vegetation (n=0.118)

S=O0.0500

Bottom
2.0 Width = 3.00 ft 2.0

No: to ScaleLINER RESULTS

Mattiig'Type Vegetation Characteristics -...
Reach Stability Analysiss Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Strmss
fpsfl fpsfl

Straight Unrehiforced Vegetation C Bunch 175-95% 4.20 1.42 2.97 STABLE

I Soil Sandy Loam 3.035 0.012 2.81 STABLE



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

Client/Subject: PPL Bell Bend
Description: P01 3

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

Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902

JFM I
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: =

Given Input Data: Swale 3.8

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1.486 * A (A)213 S
n P)

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

2.50
2.0
2.0
3.0

0.0500

5.00

0.0550

2.50
2.0
2.0

3.0

0.0500

5.00

0.1180

2.50
2.0
2.0

3.0

0.0500

5.00

0.1180

cfs
H:IV
H:1V

feet
ft/ft
feet

Flow depth, d= 0.30 0.50 0.50 feet

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r
Critical Slope, S,=

Flow stable? (no if 7S, < s < 1.3Sc)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high
4.70
2.31
4.20
1.08
4.35
0.25
0.94

0.0723

yes
0.5
0.0

V too high
4.50
1.26
4.99
1.99
5.23
0.38

1.55
0.2929

yes
0.5

V too high

4.50
1.26
4.99
1.99
5.23
0.38
1.55

0.2929

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

IAPR0JECTS\PPLS\PPLS0902-BeII Bend Land DevelopmenMýNALYTICALkcALCULATIONSIS WALEH CALCSIPERMANENrlSwales.xsls)wale 3.8



Rational Equation Stormwaler Calculations

Client: PPLO902

Project: P01 3
Prepared by: NKG

Date: 15 Sep 11

ePennoni)

Print Date: 17 Aug11 11:49AM

Project #: PPLO902Checked by:

I JFM

Governing Equation: 0 = k C i A (where k = 1 lor english units)

Description: SWALE 3.9 Structure:

Route: -

Station: -

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

Hydrologic
Soil Group Land

(A,B.C,D) Use

Runoff
Land Coefficient,
Slope C

Area, A

(acres)
A°C

(acres)

Lawn .0.40 2.651 1.060

Cultivated 0.25 0.469 0.117

Total A I C: 1.17765 acres

STEP 2: Calculate Time of Concentration:

Type of Flow/ Ground Cover

Flow
Manning's Average Length

n Slope (0t)

Average Time ot
Velocity Concentratn

(MIbs) (min)

Velocity
Calculation

Method

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

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

m--jiI•
FShallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? ®Yes 0 No Tc 5.0
Use T; = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

25 year

Calculated Flow, 0 (cfs) 6.4

PLS\PPLS0902-Bell Bend Land Development'ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-natIonaI Method-Conveyance.xlsm)Swale 3.9



INoith American Green- ECMDS Version 4.3 f7-/23/2011 f0-9C29AMICMPUTED BY: NKG
FPR]JECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
)FROM STATION/REA-: -TO STATIONREACH: UNVEG JDRAINAGE AREA: SWALE ,•.9 JDESIGN FREQUENCY: 25YR

HYDRAULIC RESULT.S
Discharge Peak Flow IVelocity (fpsj Area (sq.ft) IHydraulic INormal

fcfsl I Period Nhrs) 1 Radius(It) Depth ftl
6.4 I 0.1 1 4.27 I 1.50 1 0.30 0,38

II I I I

SC250 (n=0.,040

L Bottom
3.0 Width =3.00 fl 2.0

No: to ScaleLINER RESULTS

" Matting Type 1 Veget'ation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phaj e Class Type Density Shear Strens Shear Stress
I psf] (psf)

Straight S C250 Unvegetated 1 3.00 1,58 1.90 STABLE
,,, ,,,_ ,, , S ta p le E



iNorth Americai Green -ECMDS Version 4.3 17/20/2011 F9:29AM ICOMPUTED EY: NKG
IPFlOJECT NAA1E: PPL BENPP JPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 39 aDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
5C250 [n=0.382)

Discharge Peak Flow IVelocity (lps] Area (sq.ft] Hydraudic I Normal
(cfs] Period (his I I I Radiuslftl I Depth fit)
[. 0.1 2.58 2.48 0.41 0.56

3. Wi ot2m3.0 Width ,, 3. 00 It 2.0

LINER RESULTS Not to Scale

MAttin) Typp, V.gp.lafinn rChtr1nri.ktin.A
Reach Stability Anal.ysui Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Cass Type Density ShearStress Shear Stress
I I (psi) (pst)

Straight SC250 Vegetation 3 tC Bunch75-95% 10.00 2.34 L.27 STABLE

Staple E Soil Eandy Loam 0.800 0.262 3.05 STABLE



Trapezoidal Channel Analysis - Ooen Channel Flow (w/ Mannina's Eo)

Client/Subject: PPL Bell Bend

Description: P01 3

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

Print Date: 17 Aug 11 3:6 PM

Project M: 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.

Manning's Equation: Q =

Given Input Data: Swale 3.9

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

n P

Bare - Veloc)ty Grass - Velocity
Check Check

Grass - Capacity
Check

6.40
3.0
2.0

3.0

0.0667

1.50

0.0400

6.40
3.0
2.0

3.0

0.0667

1.50

0.0820

6.40
3.0
2.0

3.0

0.0667

1.50

0.0820

ofs
H:1V
H:1V

feet
ft/ft

feet

Flow depth, d= 0.38 0.57 0.57 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, c =
Critical Slope, S,=

Flow stable? (no if 37Sc < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high

1.12
4.23
4.91
1.51
5.06
0.30
1.59

0.0359

yes
0.5
0.0

V too hiah
0.93
2.56
5.83
2.50
6.05
0.41
2.36

0.1363

yes
0.5

V too hig

0.93
2.56
5,83
2.50
6.05
0.41
2.36

0.1363

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

1APROJECTSPPLSkPPLSO902-Be11 Bend Land Development'.ANAL'(rIcALICA1LcULATIONSýSWALE cALcS\PERMANENT\tSwales .xls)Swale 3.9



Rational Equation Stormwater Calculations

Client: PPLO902
Project: PO1 3

Prepared by: NKG

Date: 15 Sep 11

Pennonij

Print Oate: 29 Aug 11 11:36 AM

Project #: PPL0902Checked by:

I ~JFMI

Governing Equation: Q = k C i A (where k = 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,COD) 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

Cultivated 0.25 2.964 0.741

Total A * C: 4.34405 acres

STEP 2: Calculate Time of Concentration:

Tvoe of Flow I Ground Cover

Flow
Manning's Average Length

n Slooe (ft)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method

L~~~~ ~~~ .. . . . ........ ....... ....... .....

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

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

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

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

I.Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):

Override calculation for Tc? yes 0 No Tc 5.0

Use T, 5.0 minutes

25 yea

t I - - 1 - 11

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

25 year

Calculated Flow, Q (cfs) = 23.5

PLS\PPLSO902.Bell Send Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENlT[PPLS0902-Rational Method-Conveyance.xlsmISwale 3.10



INoith American Green- ECMDS Version 4.3 18/29/2011 F111:34 AM ICOMPIJTED BY: NKG
IPROJECT NAME: PPL BBNPP PROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG FDRAINAGE AREA: SWALE 3.10 FDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge rPeak Flow ]Velocity (fps} Area (sq.ft] I Hydrau&'c INormal

(cfsI Period Ihrs] Radius(ft] Depth (Ill
p3.5 0.1 6.51 3.81 0.55 0.79

Bottom ` _1
2.0 Width = 3.00 ft 2.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type DensrW Shear Stress Shear Stiess(pso (psf)
Straight SC250 Unvegetated 1 3.00 2.46 1.22 STABLE

Staple E I II ___



WNorth American Green- ECMDS Version 4,3 18/29/2011 F1T134AMICOMPUTED BY: NKG
[PROJECT NAME: PPL B8NPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 3.10. IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps) Area (sq.ft) Hydraulic Normal

(cfs) Period fhrsf Radiusit) ft Depth (ft)
23.5 0.1 4.80 4.90 0.16 0.99

Bottom
2.0 Width = 3.00 ft

Not to Scale
LINER RESULTS

Matting Type Vegetation Characteristics
Reach Stabilily Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
........... __(psfj (psf_

traight SC250 Vegetation M C Bunch 175-S5% 10.00 3.07 3.25 STABLE

I Staple E S oil Sandy Loam 0.800 0.521 1.53 STABLE



Trapezoidal Channel Analysis - Open Channel Flow (w/ Mannino's Ea)

Client/Subject: PPL Bell Bend

Description: POI 3

Prepared by: JMO

Date: 15 Sep 11 Checked by:

Print Date: 29 Aug 11 11:36 AM

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.

Manning's Equation: =

Given Input Data: Swale 3.10

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':
Lining Type:

Calculate Flow Depth:

n P 23"F

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

23.50
2.0
2.0

3.0

0.0500

1.50

0.0340

23.50
2.0
2.0

3.0

0.0500

1.50

0.0530

23.50
2.0
2.0

3.0

0.0500

1.50

0.0530

cfs
H:1 V
.H:1V

feet
ft/ft
feet

Flow depth, d= 0.78 0.99 0.99 feet

Calculated Results: Desian Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, - =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3SJ)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high

0.72
6.58
6.13
3.57
6.50
0.55
2.44

0.0218

yes
0.5
0.0

V too high
0.51
4.76
6.96
4.94
7.43
0.66
3.09

0.0500

no
0.5

V too high

0.51
4.76
6.96
4.94
7.43
0.66
3.09

0.0500

no
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:APROJECTSNPPLSPPLSO902-8e1I Bend Land Development\ANALYTICAL\CALCULATIONSIS WALE CALCS\PERMANE=N1NSwales.xIlsSwale 3.10



Rational Equation Stormwater Calculations

Client: PPL0902
Project: POI 3

Prepared by: NKG

Date: 15 Sep 11

(Pennoni)

Print Date: 17 Aug 11 11:49 AM
Project #: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 3.11 Structure:

Route:
Station:

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

Hydrologic
Soil Group Land

IA.B.C.DM Use

Runoff
Land Coefficient,
Sloce C

Area, A
(acres)

A*C
(acres)

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

Cultivated 0.25. 0.100 0.025

Total A * C: 0.025 acres

STEP 2: Calculate Time of Concentration:

Tvoe of Flow/ Ground Cover

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

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

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

Flow
Manning's Average Length

n StoDe (ft)

Average Time oa
Velocity Concentratn

(Ift/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.;

Shallow Concentrated W

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Override calculation for Tc? ®vy, ONO Tc = 5.0

Use Tc = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

25 Year

Calculated Flow, Q (cfs) = 0.1

,LS\PPLS0902-Bell Bend Land Development&ANALYTICAL\CALCULATIONS\SWALE GALCS\P ERMANENT\[PPLS0902-Rational Melhod-Conveyance.xlsm]Swale 3.11



INoithAmerican Green -ECMDS Version 4.3 F7/22/2011 107:40ANA ]COMPUTED BY: NKG
[PROJECT NAME: PPL BBNPP ]PROJECT NO.: PPLS0902
IFROI STATION/REACH: ITO STATION/REACH: UNVEG T DRAINAGE AREA: SWALE 311 FDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Dixcharge Peak Flow Velocity fPs Area [sq.ft) Hydraulic NormaDcfsl Period fhrsl 1 Radiusfft)I Depth N)

0,1 0.1 1.28 0.08 0,09 0.20

S75 in=0.055)

S = 0.0571

L[__"• Bottom " _,

2.U Width =U.UUft 2,U

Not to ScaleLINER RESULTS

Matting Type Vegetation Characteristics
Reach Stabilty Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
(psf] (psi)

Straight S75 Unegetated 1.55 0.70 2.20 STABLE

Staple D



NoithAmerican Green- ECMDS Version 4.3 7/2_/2011 17-41 AMICMPUTED BY: NKG
IPRIJECT NAME: PPL 8BNPP IPROJECT NO.: PPLS0902
JFROM STATION/REACt': ITO STATION/REACH: VEG FDRAINAGE AREA: SWALE 2.11 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow IVelocity (fps.J Area (sq.ft) Hydraulic Normal

I cfsl Period (hrs) R adius[ftI Depth (ft)
]0.1 _ 0.1 0.41 0.24 0.16 0,35

Unreinforced Vegetation [n0. 250)

S =0.0571

1 Loto
2.0 Width 0.00o ft 2.0

LINER RESULTS No: to Scale

Mattihg Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
Ip_ _ I II ) _psf)

Straight Unreieforced Vegetation C BunchI75-95% 4.20 1.24 3,38 STABLE

I- I Soil SandyLoam 3.035 0.00. 14.50 STABLE



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

Client/Subject: PPL Bell Bend

Description: P01 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 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: a = 1.486 A A )2/3 S
n (P)

. Given Input Data: Swale 3,11
Bare - Velocity

Check
Grass - Velocity

Check
Grass - Capacity

Check

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

0.10
2.0
2.0

0.0571

1.50

0.0550

0.10
2.0
2.0

0.0571

1.50
0.2500

0.10
2.0
2.0

0.0571

1.50

0.2500

ofs
H:1V
H:1V

feet
ftft
feet

Flow depth, d= 0.16 0.29 0.29 feet

Calculated Results: Desin Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, c =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high

1.34
1.91
0.65
0.05
0.72
0.07
0.58

0.1181

yes
0.5
0.0

V too high

1.21
0.61
1.14
0.16
1.28
0.13
1.02

2.0192

yes
0.5

V too high

1.21
0.61
1.14
0.16
1.28
0.13
1.02

2.0192

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:\PROJECTSWPPLSIPPLS09O2-BeII Send Land Oevelopment\ANALYTICALCALCuLATiONSISWALE CALCS\PERMANENfTq~waies xlstSwale 3.11I



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POt 3

Prepared by: NKG
Date: 15 Sep 11

Pennoni)

Print Date: 17Aug 11 11:49AM
Project #: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k . 1 for english units)

Description: SWALE 3-12 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group Land

(A,B,C,O) Use

Runoff
Land Coefficient,
Slope C

Area, A
(acres)

A*C
(acres)

Lawn 0.40 4.853 1.941

Cultivated 0.25 1,067 0.267

Total A * C: 2.20795 acres

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

Flow
Manning's Average Length

n Slope (ft)

Average Time ot
Velocity Concentratn

(fVs) (mrin)

Velocity
Calculatioh

MethodI I I

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T0:

.shauow Concentrated •1}±

Man ' o
Manning's Eq or other

Manning's Eq or other

Mannings Eq or other

5.0 minutes

Override calculation for To? ® Yes 0 No Tc = 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25vyear

a t.... .. ....

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

25 year

Calculated Flow, Q (cfs) 11.9

'LS\PPLS0902-Bell Bend Land DevelopmentlANALYTICAL\CALCULATIONSSWALE CALCS\PERMANENTMPPLS0902-Rational Method-Conveyance.xlsmiSwale 3.12



WNorth American Green- ECMDS Version 4.3 7/20/2011 109:38 AI ICOMPU TED BY: NKG
jPROJECT NAME: PPL BBNPP JPROJECT NO.: PPLS]902
IF9OM STAT ON/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 3.12 IDESIGN FREQUENCY: 2EYR

HyflRAIJI ICRFRIJI T5cq
Discharge Peak Flov Velocityffps]' Area sq.ft) Hydraulic "lormal

(cfsI Period (h's) IRadiusfft) Depth [It)
11.9 0.1 4.5z 2.62 0.45 0.62

SC250 [n=O.038)

L iBottom
2.0 Width = 33)0 ft 2.0

Not to ScaleLINER RESULTS

Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Fctor Remaiks

S tape Pattern Phase Class type Denity SheaiStress Shear Stress
I Ifpmfl fpsf)

Straighl SC250 Unvegetated 1 3.00 1.47 2.01 STABLE
I Staple E I I I I



INoah American Green - ECMDS Version 4.3 F7/2)/2011 FO9:39 AMI C3MPUTED BY: NKG
rPR3JECT NAME: PPL BBNPP "PROJECT NO.: PPLSO902
JFROM STATION/REACt: ITO STATION/REACH: VEG JDRAINAGE AREA: SWALE .112 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps~l Area(sqt) Hydraulic Normal

Dcisre Period (hr] I Radiusf(t) Depth (ft)
11.9 0.1 3.06 3.89 C.58 0.83

SC250 [n=0.066)

S = 0.0381

L. Bottom

2.0 Width - 3.00 ft 20

No: to ScaleLINER RESULTS

Matti-ig Type Vegetation Characteristics
Reach Stability Analysis Pemissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear S tres Shear Stress
(I I] p 'Id(

Straight SC250 Vegetation 3 C Bunch 75-95% 10.00 1.98 5.04 STABLE

Staple E Soil Sandy Loam 3.800 0.25? [ 3.11 STABLE



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

Client/Subject: PPL Bell Bend
Description: POI 3

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

Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902

JFM I
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: =

Given Input Data: Swale 3.12

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1.486 ,*A AS
n P 23.

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

11.90
2.0
2.0

3.0

0.0381

1.50

0.0380

11.90
2.0
2.0
3.0

0.0381

1.50

0.0660

11.90
2.0
2.0
3.0

0.0381

1.50

0.0660

R-6

cfs
H:IV
H:1V

feet
ft/ft
feet

Flow depth, d= 0.62 0.84 0.84 feet

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r =
Critical Slope, Sc=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too hiph•
0.88
4.50
5.49
2.64
5.78
0.46
1.48

0.0288

yes
0.5
0.0

V too high
0.66
3.04
6.35
3.92
6.75
0.58
1.99

0.0808

yes
0.5

Yes

0.66
3.04
6.35
3.92
6.75
0,58
1.99

0.0808

yes
0.5
13.0

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:APROJECTSWPPSTPLSO902-Bell Bend Land Oenelopment\ANALYTICALcALcULATIONS\SWALE CALCS\PERMANENTNSwales.xls)Swale 3.12



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 3
Prepared by: NKG

Date: 15 Sep 11

Pennonil

Print Date: 29 Aug 11 12:24 PM

Project #: PPLO902Checked by:

I JFM

Governing Equation: Q = k C 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
Soil Group Land
(ArSC.D) Use

Runoff

Land Coefficient,
Slooe C

Area, A
(acres)

A*C
(acres)

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

2.750 1.100Lawn 0.40

Total A* C: 1.1 acres

STEP 2: Calculate Time of Concentration:

Type of Flow I Ground Cover

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

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

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

Flow
Manning's Average Length

n Slooe (ft)

Average Time of
Velocity Concenlratn

(fies) (min)

Velocity
Calculation

Method

Enler Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

Shallow Concentrated

Manning's Ec or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):

Override calculation for Tc? ® Yes 0 No Tc 5.0

Use T, = 5.0 minutes

25 yea

1-MIS =111010 =1ý

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

25 year

Calculated Flow, Q (cfs) = 5.9

PLS\PPLS0902-Bell Bend Land DevelopmenIXANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Ratliona! Method-Conveyance.xlsmJSwale 3.13



)NorthAmerican Green -ECMDS Version 4.3 J8/29/2011 F12:23PMJCOMPUTED BY. NKG
_PROJECT, NAME: PPL BBNPP FPROJECT NO.: PPLS0902
[FROM STATION/REACH: ITO STATION)REACH: UNVEG JDRAINAGE AREA: SWALE 3.13 JDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps] Area (sq.ft) Hydraulic Normal

[cfsl Period (hisI Radiusflt) Depth (ftli
5.9 0.1 4.90 1.20 0.27 0.33

L ` ýBottom 1
2.0 Width = 3.00 It 2.0

LINER RESULTS Not to Scale

Matting Type Saitynts Vegetation Charact'eristicsReach StabilityAnalysis Permissible Calculated Safety Factor Remarks
Staple Pattern Phase Clan Type Densitl Shear Stress Shear Stress

I (psfj [psf)
Straight SC250 Unvegetated 1 3.00 2.05 1.46 STABLE

I _______ _ I Staple E . I I I I I



INorth'American Green - ECMDS Version 4.3 .18/29/2011 11224 PMICOMPUTED BY: NKG
IPROJECT NAME: PPL B8NPP IPROJECT NO,: PPLS0902
JFROM STATION/REACH: ITO STATION/REACH: VEG ]DRAINAGE AREA: SWALE 3.13 rDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fpsl Area (sq.ft) Hydraulic Normal

cffs] Period fhrwj) Radiusf{t) Depth Ift)
5.9 0.1 3.08 1.92 0.37 0.48

Bottom
2.0 Width = 3.00 ft 2.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
[psf] (psI)

Straight SC250 Vegetation 3 C I7Bunch 175-95• ... 00 3.02 3.32 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:
Description:

Prepared by:

Date:

PPL Bell Bend

POI 3
JMO

15 Sep 11 Checked by:

JFM

Print Date: 29 Aug 11 12:24 PM

Project #: PPLS0902

Objective: I
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: 0 =

Given Input Data: Swale 3.13

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

2L *A(-n P 23 "

Bare - Velocity Grass - Velocity Grass - Caoacity
Check Check Check

5.90
2.0
2.0

3.0

0.1000

1.50

0.0400

5.90
* 2.0

2.0

3.0

0.1000

1.50

0.0790

5.90
2.0
2.0

3.0

oA000
1.50

0.0790

cfs
H:1V
H:IV

feet
ft/ft
feet

Flow depth, d= 0.33 0.49 0.49 feet

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -r =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3Sc)

Required Freeboard=
Allowable Velocity for Lining Material=

V too high

1.17
4.85
4.33
1.22
4.48
0.27
2.07

0.0373

yes
0.5
0.0

V too high

1.01
3.04
4.95
1.94
5.18
0.37
3.04'

0.1320

no
0.5

V too high

1.01
3.04
4.95
1.94
5.18
0.37
3.04

0.1320

no
0.5

feet
fps
feet
sq ft
feet
feet
lbstsf
ft/ft

feet
fps

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

I:\PROJECT5SPPLSPPLS0902-BelI Bend Land Developmern1\ANALYTICALkcALCULATIONSXSWALE CALCS\PERMANENThSwales.xls]Swale 3.13



Rational Equation Stormwater Calculations

Client: PPLO902

Project: P01 3

Prepared by: NKG

Date: 15 Sep 11

(PennoniV

Print Date: 29 Aug 11 1:14 PM

Project #: PPLO902Checked by:

I JFM

Governing Equation: Q = k 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
Soil Group Land

(A,B,C,D) Use

Runoff
Land Coefficient,
Slope, C

Area, A
(acres)

A*C
(acres)

0.40 4.160 1,664Lawn

Stone 0.85 3.490 ___________2.967

Total A * C: 4.6305 acres

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, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):

Flow
Manning's Average Length

n Slope (ft)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

IShallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? ( Yes 0 No Tc 5.0

Use T, = 5.0 minutes

25 vear

a =ar-1ý6?94nstffA?ýN§7

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

25 year

Calculated Flow, Q (cfs) = 25.0

PLSPPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\,PPLS0902-RationaI Method-Conveyance.xlsm]Swale 3.14



jNorthAmerican Green- ECMDS Version 4.3 18/29/2011 101:11 PMICOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP [PROJECT NO.: PPLS0902
FROM STATION/REACH: ITO STATION/REACH: UNVEG FDRAINAGE AREA: SWALE 3.14 IDE SIGN FREQUENCY: 25YR
HYDRAULIC RESULTS

Discharge Peak Flow Velocity (fps) Area [sqit] Hydraulic I Normal
c _Isl Period (hrs) Radiusfftl I Depth [It)

25.0 0.1 5.00 5.00 0.70 1.16

1L Bottom _J
2.0 Width = 2.00 ft 2.0

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics

Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattern Phase Class Type Density Sqhear Stress Shear Stress

I- (psf] [psf)
Straight SC250 U nvegetated 1 3.00 0.98 3.05 STABLE

Staple E



lNorth American Green -ECMDS Version 4.3 r8129/2011 101i12 PM ICOMPUTED BY: NKG
fPROJECT NAME: PPL BBNPP ]PROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG ]DRAINAGE AREA: SWALE 3.14 ]DESIGN FREQUENCY: 25 YR

HYDRAULIC RESULTS

Discharge Peak Flow Velocity (fps) Area (sq.ft} Hydraulic Normal
HcfsI Period IhrsI Radiusfft] Depth (ftl
M2o.0 0.1 2.91 8.60 0.92 1 .63

L Bottom
2.0 Width = 2.00 ft 2.0

Not to ScaleUNER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
I.ps} (ps]f

Straight SC250 Vegetation 3 C Bunch 75-95% 10.00 1.39 7.22 STABLE

Staple E Soil Sandy Loam 0.800 0.071 11.26 STABLE



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

Client/Subject: PPL Bell Bend

Description: P01 3 Print Date: 29 Aug 11 1:14 PM

Project #: PPLS0902Prepared by: NKG

Date: 15 Sep 11 Checked by:

JFM
UOlectaV

Method:

/e:

-I
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.

See PA Erosion and Sedimentation Control Manual for reference.

Manning's Equation: Q =

Bare - Velocity
Check

A )2/3 p [S
P

Grass - Velocity Grass - Capacity

Check Check
Given Input Data: Swale 3.14

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's n':

Lining Type:

Calculate Flow Depth:

25.00
2.0
2.0
2.0

0.0136

2.25

0.0270

25.00
2.0
2.0

2.0

0.0136

2,25

0.0570

25.00
2.0
2.0

2.0

0.0136

2.25

0.0570

cfs
H:IV
H:IV
feet
ft/ft
feet

Flow depth, d= 1.16 1.64 1.64 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -c =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3 S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high
1.09
5.02
6.62
4.98
7.17
0.69
0.98

0.0130

no
0.5
0.0

V too high
0.61
2.88
8.56
8.67
9.34
0.93
1.39

0.0529

yes

0.5

V too high

0.61
2.88
8.56
8.67
9.34
0.93
1.39

0.0529

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

l:\PROJECTSTPPLSIPPLSO9O2-SeII Bend Land DevelopmenMýNALYTICAL\CALCUI.ATIONS\SWALE CALCSXPERMANENT\Swales.xistSwate 3.14



Rational Equation Slorrnwater Calculations

Client: PPL0902
Project: POI 3

Prepared by: NKG

Date: 15 Sep 11

Pennonil

Pdnt Date: 29 Aug 11 2:03 PM

Project #: PPLOS02Checked by:

I JEM

Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 3.15 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group
(A.B.C.D)

Land
Use

Runoff
Land Coefficient,
Slooe C

Area, A
(acres)

A*C
(acres)

..... f

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!

N#VALUE! acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

E _................_ _ ...... .

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

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):

Flow
Manning's Average Length

n Slope (ft)

Average - Time of
Velocity Concentratn

(Ms) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T0:

Shallow Concentrated j F7

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? ® Yes 0 No Tc =

Use T, = 5.0 minutes

25 yea

5.0

N~lhIJl~~w-MQ 5N; 0 i . . . .

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

25 Year

Calculated Flow, Q (cfs) =####### ####### #######

PLS\PPLS0902-Bell Bend Land Devebopment¼ANALYTICAL\CALCULATIONSISWALE CALCS\PERMANENT[PPLS0902-Rational Method-Conveyance.xlsmISwale 3.15



INorth American Green -ECMDS Version 4.3 f8/29/2011 F02:01 PM• ICOMPUTED BY: NKG
PROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902

IFROM STATION/REACH: JTO STATION/REACH: CONC. TDFRAINAGE AREA: SWALE 3.15 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS

Discharge Peak Flow Velocity (fps:) Area (sq.t11 Hydraulic Normal
fcfs) Period hO I I Radiustft) Depth fIll
25.1 0.1 17.04 1.47 0.35 0.49

Concrete [n=0..020)

L `" -Bottom' 1
2.0 Width = 2.00 It 2.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
IpIIps (psf)_

Straight Concrete Unvegetated N/A 6.58 N/A STABLE



Trapezoidal Channel Analysis - Ooen Channel Flow (w/ Mannino's Ea)

Client/Subject: PPL Bell Bend
Description: P01 3

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

Pdnt Date: 29 Aug 11 2:3 PM

Project #: PPLS0902

JFM
Objective:

Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=O) 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: =

Given Input Data: Swale 3.15

Discharge, Q=

Left Side Slope =
Right Side Slope =

Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':
Lining Type:

Calculate Flow Depth:

n P
Bare - Velocity Grass - Velocity

Check Check
Grass - Capacity

Check

25.10
2.0
2.0
2.0

0.2130
2.00

0.0200

25.10
2.0
2.0
2.0

0.2130

2.00

0.0200

25.10
2.0
2.0
2.0

0.2130

2.00

0.0200

cfs
H:1V
H:IV
feet
ft/ft
feet

Flow depth, d= 0.49 0.49 0.49 feet

Calculated Results: Design AcceDtable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -c =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3Sc)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high

1.51
17.07
3.97
1.47
4.20
0.35
6.55

0.0087

yes
0.5
0.0

V tao hoih

1.51
17.07
3.97
1.47
4.20
0.35
6.55

0.0087

yes
0.5

V too high

1.51
17.07
3.97
1.47
4.20
0.35
6.55

0.0087

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:\PROJECTS\PPLSIPPLS0902-Bell Bend Land Development\ANALYrlCAL\CALCULATIONSkSWALE CALCSNPERMANENT'lSwales.xlslswale 3.15



Rational Equation Stormwater Calculations

Client: PPLO902

Project: P01 3

Prepared by: NKG

Date: 15 Sep 11

(Pennoni-

Print Date: 1Sep 11 3:16 PM

Project #: PPL0902Checked by:

JEM

Governing Equation: Q = k C i 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
Soil Group
(A.B.C,D)

Land
Use

Runoff
Land Coefficient,

Slope C

Area, A
(acres)

A*C
(acres)

Cultivated (Swale 3.9) 0.25 0.469 0.117

Cultvated (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

TotalA*C: 6.01115 acres

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, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (ft)

Average Time of
Velocity Concentratn

(flis) (min)

Velocity
Calculation

Method

Shallow Concentrated 7 L•

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.: 5.0 minutes

Override calculation for Tc? ® YS 0 No Tc = 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, Q: Q=kC A

25 ya

Calculated Flow, Q (cfs) = 32.5

PLS\PPLS0902-Bell Bend Land Development'ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\IPPLSO902-Rational Method-Conveyance.xlsm]Swale 3.16



]No•th American Green - ECMDS Version 4.3 F3/-71'/2011 Fj03:2i PM COMPUTED BY: NKG
JPROJECT NAME: PPL BBNPP [PROJECT NO.: PPLS0902
IFROM STATION/REACH: JTO STATION/REACH: CONC IDRAINAGE AREA: SWALE 3.16 -DESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow IVelocity (fps) Area (sq.fI) Hydraulic I Normal

fcfsl Period fhrs]I I I Radiusfft) I Depth 110
132.5 0.1 18.34 1.77 0.39 0.57

1 L \"L Botto' " _J 1
2.0 Width = 2.00 ft 2.0

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics
Reach StabilityAnalysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
(psi) (pSI•

Straight Concrete Unvegelated N/A 7.52 N/A STABLE



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

Client/Subject: PPL Bell Bend

Description: POI 3

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

Print Date: 1 Sep 11 3:22 PM

Project #: PPLS0902

JFM
Obiecti yet: I

Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=O) 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 =

Given Input Data: Swale 3.16

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

n

Bare - Velocity

Check
Grass - Velocity

Check
Grass - Capacity

Check

32.50
2.0
2.0
2.0

0.2130

2.00

0.0200

32.50
2.0
2,0
2.0

0.2130

2.00

0.0200

32.50
2.0
2.0
2.0

0.2130

2.00

0.0200

cfs
H:1V
H:IV
feet
ft/ft
feet

Flow depth, d= 0.57 0.57 0.57 feet

Calculated Results: Desiqn Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, T =
Critical Slope, Sc=

Flow stable? (no if .7Sc < s < 1.3S)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high

1.43
18.36
4.26
1.77
4,53
0.39
7.52

0.0085

yes
0.5
0.0

V too high

1.43
18.36
4.26
1.77
4.53
0.39
7.52

0.0085

yes

0.5

V too high

1.43
18.36
4.26
1.77
4.53
0.39
7.52

0.0085

yes
0.5

I-

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

IAPROJECTSWPL5&PPLS09O2-BelI Bend Land DevelopmenLt.ANALYTICALCALOJL.ATION5\SWALE CALCSXPERMANENq~swateS~xI&]swate 3.16



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POI 5

Prepared by: NKG
Date: 15 Sep 11

Print Date: 17 Aug 11 11:49 AM

Project #: PPL0902Checked by: JFM

Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 5.1 Structure:
Route: -

Station: -

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

Hydrologic
Soil Group Land

(A,B,C,D) Use

Stone

Runoff
La
SIc

nd Coefficient, Area, A A * C
pe C (acres) (acres)

0.85 0,438 0.372

Lawn 0.40 2.062 0.825

Cultivated 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:

Tvye of Flow / Ground Cover

C.e. PpFw.....
Channel or Pipe Flow ...............

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (it)

Average Time of
Velocity Concentratn

fft/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? Yes ONo Tc = 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

III ;• ',••-; = • •••' .••'3-•"•2 ,,.' r'••:'.;"'•::':• ' s •,• • •, p• *•• :.,,•••,•,••,• ,:''•' , ,^,; z•.-•.''',•.::.,..

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCIA

Calculated Flow, 0 (cfs) = 10.0

PLS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\IPPLS0902-Rational Melhod-Conveyance.xlsm]Swale 5.1



INorthAmetican Green -ECMDS Version 4.3 17T2/22011 F09:45AAM ICOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP 1PROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 5.1 IDESrGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps) Area [sq.ft* Hydraulic Normal

fcfs) , Period (hrs]I Radiusfftl Depth [ft)
j13.0 0.1 2.65 3.78 0.50 0,73

L, Bottom
3.0 Width = 3.00 It

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
I I (psil (psf

Straight S75 Unvegetated 1.55 0.91 1.70 STABLE

Staple D



fNoith American Green- ECMDS Version 4.3 17/23/2011 IG9i4I{IC3MPUJTED BY: NKG
rPR3JECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACF: ITO STATION/REACH: VEG FDRAINAGE AREA: SWALE E.1 IDESIGN FREQUENCY: 25YR
HYDRAULIC RESULTS

Discharge Peak Flow IVelocity (fps)] Area (sq.1t) Hydraulic Normal
(cls) Period [hr3) Radius(ftI Depth (ftl
40.0 0.1 1.86 5.36 0.60 0.93

lnineinforced Vegetation (n=0. 081

S =0.0200

1 L \' Bottom
3.0 Width = 3.00 ft 3.0

No: to ScaleLINER RESULTS

Mattilg Type Vegetation Characteristics
Reach Stability Analysis Pemissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
(psf) _pf)

Straight Unreh'forced Vegetation C 'Iunch 75-95% 4.20 1.18 3.63 STABLE

____ Soil Sandy Loam 3.035 0.022 1.62 STABLE



Trapezoidal Channel Analysis - Open Channel Flow (w/ Manninq"'s Ec)

Client/Subject: PPL Bell Bend
Description: P01 5

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

Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902

J FM
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: Q = 1.486 A (
n \

Bare - Velocity
Check

A 2/3

P V
Grass - Velocity Grass - capacity

Given Input Data: Swale 5.1
Check Check

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base widtlh of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

10.00
3.0
3.0

3.0
0.0200

1.50

0.0500

10.00
3.0
3.0
3.0

0.0200

1.50

0.0810

10.00
3.0
3.0
3.0

0.0200

1.50

0.0810

cfs
H:1V
H:IV

feet
ft/ft
feet,

Calculate Flow Depth:

Flow depth, d= 0.73 0.93 0.93 feet

Calculated Results: Desln Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r =
Critical Slope, Sc=

Flow stable? (no if .7Sc < s < 1.3Sc)

Required Freeboard=
Allowable Velocity for Lining Material=

V too high

0.77
2.63
7.40
3.81
7.63
0.50
0.91

0.0474

yes
0.5
0.0

Vtoohih

0.57
1.85
8.60
5.42
8.91
0.61
1.17

0.1167

yes
0.5

V too high

0.57
1.85
8.60
5.42
8.91
0.61
1.17

0.1167

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

1A~PR0JEC7SPPLS1PPLSO902-Be11 Bend Land Developmnentý.ANAL~rtCALkcALCULATIONSISWALE CALCSYPERMANENT\ýSwales.xsls]wale 5.1



Rational Equation Stormwater Calculations

Client: PPL0902
Project: POI 5

Prepared by: NKG

Date: 15Sep 11

-Pennonim

Print Date: 17 Aug 1, 11:49 AM

Project #: PPLO902Checked by: JFM

Governing Equation: Q = k C i A (where k - I for english units)

Description: SWALE 5.2 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,CD) Use Slope C (acres) (acres)

Impervious 0.95 1.574 1.495

Lawn 0.40 3.830 1.532

Stone 0.85 0.436 0.371

Total A * C: 3.3979 acres

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, h:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (It)

Average Time of
Velocity Concentratn

(fl/s) (mrin)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

Shallow Con'

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? ) Yes 0 No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

U"t R ~ '. ,"**'***~~*. .I

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

Calculated Flow, 0 (cfs) = 18.3

PLS\PPLS0902.Bell Bend Land Development\ANALYTICAL\CALCULArIONS\SWALE CALCS\PERMANENT\IPPLS0902-Rational Method-Conveyance.xtsm]Swale 5.2



INorithAmerican Green- ECMDS Varsion 4.3 17/2012011 F09:49AM ICOMPUTED BY: NKG
JPROJECT NAME: PPL 8BNPP IPROJECT NO.: PPLS0902
[FROM STATION/EACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 52 jDE-IGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow, lVelocity (fps)JArea (sq.-tf Hydraulic Normal

[CIs HeIrrod [hrs I HadiusIt Debth [Ill
18.3 0.1 4.13 4.4Z 0.54 0.81

SC250 (n=0.034]

S = .0230

1L Bottom1
3.0 Width =3.00Oft 30

Not to ScaleLINER RESULTS

Matting Type Vegetatio-i Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattein Pha.e Cla;s Type Density Shed, SiliC: Slivl St=e
(psf] (psf]

Straight SC250 Unvegetated 1 3.00 1.02 2.9E STAELE

Staple E I _ I I



14orth Arerican Green - ECMDS Veision 4.3 F7720/2011 I0950AM -IOMPUTED BDY: NKG
FPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
Irnom sTATION/nCACIhI ITS -ST'TIONFlCACHI VEC IDnAINAGC AI-tA: 3WALE 5.2 IDESIGN mCQUENCY: 25 Yrl

HYDRAULIC RESULTS
Discharue Peak FION Velccit (fosl Area (sq.ft] HYdraulc INormal

[cf.1) Period,(h']I IIRadiusr-tI Depth (tIt
18.3 M .1 2.54 7,19 0.71 1.13

SC2S0 (n•o.O66)

7 ~S =0,C200

--\/

L Botto3.3.0 W.,idth = 3.00 it 3.0

Nor to ScalaLINER RESULTS

Matlino Type Veqetatbn Characteristics
Reach Stalility Analysis Permissible Calculated Safety Factor Renarks

S tape Pattern Phase Class Type Density 3.hear S:ress Shear Stress

Straight SC250 Vegetation 3 1 Bunch 17E-95% 10.00 1.41 7.:1 STABLE
Staple E Soil Sandv Loam 0.800 0.126 6.33 STABLE



Trapezoidal Channel Analysis - Open Channel Flow (w/ Manninq's EQ)

Client/Subject: PPL Bell Bend
Description: P01 5 Print Date:

Project #:

17Aug 11 3:6 PM

PPLS0902Prepared by: JMO
Date: 15 Sep 11 Checked by:

JFM I
Objectivee; L

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: =

Given Input Data: Swale 5.2

Discharge, Q=

Left Side Slope =
Right Side Slope =

Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1.486 2A
n P 23 F

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

18.30
3.0
3.0

3.0

0.0200

2.00

0.0340

18.30
3.0
3.0

3.0

0.0200

2.00

0.0660

18.30
3.0
3.0

3.0

0.0200

2.00

0.0660

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d= 0.82 1.13 1.13 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r =
Critical Slope, Sc=

Flow stable? (no if .7S, < s < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high
1.18
4.11
7.90
4.45
8.17
0.55
1.02

0.0213

no
0.5
0.0

V too high

0.87
2.53
9.79
7.23
10.16
0.71
1.41

0.0737

yes
0.5

V too high

0.87
2.53
9.79
7.23
10.16
0.71.
1.41

0.0737

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:APR0JEcTSPPLS\PPLSO9O2-BeII Bend Land DevelopmenMýNALYrICALýCALCULATIONSSWALE CALCSWPERMANENTXSwa~es.x~sJSwale 5.2



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POI 5

Prepared by: NKG

Date: 15 Sep 11

(pennoniV

Print Date: 17Aug11 11:49AM

Project #: PPLOS02Checked by:

I JFM

Governing Equation: Q = k C i A (where k I I for english units)

Description: SWALE 5.3 Structure: -

Route:

Station: -

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

Hydrologic
Soil Group Land
JA.B.CD) use

Runoff
Land Coefficient,

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

Area, A
(acres)

0.527

A°C
(acres)

0.501mtervious 0.95

Lawn 0.40 1.097 0.439

Stone 0.85 0.086 0.073

TotalA"C: 1.01255 acres

STEP 2: Calculate Time of Concentration:

Tyve of Flow / Ground Cover

t ____________ _ _ J

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

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

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

Flow
Manning's Average Length

n SIooe (It)

Average
Velocity

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrated j ]

Manning's Eq or other

Manning's Eq or olher

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, 1:

Raintall Intensity for

Override calculation for Tc? *yes O No TC 5.0

Use T. = 5.0 minutes

Storm Recurrence frequency (years): 25 year

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA
I

25 Year

Calculated Flow, 0 (cfs) = 5.5 U
PLSNPPLS0902-Bell Bend Land Devebpment\ANALYTICAL\CALCULATIONS\SWALE CALCS\PE8MANENRITPPLS0902-Rational Melhod-Conveyance.xlsmlSwale 5.3



j•-orhAnetican Green- ECMDS Version 4.3 F7/2C12011 0&952.AM ICOMPUTED BY: NKG
IPROJECT NAME PPL BRNPP IPROJECT NO.: PPLS0902
I-ROM S-ATION/REACH 1-0 STAIION/REACH: UNVEG IDRAINA3E AREA: SWALE 5.3 I)ESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flo" Velocty (fpsj Area (sqft) Hydraulic Normal

'(cf , Period fhrsI Radius(ftI Depth (ft)
5.E 0.1 2.04 2.70 0.43 0.67

S75 (n=0.O51)

oo=1o150

3.0 Width =2.00 ft 3.0

Not to ScaleI INFIR flFqIJ)I TR
Matting Type Vegetation Characteristics

Reach Stability Analyss Pernissible Calculated Safety Factoi Remarks
.. aple Pattern Phase Class Type Densily 5hear 5tress Sher 5tress

sfj Psf ,

Straight E75 Unvegetated 1.55 0.63 2.46 STABLE
Staple D I



INorth Americai Green -ECMDS Version 4.3 f172012011 F09:53-AMICOMPUTED EY: NKG
IPROJECT NA',E: PPL BENPP IPROJECT NO.: PPLS0902
RFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 53 IDESIGN FREQUENCY': 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fts]I Area (sq.ft) Hydradic Normal

Icfs] Period (hrs' Radiuslfti. Depth (It]
5.5 0.1 1.22 4.50 0.57 0.9L

U rreintorced Vgetation (n=O. 102)

Botbm
3.0 Width = 2.00 it

LINER RESULTS Not to Scale

M;%Ilin3 T vpp. Vp.op, tAfinn ('hxarn:lpjiýOiin.
Reach Stability Analysi, Permissible Calculated Safety Factor Remarks

StaplePattern Phase Ca Type Density Shear Stress Shear Stress
(psf) (psi)

Straight Unreirlorced Vegetation C I" Bunch75-95% 4.20 0.88 4.80 STABLE
Soil Eandy Loam 0.035 0.010 3.42 STABLE



Trapezoidal Channel Analysis - Open Channel Flow (wI Mannino's Ea)

Client/Subject: PPL Bell Bend
Description: POt 5

Prepared by: JMO

Date: 15 Sep 11 Checked by:

Print Date:

Project #:

17 Aug 113:6 PM

PPLS0902

JFM
Objective:

UsingManning'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: 0 =

Given Input Data: Swale 5.3

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

n

Bare - Velocity
Check

A:~ )213

Grass - Velocity Grass - Capacity
Check Check

5.50
3.0
3.0

2.0

0.0150

2.00

0.0510

5.50
3.0
3.0

2.0

0.0150

2.00

0.1020

5.50
3.0
3.0
2.0

0.0150

2.00

0.1020

cfs
H:IV
H:IV
feet
ft/ft
feet

Flow depth, d= 0.68 0.94 0.94 feet

Calculated Results: Qesign Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, T =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3SJ=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high
1.32
2.02
6.06
2.73
6.28
0.43
0.63

0.0518

yes
0.5
0.0

V toohigah
1.06
1.21
7.65
4.54
7.95
0.57
0.88

0.1899

yes
0.5

V too hkih

1.06
1.21
7.65
4.54
7.95
0.57
0.88

0.1899

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

J
i:1PROJECTS\PPLS\PPLS0902-Be•I Bend Land Development\ANALY-)CAL\CALCULATIONS\SWALE CALCS\PERMANEN*mSwales.xds)SwaFe 5.3



Rational Equation Stormwater Calculations

Client: PPL0902
Project: POI 5

Prepared by: NKG

Date: 15 Sep 11

(Pennoni>

Print Dale: 17Aug11 11:49AM

Project 4: PPL0902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = I for english units)

Description: SWALE 5.4 Structure: -

Route: -

Station:

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

Hydrologic
Soil Group
(AB,CD)

Runoff
Land Land Coefficient,
Use Slope C

Impervious 0.95

Area, A A-C
(acres) (acres)

1.000 0.950

Lawn 0.40 0.781 0.312

Stone 0.85 0.269 0.229

TotalA' C: 1.49105 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

III........7Th

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

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

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

Flow
Manning's Average Length

n Slope (It)

Average Time of
Velocity Concentratn

(It/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Override calculation for Tc? ® Yes 0 No Tc 5.0

Use T. = 5.0 minutes

Storm Recurrence frequency (years): 25 year
g, .. ....,` `

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

25 year

Calculated Flow, Q (cfs) = 8.1

PLS\PPLS0902-Bell Bend Land Devetopment\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rational Method-Conveyance.xlsmlSwale 5.4



1N1rth American Green_- ECMDS Version 4.3 F7/20/2011 F09:55 AvlCOMPUTED BY: NKG
FPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
jFRPOM STATION/REACH: ITo STATIONIREACH: UIVEG IDRAINAGE AREA, SWA.E 5.4 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps] Area (sq.ftI Hydraulic Normal

[cfs)I Period (hrs) R adiusfft)I Depth Lft

8.1 0.1 2.07 3.92 0.53 0.86

1L ` ýottom ' /" _310
3.0 Wicth = 2.00 ft 3.0

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics
Reach Stabili:y Analysis Peimisdible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Denrity Shear Stress Shear Stress
(pso Ipsf]

Straight S7E Unvgetated 1.55 0.53 2.90 STABLE
Staple D I I I



JNor:h American Green -ECIIDS Version 4,3 17/20/2011 F09:55 AM ICOMPUTED BY: NIKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG ]DRAINAGE AREA: SWALE 5.4 IDESIGN FREQUENCY: 25 YR

HYDRAULIC RESULTS
Discharge I Peak Flow Velocity (fps)j Area tsq.ft) Hydraulic Normal

Icfs] I Period (hrsl Radiuslft) Depth ft)I
03.1 0.1 1.26 6.45 0.69 1.17

Unreirforced Vegetation (n=0. 092)

3L. iBottomh 1
3.0 Wdidth =2.00 It 3.0

Not to S6o00LINER RESULTS

Matting Type Vegetation Characterisli.•s
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class I'Type Dansity Shear Stress Shear Stress
(psi) (psf)

Straight Unreinforced Vegetation C Bunch 75-95% 4.20 0.73 5.75 STABLE

_____ Soil Sandy Loam 0.035 0.010 3.34 STABLE



Trapezoidal Channel Analysis - Open Channel Flow (w/ Mannino's Eo)

Client/Subject: PPL Bell Bend

Description: POI 5 Print Date:

Project #:

17 Aug 11 3:6 PM

PPLS0902Prepared by: JMO
Date: 15 Sep 11 Checked by:

JFMI
A I D •t
Q1abiective: I

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: a = 1.486 * A A2/, -S

Given Input Data: Swale 5.4
Bare - Velocity

Check
Grass - Velocity Grass - Capacity

Check Check

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':
Lining Type:

Calculate Flow Depth:

8.10
3.0
3.0

2.0

0.0100

2.00

0.0470

8.10
3.0
3.0
2.0

0.0100

2.00

0.0920

8.10
3.0
3.0

2.0

0.0100

2.00

0.0920

cfs
H:1V
H:IV

feet
ft/ft
feet

Flow depth, d= 0.86 1.18 1.18 feet

Calculated Results: Des!on Acceplable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -t =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high

1.14
2.05
7.17
3.95
7.45
0.53
0.54

0.0413

yes
0.5
0.0

V oohNQh
0.82
1.25
9.06
6.50
9.44
0.69
0.73

0.1454

yes
0.5

V too high
0.82
1.25
9.06
6.50
9.44
0.69
0.73

0.1454

yes

0.5

feet
fps
feet
sq ft
feet
feet
lbslsf
ft/ft

feet
fps

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

I:\PROJECTS&PPLSTPPL5O9O2-Sell Bend Land Develop~menI\ANALYTICAL\CALCULATIONS\SWALE CALCSkPERMANENnT\Swales~xlstswale 5.4



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POt 5

Prepared by: NKG

Date: 15 Sep 11

(Pennonflh

Print Date: 18 Aug 11 3:21 PM

Project #: PPL0O02Checked by:

I JFM

Governing Equation: Q = k C i A (where k: = oren•lash units)

Description: SWALE 5.5 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,CD) Use Slope C (acres) (acres)

Impervious (Swate 5.5) 0.95 1.246 1.184

Impervious (Swale 5.4) 0.95 1.000 0.950

Lawn (Swale 5.5) 0.40 t .024 0.410

Lawn (Swale 5.4) 0.40 0.781 0.312

Stone (Swale 5.5) 0.85 5.070 4.310

Stone (Swale 5.4) 0.85 0.269 0.229

Total A * C: 7.39385 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

[ i,,

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

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

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

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (ft)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? ) Yes 0 No Tc = 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

2,1111,11 ,-•,-• " ''• i ..•-'L.,"-' :, ,,•• •• =• ••...: ::•.•- .o,,..z••.:...,.•.• .i•``••1b`•`•:•..;•; : =.::••`.: ``,-,•

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

25 year

Calculated Flow, Q (cfs) = 39.9

IPLS\PPLS0902-Bell Bend Land DevelopmentýANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT'[PPLS0902-Rational Method.Conveyance.xlsm]Swale 5.5



INoithAmerican Green- ECMDS Version 4.3 r/,18/2011 03:52 PM ICOMPUTED BY: NKG
1PROJECT NAME: PPL BBNPP IPROJECT NO.: PPLSO902
IFROM ST'ATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 5.5 .DESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
S C250 In-,. 0251

Discharge Peak Flow Velocity (fps} Area {sqlt} Hydraulic Normal
fcfsl Period (hisl Radiuslfti Depth (t10
39.9 0.1 6.92 577 0.75 1.27

Bottom
Width = 2.00 ft 2.0

LINER RESULTS Not to Scale
SpMatting Type VegptaDion Characte sitics

Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple PaVtee Phase Class Type Density s heai Stress She Stress

fps,) [psf]

Straight SC250 Unvegetated J 3.00 1.59 1.89 STABLE
Staple E I I

)



INoith American Green. ECMDS Version 4.3 18/18/2011 F03:52 PM ICOMPUTED BY: NKG
[PROJECT NAME: PPL BBNPP JPROJECT NO.: PPLS0902
[FROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 5.5 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity(ps Areatsq.ft Hydraulic INormal
,scfS, Periode lhvSA RadiusftI Depth(It]

39.9 0.1 4.23 9.43 0.97 1.73

Not to ScaleLINER RESULTS

Mattkng Type JVegetation Characteristics JReach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattern Phase Class Type Density Shear Stress Shear Stress

I psf) (PSI) .

Straight SC250 Vegetation, 3 'j "C Bunch•175.95% 10.00 2.16 46.4 STABLE
Staple E Soil Sandy Loam 0.800 0.121 6.63 STABLE



Trapezoidal Channel Analysis - Onen Channel Flow (w/ Mannina's Eal

Client/Subject: PPL Bell Bend
Description: POI 5

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

Print Date: 18 Aug 11 3:53 PM

Project #: PPLS0902

JFMI
•l D • e
Ubiective: I.

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 =

Given InDut Data: Swale 5.5

Discharge, Q=
Left Side Slope =

Right Side Slope =

Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1.486,A (A ) \
n P

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity-
Check

39.90
2.0
2.0

2.0

0.0200

2.25

0.0250

39.90
2.0
2.0

2.0

0.0200

2.25

0.0490

39.90
2.0
2.0
2.0

0.0200

2.25

0.0490

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d= 1.27 1.74 1.74 feet

Calculated Results: Desiqn Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3 S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high

0.98
6.93
7.08
5.76
7.68
0.75
1.58

0.0109

yes
0.5
0.0

V too hýh

0,51
4.20
8.94
9.49
9.76
0.97
2.17

0.0385

yes

0.5

V too high

0.51
4.20
8.94
9.49
9.76
0.97
2.17

0.0385

yes
0.5

feet
fps
feet
sq ft
feet
feet
Ibs/sf
ft/ft

feet
fps

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

I:\PROJECM5PPL5\PPLS9092-8e1i Bend Land Develop nent\ANALYTICAL\CALCULATIONS\SWALE CALC5kPERMAr4ENTýlswalesds)Swale 5.5



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 5

Prepared by: NKG

Date: 15 Sep 11

(Pennonil

Print Date: 18 Aug 11 3:21 PM

Project #: PPLO902Checked by:

I JFM

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,
(A,B.C.) Use Slope C

Impervious (Swale 5.6) 0.95
Imperious (Swale 5.9) 0.95

Area, A A*C
(acres) (acres)

0.258 0.245

0.060 0.057

Lawn (Swale 5.6) 0.40 0.601 0.240

Lawn (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:

Type of Flow / Ground Cover

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

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

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

Flow
Manning's Average Length

n Slone (ftl

Average Time of
Velocity Concentratn

(f/sl) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrated

i .............. . .. . ....

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Override calculation for Tc? ® Yes 0 No Tc = 5.0

Use T, 5.0 minutes

Storm Recurrence frequency (years): 25yea.r

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

Calculated Flow, Q (cfs) = 48.6

ýPLS\PPLS0902-Bell Bend Land Developmenl\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANEN'R[PPLS0902-Rational Method-Conveyance.xlsm]Swale 5.6



INofthAmeuican Green. EC1,DS Version 4.3 18/18/2011 103:56 PMICOMPUTED BY: NKG
JPROJECT NAME: PPL B8NPP FPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG FDRAINAGE AREA: SWALE 5.6 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps)I Area [sq.ft] Hydraulic Normal

(cIs) Period fhrs I Radiusfft I Depth ift)
08.6 0.1 6.83 7.11 0.84 1.45

Bot tom

2.0 Width = 2.00 ft 2,0

Not to ScaleLINER RESULTS

Matling Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
I (psfj [psf)

Straight SC250 Unvegetated 1 3.00 1.13 2.65 STABLE

Staple E _ f 1 _ _ 1 1



INorth American Green, ECMDS Version 4.3 f8/18/2011 103:56 PM ]COMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/EREACH: O EACH: VEG DRAINAGE AREA: SWALE 5.8 -DESIGN FREQUENCY: 25 YR

HYDRAULIC RESULTS

Discharge Peakri ow Velociy lfps', Area (sqft] Hydraulic I Normal
l-fs I Period (his) Radiusfitl Deplh Ifil
148.6 0,1 3.76 12.92 1.14 2.09

1 \L__ ortorn 1 1
2.0 Width = 2.00 ft 2.0

LINER RESULTS Not to Scale

Marting Type JVegetation Characteristics
Reach Stabiity Analysis Permissible Calculaled Safety Factor R emarks

Staple Pattern Phase Clan Type Density Shear Stress Shear Stress
I psi) NOsl

S traight SC250 Vegetation 3 C Bunch 75.95% 10.00 1.63 6.13 STABLE
Staple E Soil Sandy Loam 0,800 0.043 18.81 STABLE



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

Client/Subject: PPL Bell Bend

Description: POI 5

Prepared by: JMO

Date: 15 Sep 11 Checked by:

I JFM

Print Date: 18 Aug 11 3:57 PM

Project #: PPLS0902

Objective: I
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 =

Given Input Data: Swale 5.6

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

tA ( A)2Sf

Bare - Velocity Grass - Velocity

Check Check

Grass - Capacity
Check

48.60
2.0
2.0

2.0

0.0125

2.75

0.0220

48.60
2.0
2.0

2.0

0.0125

2.75

0.0480

48.60
2.0
2.0

2.0

0.0125

2.75

0.0480

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d= 1.46 2.09 2.09 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, c =
Critical Slope, Sc=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high

1.29
6.75
7.85
7.20
8.54
0.84
1.14

0.0081

yes
0.5
0.0

V too high

0.66
3.78

10.34
12.87
11.33
1.14
1.63

0.0352

yes
0.6

V too high

0.66
3.78
10.34
12.87
11.33
1.14
1.63

0.0352

yes
0.6

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:\PROJECTSTPPLSWPLSO902-BelI Bend Land Development\ANALYTICAL\cALcULATIONS\SWALE CALCS\PERMANENTýSwales.xlstSwale 5.6



Rational Equation Stormwater Calculations

Client: PPL0902
Project: Pot 5

Prepared by: NKG

Date: 15 Sep 11

,Pennoni/

Print Date: 1 Aug 11 3:21 PM

Project M: PPLO902Checked by:

I JF M

Governing Equation: Q = k C i A (,there k = 1 for english units)

Description: SWALE 5.7 Structure:

Route: -

Station: -

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

Hydrologic
Soil Group
(A,BC,D)

Runoff
Land Land Coefficient,
Use Slope C

Area, A
(acres)

A*C
(acres)

Stone (Swale 5.10) 0.85 0.939 0.798

Lawn (Swale 5.7) 0.40 0.730 0.292

Lawn (Swale 5.10) 0.40 0.041 0,016

Lawn (Swale 5.8) 0.40 0.950 0.380

Total A * C: 1.48655 acres

STEP 2: Calculate Time of Concentration:

Type of Flow I Ground Cover

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (f0)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, Tc:

[Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? ) Yes 0 No Tc 5.0

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) = 8.0

zPLS\PPLS0902-Bell Bend Land Development'ANALYTICALCALCULATIONS\SWALE CALCS\PERMANENl\[PPLS0902-RationaI Method-Conveyance.xtsm]Swale 5.7



INorth American Green- ECMDS Version 4.3 F8/18/2011 104:00 PMICOMPUTED BY: NKG
JPROJECT NAME: PPL B3NPP PROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: SWALE 5.7 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps)I Area (sq.lt) Hydraulic k Nomal

lcs)l' Period (his) Radiusfft) Depth (It)
8.0 0.1 2.80 2.86 0.51 0.80

Bottom
Width = 2.00 It 2.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type Density ShearStress Shear Stress

I I IIM__(psf) (psI)
Straight S75 Unvegetated 1.55 0.99 1.56 STABLE

_ _ I Staple D _ 1 [ 1 __



INorthAmerican Green- ECIDS Version 4.3 18/18/20 1 j04:071PMICOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLSM902
IFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGEAREA: SWALE 5.7 'JDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow 'Velocity fps Area fsq.ft Hydiaulic Normal

(cfsl Period lhAs Radiusft Depth (fIl
03.0 0.1 1.98 4.05 0.62 1.01

2.0_ Widt -2Bottom .0J
2.0 Width =2,00OIt 2.0

LINER RESULTS Not to Scale

Matting Type ..... Vegetation Characteristics

Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattern Phase Class Type Density Shear Stress Shear Stress

I I(psf] (PSI)]

Straight Unreinforced Vegetation C Bunch 75-95%1 4.20 1.26 3.34 STABLE
Soil Sandy Loam 0,035 0.025 1.37 STABLE



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

Client/Subject: PPL Bell Bend

Description: P01 5

Prepared by: JMO

Date: 15 Sep 11 Checked by:

I JFM

Print Date:

Project #:

18 Aug 114:1 PM

PPLS0902

Objective: I
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
fine 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 =

Given Input Data: Swale 5.7 Bare - Velocity Grass - Velocity, Grass - Capacity
Check Check

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

8.00
2.0
2.0

2,0

0.0200

2.00

0.0480

8.00
2.0
2.0

2.0

0.0200

2.00

0.0780

8.00
2.0
2.0

2.0

0.0200

2.00

0.0780

cfs
H:IV
H:1V
feet
ft/ft
feet

Calculate Flow Depth:

Flow depth, d= 0.80 1,02 1.02 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -c =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too hih

1.20
2.79
5.19
2.87
5.57
0.52
1.00

0.0449

yes
0.5
0.0

V too high

0.98
1.95
6.07
4.10
6.55
0.63
1.27

0.1117

yes
0.5

V too high

0.98
1.95
6.07
4.10
6,55
0.63
1.27

0.1117

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

IAPROJ EcTSkPPLS\PPLSO9O2- Bell Send Land Developmenl'ANALYTICALICALCULATIONS\SWAt.E CALCSýPERMANENTýSwales.xls]Swate 5.7



Rational Equation Stormwater Calculations

Client: PPLO902
Project: Pol 5

Prepared by: NKG

Date: 15 Sep 11

,Pennoni2

Print Date: 17Aug 11 11:49 AM

Project #: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k =1 for english units)

Description: SWALE 5.8 Structure: -

Route:

Station:

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

Hydrologic
Soil Group Land
(A.B.CD1 Use

Runoff
Land Coefficient,

Sloce C
Area, A

(acres)

A'C
(acres)

Lawn 0.40 0,950 0.380

Total A* C: 0.38 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

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

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

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

Flow
Manning's Average Length

n Slooe (it)

Average Time of
Velocity Concentraln

(ft/s' (mini

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T .:

iShaflow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Override calculation for Tc? yes 0 No To = 5.0

Use Tc = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

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

25 year

Calculated Flow, 0 (cfs) = 2.1

uLS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANEN'1,[PPLS0902- Rational Method-Conveyancexism)Swale 5.8



INoith American Green - ECMDS Version 4.3 17/23/2011 10:0'8 AM ICMPUTE D BY: NKG
IPR)JECT NAME: PPL BBNPP JPROJECT NO.: PPLS0902
[FROM STATION/REACI: -TO STATION/REACH: UNV'EG IDRAINAGE AREA: SWALE E,8 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
S75 fn=O.055]

Discharge Peak Flow Velocity (fps) Area (sqft Hydtaulic I Normal
0.1 Per1od .hr 75 Radius(tI Depth1(ft1

VI 1 0.1 1 1.75 1 1.20 1 0.31 1 0.42 1

1L "" o-tM--"/ IBottomao Width =2.00 ft 2.0

No: to ScaleLINER RESULTS

Matthg Type Vegetation Characteristics
Reach Stability Analysis Pemissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Sheai Stress
(psf) (psf)

Straight S75 Unvegetated 1.55 0.53 2.94 STABLE

Staple D I I I __



fJýorthAmeicanGreen ECNDS Version 4.3 F70/2011 r009AMI COt-PUTED BY: NKG
IPPROECT NAlE: FPL -13PP IPROJE:T NO.: PPLS3902
]FROM STATIOWJ/REACH: ]TO STAIlON/REACH: V'EG IDRAINAGE AREA: SWALE 5.8 IDESIGN FREQUENCY: 25 YR
HYDRAULIC RtESULTS
IDi;;L~hdsyt Ptwk Fluv IWvwily (fp;'I Ai tcd(ý;O)] Hydduliv NuIIl dI

I (cs~ Percd hrsf I Raus ftl Deptlý (ft)
VI 0.1 0.95 2.21. 0.444 0.66

Bottom
2.0 Wdth - 2.0C At 2.0

Notto ScaleLINER RESULTS

1 eawh
'4atting Tpe

Staple Patern
S tablity Aalyss

Vegetation Characteristico
Permissible

Shear S:ress
Ipst.

Calcubted
Shear Stires

LPtIJ

5 afey Factor Remarks

Stlaijht Ur1uii~irui~ud V;j-ttdiuri C Eurvh 75-35% 4.2C 0.83 1[ .07 STABLE

I Soil Sandy~ Loam J 0.035 0.036 E.76 STABLE



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

Client/Subject: PPL Bell Bend
Description: POI 5

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

Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902

JFMI
ublective: |

Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=O) 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: 0 = 1.486 .A ( )213f-
n A(PS

Bare - Velocity Grass - Velocity Grass - Capacity.
Check Check CheckGiven Input Data: Swale 5.8

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

2.10
2.0
2.0

2.0

0.0200

1.50

0.0550

2.10
2.0
2,0

2.0

0.0200

1.50

0.1290

2.10-
2.0
2.0

2.0

0.0200

1.50

0.1290

cfs
H:1 V
H:1V

feet
ft/ft

feet

Flow depth, d= 0.46 0.76 0.76 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, t =

Critical Slope, S,=
Flow stable? (no if .7Sc < s < 1.3SJ)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high

1.04
1.56
3.84
1.34
4.06
0.33
0.57

0.0673

yes
0.5
0.0

V too high

0.74
0,79
5.03
2.66
5.38
0.49
0.94

0.3284

yes
0.5

V too hig
0,74
0,79
5.03
2.66
5.38
0.49
0.94

0.3284

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

IAPROJEcT5tPPLSPPLSO5O2-8e11 Send Lan~d OevelopnmenMýNALYTICALkCALCULATIONSISWALE CALCskPERMANENTýlswales.xI$]Swale 6.8



Rational Equation Stormwaler Calculations

Client: PPL0902
Project: POI 5

Prepared by: NKG
Date: 15 Sep 11

-Pennoni)

Print Date: 17 Aug 11 11:49 AM
Project #: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = I for english units)

Description: SWALE 5.9 Structure: -

Route: -

Station: -

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

-r Hydrologic
Soil Group Land
(A,B,C,D) Use

Impervious

Runoff
Land Coefficient,

Slope C

0.95

Area, A A*C
(acres) (acres)

0.060 0.057

0.172 0.069Lawn 0.40

Stone 0.85 0.598 0.508

Total A * C: 0.6341 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

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

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

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

Flow
Manning's Average Length

n Slope (ft)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method
I I [ .... .. .

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

{Shallow Concentratedt ... .__......... .E

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Override calculation for Tc? *Yes 0 No Tc 5.0

Use Tc = 5.0 minutes

Storm Recurrence frequency (years): 25 year
*,..~ eg. 'r

4"7'- "~2mf12IEZflnn~iyt~iln~~r)~.~.~ 4~t' MR,

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

25 Year

Calculated Flow, 0 (cfs) = 3.4

PLS\PPLS0902-BefI Bend Land Developmenl\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\IPPLS0902-Rational Method-Conveyance.xlsm]Swale 5.9



INoithAmerica, Green- ECMDS Version 4.3 17/20/2011 110:11 AMjCOMPUTED EY: NKG
FP•OJECT NAME: PPL BENPP IPROJECT NO.: PPLS0902
JFROM STATION/REACH: ITO STATION/REACH: UNVEG !DRAINAGE AREA: SWALE 59 -DESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fls)' Area (sqit) Hydrasuic Normal

[cfsl Period fhrsI Radiuslft) Depth (fftI
3.4 0.1 1.75 1.94 0.41 0.61

L_ Botbm
2.0 Width = 2,00 ft 2.0

LINER RESULTS Not to Scale



I•,orth Amerian Green- E CNDS Version 4.3 17/20/2011 110:12 Am ICONPUTED BY: NKG
1PROJ'CT NAME: PPL BBNPP 1PROJECT NO.: PPLSO902
FFROWv STAT1ON/RE EACH: ITC STATION/REACH: VEG IDRAINAGE AREA: EWALE 5.9 DESIG", FREQUENCY: 25 YR

HYDRAULIC RESULTS

Dischatce RFeak Flow Velocity lfpsli Aiea Isq.ftl MHvd'aulic Normal
Icftj Feriod (hrsl Radus.Ift Depth Ift)
34 n I i f nn I I F nf.q n qR

UnreirforceJ Vegetation (n=0. 113'

\S = 0.0125

N -,T.0

Not to ScaeLINER RESULTS

Matting Type Vegetation Chaiactetr'tics
.RtlddI StIdbility Aricjly~i.. Pm..miult CCALAOUlS, d 5ely Ftjutju 19011d0ký

Staple Fattern Phase Clas Type Denlity Shear Stress Shear S.esm
•j . ( P s r] ( p s O ]

3traight Unreinforced 'Veoetation C Bunch 75-95% 4.20 0.70 603 STABLE
I I Soil Sandy Loam 0.035 0.007 526 STABLE



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

Client/Subject: PPL Bell Bend
Description: POI 5

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

Print Date: 17Aug 11 3:6 PM

Project #: PPLSO902

IFM
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 =

Given Input Data: Swale 5.9

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1.486 .A A2 /3 s
n P)

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

3.40
2.0
2.0
?.0

0.0125

1.50

0.0530

3.40
2.0
2.0

2.0

0.0125

1 .50

0.1130

3.40
2.0
2.0

2.0

0.0125

1.50

0.1130

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d= 0.64 0.97 0.97 feet

Calculated Results: Design Aoceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -r =
Critical Slope, Sc=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

Vtgohigh
0.86
1.62
4.56
2.10
4.86
0.43
0.50

0.0577

yes
0.5
0.0

V too high

0.53
0.90
5.86
3.79
6.32
0.60
0.75

0.2375

yes
0.5

V too~hih
0.53
0.90
5,86
3.79
6.32
0.60
0.75

0.2375

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:APRO.JECTSkPPLSPPLSO9O2-Be11 Bend Land DevelopmenI¼ANALYTICALCALCULATIOWS\SWALE CALCS\PEiRMANENrTlSwales.xls]Swale 6.9



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POI 5

Prepared by: NKG

Date: 15 Sep 11

(Pennoni)

Print Date: 17 Aug 11 11:49 AM

Project #: PPLO902Checked by:

JFM

Governing Equation: Q = k C i A (where k = I for english units)

Description: SWALE 5.10 Structure: -

Roule: -

Station:

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

Hydrologic
Soil Group Land
(AB,C,D) Use

Stone

Runoff
Land Coefficient, Area, A A * C

Slope C (acres) (acres)

0.85 0.939 0.798

Lawn 0.40 0.041 0.016

Total A * C: 0.81455 acres

STEP 2: Calculate Time of Concentration:

Type of Flow/ Ground Cover

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

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

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

Flow
Manning's Average Length

n Slope (It)

Average Time ot
Velocity Concentratn

(fl/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, I-

Rainfall Intensity for

Override calculation for Tc? ) Yes 0 No Tc 5.0

UseTc = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

Ra5infalll 1-Y. ,

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCiA

25 vear

Calculated Flow, 0 (cfs) = 4.4

LS\PPLS0902-Bell 1end Land DevelopmenM•NALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\IPPLS0902-Ralional Melhod-Conveyance.xlsm)Swale 5.10



JNorth American Green- ECMDS Version 4.3 J7/20/2O1 F1 10-4AM 1IOMPUTED B(: NKG
TPROJECT NAME: PPL BBNPP JPROJECT NO.: PPLS0902
jrnMoTI, ON/nr'ACII: !TO STATIONA-IACII UNVG JDRlAtNACCi' nCA: 3WAL1 5.10 JDEOIGN mEQUCNcY: 25Yn

HYDRAULIC RESULTS
Dischnrge Peak FIov Velccit (fpsl Area lsqft) Hjudraulc INormral

(ch? I Period th-s1 Radjus ftfl Depth [ft]
4.4 0.1 2.23 1.97 0.42 0.61

s75fn=0., 52)

S 0C200

L Bottom
2.0 Width = 2.00 ft 2.0

Nor to ScaleLINER RESULTS

Mattinq Type Veaetatin Charncleristics
Reach StabilityAna!sis Permisible Calculated Safety Factor Renarks

Stape Pattern Ph3se Css Type Density 3hearS:ress Shear Stress(psf' (ps:)

Stiight S75 Urnvegetated 1.5[ 0.73 2.03 STABLE

Staple D I I I I



INorth American Green - ECMDS Vrsion 4.3 F7/20/2011 110-14AM ICOMPUTED BY: NKG
[PROJECT NAME: PPL BBNPP FIPROJECT NO.: PPLS0902
IFROM STATION:IEACH: ITO STATION/REACH: VEG . IDRAINAGE AREA: SWALE 510 IDEEIGN FREQUENCY: 25YR

HYDRAULIC RESULTS

; Discharge Peak Flow Velocity (fps] Area (sq.1t) Hydraulic Normal
tcl's IPeriod Ihrsl HadruslItI Depth jItJ
4.4 0.1 1.43 3.OE 0.54 0.84

Unreinforced Vegetation (n=0. 097)

S =0.0230

L Bottom
2.0 Width = 2.00 It 20

Not to ScaleLINER RESULTS

Matting Type Vegetatioil Characteristics
Reach Stability Analyris Permissitle Calculated Safety Factor Remarks

Staple Pattern 'Phase Cla;s Type Density Shear Stress Shear Stress
(psi" (psi)

Straight Unreinforced Vegetation C L7 4.20 1.05 4.02 STAELE

=_' Soil Sa'dy Loam 0.035 0.014 2.5E STAELE



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

Client/Subject: PPL Bell Bend
Description: P01 5

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

Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902

JFM
Oblecti ve: JFM

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 =

Given Input Data: Swale 5.10

1.486,.A __ A /\ s
n P)

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's n':

Lining Type:

4.40
2.0
2.0

2.0

0.0200

1.50

0.0520

4.40
2.0
2.0

2.0

0.0200

1.50

0.0970

4.40
2.0
2.0
2.0

0.0200

1.50

0.0970

cfs
H:1V
H:1V
feet
ft/ft
feet

Calculate Flow Depth:

Flow depth, d= 0.61 0.87 0.87 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, T =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high

0.89
2.22
4.46
1.99
4.75
0.42
0.77

0.0561

yes
0.5
0.0

V too hioh

0.63
1,35
5.49
3.27
5.90
0.55
1.09

0.1794

yes
0.5

V too high
0.63
1.35
5.49
3.27
5.90
0.55
1.09

0.1794

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:PR0JECTSX$PLSPPLSO9O2-Bel, Bend Land Development\ANALYTICALýCALCULATIONS\SWALE CALCSIPERMANENTr\Swales~xls]Swate 5.10



Rational Equation Stormwater Calculations

Client: PPLO902
Project: P01 6

Prepared by: NKG
Date: 15 Sep 11

(Pennoni/

Print Date: 18 Aug 11 3:21 PM

Project #: PPLO902Checked by:

I JFM

Governing Equation: Q = k C 1 A (where k = I for english units)

Description: SWALE 6.1 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,B,C,O) Use Slope C (acres) (acres)
Impervious (Swale 6.1) 0.95 0. 069 0,066

Impervious (Swale 6.2) 0.95 0.284 0.270
Impervious (Swale 6.3) 0.95 0.162 0.1564

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

Stone (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 Concentration:

Tv•e of Flow I Ground Cover

.---- _----

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

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (ft)

Average
Velocity

(fIts)

Time of
Concentratn

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrated 1

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? ® Yes 0 No TC 5.0

Use T, 5.0 minutes

Storm Recurrence frequency (years): 25 year

ýA -'PJ 0- '.,

STEP 4: Calculate Peak Rate of Runoff, Q:

25 year

Calculated Flow, Q (cfs) = 38.0

Q=kCiA

1PLS\PPLS0902-8elt Bend Land Development'ANALYTICAL\CALCULATIONS\"SWALE CALCS\PERMANENTI[PPLS0902-Rational Method-Conveyance.xismlSwale 6.1



INorth American Green - ECMDS Version 4.3 F8-/18/2o1 i04:05 PMICOMPUTED BY: NKG
PROJECT NAME: PPL BBNPP PROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG fDRAINAGE AREA: SWALE 6.1 JDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge. Peak Flow Velocity (fps•, Area [sqft] Hydraulic Normal

(cfs]) Period thrs] Radiusfftl Depth (1t
38.0 0,1 5.53 6.87 0.71 1.22

L• `-Bottom J
3.0 Width = 2.00 it 3.0

Not to ScaleLINER RESULTS
..... Matting Type IVegetation CharacteristicsReach Stabirity Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type D ensity Shear Stress Shear Stress
I I I (PSI) (PSI)

Straight SC250 Unvegetate'd 1 3.00 1.14 2,64 STABLE

Staple E



lNorth American Green- ECMDS Version 4.3 F8/18/2011 F0t4:0GPM]COMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP PROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 6.1 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps) Area (sq .1t] Hydraulic Normal,,

[cfs) Period [hrs) Radiusfftl Depth lit]
38.0 0.1 3.21 1 11.82 0.94 1.68

1L \L J0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress

I (psI) (psi)

Straight SC250 Vegetation 3 C .. unch M75-95 10.00 1.57 6.36 STABLE

Staple E Soil Sandy Loam 0.800 0.079 10.11 STABLE



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

Client/Subject: PPL Bell Bend
Description: POI 6

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

Print Date: 18 Aug 11 4:7 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.

Manning's Equation: =

Given Input Data: Swale 6.1

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n:

Lining Type:

Calculate Flow Depth:

Bare - Velocity
Check

)2 13 7ý/"F

Grass - Velocity
Check

Grass - Capacity
Check

38.00
3.0
3.0
2.0

0.0150

5.00
0.0260

38.00
3.0
3.0

2.0

0.0150

5.00

0.0540

38.00
3.0
3.0

2.0

0.0150

5.00

0.0500

cfs
H:1V
H:IV

feet
ft/ft
feet

Flow depth, d= 1.21 1.68 1.62 feet

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3SJ)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high

3.79
5,55
9.28
6.84
9.67
0.71
1.14

0.0115

yes

0.5
0.0

V too high

3.32
3.22

12.06
11.79
12.61
0.94
1.57

0.0454

yes
0.5

V too high

3.38
3.41
11.73
11.14
12.26
0.91
1.52

0.0393

yes
0.5

feet
fps
feet
sq ft
feet
feet
Ibs/sf
ftlft

feet
fps

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

I\PROJECTSXPPLS',PPLSOQO2-Be1I Bend~ Lan~d DevelopmenflANALYTICALNCALCULATIONSý5WALE CALCS\PERMANENT\lSwales.xsls]wale 6.1



Rational Equation Stormwater Calculations

-- -------
Client: PPLO902

Project: POI 6
Prepared by: NKG

Date: 15 Sep 11
Checked by:

I JFM

Print Dale:

Project #:
17Aug 11 11:49 AM

PPLO902

Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 6.2 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group
(A.B,C.,)

Land
Use

Runoff
Land Coefficient,
Slope C

Area, A

(acres)

A*C
(acres)

Impervious 0.95 0.284 0.270

Lawn 0.40 0.652 0.273

Stone 0.85 0.084 0.071

Total A I C: 0.614 acres

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, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (ft)

Average
Velocity

Ift/s)

Time of
Concentratn

(mini

Velocity
Calculation

Method

[Sh•,ow Concentrated - -[................ ..... .. ... .. .
Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

Override calculation for Tc? Yes No

5.0 minutes

Tc = 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCIA

Calculated Flow, Q (cfs) = 3.3

PLS\PPLS0902-Belf Bend Land Devetopment\ANALYTICAL\CALCULATIONSkSWALE CALCS\PERMANE NT•(PPLS0902.Rational Method-Conveyance.xlsm)Swale 6.2



Nrorth American Gm~en - E CHOS Version 4.3 F7/-20/'2011 F1 05:9AM )COMPUTE) BY: W6.
IPROJECT NAME: PPL BB'4PP FP-ROJECT NO.: PPLS0902
JFRflm S.T4TmfN/RFAr.H- iTnc TATIflJ/RFM.H, ING JDRIAINAGF4 RFA- SWIA F 1 IF)F~qlrJ. FRFRI IFNflY- 25 YR

HYDRAULIC RESULTS
Dischage Peak Flow Velocitý (fps) Area (sq.ft) Hydrauic Normal

(crfs* Peuiod (hrs) rl adiu-s(ft) Depth (ft)
3.3 0.1 1.70 1.94 0.26 0.54

1L\ ` ýEottom` I
3.0 Wid:h = 2.00 ft 3.0

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics
Reach Stabiity Analysis Permissble Calculated Safety Fac:or Remarks

Staple Pattern Phase Class Type Density 3hear Stiess Sear Stess
(l-'_[_ (pSf

Straight S75 Unvegetated 1.55 0.50 3.08 STABLE
_StapDe D



iNorth Anerican 3reen -ECMDS Version 4,3 ]7/20/2011 Fl-0:26-A ]COMPUTED BY: NKG
iPROJECT NAM--: PPLBBNPP JPROJECT NO.: PPLSO302
FFROM STATION/REACH: iTO STATIO",/REACH: VE3 j{D)RAINAGE AREA: SWALE 6.Z IDESIGN FREQUENCY': 25YR

HYDRAULIC RESULTS
D i~ e Pcoklflow Vdlocity (fpsI Ar (4%ft) I lydrsulic Normal(cls) Period hrs i . Radiusfft) Depth It)

3.3 1 0.1 0.93 3.55 0.50 1 r0.80

U nreinfo-ced Vegetatior (rr=O. 123]

1 `-Bottom I
3.0 Width = 2.00 ft 30

Not b ScaleLINER RESULTS

Ma:ting Type Vege:ation C-,atacteiistics
Reach Stability Analysis Peimissible Calculated Safety Factor Remarks

Staple Pattern Phase Clas Type Densit) cat Stcor Shcar Strcr
(psf] (psf).

hAioht I Inminlnr.ePr1 J,,/POIkn.)inn r. 4 2fl Il 7!i i9R -TARI F

I I Soil Sandy Loarn 0.035 0.006 5.81 STABLE



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

Client/Subject: PPL Bell Bend

Description: POI 6 Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902Prepared by: JMO
Date: 15 Sep 11 Checked by:

JFM
Objectivee: JFM

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: =

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) Input Manning's 'n':
Lining Type:

Calculate Flow Depth:

1.486 A ( 23 A
In P)

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

3.30
3.0
3.0
2.0

0.0150

1.50

0.0540

3.30
3.0
3.0
2.0

0.0150

1.50
0.1230

3.30
3.0
3.0
2.0

0.0150
1.50

0.1230

cfs
H:IV
H:IV
feet
ft/ft
feet

Flow depth, d= 0.55 0.87 0.87 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -r =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3SJ)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high

0.95
1.66
5.28
1.99
5.45
0.36
0.51

0.0614

yes
0.5
0.0

V too hih
0.63
0.83
7.20
3.98
7.48
0.53
0.81

0.2824

yes
0.5

V too high
0.63
0.83
7.20
3.98
7.48
0.53
0.81

0.2824

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

t:\PR0JECTSTPPLSIPPL5O9O2-Bell Bend Land DevelopmenI\ANALYTICAL\CALCULATIONSISWALE CALCS\PERMANENTýSwaIes.As]5wale 6.2



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 6
Prepared by: NKG

Date: 15 Sep 11

PrintDate: t7Aug 11 11:49AM

Proiect #: PPLO902Checked by:

I JFM

Governing Equation: 0 = k C i A (where k = 1 for english units)

Description: SWALE 6.3 Structure: -

Route: -

Station: -

STEP 7: Calculate Drainage Area, A and Runoff Coefficient, C:

Hydrologic
Soil Group Land
(A.B,C.D) Use

Runoff
Land Coelficient, Area, A A , C
Slope C (acres) (acres)

0.95 0.162 0.154Impervious

Lawn 0.40 0.553 0.221

WE Total A - C: 0.3751 acres

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, h

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (00)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

[Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? *yes ONo TC= 5.0

Use T. = 5.0 minutes

Storm Recurrence frequency (years): 25 year

In

STEP 4: Calculate Peak Rate of Runoff, 0: 0=kCiA

25 year

Calculated Flow, 0 (cfs) 2.0

PLS\PPLS0902-Belt Bend Land DevelopmenI\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTý[PPLS0902- National Method-Conveyance.slsmjSwale 6.3



Wlorth 4merican Green- ECHIDS Version 4.3 17/20/2011 F1h co9A M [C0NPUTED BY: rKG
'PROJ--CT tNAME: PPL B2NPP IPROJECT NO.: PPLSO902

IFROt, STATION/REACH: ITC STATION/REACH: UNVEG JDRAJNAGI- AREA: EWALE 6.3 JDESIGJ FREQUENCY: 25YR
HYDRAULIC RESULTS

Dis.charge Feak Flow Velocity (fps) Aiea (sqit) R Hydaulic Neorma
icfsl Feiiod fhrs]I RaHd'ausfftl Deth 1111
2.0 0.1 1.50 1.34 0.29 0.41

$75 (n=0.q55)

S= 0.0160

L Boto
.L Wdth =;.UU t 3.

LINER RESULTS Not to Scae

/ Matting Type Vegetation Chaiacteiistics
Roach Stobility Analysia Porm•oiblc Caloculatod Safety Footr Rcrnorko

Staple Fattern Phase Class Type DenFty Shear Stress ShearStresr
__(•F) (p__f)

. traight S75 Lnvegatated 1.55 0.41 376 STABLE
Staple D _



jNor:h American Green. ECMDS Version 4.3 J7120/2011 110;30AMJCOMPUTED BY: NKG
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: SWALE 6.3 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps)l Area 'sq.ft) Hydraulic Normal

(cfs) Period (hrs) Radiuslft'} Depth (ft)
2.0 0.1 0.72 2.76 0.44 0.68

1L ` -Buottom 1
3.0 Width = 2.00 ft 3.0

LINER RESULTS Not to Scale

Matting lype Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Pha[e Class Type Density Shear Stress __hearStress

SP Tpsfh Spsf)

Straight Unreinforced Vegetation C Bunch 75.95% 4.20 0.68 6.16 STABLE

LI I Soil Sandy Loam 0.035 0.004 9.46 STABLE



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

Client/Subject: PPL Bell Bend

Description: POI 6 Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902Prepared by: JMO
Date: 15 Sep 11 Checked by:

JFFM
Objectiv e: I

Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=O) 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 Manualfor reference.

Manning's Equation: Q

Given Input Data: Swale 6.3

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':
Lining Type:

Calculate Flow Depth:

1.486 ,A 2/3 is
n P)

Bare - Velocity_ Grass - Velocity Grass - Capacity_
Check Check Check

2.00
3.0
3.0

2.0

0.0160

1.50

0.0550

2.00
3.0
3.0

2,0

0.0160

1.50

0.1500

2.00
3.0
3.0
2.0

0.0160

1.50

0.1500

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d= 0.45 0.79 0.79 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3Sc)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too hiph
1.05
1.31
4.72
1.53
4.87
0.31
0.45

0.0669

yes
0.5
0.0

V too high

0.71
0.58
6.71
3.42
6.97
0.49
0.78

0.4310

yes
0.5

V too high

0.71
0.58
6.71
3.42
6.97
0.49
0.78

0.4310

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

1A~PR0JEcTS\PPLSTPPLS09O2.Be11 Send Land Developmend.ANALYTICAL\cALcuLATIONSkSWALE CALCS\PER~MNENTNSwales.s)dS\ýv8e 6.3



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POt 10

Prepared by: NKG

Date: 15 Sep 11

IPennoni
2

Print Dale: 17 Aug11 11:49 AM

Project #: PPLO902Checked by:

I JFM

Governing Equation: 0 = k C 1 A (where k = 1 tor english unils)

Description: SWALE 10.1 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,B,C,0) Use Slope C (acres) (acres)

. ...... mperos_ .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:

Type ot Flow / Ground Cover

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

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity tor

'Flow
Manning's Average Length

n Slope (It)

Average Time of
Velocity Concentratn

(tt/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

FShallow Concentrated 7 ]

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? * Yes O No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year
:.••,:;• •:i . ... ;...........•; i Il L :I•: t.••;. ; .•.;•;-. •}. ;*• •;:i ,*' ::.:•:• ••:!,¢..-::;•:.:• .

STEP 4: Calculate Peak Rate of Runoff, 0: Q=kCIA

25 year

Calculated Flow, 0 (cfs) = 2.0

,LSWPPLS0902-Bell Bend Land DevelopmentfANALYTICAL\CALCULATIONS\SWALE CALCS\P ERMANEN'RIPPLS0902- Rational Method-Conveyance.xlsm]Swale 10.1



i1'forthAmefican Green- ECMDS Version 4.3 F7/20'2011 '0:33AMICOmPUrED BY: NKG
IPROJECT NAME: ýPL BBNPP JUROJECI NO.: PFLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG IJRAINAGE AREA SWALE 10.1 IDEEIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Pek Flow pVelocity[ps). Ae, (sq.ft) Hydraulic Normal

(cfsI Period hrs Radius(f.I Deo:h (ff
2.0 0.1 2.15 093 0.23 0.32

Bottom
3.0 \idth = 2.00 ft 3.0

LINER RESULTS Not to Scale

Matting rype v'egetaticn Characteristics
neech Ilability Anslysis Prermiiblo Calculted Gofety Factor Remarks

Staple Pattern Phase Clas Type Densi'y Shear Stress Shear Stress
Ip i 1 [ p~f)

Strahbht S 7F, Jnvegetated 1.55 0.87 1.7,7 STABLE

I Staple D III



INoilh American Green -ECMDS Version 4.3 j7/20/2011 1D:34A ICOMPUTED BY: NKG
IPROJECT NAME: PPLBBNPP FPROJECT NO.: PPLS0902
IFFOM STATION/REACH: ITO STATIONI/REACH: VEG FDRAiNAGE AREA: SWALE 10.1 IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (ps) Area (sq.ft) Hydraulic Normal

fcfs) Period (hrs) I Radiusfftl Depth [fl)
2.0 0.1 1.14 1.75 0.34 0.50

1L._ ` ' Boltom 1
3.0 Width = 2.00 ft 3.0

LINER RESULTS Not to Scale

Marting Type Vegetation Characteiistics
Reach S:ability Analysiss Fermissible CUlculated Safety Factor Remarks

3taple Pattern Phase Class Tpe Density Shear Stress Shear Stress
1 (psf) (psf)

Straight Unreinforced Vegetation C I Btnch 175-95Y. 4.20 1.39 3.03 STABLE
Soil SandyLoam 0.035 0.009 3.69 STABLE



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

Client/Subject: PPL Bell Bend

Description: POI 10

Prepared by: JMO

Date: 15 Sep 11 Checked by:

Print Date: 17 Aug 11 3:6 PM

Project #: PPLS0902

JFM
•O t J I
Objective:

Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=O) 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 =

Given Input Data: Swale 10.1

1.486 *A (A )23 -/n \ P *

Bare - Velocity
Check

Grass - Velocity

Check
Grass - Capacity

Check

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

2.00
3.0
3.0
2.0

0.0444

1.50

0.0550

2.00
3.0
3.0
2.0

0.0444

1.50

0.1330

2.00
-3.0

3.0

2.0

0.0444

1.50

0.1330

R-6

cfs
H:IV
H:IV

feet
ft/ft
feet

Calculate Flow Depth:

Flow depth, d= 0.32 0.55 0.73 feet

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, t =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high

1.18
2.08
3.94
0.96
4.04
0.24
0.90

0.0730

yes
0.5
0.0

V too high

0.95
1.00
5.29
2.00
5.47
0.37
1.52

0.3722

yes
0.5

Y"s
0.77
1.37
2.00
1.46
3.46
0.42
2.02

0.5937

yes
0,5

13.0

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:\PROJECrSPPLS\PPLSO902-8etI Bend LUnd DevelopmenL\ANALYTlcALýCALcULATIONS\SWALE CALCSXPERMANENTMSwalesxISISwale 10.1



Rational Equation Stormwater Calculations

Client: PPL0902
Project: Pot 10

Prepared by: NKG

Date: 15 Sep 11

(Pennonim

Print Dale: 17 Aug 11 11:49 AM

Project 4: PPLO902Checked by:

I JFM

Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 10.2 Structure: -

Route: -

Station: -

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

Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A A * C
(AB,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;

Type of Flow / Ground Cover

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

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (it)

Average Time ot
Velocity Concentratn

(01s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow ConcentratedL _--
Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? *yes Q No Tc = 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

•..• g• .-.- . . . .. . . • .- :••,. - •". '...,• : :,,-•-,'•:;• •.: '.-'*.-,'••:-;.,: :.':• •.. '.,•-••• ,:?•.' ;, ,-:'•• <•,

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

25 year

Calculated Flow, 0 (cfs) = 2.1

,LS\PPLS0902- Bell Bend Land Development\ANALYriCAL\CALCULATIONS\SWALE CALCS\PEAMANENR[PPLS0902-Rational Melhod-Conveyance.xlsm]Swale 10.2



INorthAmerican Green - ECMDS Version 4.3 J7/2)/2011 FC0:420ICDMPUTED BY: NKG
IPR]JECT NAME: PPL BBNPP PROJECT NO.: PPLS0902
JFROM STATION/REACI-: ITO STATION/REACH: UNVEG [DRAINAGE AREA: SWALE 10.2 [DESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge IPeak Flow IVelocity (fps]I Area (sq It] Hydraulic INormal

[cfs• Period NhrO] Radius'ftl Depth (Lt]
ki 0.1 1 2.18 1 0.96 0.24 0.32

I I

S75 [n=0. 055]

S = 0.0444 3

3.0 Width =2.00 ft 3.0

No: to ScaleLINER RESULTS

Matti-g Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
(psf) (psf]

Straight S75 Unvegetated 1.55 0.90 1.73 STABLE

Staple D I I [



114oithAmerican Green -ECMIDS Vernion 4.3 F~/20/2011 FJ10:43FMICOMPUTE) BY: NKG
FPR-OJECI NAME: PPL BB\IPP [PROJECT NO.: PPLS0902
IF-Rnm -.TATiflN/RFArH- Irn S;TATIFN/RFAr.H- VFr jD)R,6NAflF ARFA- -,VJA/A F 10l 2 11)FqlWN FRPF IIFN.Y. 29YR
HYDRAULIC RESULTS

Discharge .Peak Flow .Velocit.. fps) Area (sqit Hydraulic Normal
Di g(cfs Period Ilhrs] I I I fladiutftl I Depth (ftl
V2.1 0.1 1.18 1,79 1 0.4 0.51

. Eottom3.0 Widli - 2. 00 ft 3.0

Not to ScaleLINER RESULTS

Matting Type Vegetation Characteristcs
Reach tability Analysis Permissi3le Calculated Safety Fac:or Remarks

Staple Pattern P'ae Class Type Density Shear Stiess Siear Stress
(pef) -__0)_

Straight Unreinlorced Veget!,tion C Bunch 75-95% 4.20 1.41 2.99 STABLE

I Scil Sand.l Loam 0.035 0.010 3.49 STABLE



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

Client/Subject: PPL Bell Bend
Description: P01 10

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

Print Date:

Project #:

17Aug 11 3:6 PM

PPLS0902

JML
Obiective: I-................

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: =

Given Input Data: Swale 10.2

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

48 A 2/3
1 "4-- 6 " A ( -- * ,I Sn*\P

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

2.10
3.0
3.0
2.0

0.0444

1.50

0.0550

2.10
3.0
3.0
2.0

0.0444

1.50

0.1310

2.10
3.0
3.0
2.0

0.0444

1.50

0.1310

cfs
H:IV
H:IV
feet
ft/ft
feet

Flow depth, d= 0.33 0.56 0.56 feet

Calculated Results: Desian Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, c =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too'high

1.17
2.11
3.99
0.99
4.10
0.24
0.92

0.0725

yes
0.5
0.0

V too hýh

0.94
1.02
5.35
2.05
5.53
0.37
1.55

0.3596

yes
0.5

V too blob

0.94
1.02
5.35
2.05
5.53
0.37
1.55

0.3596

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

IAPR0JECrSWPPLSPPLSoeo2-8eei Bend Land DevelopmeatýANALYflCALtCALCULATIONStSWALE CALCStPERMANENNl(wa~es.x~sJSwa~e 10.2



I

EROSION AND SEDIMENTATION
TEMPORARY E&S SWALE

CALCULATIONS

Bell Bend Nuclear Power Plant
Salem Township

Luzerne County, PA

II

I



SWALE SEGMENT DRAINAGE AREA FLOW RATE PER TOTAL FLOW
SWALE ID SEGMENT (CFS)ID (ACRES) (.5CS/AR) RATE (CFS)

(2.25 CFS / ACRE)

1A.1 1A.1 10.72 24.12 24.12

.1 6.1A 9.50 21.38 21.386 .1... . . . . .
6.18 0.52 1.17 22.55

10.1A 5.22 11.75 11.7510.1.... .. ..
10.1B 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 12.13 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
21.3 21.3 8.99 20.23 20.23

21.4 21.4 5.92 13.32 13.32

21.5A* 6.72 15.12 61.29
21.5 21.58 0.1 0.23 0.23

21.5C 1.65 3.71 65.23

21.6A 3.21 7.22 7.22

21.68 4.04 9.09 9,0921.6
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, PPLS0902
LOCATION: Salem Township
PREPARED BY:JMO
CHECKED BY:JFM

DATE:09/15/11
DATE: 09/15/11

CHANNEL OR CHANNEL SECTION 1A.1 1A.1 6.1A 6.1A
Unveg Veg Unveg Veg

PROTECTIVE LINING ** S75 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, FTIFT)* 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 (4T FLOW DEPTH d, CFS) 24.1 24.1 21.4 21.4
0r (REQUIRED CAPACITY) CFS -- -

S, (CRITICAL SLOPE) 0.0266 0.0569 0.0270 0.0615
.7S, 0.0186 0.0398 0.0189 0.0431
1.3Se 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
d5o STONE SIZE (IN) ___- -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
,rd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.73 0.91 0.73 0.91

a (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 09/15/11
DATE: 09/15/11

CHANNEL OR CHANNEL SECTION 6.18 6.1 B 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 2.97:1
A (AREA IN 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 22.6 11.8 11.8
Qr (REQUIRED CAPACITY) CFS - -

S, (CRITICAL SLOPE) 0.0197 0.0547 0.0428 0.0867
,7Sr 0.0138 0.0383 0.0300 0.0607
1.3Sc 0.0256 0.0711 0.0556 0.1127
STABLE FLOW? (YIN) 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
ds0 STONE SIZE (IN) _- - -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 9.5 15.0 5.0 3.5
"rd (SHEAR STRESS AT FLOW DEPTH d) LBIFT2  1.20 1.61 1.03 1.26

a (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 09/15/11
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 2.13:1 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

Qr (REQUIRED CAPACITY) CFS - - -

S,(CRITICAL SLOPE) 0.0291 0.0711 0.0653 0.1634
.7S, 0.0204 0.0498 0.0457 0.1144
1.3Sc 0.0378 0.0924 0.0849 0.2124
STABLE FLOW? (YIN) 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
d5a STONE SIZE (IN) _______

DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V. (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
Td (SHEAR STRESS AT FLOW DEPTH d) LBIFT 2  0.70 0.88 1.24 1.63

a (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 09/15/11
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 (AREA IN SQ. FT.) 0.87 4.79 6.11
R (HYDRAULIC RADIUS) 0.21 0.97 1.31
S (BED SLOPE, FT/FT)* 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
O (AT FLOW DEPTH d, CFS) 9.8 17.1 17.1
Qr (REQUIRED CAPACITY) CFS - -

SC (CRITICAL SLOPE) 0.010 0.0347 0.0660
.7SC 0.007 0.0243 0.0462
1.3Sc 0.013 0.0451 0.0858
STABLE FLOW? (YIN) 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 1.5 2.0 2.0
ds0 STONE SIZE (IN) 15 -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 14.5 5.0 3.5
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT 2 2.82 1.21 1.44

Ta (MAX ALLOWABLE SHEAR STRESS) LBiFT2  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 FreeboardF, 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
CHECKED BY: JFM

DATE: 09/15/11
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, FTIFT)* 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
Qr (REQUIRED CAPACITY) CFS - -

Sc (CRITICAL SLOPE) 0.0093 0.0148 0.0459
.7S% 0.0065 0.0104 0.0321
U.3S, 0.0121 0.0192 0.0597

STABLE FLOW? (Y/N) 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
d50 STONE SIZE (IN) 15 - -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 14.5 9.5 15.0
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  4.26 1.31 1.76

; (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
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
CHECKED BY: JFM

DATE: 09/15/11
DATE: 09/15111

CHANNEL OR CHANNEL SECTION 1OA.1 1OA.1 12.1 12.1
Unveg Veg Unveg Veg

PROTECTIVE LINING** SC250 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 3,6
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) 2.78:1 2.07:1 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, FTIFT)* 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
0Q, (REQUIRED CAPACITY) CFS - - - -

Sc (CRITICAL SLOPE) 0.0147 0.0439 0.0632 0.3047
.7Sr 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
d6 o STONE SIZE (IN) - -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 9.5 15.0 5.0 3.5
,rd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  1.35 1.81 0.26 0.43
tC (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 09/15/11
DATE: 09/15/11

CHANNEL OR CHANNEL SECTION 12.2A 12.2A 12.28 12.28
Unveg Veg Unveg Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 12.00 12.00 12.00 12.00
CHANNEL TOP WIDTH (FT)@ d 7.60 8.54 8.20 9.26
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 4.0 4.0 4.0 4.0
d (FLOW DEPTH IN 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, FT/FT)* 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
Qr (REQUIRED CAPACITY) CFS - -

S, (CRITICAL SLOPE) 0.0375 0.0846 0.0316 0.0706
.7Sc 0.0263 0.0592 0.0221 0.0494
1.3S% 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
d6o STONE SIZE (IN), ______

DESIGN METHOD FOR PROTECTIVE LINING - V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S) .......
Va (ALLOWABLE VELOCITY) FPS 5.0, 3.5 5.0 3.5
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.66 0.84 0.65 0.82

' (MAX ALLOWABLE SHEAR STRESS) LB/FT 2  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
CHECKED BY: JFM

DATE: 09/15/11
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 (AREA IN SQ. 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
Qr (REQUIRED CAPACITY) CFS -

Sc (CRITICAL SLOPE) 0.0073 0.0317 0.0690
.7Sr 0.0051 0.0222 0.0483
1.3S% 0.0095 0.0412 0.0897
STABLE FLOW? (YIN) 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
ds0 STONE SIZE (IN) 15 -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 14.5 12.5 25.0
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  2.92 3.47 4.29

Ta (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 09/15/11
DATE: 09/15/11

CHANNEL OR CHANNEL SECTION 21.1 21.1 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 4.70 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 0.62 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.) 1.50 2.41 7.47 10.77
R (HYDRAULIC RADIUS) 0.31 0.41 0.72 0.88
S (BED SLOPE, FTIFT)* 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) 2.47 1.53 2.99 2.07
Q (AT FLOW DEPTH d, CFS) 3.7 3.7 22.3 22.3
Qr (REQUIRED CAPACITY) CFS - -.

S (CRITICAL SLOPE) 0.0670 0.2278 0.0269 0.0688
.7Sr 0.0469 0.1595 0.0188 0.0482
1.3S,, 0.0871 0.2961 0.0350 0.0894
STABLE FLOW? (YIN) 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
dso STONE SIZE (IN) . . ... _

DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
trd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  1.12 1.56 0.72 0.91

a (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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
CHECKED BY: JFM

DATE: 09/15/11
DATE: 09/15/11

CHANNEL OR CHANNEL SECTION 21.3 21.3 21.4 21.4
Unveg Veg Unveg Veg

PROTECTIVE LINING ** S75 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) 1.20 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 (AREA IN 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) 3.00 2.00 5.94 4.39
Q (AT FLOW DEPTH d, CFS) 20.2 20.2 13.3 12.3
Q, (REQUIRED CAPACITY) CFS - - - -

Sr (CRITICAL SLOPE) 0,0260 0.0717 0.0313 0.0698
.7Sr 0.0182 0.0502 0.0219 0.0489
1.3Sý 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
ds0 STONE SIZE (IN) - - -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 5.0 3.5 9.5 15.0
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT 2  0.75 0.96 2.73 3.45

Ia (MAX ALLOWABLE SHEAR STRESS) LB/FT2  1.55 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
CHECKED BY: JFM

DATE: 09/15/11
DATE: 09115/11

CHANNEL OR CHANNEL SECTION 21.5A 21.5A 21.5B 21.5B
Unveg Veg Unveg Veg

PROTECTIVE LINING ** P550 P550 S75 Grass
CHANNEL TOP WIDTH (FT)@ D 11.00 11.00 11.00 11.00
CHANNEL TOP WIDTH (FT)@ 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
Qr (REQUIRED CAPACITY) CFS - - - -

Sc (CRITICAL SLOPE) 0.0134 0.0288 0.0916 1.4979
.7S, 0.0094 0.0202 0.0641 1.0485
1.3Sc 0.0174 0.0374 0.1191 1.9473
STABLE FLOW? (YIN) 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 V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 12.5 25.0 5.0 3.5
-rd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  3.67 4.45 0.22 0.55

Ta (MAX ALLOWABLE SHEAR STRESS) LB/FT 1 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 FreeboardF, 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
CHECKED BY: JFM

DATE: 09/15/11
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 4.74 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? (YIN) 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
d5o STONE SIZE (IN) 15
DESIGN METHOD FOR PROTECTIVE LINING S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 14.5 9.5 15.0
Te (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  4.76 1.54 2.20

a (MAX ALLOWABLE SHEAR STRESS) LB/FT 2  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
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
CHECKED BY: JFM

DATE: 09/15/11
DATE: 09/15/11

CHANNEL OR CHANNEL SECTION 21.6B 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 4.69 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) 0.50 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 2.95 8.86 16.59
R (HYDRAULIC RADIUS) 0.38 0.49 0.92 1.23
S (BED SLOPE, FTIFT)* 0.1000 0.1000 0.0100 0.0100
VEGETATIVE LINING RETARDANCE - C - C
n (MANNING'S COEFFICIENT)** 0.0400 0.700 0.0210 0.0480
V (AT FLOW DEPTH d, CFS) 4.58 3.08 6.70 3.57
Q (AT FLOW DEPTH d, CFS) 9.1 9.1 59.3 59.3
Q, (REQUIRED CAPACITY) CFS - -

Sc (CRITICAL SLOPE) 0.0351 0.0994 0.0071 0.0335
.7S, 0.0246 0.0696 0.0050 0.0235
1.3S, 0.0456 0.1292 0.0092 0.0436
STABLE FLOW? (YIN) 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 2.00 2.00 2.50 2.50
d5o STONE SIZE (IN) - -

DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 9.5 15.0 9.5 15.0
,rd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  1.71 2.33 0.93 1.18

',, (MAX ALLOWABLE SHEAR STRESS) LB/FT2 3.00 10.00 3.00 10.00

* Slopes may not be averaged.
** For vegetated channels, provide data for temporary

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

linings and vegetated

•Jt

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
CHECKED BY: JFM

DATE: 09/15/11
DATE: 09/15/11

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 (AREA IN SQ. FT.) 3.34 ....
R (HYDRAULIC RADIUS) 0.56
S (BED SLOPE, FTIFT)* 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
Qr (REQUIRED CAPACITY) CFS ......-

Sc (CRITICAL SLOPE) 0.0076
.7Sý 0.0053
1.3Sr 0.0099
STABLE FLOW? (YIN) y
FREEBOARD BASED ON UNSTABLE FLOW FT -

FREEBOARD BASED ON STABLE FLOW FT 2.11
MINIMUM REQUIRED FREEBOARD FT 0.50
D(TOTAL DEPTH) FT 3
d50 STONE SIZE (IN) 15
DESIGN METHOD FOR PROTECTIVE LINING " S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V. (ALLOWABLE VELOCITY) FPS 14.5
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  11.07

a (MAX ALLOWABLE SHEAR STRESS) LB/FT2  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.



INorth American Green- ECMDS Version 4.3 J8/29/2011 F02:54-AM ICOMPUTED BY: JMO
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG JDRAINAGE AREA: Swale 1A.1 IDESIGN FREQUENCY: 2.25 CFS

HYDRAULIC RESULTS
Discharge Peak Flow i Velocity (fps) Area (sq.ft) Hydraulic Normal

[cfs I Period fhrs)I Radius(ft) Depth (ft)
124.1 0.1 3.24 7.45 0.81 1.17

1L \L Bottom
2.0 Width =4.00 ft 2.0

Not to Scale
LINER RESULTS

Mastting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
(psf) (psf)

Straight S75 Unvegetated 1.55 0.73 2,12 STABLE
StapleD I I I



jNorth American Green - ECMDS Version 4.3 F8/29/2011 08:52AM ICOMPUTED BY: JMO
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: VEG JDRAINAGE AREA: Swale 1A.1 IDESIGN FREQUENCY: 2.25 CFS

HYDRAULIC RESULTS
Discharge Peak Flow ]Velocity [fps) Area (sq ft) Hydraulic Normal

fcfsl Period fhrs]I I I Radius(ft, Depth IftJ
24.1 0.1 2.40 10.05 0.96 1.46

L Bottom

2.0 Width = 4.00 ft 2.0

LINER RESULTS Not to Scale

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

Staple Pattern,' Phase Class Type Density Shear Stress Shear Stress

T (psi) (psi)

Straight Unreinforced Vegetation C Bunch 75-95• 4.20 0.91 4.63 STABLE

II _ I_ 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

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

I~JFM

Print Date:

Project #:

6Sep11 11:18AM

PPLS0902

I

29bictivel-
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 =
n (A)/P3f

Bare - Velocity Grass - .Vlocity
Check CheckGiven Input Data: Swale 1A.1

Grass - Capacity.
Check

Discharge, Q=
Left Side Slope =

Right Side Slope =

Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's'n':

Lining Type:

Calculate Flow Depth:

24,12
2.0
2.0

4.0

0,0100

2.00
0.0400

24.12
2.0
2.0
4.0

0.0100

2.00

0.0600

cfs
H:IV
H:IV
feet
ft/ft
feet

Flow depth, d=

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, E =
Critical Slope, Sc=

Flow stable? (no if .7Sc < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

1.18

V too high

0.82
3.21
8.72
7.51
9.28
0.81
0.74

0.0266

yes
0.5
0.0

1.46 feet

V too highi

0.54
2.40
9.82
10.07
10.51
0.96
0.91

0.0569

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

0PR0JECTSkPPMSPPL$0902-8eii Send 1Land DevelopmnenMLNALYTICALICALCUt.ATIONSýEROSION a SEOSMCNTATION cALCSSWALExqSw3leS.xisSwa~e 1A.1I



C

•North American Green -ECMDS Version 4.3 J8/29T201 1 108:56 AM [COMPUTED BY: J MO
TPROJECT NAME: PPL BBNPP jPROJECT NO.: PPLS0902
]FROM STATION/REACH: IFTO STATION/REACH: UNVEG IDRAINAGE AREA: Swale U.A FDESIG FREQUENCY: 2.25 CFS

HYDRAULIC RESULTS
Discharge Peak Flow, Velocity (fps) Area (sq.ft) Hydraulic Normal

fcfsl Period [hrs I I Radiusfftl Depth [It]
01.4 0.1 3.15 6.79 0.78 1.18

L/ ` Bot.om 1
2.0 W Width . 3.50 ft 2.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress

(ps]) (psf I
Straight S75 Unvegetated 1 1.55 0,73 2.13 STABLE

Staple ) 1 1 1 1 1 1 1



INorth American Green - ECMDS Version 4.3 J8/29/201 1 108:55AM ICOIMPUTED BY: JMO
]PROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
JFROM STATION/REACH: ITO STATION/REACH: VEG IDRAINAGE AREA: Swale 61A 'JDESIGN FREQUENCY: 2.25 CFS

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fpsl Area ([qstj Hydraulic Normal

Ics] ) Period (hrcI Radius(ft] Depth ft)l
21.4 0.1 2.29 9.34 0.93 1.46

LINER RESULTS Not to Scale

Mattng Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
(psf) (psf_

Straight Unieinforced Vegetation Bunch 7595• 4.20 0.91 4.62 STABLE

I I Soil Sandy Loam 0.035 0.029 1.21 STABLE



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

Client/Subject: PPL Bell Bend

Description: SWALE 6.1 (segment A) TO SED BASIN 6

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

I JFM

Print Date: 6 Sep11 11:18 AM

Project #: PPLS0902

IObjecti\ve: I=

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.

anning's Equation:

Swale 6.1A

= -4 I. AA ( )2/3\/

n ' A(P

Bare - Velocity Grass - Velocity
Check CheckGiven Input Data:

Grass - Capacity
Check

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

21.38

2.0
2.0

3.5

0.0100

2.00

0.0400

21.38
2.0
2.0
3.5

0.0100

2.00

0.0620

cfs
H:IV
H:1V

feet
ft/ft
feet

Flow depth, d= 1.17 1.46 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, T =
Critical Slope, Sc=

Flow stable? (no if .7S, < s < 1 .3Sc)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high
0.83
3.14
8.17
6.81
8.72
0.78
0.73

0.0270

yes
0.5
0.0

V too highi
0.54
2.28
9.34
9.37

10.03
0.93
0.91

0.0615

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

IAPROJECTSkPPLS\PPLS09O2-BeII Bend Land1 DevelopmenLANALYTICALXCALCULATIONS\EROSION & SEDIMENTATION CALCS\SWALEM4SwaIes.x~s)SwaIe 6,1 A



INorth American Green- ECMDS Version 4.3 J8/29/2011 08"5-8AM]COMPUTED BY: JMO
IPROJECT NAME: PPL BBNPP PROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: UNVEG IDRAINAGE AREA: Swale6.1B IDESIGN FREQUENCY: 2,25 CFS

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps)j Area (sqft) Hydraulic Normal

2c2s. I Perio4.00 Radius.6t) 0 .8ft
22.6 0.1 4.90 4.61 0.62 0.88

L `- -Bottom 11
2.0 Width = 3.50 ft 2.0

LINER RESULTS Not to Scale

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

Staple Pattern iPhaCass Type Density Shear Stress Shear Stress

I [psfj (pst)
Straight SC250 Unvegetated 1 3.00 1.20 249 STABLE

Staple E



lNoith American Green -ECMDS'Version 4.3 r8/-29/201 1 I.8AM COMPUTED BY: JMO
1PROJECT NAME: PPL BBNPP JPROJECT NO.: PPLS0902
IFROM'STATIONiREACH: ITO STATION/REACH: VEG JDRAINAGE AREA: Swale 6.18 JDESIGN FREQUENCY: 2.25 CFS

HYDRAULIC RESULTS
Discharge Peak Flow Velocity ffps) Area (sq.1t] Hydraulic Normal

iscls Peiod Rh s] Radiusift], Depth [1hit
22.6 0.1 329 6.88 0.79 1.18

L \,L- -Bottom '
2.0 Width - 3.50 ft 2.

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
_ (psi) (psi)

Straight 8C250 Vegetation 3 C Bunch 75.95% 10.00 1.61 6.20 STABLE
Staple E Soil Sandy Loam 0.800 0.179 4.46 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

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

I JFM

Print Date: 6 Sep 11 11:18 AM

Project #: PPLS0902

IObiectiye.
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 In *A

Given Input Data: Swale 6.1 NB
Bare - Velocity

Check
Grass - Velocity Grass - Capacity

Check Check

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

Flow depth, d=

Calculated Results: Desiqn Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -T =
Critical Slope, Sc=

Flow stable? (no if 1S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

22.55
2.0
2.0

3.5
0.0220

2.00

0.0330

22.55
2.0
2.0
3.5

0.0220

2.00

0.0570

cfs
H:1V
H:IV

feet
ft/ft
feet

0.88

V too high
1.12
4.86
7.02
4.64
7.44
0.62
1.21

0.0197

no
0.5
0.0

1.18

V too high
0.82
3.28
8.20
6.88
8.76
0.79
1.61

0.0547

yes
0.5

feet

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

IAPROJECTSwsPPLSoLS902-aeff Send Land DevelopmentýANALYTICALkCALCULAHrONSýEROSION & SE01MENTAT*ON CALcsSWALSEL~wateS 1Slswa~e 6.1B



rn~~crif ww ween* - Lr Do verpnx C;.
rP1RGJECT NAM.E: P1PL BBNNP

- j8T5'mW 10±2/em JMPIWHJIEOBY: JMO
~PROJECT NO.: PPLS0902

'IDRAINAGE ASE ES SWALE I OIA IDESIGN FREQUENCY: Z2.25FSIFROM STATiONIREArX: FTO -STATION/REACH: UINVEG
HYDRAULIC RESULTS

0ischayge I e ." ~o Ivloc ft Ame [slh) Hydak aftim~

P11.8 1 0.1 13.0$ 3.86 0.58 0.83

LINER SULTS Not to Sc410

Ia~tnt 'peI Veoeain Chmactd I I
Reach L StabilkyAJn*sisL Pevmimsýt ' Calcutaed ISafety Facto(

ISlpla Patteml Phs i yIDr ShearStiess Shear Stess

straiht S7 Um" ae 1.5 1.03 1,50

Rear•k.

STABLE



INortAneican Giceei, EOC4DSVetsion 4.3
IPRW-EcTNAM'E: Pft BBNNP
IFROM STATION4MEACH: ITO STATION/FlEACH: EG ý

HYDRAULIC RESULTS5
Dischaige Pe* Rlow Ifops Area (sqlt) H~~ om

fcfsI Petiod NO-) RH.S(i Devt"h fift
11.8 0.I1 2.32 5.09 (1808 1.01

18/2Y/2011 10a.26PMI~cOMPUrEDBY: JMO
1PIECT NO.: PPLS0902

'j7R-AiAE AR1EA, ES SWALE 10.1A IDESIGN FREQUENCY: 2.25 CFS

UnteaeWd Vegetabon (n..0.7)

S 00200

Not toScaleLINER RESULTS

Matting Type 1Vegetaton Cwatistics
Reach Say Analyth Pamis-shl Calctite Safety Factor eak

Sta*Patten Phase I~ Cass Type ID~ sheaf Stlecn Sheat Stiess~Vg~o,~40 18 ~ Z SAL



Trapezoidal Channel Analysis - Open Channel Flow (wl Mannino's Eo)

Client/Subject: PPL Bell Bend
Description: SWALE 10.1 (segment A) TO SED BASIN 10

Prepared by: JMO

Date: 15 Sep 1 I Checked by:

I JEM

PrintDate: 6Sep 11 11:18AM

Project #: PPLS0902

IObiecti've.
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: =

Given Input Data: Swale 10,1A

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

1.486 ,A ,

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

11.75
2.0
2.0

3.0

0.0200

2.00

0.0480

11.75
2.0
2.0

3.0

0.0200

2.00

0.0700

cfs
H:1V
H:1V

feet
ft/ft

feet

Flow depth, d=

Calculated Results: Design Accentable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, c =
Critical Slope, Sc=

Flow stable? (no if .7S, < s < 1.3Sc)=

Required Freeboard=
Allowable Velocity for Lining Material=

0.83

V too high
1.17
3.02
6.33
3.89
6.73
0.58
1.04

0.0428

yes
0.5
0.0

1.02 feet

V too high
0.98

.2.30
7.06
5.11
7.54
0,68
1.27

0.0867

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:\PROJECTSPPLS\PPLSOSO2-BeII Bend Land OevelopmenPýANALYTICALXcALCULATIONS\EROSION & SEDIMENTATION CALCSýSWALEXESwales.xIslSwale I0.1A



[Hlh American Gten -ECMOS Ve~son 4.3
FP-OJEr-T NAME: PFL 88NNP
FROM STATION/REACH: ITO STATION/REACI4: UNVEG
HYDRALIC FlSLI T

D4,,iaqa IPjrlct p~ ta(t ReyusffTl De'h IIO~shege ea F~~ ~elciv (p~ A~~ u~I) ycadfic NDm
J75 I 0i1 253 1 5.8 1F 13

W-r~lmt b~r-MMPUEDY JMO
ff0RWECT NO. PPLS0902

[DRAINiAGE AREA:- ES SWALE 10LiB IOESIGN FREQUENN-77225 -cS

Not to Scale

Reach MatVTp tabilyAnaA~is VeawCaatrsis Pefrrtý*ob Calc~aed Safety Factol Renwtks
Staple PatternPhs Clam I Type IDety SheeiStress SheatStress

stra~dw S75 Unvegeated 1.55 0.70 2.23 STABLE
Staple D



IFFR0M STATIONMEACH! 110 STATION/REACH; VEG
HYDRAULIC RESULTS

07171 0.1 10 Zo 1 &22 0898 1.41

lWz/2U 1 IW 1-'MiW~MtvUIEU jy:.-JMU
PROJECT NO.: PPLSM2
IDRINAGE AREA: ES SWALE 10.18 DESIGN FREQUENCY-: 2 25 CFS

No 1o Scal

Matti~gType JVegetation Cacteurb
Rec 4StaiyM*aly Pemin~tie ao ae Safety ao Rw t

we~Se.ebs IP Ihc~hS11111 UIeoro Ieoai CwhM5/ .047 STABLE
Soi Sardy LoamQ0 0.035 a25__ 1.41 STABLE



Traoezoidal Channel Analysis - Open Channel Flow (w/ Mannina's Ea)

Client/Subject: PPL Bell Bend
Description: SWALE 10.1 (segment A and B) TO SED BASIN 10 PrintDate: 6Sep11 11:18AM

Project #: PPLS0902Prepared by: JMO

Date: 15 Sep 11 Checked by:

JFMI
Obiectiv e: JFM

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: =

Given Input Data: Swale 10.1 ANB

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n':
Lining Type:

Calculate Flow Depth:

Flow depth, d=

Calculated Results: DesiQn Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -r =
Critical Slope, S,=

Flow stable? (no if .7Sc < s < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

A *A ( ) SJ
n P

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

17.10
2.0

2.0
3.0

0.0100

2.00

0.0410

17.10
2.0
2.0

3.0

0.0100

2.00

0.0660

cfs
H:IV
H:1V

feet
ft/ft
feet

1.12

Vtoo hiah

0.88
2.93
7.46
5.84
7.99
0.73
0.70

0.0291

yes
0.5
0.0

1.42 feet

V too high
0.58
2.07
8.67
8.28
9.34
0.89
0.89

0.0711

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:ýPROJECTS\PPLSW'PLSO092-8eII Bend Land DevelopmenM\NALYTICALICALCULATIONS\EnOStON & SEDIMENTATION CALCS1SWALE1ISwaIes~xIsISwaIe 10.18



INotth American Green -ECMDS Version 4.3
FPR(MECT NAM~E: PPL BUNNP
~FROM STATION/FlEACW Ira SIATIONMqEACH: UNVEG

HYDRAULIC RIESULTS

O~sch~o eak F ,o feoc ty f lo & Ie s~ ft) H vd;kaik ' n at(ds) Per I IRaduW) I DeolhfftI
49.9 a 01 2.82 11.74 10.35 10.4ý5

iW-2521M IOa-33Pt4ICOMPUTEDBY:. JMO
pHWECI NO.: PPLS0902
[ORAINAGE AFIE. ES SWALEM12A IDESIGN FREQUENCY:- 22CFS

LINER RESULTS Not to Scale

MIling Ty•o Vegetabon Chaactem-bs
Reach Stabilyay An*,,i Pesreissbe Calc.Med Safety Factor Remakt

$tPtP C Ti She Stress DShea Stress

Strai*t S75 Unvegetated 1.56 1.24 1.25 STABLE
Sta*t D



MNWIkfhJJ!Rnuif ENDS cuovmýfI .3

03FtIJECT NAM1E: PP1. 8NNP
jW25/2MJ1 j~a32PMILUHPUTEDBY: JMO

FPkOWECT NO.: PPLSOSO
IORAINAGE AREA. ES SWALE 10.2A IDESIGN FREQUENCY,: Z25 CFSLROM STATION/RUM~: ITO STATION/REACH: VEG

04 Peek Fgo I= ,elocity (fpsj Amea (4fl)Nc~k Nqn

4.9F 1 01 11.9 2.46 OL 4 0.59

LINER RESULTSj Not to Scale

IMattirVType ~ Vegetation charactelittim I
Reach I StabiitMr*ssý Pe. Caks.ed Safet Facto( Remafkc

Staple~ SatmPaeCasITp D hearStressI Shem Stress I
I Ip~ (Al ~

Stfa~gt UIve~hogcced Vegetation C IBunch 17595-/ 4.20 1.63 258 STABLE
Soil Sand Loam Ot03 (1024 1.44 STABLE



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

Client/Subject: PPL Bell Bend
Description: SWALE 10.2 (segment A)TO SED BASIN 10

Prepared by: JMO

Date: 15 Sep 11 Checked by:
I JML

Print Date: 6Sep 11 11:18AM

Project #: PPLS0902

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 = 1 .486 . A ) 2/ .n A P

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check CheckGiven Input Data: Swale 10.2A

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Deoth:

Flow depth, d=

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, T =
Critical Slope, Sc=

Flow stable? (no if .7Sc < s < 1. 3S)=
Required Freeboard=

Allowable Velocity for Lining Material=

4.86
2.0
2.0
3.0

0.0444

2.00

0.0550

4.86
2.0
2.0
3.0

0.0444

2.00

0.0900

cfs
H:1V
H:IV

feet
ft/ft
feet

0.45

V too high
1.55
2.77
4.80
1.75
5.01
0.35
1.24

0.0653

yes
0.5
0.0

0.59

V too high

1.41
1.97
5.36
2.47
5.64
0.44
1.63

0.1634

yes
0.5

feet

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:XPROJEcTSWPLSýPPLSO9O2-13efl Send Land DevelopmenflANALYTICALýcALCULATIONSEROSION & SEDIMENTATION r-ALCSkSWALE'qswaIes.xIs)SwaIe 10-2A



FNorth American Green - ECMDS Version 4.3 '8/29/2011 I09:.00AMICOPUTED 8Y: JMG
IPROJECT NAME: PPLBBNPP PROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: RIP RAP FDRAINAGE AREA: Swale 10.2B IDESIGN FREQUENCY: 2.25 CFS

HYDRAULIC RESULTS
Discharge Peak Fiow Velocity ffps) Area (sq..it) Hydraulic . Normal

(cis) Period [hrs Radi.s(ftI Depth (ftI
03.8 01 3.74 2.62 0,45 0.62

1L \,L Bottom -- ] 1
2.0 Width - 300 ft 2.0

LINER RESULTS Not to Scale

Matting Type Vegetation CharacteristicsRahStability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
(psOD 7p.f 0.

Straight Rock Riprap Unvegetated 5.00 7.01 0.71 UNSTABIL'E

1 15inI



iNoith American Green - ECMDS Version 4.3 18/29/2011 J09O05AMJCOMPUTED BY: JMO
JPROJECT NAME: PPL BBNPP PROJECT NO.: PPLS09O2
FFROM STATION/REACH: ITO STATION)REACH: CONCRETE IDRAINAGE AREA: Swale 10.28 IDESIGN FREQUENCY: 2.25 CFS

HYDRAULIC RESULTS
Discharge Peak Flow lVelocity (fps] Area (sq.1t] Hydraulic Normal

(cfs} Period fhrs) Radiusiftl Depth Ift)
9.8 0.1 11.25 0.87 0.21 0.25

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density ShearStress Shear Stress
(psfj (psf)

Straight Concrete Unvegetaled N/A 2.82 N/A STABLE



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

Client/Subject: PPL Bell Bend

Description: SWALE 10.2 (segment A and B) TO SED BASIN 10

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

k bJML

Print Date: 6 Sep 11 11:18AM

Project #: PPLS0902

Obiectiye: I

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: a =
n P()2/3J

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

Given Input Data: Swale 10.2A/B

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

9.79
2.0
2.0
3.0

0.1818

1.50

0.0200

cfs
H:1V
H:1V
feet
ft/ft
feet

Flow depth, d= 0.25 feet

Calculiated Results: Desiqn Acceptable? V too high

Freeboard, f= 1.25
Calculated Velocity, V= 11.19

Flow Top Width, T= 4.00
Flow Area, A= 0.88

Wetted Perimeter, P= 4.12
Hydraulic Radius, R= 0.21

Shear stress on channel bottom, -r = 2.84
Critical Slope, S,= 0.0100

Flow stable? (no if .7S, < s < 1.3S)= yes
Required Freeboard= 0.5

Allowable Velocity for Lining Material= 0.0

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

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

Conclu:

h:PROJEcTW\PLS\PPLS0902-BeII Bend Land DevelopmentMNALYTICALICALCULATIONS\EROSION & SEDIMENTATION CALCS1SWAL~qSYaIes.I~s1SwaIe iO.2B



[NodhAmeiican Green. ECMDS Version 4.3
[PROJECT NAME: PK. BBNNP
[FROM STATION/REACH: ITO STATION/REACH: UNVEG

HYDRAULIC RESULTS

Dicago Peak Flow r (ioim[p-sl Aje s~t)IHcak Nrl
C3cal IPeriod ,/ I Racujsh I Or{h ( I
17.1 1a 1 357 4.79 0.65 0.97

F2,/25K'011 f03.3PM ICOMPU TED BY: JMO
IPXOJEI NO.: PPLSb9D2
IDRAINGE AREA: ES SWALE 10.2C IDESIGN FREQUENCY: 2.25 CFS

LINER RESULTS Not to Scale

Meti• Tipe V~getairon Ch'racteri=stcs

Reach tardie y Arilysi Prem)-sile Calctated Safety Facto Retookc

Sta*pePaitemn7 Phase Clsn Type, Den*~ Shea Stres She&r Srrevss

Straig a S7 UtaelDled 1.5 1.21 1.28 STABLE
Stapl D



MxothAve6can Gieen - ECM0S Veision 43
~POECT NAME: PPI. BBNNP

PRAOM STATION/REACH: FTO -SfATIONMfEACH: VEG
HYDRAULIC RESULTS
IDkdwhge Pe* Flow jVelody (fptJj Ajea (sqfQ I =y~&~ I DN 'mal

Ids) Peiiod V~slI R8sItI IDeph fit
171 .1 2.0 11 10.75 1.15

W581l21 IMM-IMI'MUTED BY.JMU
PR~OJECT NO.: PIPLSOS02
D!OUNAL3EAREA- ESSWALE 10C !DESIGN FREQUENCY~: 225 CFS

S a mmmt

Ln vwpc"010It

Not to Scale



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

Client/Subject: PPL Bell Bend
Description: SWALE 10.2 (segment A, B and C) TO SED BASIN 10

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

I JML

Print Date:

Project #:

6 Sep 11 11:18 AM

PPLS0902

I
Objective:

Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=O) 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: a = A A (A)2/3 .-*A A/ *,S
n P

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check CheckGivenInut Data: Swale 10.2A/B/C

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONALI Input Manning's 'n':
Lining Type:

Calculate Flow Depth:

17.10
2.0
2.0

3.0

0.0200

2.00

0.0440

17.10
2.0
2.0
3.0

0.0200

2.00

0.0620

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d=

Calculated Res u Its: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, t =
Critical Slope, Sc=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

0.97

V too high
1.03
3.57
6.88
4.79
7.33
0.65
1.21

0.0347

yes
0.5
0.0

1.15 feet

V too hi~h
0.85
2.79
7.62
6.13
8.16
0.75
1.44

0.0660

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

IA\PROJECTW~PLSXPPLSO902-8eII Bend Land DevelopmenIýANALYTICAL\CALCULATIONS\EROSION & SEDIMENTATION CALCSSWALE4SwaIes.xIslSwaIe 10.2C



!North American Green- ECMDS Version 4.3 18/29/2011 109:07 AMICOMPUTED BY: J MO
FPROJECT NAME: PPL BBNPP [PROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: RIP RAP IDRAINAGE AREA: Swale 10.2D IDESIGN FREQUENCY: 2.25 CFS

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps:i Area (sqift) Hydraulic Normal

(cfs)I Period fhrs. I I Radius[ft] Depth (ftI
17.8 0.1 4.80 3.87 0.58 0.83

Rock Riptap In=a. 1 00

Bottom
2.0 Width = 3.00 ft 2.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type r•eity Shear Stress Shear Stress(ps}) (psil
Straight Rock Riprap Unvegetated 5.00 10.36 0.48 UNSTABLE

1 5in II I



INorth American Green- ECMDS Version 4.3 r8/29/2011 109:08 AM ICOMPUTED BY: JMO
'PROJECT NAME: PPL BBNPP FPROJECT NO.: PPLS0902

IFROM STATION/REACH: ITO STATION/REACH: CONCRETE IDRAINAGE AREA: Swale 10.2D IDESIGN FREQUENCY: 2.25 CFS
HYDRAULIC RESULTS

Discharge Peak Flow Velocity (fps) Area (sq.ft) Hydraulic Normal
cfs1I Period fhrsl Radius(R) Depth (ft

17.8 0.1 14.15 1.26 0.28 0.34

L 1ottom
2.0 Width = 3.00 It 2.0

LINER RESULTS Not to 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 Concrete Unvegetated NIA 4.26 N/A STABLE



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

Client/Subject: PPL Bell Bend
Description: SWALE 10.2 (segment A, B, C and D) TO SED BASIN 10

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

I I JML

Print Date: 6Sep11 11:18AM

Project #: PPLS0902

I
Oblecti've:

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: =

Given Input Data: Swale 10.2AIB/C/D

Discharge, Q=
Left Side Slope =

Right Side Slope =

Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n:

Lining Type:

Calculate Flow Depth:

n P 23tF

Bare - Velocity Grass - Velocity

Check Check
Grass - Capacity

Check

17.80
2.0
2.0
3.0

0.2000

1.50

0.0200

efs
H:IV
H:1V

feet
ft/ft
feet

Flow depth, d= 0.34 feet

Calculated Results: DesiQn Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, t =
Critical Slope, S,=

Flow stable? (no if .7Sc < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high

1.16
14.15
4.37
1.26
4.53
0.28
4.26

0.0093

yes
0.5
0.0

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

hIPROJEcTSIPPLSWPPSOSO2-BeII Ben~d Land UevelopmenI\ANALYTICALkCALCULATIONS\EROSION & SEDIMENTATION CALCSýSWALE\[SwaIes.xIs)Swale 10,20



INocth American Green -ECNDS Version 4.3
PROJECT NAME: PPL 8BNNP
FROM 5TATION/RAEAC: FTO SITATION./EACH: UNVEG

HYDRAULIC RESULTS
Disch ag o Peak~ Fow , Velotd y Nf )J Atea(sq.tj H r$a4t) NoIr=al

fsl i Perod f3 R Depth U1t
29.9 0.1 5,60 5.34 0.63 1.05

18/25M201 10.39 MICOMPUTED BY: .MD

IORAJ14AGE AREA' ES SWAL.E 1CL2E JOESIGN FREQUENCY': 225 CFS

1Ln \ý-

Not to S Ce

IMdttiTpeI Veweation chcacterestres I
Reach tajbab gAria*s rrrm~iosb CaV Saet Fa Rerawks

So amPhase IClass TyeOy Shear Stress Sha St'es
1 I (0)f IPf I

stra~ SC25o Unvgetaed 1 3.00 1.31 229 STABLE
StapeE L



INo~th Aisoneia Omeen -ECMDS Vetsion 4.3
IPROWECT NAME: PPLB BNNP
[FR~OM STATIONAREACH: ITO STATION/REAC14: VEG

HYDRAULIC RESULTS
D0scharge IPeA Flow = Ioclpsl Area (sq ftj RH,4aiW "oc'lcls) Peuod Ibts dwisftl Devah flU

P9.9 1 0.1 1 3.66 1 8.18 0.88 1.41I

- l825/M11 l340PMICOMRUTED8lY. JMO
PROJECT NO.: PPLS0902
]DRAINAGEAREA. ES SWALE 1 R2E DESIGN FREQUENCY.; 225 CFS

Ah.T 0itBottotn-j

No to Sele



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

Client/Subject: PPL Bell Bend
Description: SWALE 10.2 (segment A, B, C, D and E) TO SED BASIN 1 PrintDate: 6 Sep11 11:18 AM

Project #: PPLS0902Prepared by: JMO
Date: 15 Sep 11 Checked by:

JMLI
Obiectiv•e. JML

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: =

Given Input Data: Swale 10.2A/B/C/DIE

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n:

Lining Type:

Calculate Flow Depth:

A .*A (-A) S
n P 23*F

Bare - Velocity Grass - Velocity
Check Check

Grass - Caoacitv
Check

29.93
2.0
2.0

3.0

0.0200

2.00

0.0290

29.93
2.0
2.0
3.0

0.0200

2.00

0.0530

cfs
H:1V
H:1V

feet
ft/ft
feet

Flow depth, d=

Calculated Results: Desiqn Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, c =

Critical Slope, S,=
Flow stable? (no if .7S, < s < 1 .3S,)=

Required Freeboard=

Allowable Velocity for Lining Material=

1.04

0.96
5.65
7.17
5,30
7.66
0.69
1.30

0.0148

yes
0.5
0.0

1.41 feet

V too hig

0.59
3.64
8.65
8.22
9.31
0.88
1.76

0.0459

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

1:\PROJEcTSkIPPLSVPLSO902.BeIIl Bend Land OevelopmenIýANALYTICALýCALcULATIONS\EROSION & SEDIMENTATION CALCSSWALE\[Swa~es.xl1sJwaIe 10.2E



Ormpinema1n ulee-rumuo vClmij

IPROJECT NAME: PPL 88NNP
1&25/rU11 iIX)ý.4 PMpLUMPIJ1ED8Y: JMU

*1WWECT NO.: PlPLSOSO
FDRAiNGE AREA: ES SWALElaki [OESIGN FREQUENCY: 225CFSIFROM STATION/RUAH: ITO STATION/REACH: UNVEG

HYDRAULIC RESULTS

I i Hy*8-• ,],c N=fma(
Pe fod ] RadusOft Iep•4hrt

1324 0.1 5.82 5.57 0.71 1.08

Ln -j I

LINER RESULTS Not to Scale

Reach M JtVTye-Stabil tyAnalssVeeaionChrateiti perntlskk Calict~aed Safety Factot Renaiks
StpePte PaeCa Type D,,* SheetSttea* SheaeSftet

I I (11 1 1 (pA
stlagt SC250 UnIWgtald 1 3.00 1.35 2.23 STABLE

Staple E



[Nocth Aswetican Gvecu ECMOS Vession 4.3
[PROJECT NAM.E: PPLI 8BNNP
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HYDRAULIC RESULTS

ioiscwi go Pee= Flow 1eoc (lP~ Alea (sqit) I gDN;;;tit)

32. 0.11 3.79 8.54 10,90 1 145

FWt5/01 U~44PM4lMMPUTED BY-. JMO
IP-ROJECT NO.: PPLSOSO
IORAIWAEAREA, ES SWALE 10~.. IDESIGN FREQUENCY': 225 CFS

Not to Scale
LINER RESULTS
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Trapezoidal Channel Analysis - Open Channel Flow (wI Manning's Eq)

ClientJSubject: PPL Bell Bend
Description: SWALE 1OA.1 TO SED BASIN 10A

Prepared by: JMO

Date: 15 Sep 11 Checked by:

IJFM

Print Date: 6Sep 1111:18AM

Project #: PPLS0902

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 =
*A ( 2/3 7

Bare - Velocity Grass - Velocity
Check CheckGiven Input Data: Swale 10A.1 Grass - Capacity

Check

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n'.

Lining Type:

Calculate Flow Depth:

32.42
2.0
2.0
3.0

0.0200

2.00

0.0290

32.42
2.0
2.0

3.0

0.0200

2.00

0.0520

cfs
H:IV
H:1V
feet
ft/ft
feet

Flow depth, d= 1.09 1.45 feet

Calculaited Results: Desi'n Aceptable? Vtoohigh V Iohigh
Freeboard, f= 0.91 0.55

Calculated Velocity, V= 5.78 3.77
Flow Top Width, T= 7.34 8.82

Flow Area, A= 5.61 8.59
Wetted Perimeter, P= 7.85 9.50
Hydraulic Radius, R= 0.71 0.90

Shear stress on channel bottom, c = 1.35 1.82
Critical Slope, Sc= 0.0147 0.0439

Flow stable? (no if .7Sr < s < 1.3S,)= yes yes
Required Freeboard= 0.5 0.5

Allowable Velocity for Lining Material= 0.0

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

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

Conclu

I:APROJECTS&PPM5PPLS0902.Bo5I Send Land DevelopmsntMNALYTICALkCALCULATIONS\EROSION & SEDIMENTATIN CALCSSWALEqSwa~es .sJSwa~e 10A.1



I~fh American Green -EQCIDSVeision4.3
IPROJECT NAM'E: PP. 88NNP
[FROM STATION/REACH: ]TO STATION/REAOIH UNVEG
HYDRAULIC RESULTS

04scharge IPeek Flow Velocity(fps~ Atea (s4 It) Hy*~i I om
Icfs] Petiod INs]I Ristl I D012 fthR
8.8 0.1 1138 .4 0G3u4 It1 0.38ý

J8/2r201 RUM4ZPIMILUMMED BY: JMO
FPROJECT NO.: PPLS0"2
'DRAINAGEARFEA ES SWALE 12.1 DESIGN FREQUENCY: .25 CFS

1* 4j
A* 15.Oftt

LINER RESULTS Ntt cl

Reci Malting Type Vegetation Chmaotedmics emsI CIcaed SetFvli Rmk

StapIe Pattern Pa O wCa Ty~pe Density bw Shen0 Shm Sies$8
Ipso P

Stiaight S75 Unvegetaled 1.55 0.26 5.95 STABLE
Staple D



I14odhAmerican Gjeen -ECMDS Venin 4.3
[PROJECT NAME: PPL BBNNP
[FROM STATION/flEACH: ITO STATION/REACH: VEG
HYDRAULIC RESULTS

Dischge IPec Fow Fec~iy Vo Ajea (sqltl I H;&M.k-C a oml
IcI Pto h'I Rcdus(It) I Deoth 11ta8 0,1 1 0.9 11.10 1 0.53 10.62ý

W8.25/011 10246PM [COMPUTED BY: JMO
[PROJECT NO.: PPLS0902
1DRAINAGE AREA: ES SWALE 12.1 DESIGN FREQUENCY: 225 CFS

Not to ScaeLINER RESULTS,

IMatting Type iVegetation Characletistiico
Reach StatcI y A~i Perrmssnale Cakxslaled ISalety FactotR eak

stalaPatemPh, mI TpeD" SheatStress Shear Slass

StragN Urietdorced Vogetadion C IBunch 595y~ 4.20 0.43 .1 SAE
soil Sandy Loam 0035 0.003 11.28 STABLE

(



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

Client/Subject: PPL Bell Bend
Description: SWALE 12.1 TO SED BASIN 12

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

I JFM

Prnt Date: 6Sep11 11:18 AM

Project #: PPLS0902

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: a =
n P 23 F

Bare - Vefocity Grass - Velocity Grass - Capacity
Check Check CheckGiven Input Data: Swale 12.1

Discharge, Q=
Left Side Slope =

Right Side Slope =

Base width of Channel, b=
Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

Flow depth, d=

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, - =
Critical Slope, Sc=

Flow stable? (no if .7Sc < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

8.75
3.0
6.0

15.0

0.0110

2.50

0.0550

8.75
3.0
6.0

15.0

0.0110
2.50

0.1300

cfs
H:IV
H:IV
feet
f'/ft
feet

0.38

V too high

2.12
1.38
18.42
6.34
18.50
0.34
0.26

0.0632

yes
0.5
0.0

0.63 feet

V toohigh
1.87
0.78
20.64
11.16
20.77
0.54
0.43

0.3047

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

IAlPROJECTSWPLSPPLS0902-BeII BendJ Land DevelopmenI\ANALYlICALkcALCUL.ATIONS\EROSION & SEDIMENTATION CALCS\SWALEJSwaIes.,xIlswa~e 12.1



INotthAmnericanGreen -ECMDS Vetsion 4.3 10125/2011 M.43PMICOMRUTEO BY: JMU
-PROJECT NO.: PP~LS0902
DORAINAGE ARE& ES SWALE 12.2A IDESIGN FREQUENCY: 225CUSIPROJECT NAME: PPL BBNNPIFNOM STATION/REACH: ITO STATION/REACH: UNVEG

HYDRAULIC RESULTS
Disdfwga I Peak Flow =~I~ (fpsi Area (mill(OtIPridOs Hycadwic 01h (ft

037 0.11 2.63 15.20 10.65 09

LINER RESULTS Not to Scale

Rah MattirV Type ta yAays Vegetation ClhCtensi6cS Iem~l Cac Id Sft atr Arak

Rch St*Ia Paltton Phase ClasI Typ,~ OensTy Shea $bess Sheer~is j Fcc
1 I 1'1 1 1 (pI)

StraigMi S75 Unveoeated 1.55 0U6 2.34 STABLE
stagie D



IFROM STATION/REAcH: ITO STATION/REACH: VEG
IIA1 ewf-.CIJ~ LMVUOY 4~L1.j

rP-AOJECT NAME: PPL BBNNP
18/25/2011 M48AOPM 1COMPUTED BY. JMO

IPROJECT NO.: PPLS092
IDRAJNAGE ARE&c S SWALE 12~2A IDESIGN FREQUENCY: 2 25 tl3SIF80M STATION/REACH: IT0 STATION/REACH: VEG

HYDRAULIC RESULTS

D13ge. PeakQo 1e.9y3fp~l Ateam.1t) 8 11No3'

13.7 al 1 1.93 17.11 V.8 1.13

LINER RESULTS Not to Scale
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Trapezoidal Channel Analysis - Open Channel Flow (w/ Manningcs Eq)

Client/Subject: PPL Bell Bend
Description: SWALE 12.2 (segment A) TO SED BASIN 12

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

I JFM

PrintDate: 6 Sep11 11:18 AM

Project #: PPLS0902

I
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: a = 1.486.A (A) S

Bare - Velocity Grass - Velocity
Check CheckGiven Input Data: Swale 12.2A Grass - Capacity

Check

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n:

Lining Type:

Calculate Flow Depth:

13,66
2.0
2.0

4.0

0.0118

2.00

0.0460

13.66
2.0
2.0
4.0

0,0118

2.00

0.0710

cfs
H:1V
H:IV

feet
ft/ft
feet

Flow depth, d= 0.90 1.13

Calculated Results: Design Accei)table?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

V too high
1.10
2.62
7.60
5.22
8.02
0.65
0.66

0.0375

yes

0.5
0.0

V too high

0.87
1.92
8.54
7.11
9.07
0.78
0.84

0.0846

yes
0.5

feet

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:XPROJECTSIPPLSIPPLSO902-BelI Bend Land DeveeopmerikANALYTICALkCALCULATIONS\EF<OSION & SEDIMENTATION CALCS\SWALE\tSwaIes.xIs]SwaIe 1 2.2A
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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

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

I JFM

Print Date: 6 Sep 11 11:18 AM

Project #: PPLS0902

Obiecti'Ve: R

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 =

Given Input Data: Swale 12.2A/B

Discharge, Q=
Left Side Slope =

Right Side Slope =

Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n:

Lining Type:

Calculate Flow Depth:

1-0 . (A J3n P )2

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

17.98
2.0
2.0
4.0

0.0100

2.00

0.0430

17.98
2.0
2.0
4.0

0.0100

2.00

0.0660

cfs
H:1V
H:1V
feet
ft/ft
feet

Flow depth, d=

Calculated Results: DesiQn Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -v =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

1.05

V too high

0.95
2.81
8.20
6.41
8.70
0.74
0.66

0.0316

yes
0.5
0.0

1.32 feet

V too high
0.68
2.06
9.26
8.72
9.88
0.88
0.82

0.0706

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:kPROJECTSkPPLSWPPL5O9O2-Be1I Bend Land Development'ANALYTICAL\CALCULATION5kEROSION & SEDIMENTATION CALcS1SWALS~tswaies.x1ISswaie 1 2.2B



North American Green- ECMOSVersion 4.3 ]8/29/2011 F09:1 0AM ICOMPUTED BY: JMO
1PROJECT NAME: PPL BBNPP [PROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: RIP RAP FDRAINAGEAREA: Swale12.2C JDESGN FREQUENCY: 2.25 CFS

HYDRAULIC RESULTS
Discharge Peak Flow IVelocity (fps', Area (sqft) Hydraulic I Normal

lcfsl Period (hrs I RadiusfftI, Depth [ti]
50.5 0.1 3.53 14.23 1.20 2.22

Rock Riprap fn=0.100)

1L . "' Bottom
2.0 Width = 2.00 ft 2.0

Not to ScaleLINER RESULTS

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 Riptap Unvegetated 5.00 6.15 0.81 UNSTABLE

1 5in



INorth American Green- ECMDS Version 4.3 rJ8/291201"1 rO911 AM ICOMPU TED BY: JMO
JPROJECT NAME: PPL BBNPP PROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: CONCRETE 5DRAINAGE AREA: Swafe 12.2C -DESIGN FREQUENCY: 2.25 CFS

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps) Area (sq.t) Hydraulic Normal

[cfs: Period (hrsL. Radius~ft] , Depth (ft)
N0.5 0.1 11.68 4,32 0.64 1.05

L \L-Bottom ' 1__2.0 Width = 2.00 ft 2.0

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics•

Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattern Phase Class Type Density Shear Stress Shear Sifess(psf) (pstJ

Straight Concrete Unvegetated N/A 2.92 N/A STABLE



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

Client/Subject: PPL Bell Bend
Description: SWALE 12.2 (segment A,B and C) TO SED BASIN 12

Prepared by: JMO

Date: 15 Sep I I Checked by;

I JFM

Print Date: 6 Sep11 11:18 AM

Project #: PPLS0902

IIObjective: I

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 = 1.4 N6 ,A ( A ,
n P 23.x

Bare - Velocity Grass - Velocity
Check Check

Given Input Data: Swale 12.2AIB/C Grass - Capacity
Check

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

Flow depth, d=

Calculated Results: Deskin Acceptabte?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, T =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

50.54
2.0
2.0

2.0

0.0444

2.00

0.0200

cfs
H:IV
H:1V
feet
ft/ft
feet

1.05 feet

V too high
0.95
11.68
6.21
4.33
6.71
0.64
2.92

0,0073

yes
0.5
0.0

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:\PR0JECTSiPPLSPPLS0902-MeI Bend Land Development\ANALflICALIcALCULATIONS\EROSION & SEDIMENTATIN CALCSMWALE',Swales.xls)Swale 1 2.2C



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

ClientlSubject: PPL Bell Bend
-1 Description: SWALE 21.6D TO SED BASIN 21

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

I JFM

Print Date: 6 Sep11 11:18 AM

Project #: PPLS0902

I.
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: =

Given Input Data: Swale 21.6D

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

*A (A )2/3 J'.'n

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

75.62
2.0
2.0
2.0

0.2000

3.00
0.0200

cfs
H:1V
H:1V

feet
ft/ft
feet

Flow depth, d= 0.89 feet

Calculated Results: Desion Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r =
Critical Slope, Sc=

Flow stable? (no if .7S, < s < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high
2.11
22.61
5.55
3.34
5.96
0.56
11.06

0.0076

yes
0.5
0.0

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:RfOJECTSWPLS\PPLS0902-Bell Bend Land DevelopmenlkANALYTICALXCALCULATION5kEROSION &S5EDIM.ENTATION CALCSýSWALE1JSwaIes.x~sIswa~e 21 .6D



INorth American Green - ECMODS Version 4.3 18/29/2011 j09:27 AM.ICOMPUTED BY: JMO
IPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
FFROM STATION/REACH: ITO STATION/REACH: CONCRETE fDRAINAGE AREA: Swale 21.6D IDESIGN FREQUENCY: 2.25 CFS

HYDRAULIC RESULTS
Discharge I Peak Flow Velocity (fps) Area (sqift] Hydraulic I Normal

(cfsj Period [hrsll I Radiusfft).I Depth ift)
M75.6 0.1 22.60 3.35 0.56 0.89

1L \L Bottom
2.0 Width = 2.00 ft 2.0

LINER RESULTS Not to Scale

Matting Type Vegelation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class TyPe Density Shear Stress Shear Stress
(PSf] [Psf]

Straight Concrete Unvegetated N/A 11.07 N/A STABLE



LNorth American Green -ECMDS Version 4.3 78/29J2011 r96 COMPUTED BY: JMO
1PROJECT NAME: PPL BBNPP JPROJECT NO.: PPLS0902
IFROM STATION/REACH: ]TO SIATION/REACH: RIP RAP IDRAIN AREA: Swale 21.6D JOESIGN FREQUENCY: 2.25 CFS

HYDRAULIC RESULTS

Discharge Peak Flow Velocity (fps) Area (sq.ft) Hydraulic I Normal
fcfs) Period (hrs)I I I Radius(ftl I Depth (ftl
75.6 0.1 6.86 11.01 1.05 1.90

1 \ Bottom

2.0 Width = 2.00 ft 2.0

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics

Reach Stability Analysis V Permissible Calculated Safety Factor RemarksStaple Pattern Phase Class Type Density Shear Stress Shear Stress
(psf) fpsf)

Straight Rock Ripjap Unvegetated 5.00 23.71 0.21 UNSTABLE

15in I I _ I _



Trapezoidal Channel Analysis - Open Channel Flow (wl Mannincqs Eq)

Client/Subject: PPL Bell Bend
Description: SWALE 21.6C TO SED BASIN 21 Print Date: 6Sep11 11:18AM

Project #: PPLS0902Prepared by: JMO
Date: 15 Sep 11 Checked by:

JFM
Objectiv

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 =

Given Input Data: Swale 21.6C

Discharge, Q=
Left Side Slope =

Right Side Slope =

Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's n:
Lining Type:

Calculate Flow Depth:

Flow depth, d=

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -c =

Critical Slope, S,=
Flow stable? (no if .7S, < s < 1.3Sc

Required Freeboard=
Allowable Velocity for Lining Material=

1.486, A
n A P )1

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

59.31
2.0
2.0

5.0

0.0100

2.50

0.0210

59.31
2.0
2.0

5.0

0.0100

2.50

0.0480

cfs
H:1V
H:1V
feet
ft/ft
feet

1.23

V too high
1.27
6.47
9.92
9.17

10.50
0.87
0.77

0.0071

yes
0.5
0.0

1.89

V too high
0.61
3.56
12.58
16.65
13.47
1.24
1.18

0.0335

yes
0.5

feet

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I1APROJECM~PPLSl%'PLsSG92-8e11 Send Land OeveIopmenIINALYTIcALICALCULATIONSIEROSION & SEDIMENTATION CALCSkSWALEqtSwaies.xlTSJwate 21.6c



JNorth American Green - ECMDS Version 4.3 I8129/2011 [10:47AMICOMPUTED BY: JMO
IPROJECT NAME: PPL BBNPP FPROJECT NO.: PPLS0902
IFROM STATION/REACH: ]TO STATION/REACH: VEG FDRAINAGE AREA: SWALE 21.6C IDESIGN FREQUENCY: 25YR

HYDRAULIC RESULTS
Discharge Peak Flowv Velocity (fps) Area (sq.ft) Hydraulic Normal

I cfsI Period (hrsI Radiuslft) I Depth fft)
59.3 0.1 3.57 16.59 1.23 1,89

L Bottom 1
2.0 Width = 5.00 ft 2.0

LINER RESULTS Not to Scale

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

Staple Pattern Phasel Class Type Density Shear Stress Shear Stress
I(psf) (psf)

Straight SC250 Vegetation 3 C Bunch 75-95% 10.00 1.18 8.48 STABLE

Staple E Soil Sandy Loam 0,800 0.044 17.99 STABLE



kNorth American Green -ECMDS Version 4.3 J8/29/2011 F09:19AMICOMPUTED BY: JMO
FPROJECT NAME: PPL BBNPP IPROJECT NO.: PPLS0902
•FROM STATION/REACH: ITO STATION/REACH: UNVEG FDRAINAGE AREA: Swale 21.6C jDESIGN FREQUENCY: 2.25 CFS

HYDRAULIC RESULTS
Discharge Peak Flow Velocity [fps) Atea (sq.ft) Hydraulic Normal

[cfs] Period [hrs I Radius[ft] Depth (ft)
59.3 0.1 6.70 8.86 0.92 1.48

S C250 (n=O.021)

1L "`,,'Bottom / 11
2.0 Width = 3.00 It 2.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
(psfJ (psf]

Straight SC250 Unvegetated 1 3.00 0.93 3.24 STABLE

Staple E I I I I



Traoezoidal 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 Sep11 11:18 AM

Project #: PPLS0902Prepared by: JMO
Date: 15 Sep 11 Checked by:

JFM
Objectivea JFM

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 char'acteristics 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 =
n

Bare - Velocity
Check

P

Grass - Velocity
Check

Given Input Data: Swale 21.6B
Grass - Capacity

Check

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

Calculate Flow Depth:

9.09
2.0
2.0

3.0

0.1000

2.00

0.0400

9.09
2.0
2.0

3.0

0.1000

2.00

0.0700

cfs
H:IV
H:1V

feet
ft/ft
feet

Flow depth, d=

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, - =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

0.42

V too high
1.58
5.59
4.69
1.63
4.89
0.33
2.64

0.0351

yes
0.5
0.0

0.58

V too high
1.42
3.79
5.31
2.40
5.58
0.43
3.60

0.0994

no
0.5

feet

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

IAPROJECTS\PPLS1PPLSO902-Be1I Send Land DevelopmenI\ANALYTICALICALcULAflONSýEROSION & SEDIMENTATION CALCSkSWALEqSwa~es.xIsJSwaie 21.6B



INo~hAmeriecan Gietn EC?'40 Version 4.3
IPOECT NAME: PPt BBNNP

IFROM STATION/REACH: ITO S TATIDNIREACH: VES
HYfDRAULIC RESULTS

Dischmge Peak Flow feloc-itj, (fpsj Area (Zqft] ]y*ac Nor
Ifds) Period Rys) ft ~iuft Dph[

0. 0. 3.06 2.95 0.49 0.68

-18/25M21 1 104:2 IM IC0MRUTED BY- JMO
IPROJECT NO.: PPLSM~
IDRAINAGE ARE ES SWALE 21.68 IDESIGN FREQUENCY: Z25 CFS

Notto scaleLINER RESULTS

IMatt-g Type Vegetion Chmacterntjc*
n eachS~ab~yM~shPefmissl,6 Calculated SafetyFatr Rwk
stpePtnPhase Class Ty'pe DenSay SheetStfess Sheat Shens

Stga~, SC250 Vegela&,n 3 C 18=h~56 1(t00 2.33 4.30 STABLE
Sta*lE Sol Sandy Loam a800 U316 253 STABLE



INotthAjimca, Greew -.ECMDS Vaision 4.3
FPROJECT NAME: PFR.BBNNP
IFROM STATION/REACH: ITO STATION/REACH: UNVEG

HYDRAULIC RESULTS
Oisclhge Peak FIow V y (Ipsi Ajea (.q.ft] Hy"lrc Nomal

(cisI Peri~dtlys Ra&f(rti DOepih Ift)
0.1 0.1 4C58 1.99 0.38 0.50

825/2011 I04:25PMjCOMPUTED BY: JMO
POECT NO.: P?1LS0902

IDRAJNAGE ARFA- ES SWALE 21.68 IDESIGN FREQUENCY: 225CFS

LINER RESULTS Not to Scale

R each MatgT IStabiky Anayss VeeainCme ii Petmis"r~ Calciaed Saely Factot Remacks
StalePate aCln yp et Sheat Stieu I Shem Stie"t

I I 11111 (Ps'
Stiaight SC250 Unvegetated I1 3.00 1.71 1.76 STABLE

Staple EI



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

Client/Subject: PPL Bell Bend
Description: SWALE 21.6A TO SED BASIN 21

Prepared by: JMO

Date: 15 Sep 11 Checked by:
JFM

Print Date: 6Sep11 11:18AM

Project #: PPLS0902

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=O) 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: 0 =
n P

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check CheckGiven Input Data: Swale 21.6A

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n':
Lining Type:

Calculate Flow Depth:

7.22
2.0
2.0
3.0

0.0571

1.50

0.0400

7.22
2.0
2.0
3.0

0.0571

1.50

0.0760

cfs
H:1V
H:1V
feet
ft/ft
feet

Flow depth, d= 0.44 0.62 feet

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, =
Critical Slope, S,=

Flow stable? (no if .7S0 < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high

1.06
4.28
4,74
1.69
4.95
0.34
1.55

0.0348

yes
0.5
0.0

V too high

0.88
2.74
5.49
2.64
5.78
0.46
2.22

0.1151

yes
0.5

feet
fps
feet
sq ft
feet
feet
Ibs/sf
ft/ft

feet
fps

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

I:PROJECTSNPPLST~PLSO9092-Bell Send Land DevelopmenL[ANALYTICALCALCULATIONSkEROSION & SEDIMENTATION cALcsVSWALEVSwa~es.xIslSwaIe 21 .6A



lNoith American Green.- E ~DS Vaeron4.
IPROWECT NAME: PPI.BONNP
iFROM4 STATION/FlEACII: ITO STATION/REACH: VEG

HYDRAULIC RESULTS
Oischega Peak Flow (~Ioy ts Aiea [qftj Hydra% Normal

Ist IPeriod flys I Rac!aSfLA Depth Iftt
~.2 0. 2.75 2M6 0.45 M

J8/252011 104:21 PIICOMPUTED BY: JMO
IPRWECT NO.: PPLS0902
IDRAINAGE AREA. ES SWALE 21.9A IDESIGN FREQUENCY: Z25CFS

LINER RESULTS Not to Scale

a Mtt Type JVegealion Dsaeactetislics
Reach [JttaktyA rs~~si Pelnrs*A* Caioated Safety Factor Remarks

Stpeflatini Phm I Clau Type 1r0 She Sto, (PC~Ste
StegI SC250 Vegetatim 3 1C Btau ThJ7-9 10.00 Z20 4.54 STABLE

Star*E_ Sol Sandy Loam 11800 MO2 2.37 STABLE



INoithAnemican Green -ECMDS Version 4.3
[PROJECT NAME: PP. 8BNNP
fFROM STATIONMEACH: ITO STATION/REACH: UNVEG

HYDRAULIC RESULTS

Dichage I P F VDW ci y UrPI Area (sq.fIJ H~a* Norma4ds). Period 01s) 4. 1 Radu6tl fit47-• 01 431 1 t67 1 0.34 0.43

18/25/201 104:20 PM fCOMPUTED BY; JMO
PROJECT NO.: PPLSOS02
[DRAINAGE AREA- ES SWALE 21.6A IDESIGN FREQUENCY: 225 CFS

Bol omK Widh -3.00ft 2

LNER-RESULTS Not to Scale

MattV Type Vegation Ch•ad.edticstk

Sla*PatteinPhase Clan Type Den Sheai Stress Shear StressReach tai Peurisstie Ca~ct4ated SlyFactor R~mks

(psIj [w)I
Stagt SC250 UnI.getaed 1 3.00 1.54 1.95 STABLE

Staple E



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

Client/Subject: PPL Bell Bend
Description: SWALE 21,5C TO SED BASIN 21

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

I JFM

Print Date: 6Sep 1111:18AM

Project #: PPLS0902

Objective: I
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: a =
n"8 *A " )213 " -X/

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check CheckGiven Input Data: Swale 21.5C

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n:

Lining Type:

Calculate Flow Depth:

Flow depth, d=

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, T =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

65.23
2.0
2.0
3.0

0.0869

2.00

0.0200

cfs
H:IV
H:1V
feet

ft/ft

feet

0.88 feet

V too hig

1.12
15.64
6.51
4.17
6.92
0.60
4.76

0.0073

yes
0.5
0.0

feet
fps
feet
sq ft
feet
feet
Ibs/sf

ft/ft

feet
fps

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

O:PROJECTSWPLS\PPLS0902-8ell Send Land Development\ANALfllCAL\CALCULATIONSýEROSiON & SEDIMENTATION CALCM~WALEVlSwaIes.xisI$waIe 21 .5C



)North American Green- ECMDS Version 4.3 18/29/2011 r09:18AM ICOMPUTED BY: JMO
fPROJECT NAME: PPLBBNPP IPROJECT NO.: PPLS0902
IFROM STATION/REACH: ITO STATION/REACH: CONCRETE IDRAINAGE AREA: Swale 21.5C -DESIGN FREQUENCY: 2.25 CFS

HYDRAULIC RESULTS
Discharge Peak Ffow MVelocity (fpsi) Area (sq.ft] Hydraulic Normal
.... l. , Period (hrs) RadiusIft I Depth ItI

65.2 0.1 1563 4.17 0.60 0.88

2. WBottohm2
2.0 Width = 3.00 ft 2.0

Not to ScaleLINER RESULTS

Matting Type Vegetalion Characteristics:
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
(psI] (psi)

Straight Concrete Unvegetated N/A 4.76 N/A STABLE



jNorthAmerican Green -ECMDS Version 4.3 r8/29/2011 0 - U-15AM -COMPUTED BY: .M0
_PROJECT NAME: PPL _313NPP jPROJECT NO.: PPLS0902
FFROM STATION/REACH: JTO' STATION/REACH: RIP RAP IDRAINAGE AREA: Swale 21.5C JODESIGN FREQUENCY: 2.25 CFS

HYDRAULIC RESULTS
Discharge Peak Flow IVelocity (fps) Area (sqft] Hydraulic Normal

[cfsI Period fhrsl Radius(ft1 Depth [ft)
65.2 0.1 4.81 13.54 1.15 1.96

Bottom .__1
2.0 Width = 3.00 ft 2.0

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factol Remarks

Staple Pattern DensityC Shear Stress Shear Stress
(psi] (psI]

Straight Rock Hiprap Unvegetated 5.00 10.62 0.47 UNSTABLE

15in I I I I



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

Client/Subject: PPL Bell Bend
Description: SWALE 21.5B TO SED BASIN 21

Prepared by: JMO

Date: 15 Sep 11 Checked by:

I JFM

Print Date: 6 Sep 1111:18 AM

Project #: PPLS0902

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:

Given Input Data: Swale 21.5B

J-4& ý A ( A S
n P )213 . ýF

Bare - Velocity
Check

Grass - Velocity Grass - Capacity
Check Check

Calcula

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n':
Lining Type:

ite Flow Depth:

Flow depth, d=

ted Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, r =
Critical Slope, Sc=

Flow stable? (no if .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

0.23
2.0
2.0
3.0

0.0550

2.00

0.0550

0.23
2.0
2.0
3.0

0.0550

2.00

0.2500

cfs
H:1V
H:IV
feet

ft/ft

feet

Calcula

0.13

V too high
1.87
0.55
3.51
0.42
3.57
0.12
0.44

0.0916

yes
0.5
0.0

0.30 feet

V too high
1.70
0.21
4.19
1.07
4.33
0.25
1.02

1.4979

yes
0.5

feet
fps
feet
sq ft
feet
feet
Ibs/sf
ft/ft

feet
fps

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

I:hPROJECTWS\PLS\PPLSOgO2-BeII Bend Land Development\ANALYTICAL\CALCULATIONS\EROSION & SEDIMENTATION CALCSSWALE4SwaIes.xIsJSwale 21.5B



l~oitAmefican Grceen ECMDS Version 4.3
lP-8JECT NAME: PPL BBNNP
IFROM STATION/REACH: ITO STATION/flEACH: VEG

HYDRAULIC RESULTS
Di-hI I e~ reol y sl Rl Asea fq ft) cdraUt]

(ichlge 81= 01 Fb'ph [&ilffIAil(sfJI
0.2 1 a1 01(X8 10.53 014 0.16

XIZ~/201 O4:-15PM"MLtJM TEDBY: JMO
IMOJECT NO.: PPLSOSO
IORAJNAGE ARE ES SWALE 21.58 'OESIGN FREQUENCY-: 225 CFS

A~~

Not to Sc,*



[ NodthAfnnctcan Gfeen -EC)MDS Version 4.3
F PRORCT NAME; PPL BBNNP
(FROM STATION/REACH: ITO STATIONMTEAC(4: UNVEG

M-YRAULIC RESUL TS
0is-hccgerP-eck Fow, [Vel-ocy (fpsl Atea (sq~tj Iya~ I Nm

Id~s) I Pefiod (hsl Rusfl Oth(II
0.2 1 0. 09 0.20 100 0.06

18/25/2011 1041 8PM [COMPUJTED BY. JMO

FD-RAJflAGE AR~EA- ES SWALE 21.58 (DESIGN FREQUENCY': 2.25 CFS

S75 (n40.055

LINER RES LTS Not to SuI6

Reah adiVTyp tbiltyns: eai Ctcvsir Pelnusstde Calckiated Salety Factct Remaiks

Slpl~lti Pae ln T~mi Oeay* Sh&Srs SelS
(PI (psfl

Stlicio S75 Unvegelated 1.55 0.22 &38 STABLE
Staple D



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

Client/Subject: PPL Bell Bend

Description: SWALE 21.5A TO SED BASIN 21

Prepared by: JMO

Date: 15 Sep 11 Checked by:jFM

Print Date: 6Sep 11 11:18AM

PIroject #: PPLS0902

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 =

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

Given Input Data: Swale 21.5A

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's n':

Lining Type:

Calculate Flow Depth:

61,29
2.0
2.0
3.0

0.0500
2.00

0.0280

61.29
2.0
2.0
3.0

0.0500

2,00

0.0420

cfs
H:1V
H:1V

feet
ft/ft
feet

Flow depth, d=

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, T =

Critical Slope, S,=
Flow stable? (no if .7S, < s < 1.3Sc)=

Required Freeboard=

Allowable Velocity for Lining Material=

1.17

V too hiQh

0.83
9.85
7.67
6.22
8.22
0.76
3.64

0.0134

yes
0.5
0,0

1.43 feet

V too high
0.57
7.32
8.71
8.37
9.39
0.89
4.46

0.0288

yes
0.5

feet
fps
feet
sq ft
feet
feet
Ibs/sf
ft/ft

feet
fps

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

I:\PROJECTSVPPLS\PPLS0902-BeII Bend Land DevelopmentIANALYTtCAL\CALCULATIONS\EROSION & SEDIMENTATION CALCSISWALE\Swaees,xdsISwale 21 .A



l~~t~e~unGeen, VeDS o.m 4.3
IPFOJECTNAMAE: FF1.BBNNP
[FROM STATION/REACH: ]TO STATION/REAGC: VEG

HYDRAULIC RESULTS

IDisi g~ e e FI o = ~ ic f ; W f s A re a (sqft) I Hy d;*e l l o lm "fol Pead o R woft I Devd t(Iff

- lZWM2U1 104-.15FhICUMJMPUEDBY.:JMO
IPFOJECT NO.: PPLS0MO
[DRAINAGE AREA- ES SWALE 21.5k JOESIGN FREQUENCe: 2.25 -CFS

I

Ln Ls". ji0

LINER RESULTS Not to ScM.

hM~twng Type VeQ.e60 Chadceei~bce

Reach T Stab:•yAnask n Peisne Ca•latled Saety Factor Remarks
StaIe Pattemn Ph.seClao*,TypelDens, SheaStres SheaStbe=

Stri P550 Veetatio 3 C BauIdi 5-95%. 14.00 4.45 3.14 STABLE

Staple E Sol Sandt Loam 3.250 0.711 4.57 STABLE



jNodLh Amneiican Green - EC)M0$ Version 4.3
PROJECT NAME: PPLBBNNP
P~ROM S TAON/REACH: ITO STATIONAMEACTM LINVEG

L"HYDAULIC RESULTS
Ois~chage Peek FCrhi' t~'cy[pjAe s~t ~~ ~m

rdsy Peijod Alt (st n adwft I Dev t61.3 0l.1 .7 1 6,28 10.76 1.17

18125/01 10~4.12Pt,4COMPtJTEO BY: JMO
IP1fOJECT NO.: PPLSOSO
FDORAJNA6E AREA- ES SWAII 21.5A IDESIGNMFEQUEN(Y: 225 CFS

W~t340f

LINER RESULTS Not to Sc*

Mattirg Type Vegeation Cheiectedsics
Reacht tabityAnalysh Pefws*sbl& CUIctiaed Uaety Factot RemeikH -aPals Phw l w ,* S" ('$ SerSis

Sula~ P550 Jnvegetaled 1 400O 3.67 1.09 STABLE
Sta*~ E



Trapezoidal Channel Analysis - Open Channel Flow (wt Manning's E.)

Client/Subject: PPL Bell Bend
Description: SWALE 21.4 TO SED BASIN 21

Prepared by: JMO

Date: 15 Sep 11 Checked by:

JFM

Print Date: 6 Sep 11 11:18 AM

Project #: PPLS0902

I

ublectv

Method:

le:

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.

See PA Erosion and Sedimentation Control Manual for reference.

Manning's Equation: Q =

Given Input Data: Swale 21.4

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's'n':
Lining Type:

Calculate Flow Depth:

n P

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

13.32
2.0
2.0

3.0

0.0800

2.00

0.0390

13.32
2.0
2.0
3.0

0.0800

2.00

0.0600

cfs
H:IV
H:IV
feet
ft/ft
feet

Flow depth, d=

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, T =

Critical Slope, S,=
Flow stable? (no if .7S, < s < 1.3Sc)=

Required Freeboard=
Allowable Velocity for Lining Material=

0.55

V too high

1.45
5.94
5.19
2.24
5.45
0.41
2.74

0.0313

yes
0.5
0.0

0.69 feet

Vtoo hkh

1.31
4.38
5.77
3.04
6.10
0.50
3.46

0.0698

no
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

t:%PROJECTSWPMPLpPLSO902-Be3I Bend Land Oevelopment\ANALYTlcALlCALCULATIONSýEROSlON & SEDIMENTATION CALCSlSWALEllSalesxlS1Swale 21A4



I

[P1u4jL1 NAME: PFLB9NN1P
fFROM STATION/REACH-: ITO STATION/REACH: VEG
HYDRAULIC RESULTS

D'ischaiePa lw eok (fps#j Atea (sqtl) I H= I&d Ni mij
[chlig I P~eaikd Fjtvsll RI Zfthsil III4th

tt190 1.3 3.M3 0.M0 0.63

18/25/2 011j4.05PM~ CIUMP'JTEO BY:MO
1PRWJECT NO.: PPLSM~
ORMUNGEAREA: ES SWALE 21.4 IOESIGN FREQUENCY. 2 25 CFS

Ln ý -ji
V&0ý003'00 It

Noto ScaleLINER RESULTS

IMa~ttiq Type IVegealicor Chaiacteris I
Reach Saiynkf errasst26e CaIuaetd Safely Factoi Rm

StaplePallemPhase Class Type O~errty, Shem StressI Sheat$lreu I

Sobigh SC250 Vegeation 3 C Bmhc~ 175-95i% 10.00 3.45 230 STABLE
,stape E Soi Sandyltoam 0.10052 1.27 STABLE



INofth Anerican Gr~ew ECMOS Version) 4.3
P-RoWEcT NAME: PPI. BONNP
[FROM STATION fEACH: ITO STATIONMFEACH: UNVEG
HYDRAULIC RESULTS

fcisdw I PekFo ~p Atea (s~ft Hyd*ctk orn
(hliod 1s I na&kjIftII0) &[

1a U 5.34 2.Z24 1041 0.55

18/-25/211 9TFM~OMMIMMPU TE D BY: J M
IRECT NO.: PPLSM0

IDRAINAGEAREA- ES SWALE 21.4 [DESIGN FREQUJENCY; 225 S

Ln W~h -BttT I

LINER RESULTS Not to Sc,*

Reach Stae f 5 mV isecucei* prIý Cacke SaeyI cot Rri

S tapIe Pattern h, a TWr~. ,*l SheaiSber Shear Stress

Se* SC250 Unhvegetated 1 3.00 273 110 STABLE_
Staple E



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

Client/Subject: PPL Bell Bend

Description: SWALE 21.3 TO SED BASIN 21

Prepared by: JMO

Date: 15 Sep 11 I Checked by:

I JFM

Print Date: 6 Sep 1111:18 AM

Project #: PPLS0902

I
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 referernce.

Manning's Equation: Q =

Given Input Data: Swale 21.3

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=
Available depth of channel:

(OPTIONAL) Input Manning's 'n':
Lining Type:

Calculate Flow Depth:

*A (A) 2 / 3 *\IS

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

20.23
3.0
3.0

2.0

0.0100

3.00

0.0390

20,23
3.0
3.0

2.0

0.01 00
3.00

0,0670

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d= 1.20 1.53 feet

Calculaited Results: Design Acceptable? V too high V too high

', Freeboard, f= 1.80 1.47
Calculated Velocity, V= 3.00 2.00

Flow Top Width, T= 9.22 11.19
Flow Area, A= 6.74 10.10

Wetted Perimeter, P= 9.61 11.69
Hydraulic Radius, R= 0.70 0.86

Shear stress on channel bottom, r = 0.75 0.96
Critical Slope, S,= 0.0260 0.0717

Flow stable? (no if .7S, < s < 1.3S,)= yes yes

Required Freeboard= 0.5 0.5
Allowable Velocity for Lining Material= 0.0

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

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

Conclu

I:XPROJECT5XPPLS',PP150902-BelI Bend Land Developmenl\ANALYTICALýCALCULATIONSIEROSION 8& SEDIMENTATION CALCS'1SWALE14Swa~eS.xIstSwaIe 21.3



[Nlxdh Arrmeican Grew -ECMDS Version 4.3
FPRojECT NAME: PA. BBNNP
(FROM STATION/REACH: ITO STATION/REACH: VEG
HYDRAUI C RFSUL TS1

Disclge = 1 Pe lwlelocity (fpsm Aea IsqIIJ I Rydk&auc Normal
Icir) Pro hsIRadusfit) Depth Iftl
20.2 0.1 1200 110.10 10.86 1.53

I§q1m/25/011 j00FM [COMPUTED BY: JMO
[RJECT NO.; PPLS0902

FDOFLAJNAGEAREk- ES SWALE 21.3 [DESIGN FREQUENCY: 2.25 CFS

Ln "t--Vý-ý2"W ft'ý -j I

LINER RESULTS Not to Scale

Meattir Type Vegetation Chaictei~icst#
Reach Stabry Analysi Peirrissbhe C*3,ilated Safetyi Factor Reoaiks

Staple Pattern Phase Cla Tyl, IDeisay SheetStreee Shear Stress

Stiavv Unrveiriced Vegeation C Bunch, 175,96 4.20 0.96 4.39 STABLE
Sol Sa.r4r Loam 0.035 0.028 1.37 STABLE



l No~thAmerican Gieen -EQ.406 Vetsion 4.3__
FPROJECT NAME: PPt B8NNP
IFROM STATION/REACH: JTOTAION/REACH UVE

* HYDRAULIC RESULTS
* Dischuarg Peak Flow' Ielocity (fpsU Am~ (sq ft) I HkMC INomtI cls) Petiod IIys) I ult IDphI

20.2 0.11 3003 6.73 0 70 1.2

F8/2521 04:01 PM COMPUTED BY: JMO
IpFROJECT NO.: PPLS0902
[DRAINAGE AREA- ES SWALE 21.3 JDESIGN FREQUENCY: 225 CFS

N ok to ScaleLINER RESULTS

Reach MatVTeSt~iy An~abj VeeainCeae~ s pemiuske Calciked Safety Fac~x Reinasks
Steato Pattein Phu* CIat, Type Dens,*l Sh"aSttes Shesteft Sz

Stlaw ~ S75 Unvegetated 1.55 0.75 2.07 STABLE
StapleD 0



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

Client/Subject: PPL Bell Bend
Description: SWALE 21.2 TO SED BASIN 21

Prepared by: JMO

Date: 15 Sep 11 Checked by:

IJFM

PrintDate: 6 Sep 1111:18 AM

Project #: PPLS0902

Objective:
Using Manning's equation, this spreadsheet will calculate the amount of flow through
a trapezoidal or triangular (b=O) 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 = 146 A 2/ A S/
n P 23"F

Bare - Velocity Grass - Velocity
Check CheckGiven Input Data: Swale 21.2

Grass - Capacity
Check

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n':

Lining Type:

22.30
3.0
3.0

3.0

0.0100

2.00

0.0400

22.30
3.0
3.0

3.0

o.o0oo
2.00

0.0660

Cfs
H:1V
H:IV

feet
ft/ft
feet

Calculate Flow Depth-

Flow depth, d=

Calculated Results: Design Acceptable?

Freeboard, f=
Calculated Velocity, V=

Flow Top Width, T=
Flow Area, A=

Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, - =

Critical Slope, S,=
Flow stable? (no if .7S, < s < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

1.16

V too high
0.84
2.98
9.93
7.47
10.31
0.72
0.72

0.0269

yes
0.5
0.0

1.46 feet

V too high
0.54
2.06
11.78
10.81
12.25
0.88
0.91

0.0688

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:PROJECTS\PPLS\PPLS0902-BeII Bend Land DevelopmenM\ANALYTICAL\CALCULATIONSEROSION & SEDIMENTATION CALCS\SWALE\[Swales.xlsJSwa~e 21.2



JNorth American Green -ECMDS Version 4.3 J8/29/2011 109:13AM ICOMPUTED BY: JMO
IPROJECT NAME: PPL 8BNPP JPROJECT NO.: PPLSO902
IFROM STATION/REACH: ITO STATION/REACH: VEG rDRAINAGE AREA: SwaIe21.2 IDESIGN FREQUENCY: 2.25 CFS

HYDRAULIC RESULTS
Discharge Peak Flow Ivelocity (fps) Area (sq.ft) Hydraulic Normal

[cfsI Period [hrs)I I I Radiusft) I Depth [ft,
22.3 0.1 2.07 10,77 0.88 1.46

Bottom
.0 Width = 3.00 it 3.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
I I (psf) (psf)

Straight Unreinforced Vegetation C Bunch 75-95% 4.20 0.91 . 4.61 STABLE
I I Soil Sandy Loam 1 0.035 0.025 1.37 STABLE



JNorth American Green - ECMDS Version 4.3 F8/29/2011 109:14 AM ICOMPUTED BY: JMO
IPROJECT NAME: PPL 8BNPP PROJECT NO.: PPLS0902
[F-ROM STATION/REACH: ITO STATION/REACH: UNVEG 1DRAINAGE AREA: Swale 21.2 IDESIGN FREQUENCY: 2.25 CFS

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps] Area (sq.ftl" Hydraulic Normal

Icfsl Period (hrs)I . Radius(ft] Depth U!tqI
122.3 0.1 2.99 7.47 0.72 1.16

L Bottom
3.0 Width = 3.00 I 3.0

Not to ScaleLINER RESULTS

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

Staple Pattern hase Class Type Density Sheaf Stress Shear Stress
(psf] (psf]

Straight S75 Unvegetated 1.55 0.72 2.15 STABLE
S Itaple D I L I I I I



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

Client/Subject: PPL Bell Bend

Description: SWALE 21.1 TO SED BASIN 21

Prepared by: JMO

Date: 15 Sep 11 I Checked by:

I JEM

Print Date: 6 Sep 11 11:18 AM

Project #: PPLS0902

I
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: 0 =

Given Input Data: Swale 21.1

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope, s=

Available depth of channel:

(OPTIONAL) Input Manning's 'n:
Lining Type:

Calculate Flow Depth:

n . P 23X

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check Check

3.65
3.0
3.0
2.0

0.0400

1.50

0.0550

3.65
3.0
3.0
2.0

0.0400

1.50

0.1060

cfs
H:IV
H:IV
feet
ft/ft

feet

Flow depth, d=

Calculated Results: Design Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, -c =
Critical Slope, Sc=

Flow stable? (no if JS, < s < 1.3S;)=
Required Freeboard=

Allowable Velocity for Lining Material=

0.45

V too high

1.05
2.42
4.70
1.51
4.85
0.31
1.12

0.0670

yes
0.5
0.0

0.63 feet

v 100 hig~h
0.87
1.48
5.80
2.47
6.00
0.41
1.58

0.2278

yes

0.5

feet
fps
feet
sq ft
feet
feet
Ibs/sf
ft/ft

feet
fps

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

I:XPflOJEcTSkPPLSWPPLS0902-Be~I Send Land Development'ANALYTICA1ýCALCULATI0NS\EROSI0N & SEDIMENTATION CALCS\SWALElSw81eS~x~slswa~e 21.1



iNo~ihAmeriwo Gjeen - ECMDS Vession 4.3
[PF4OJECT NAM~E: PPL BBNNP
[FROM STATION /REAOI: ITO STATION/EAC: VEG

HYDRAULIC RESULTS
Dni~car a Peak Fbw, Irelociy [*Ip Area (s4ft) jHydatic N '"alI ds) Pefiodfrwsl Raduwft) I evgh f

03.7 0.1 1 1.53 241 0.41 "'al

18/25/20l M~58PIIOMPUTED BY: JMO
[PROJECT NO.: PP1.SOM
[DRAdNASE AREA.~ ES SWALE 21.1 IDESIGNlFREQUENCY- Z25CFS

LINER RESULTS Not to Sca•e

Ma~tk~ T~,cVegeabion Chusctintics
Aeac-h Stbty Ar~sis PernmsI= Calct~ed Safety Facto. Remawks

Sta~e Pate~nPhas ClansI Typ De si hear Shess She~tar tt
(mf1 IPA I

straigh U-eýoiced Vegetatbor C Bwrch 75-95Y 4.20 1.56 2.70 STABLE
I Sol SandyLoam j 0.035 0,017 2.09 STABLE



-INoithAmeticaGieen -ECMOS Vaision4.3
IPROJECT NAM.E: PPa BBNNP
~FR-OMSTATION/FREACH: ITO STAT ION/FlEACH: UflVEG

* HYDRAULIC RESULTS

ODicaige Peak Flow, Irelo* 'i Atea(sqýft)H~~ N~ ~ a
D7 01 1 2.47 1 1.50 1 031 0.45

j8f25/2011 103:57PMICOMPUTED BY: JMU
IPROJECT NO.: PPLS0902
fDRAJNAGE AREA: ES SWALE 21.1 IDESIGN FREQUENCY: 2.25 CFS

N to Soale
LINER RESULTS

MiValType Vegetation Chuadacetwic
Reach StaWtnbsi Peldr~ble Calot~ed SaeMtsyFackor Reinakt

S~itapeP 1et Phme Clus~ Type Oemty Shea Sue=~ (ShoESfI I ~~(0)J3 (pi
stagt S75 Unwegeltaed 1.55 1.12 1.39 STABLE

Staple 0



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

Client/Subject: PPL Bell Bend
Description: SWALE 15A.1 TO SED BASIN 15A

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

I JFM

Print Date: 6 Sep 11 11:18 AM

Project #: PPLS0902

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: Q

Given Input Data: Swale 15A.1

Discharge, Q=
Left Side Slope =

Right Side Slope =
Base width of Channel, b=

Bed slope,'s=

Available depth of channel:
(OPTIONAL) Input Manning's 'n:

Lining Type:

Calculate Flow Depth:

Flow depth, d=

Calculated Results: Desin Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

Flow Area, A=
Wetted Perimeter, P=
Hydraulic Radius, R=

Shear stress on channel bottom, T=

Critical Slope, S:=

Flow stable? (no if .7S, < s < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

Bare - Velocity Grass - Velocity Grass - Capacity

Check Check Check

12,20
2.0
2.0

2.0

0.0930

1.50

0.0390

12.20
2.0
2.0

2.0

0.0930

1.50

0.0590

cfs
H:IV
H:IV

feet
ft/ft
feet

0.60

V too hih

0.90
6.36
4.40
1.92
4.68
0.41
3.48

0.0317
yes
0.5
0.0

0.74 feet

V too high

0.76
4.72
4.97
2.58
5.32
0.49
4.31

0.0690

yes
0.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ft/ft

feet
fps

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

I:\PR0JEcT$WPLS\PPLSO9O2-BeII Bend Land OevelopmenMýNALYTICALcALcULATIONSýEROSION & SEDIMENTATION CALcMswALEý[Swales.dstSwalp 16SA.1



INxthArie*.a (ireers - ECMOS Version 4.3
rP-ROJECT NAME: PRL OMP
FFROM STAT(ONM'EACH: -ITO STArION/REACH: VEG

Dk& eiU Ilowyjeoir (fin Area, (s11)HcadcINm

0.12 4.75 12.57 10.48 0.74"

IWZWWIU1 IUW>4 PMVUMPUIUJTBY: JMU
PROJECT NO.: PPtSOTO
IORAINAGE AREA: ES SWALE 1 S&I IDE SIGN FREQUENCI: 225 UFS

LINER RESULTS Not to Scal

af~t peI IVegetaton ClwadefirstkcsI
Reach ~ laebiltyAnak,*is eti nble,ms~ Cailoiated ISafety Feclof Roymmks

Stapl [fW [TtJm Shsm Suless ShetSuress
St&H PD Vegetaton 3 1C 18wtxl 175-95% 14.00 4,29 1 3.27 STABLE

I Staple E Soil S.&pLoen 3.250 0:27 ý33 STABLE



]NohAanetican Green -EGMOIS Veisio~, 4.3
IPJCT NAM~E: FF1.BBNNP T SAINRC:UVE

[FROM STATION/F1A-:IOSAINEACH:UNE
HYDRAULIC RESULTS

Dioi P'eak Fko, Iýeboca UPIpi Atea (sqt (I) Hydauk IN NornI Idsl Petiod fihrIII R.a6us1llI Deotlhfifti
12.2 _I 0.1 1 8.38 1 1.91 0.41 0.60

- 18/25M20l IOM53PMIEUMPIJTEDfBY: JMU
PROJECT NO.: PPLS0902
IORAJNAI3E AREA- ESSWALE5I. S I 'DESIGN FREQUENCY: 2 25 CFS

'LU V9\2O4I
Nottoscale

LINER RESULTS

Rah -Matting Type SaityAlsisVegetaliowiChatactecisticsI Periti acltdIaeyFdt Rfo

Staple PattePasrnus Type Density IShe& St nsf Sh I

stlaiD4 P550 Urwegetated 1 4,00 147 1.15 STABLE
Staple E




