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STANDARD WORKSHEET #21
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902
LOCATION: Salem Township
PREPARED BY: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 1.1 1.1 1.2 1.2
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 3.84 3.42 3.84 3.42
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) 0.46 0.35 0.46 0.35
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 4:1 6:1 4:1 6:1
A (AREA IN SQ. FT.) 1.34 0.96 1.34 0.96
R (HYDRAULIC RADIUS) 0.33 0.27 0.33 0.27
S (BED SLOPE, FT/FT)* 0.0130 0.0130 0.0130 0.0130
VEGETATIVE LINING RETARDANCE - B - B
n (MANNING'S COEFFICIENT)** 0.0550 0.0500 0.0550 0.0500
V (AT FLOW DEPTH d, CFS) 1.04 1.46 1.04 1.46
Q (AT FLOW DEPTH d, CFS) 1.40 1.40 1.40 1.40
Qr (REQUIRED CAPACITY) CFS - - - -

S. (CRITICAL SLOPE) 0.0673 0.0592 0.0673 0.0592
.7S, 0.0471 0.0471 0.0471 0.0471
1.3Sc 0.0875 0.0875 0.0875 0.0875
STABLE FLOW?.(YIN) y y y y
FREEBOARD BASED ON UNSTABLE FLOW FT - - -

FREEBOARD BASED ON STABLE FLOW FT 1.04 1.15 1.04 1.15
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 5.0 3.5 5.0 3.5
" td (SHEAR STRESS AT FLOW DEPTH d) LB/FT 2  0.37 0.29 0,37 0.29
'ra (MAX ALLOWABLE SHEAR STRESS) LB/FT2  1.55 1.55 1.55 1.55

* Slopes may hot 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 1.3 1.3
Unveg Veg

PROTECTIVE LINING** S75 Grass
CHANNEL TOP WIDTH (FT)@ D 10.00 10.00
CHANNEL TOP WIDTH (FT)@ d 4.49 4.39
CHANNEL SIDE SLOPES (H:V) 2 2
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0
d (FLOW DEPTH IN FT) 0.62 0.60
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 3:1
A (AREA IN SQ. FT.) 2.02 1.91
R (HYDRAULIC RADIUS) 0.42 0.41
S (BED SLOPE, FT/FT)* 0.0170 0.0170
VEGETATIVE LINING RETARDANCE - B
n (MANNING'S COEFFICIENT)** 0.0520 0.0500
V (AT FLOW DEPTH d, CFS) 2.03 2.15
Q (AT FLOW DEPTH d, CFS) 4.10 4.10
Qr (REQUIRED CAPACITY) CFS - -

S, (CRITICAL SLOPE) 0.0559 0.0522
.7S, 0.0391 0.0365
1.3S, 0.0875 0.0679
STABLE FLOW? (Y/N) Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - -

FREEBOARD BASED ON STABLE FLOW FT 1.38 1.40
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5
D (TOTAL DEPTH) FT 2 2
d6o 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
td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.66 0.63
a (MAX ALLOWABLE SHEAR STRESS) LB/FT2  1.55 1.55

* 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 2.1 2.1 2.2 2.2
SUnveg Veg Unveg Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 8.00 8.00 12.00 12.00
CHANNEL TOP WIDTH (FT)@ d 3.78 3.36 3.83 3.33
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) 0.44 0.34 0.46 0.33
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 5:1 6:1 4:1 6:1
A (AREA IN SQ. FT.) 1.28 0.91 1.33 0.89
R (HYDRAULIC RADIUS) 0.32 0.32 0.33 0.33
S (BED SLOPE, FT/FT)* 0.0130 0.0130 0.0100 0.0100
VEGETATIVE LINING RETARDANCE - B - B
n (MANNING'S COEFFICIENT)** 0.0550 0.0500 0.0550 0.0500
V (AT FLOW DEPTH d, CFS) 1.01 1.43 0.83 1.24
Q (AT FLOW DEPTH d, CFS) 1.30 1.30 1.10 1.10
0, (REQUIRED CAPACITY) CFS - - - -

S, (CRITICAL SLOPE) 0.0678 0.0599 0,0674 0.0602
.7S, 0.0475 0.0419 0.0472 0.0472
1.3Sc 0.0881 0.0779 0.0876 0.0783
STABLE FLOW? (Y/IN) Y Y Y Y

FREEBOARD BASED ON UNSTABLE FLOW FT - - - -

FREEBOARD BASED ON STABLE FLOW FT 1.06 1.45 1.04 1.47
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  0.36 0.28 0.29 0.21

a (MAX ALLOWABLE SHEAR STRESS) LBIFT2  1.55 1.55 1.55 1.55

* 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 3.1 3.1 3.2 3.2
Unveg Veg Unveg Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 12.00 12.00 10.00 10.00
CHANNEL TOP WIDTH (FT)@ d 6.30 6.20 4.44 4.13
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 4.0 4.0 2.0 2.0
d (FLOW DEPTH IN FT) 0.58 0.55 0.61 0.53
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 7:1 7:1 3:1 4:1
A (AREA IN SQ. FT.) 2.97 2.81 1.96 1.63
R (HYDRAULIC RADIUS) 0.45 0.43 0.41 0.37
S (BED SLOPE, FTIFT)* 0.0100 0.0100 0.0100 0.0100
VEGETATIVE LINING RETARDANCE - B - B
n (MANNING'S COEFFICIENT)** 0.0530 0.0500 0.0540 0.0500
V (AT FLOW DEPTH d,•CFS) 1.62 1.71 1.28 1.53
Q (AT FLOW DEPTH d, CFS) 4.80 4.80 2.50 2.50
Qr (REQUIRED CAPACITY) CFS - - - -

Sc (CRITICAL SLOPE) 0.0556 0.0501 0.0606 0.0537
.7S, 0.0389 0.0351 0.0424 0.0698
1.3S, 0.0876 0.0651 0.0788 0.0376
STABLE FLOW? (Y/N) y y y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -

FREEBOARD BASED ON STABLE FLOW FT 1.42 1.45 1.39 1.47
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.0 2.0 2.0 2.0
d~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 5.0 3.5 5.0 3.5
td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.36 0.34 0.38 0.33
Toc (MAX ALLOWABLE SHEAR STRESS) LB/FT2  1.55 1.55 1.55 1.55

• 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 3.3
Unveg

3.3
Veg

3.4
Unveg

3.4
Veg

PROTECTIVE LINING ** $75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 12.00 12.00 15.00 15.00
CHANNEL TOP WIDTH (FT)@ d 6.27 6.18 5.70 5.65
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 4.0 4.0 3.0 3.0
d (FLOW DEPTH IN FT) 0.57 0.54 0.68 0.66
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 7:1 7:1 5:1 5:1
A (AREA IN SQ. FT.) 2.91 2.77 2.94 2.87
R (HYDRAULIC RADIUS) 0.45 0.43 0.49 0.48
S (BED SLOPE, FTIFT)* 0.0330 0.0330 0.0330 0.0330
VEGETATIVE LINING RETARDANCE - B - B

n (MANNING'S COEFFICIENT)** 0.0530 0.0500 0.0510 0.0500
V (AT FLOW DEPTH d, CFS) 2.94 3.10 3.25 3.33
Q (AT FLOW DEPTH d, CFS) 8.57 8.57 9.57 9.57
Qr (REQUIRED CAPACITY) CFS . - -

S, (CRITICAL SLOPE) 0.0558 0.0502 0.0508 0.0490
.7S, 0.0391 0.0351 0.0356 0.0343

1.3Sr 0.0725 0,0653 0.0660 - 0.0637
STABLE FLOW? (Y/N) Y Y Y Y

FREEBOARD BASED ON UNSTABLE FLOW FT - - -

FREEBOARD BASED ON STABLE FLOW FT 1.43 1.46 2.32 2.34
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.0 2.0 3.0 3.0
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) LBIFT 2  1.17 1.12 1.39 1.37

Ta (MAX ALLOWABLE SHEAR STRESS) LB/FT 2 1.55 1.55 1.55 1.55

* 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 3.5 3.5 3.6 3.6
Unveg Veg Unveg Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 13.00 13.00 14.00 14.00
CHANNEL TOP WIDTH (FT)@ d 4.53 4.62 5.00 4.87
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 1.0 1.0' 2.0 2.0
d,(FLOW DEPTH IN FT) 0.88 0.90 0.75 0.72
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 1:1 1:1 3:1 3:1
A (AREA IN SQ. FT.) 2.44 2.54 2.62 2.46
R (HYDRAULIC RADIUS) 0.49 0.50 0.49 0.47
S (BED SLOPE, FT/FT)* 0.0080 0.0080 0.0070 0.0070
VEGETATIVE LINING RETARDANCE - B - B

n (MANNING'S COEFFICIENT)** 0.0460 0.0500 0.0500 0.0500
V (AT FLOW DEPTH d, CFS) 1.76 1.69 1.45 1.54
Q (AT FLOW DEPTH d, CFS) 4.30 4.30 3.80 3.80
Qr (REQUIRED CAPACITY) CFS - - -

S, (CRITICAL SLOPE) 0.0426 0.0500 0.0494 0.0500

.7S_, 0,0298 0.0350 0.0346 0.0350

1.3S, 0.0554 0.0650 0.0642 0.0650
STABLE FLOW? (YIN) y Y y y

FREEBOARD BASED ON UNSTABLE FLOW FT - - -

FREEBOARD BASED ON STABLE FLOW FT 2.12 2.10 2.25 2.28
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 3.0 3.0 3.0 3.0
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
-d (SHEAR STRESS AT FLOW DEPTH d) LB/FT 2  0.44 0.45 0.33 0.31

'r (MAX ALLOWABLE SHEAR STRESS) LB/FT2  1.55 1.55 1.55 1.55

* 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

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

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 14.00 14.00 19.00 19.00
CHANNEL TOP WIDTH (FT)@ d 5.17 5.03 7.47 7.92
CHANNEL SIDE SLOPES (H:V) 2 2 2 2

CHANNEL BOTTOM WIDTH (FT) ' 2.0 2.0 3.0 3.0

d (FLOW DEPTH IN FT) 0.79 0.76 1.12 1.23
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 3:1 3:1 3:1
A (AREA IN SQ. FT.) 2.84 2.67 5.85 6.72
R (HYDRAULIC RADIUS) 0.51 0.49 0.73 0.79
S (BED SLOPE, FTIFT)* 0.0050 0.0050 0.0050 0.0050
VEGETATIVE LINING RETARDANCE - B - B

n (MANNING'S COEFFICIENT)** 0.0490 0.0500 0.0410 0.0500
V (AT FLOW DEPTH d, CFS) 1.23 1.31 2.07 1.80
Q (AT FLOW DEPTH d, CFS) 3.50 3.50 12.10 12.10
Qr (REQUIRED CAPACITY) CFS - - -

S, (CRITICAL SLOPE) 0.0468 0.0493 0.0291 0.0423
.7S, 0.0328 0.0345 0.0204 0.0296
1.3Sc 0.0608 0.0641 0.0378 0.0550
STABLE FLOW? (Y/N) Y Y Y Y

FREEBOARD BASED ON UNSTABLE FLOW FT - - - -

FREEBOARD BASED ON STABLE FLOW FT 2.21 2.24 2.88 2.77
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 3.0 3.0 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)
V. (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT 2  0.25 0.24 0.35 0.38
t8 (MAX ALLOWABLE SHEAR STRESS) LB/FT2  1.55 1.55 1.55 1.55

* 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 4.1 4.1 4,2 4.2
Unveg Veg Unveg Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 14.00 14.00 11.00 11.00
CHANNEL TOP WIDTH (FT)@ d 5.44 5.51 5.31 5.23
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 3.0 3.0
d (FLOW DEPTH IN FT) 0.86 0.88 0.58 0.56
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 2:1 2:1 5:1 5:1
A (AREA IN SQ. FT.) 3.20 3.30 2.40 2.29
R (HYDRAULIC RADIUS) 0.55 0.56 0.43 0.42
S (BED SLOPE, FT/FT)* 0.0110 0.0110 0.0120 0.0120
VEGETATIVE LINING RETARDANCE - B - B

n (MANNING'S COEFFICIENT)** 0.0470 0.0500 0.0530 0.0500
V (AT FLOW DEPTH d, CFS) 2.19 2.12 1.71 1.79
Q (AT FLOW DEPTH d, CFS) 7.00 7.00 4.10 4.10
Qr (REQUIRED CAPACITY) CFS - - -

S, (CRITICAL SLOPE) 0.0423 0.0476 0.0570 0.0512
.7Sc 0.0296 0.0333 0.0399 0.0358
1.3S, 0:0550 0.0619 0.0741 0.0666
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - -- -

FREEBOARD BASED ON STABLE FLOW FT 2.14 2.12 1.42 1.44
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 3.0 3.0 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
'Ed (SHEAR STRESS AT FLOW DEPTH d) LB/FT 2  0.59 0.60 0.43 0.42
'ta (MAX ALLOWABLE SHEAR STRESS) LBIFT2  1.55 1.55 1.55 1.55

* 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 acceptablb 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: GMP
CHECKED BY: LGB

DATE. 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 4.3
Unveg

4.3
Veg

4.4
Unveg

4.4
Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 9.00 9.00 9.00 9.00
CHANNEL TOP WIDTH (FT)@ d 2.47 2.34 2.26 2.14
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 1.0 1.0 1.0 1.0
d (FLOW DEPTH IN FT) 0.37 0.33 0.31 0.28
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 3:1 3:1 3:1
A (AREA IN SQ. FT.) 0.64 0.56 0.51 0.44
R (HYDRAULIC RADIUS) 0.24 0.22 0.21 0.20
S (BED SLOPE, FT/FT)* 0.0180 0.0180 0.0200 0.0200
VEGETATIVE LINING RETARDANCE - B - B
n (MANNING'S COEFFICIENT)** 0.0550 0.0500 0.0550 0.0500
V (AT FLOW DEPTH d, CFS) 1.25 1.44 1.17 1.35
Q (AT FLOW DEPTH d, CFS) 0.80 0.80 0.60 0.60
Qr (REQUIRED CAPACITY) CFS - - - -

S, (CRITICAL SLOPE) 0.0757 0.0640 0.0786 0.0666
.7S, 0.0530 0.0448 0.0550 0.0466
1.3Sc 0.0984 0.0832 0.1022 0.0866
STABLE FLOW? (YIN) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -
FREEBOARD BASED ON STABLE FLOW FT 1.63 1.67 1.69 1.72
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
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT 2  0.41 0.37 0.39 0.35
Tja (MAX ALLOWABLE SHEAR STRESS) LB/FT2 1.55 1.55 1.55 1.55

* 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 recommen ded 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 4.5 4.5 4.6 4.6
Unveg Veg Unveg Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 9.00 9.00 15.00 15.00
CHANNEL TOP WIDTH (FT)@ d 2.46 2.35 6.46 6.55
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 1.0 1.0 3.0 3.0
d (FLOW DEPTH IN FT) 0.36 0.34 0.86 0.89
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 3:1 4:1 4:1
A (AREA IN SQ. FT.) 0.63 0.56 4.09 4.24
R (HYDRAULIC RADIUS) 0.24 0.22 0.60 0.61
S (BED SLOPE, FT/FT)* 0.0330 0.0330 0.0060 0.0060
VEGETATIVE LINING RETARDANCE - B - B
n (MANNING'S COEFFICIENT)** 0.0550 0.0500 0.0470 0.0500

V (AT FLOW DEPTH d, CFS) 1.74 1.95 1.71 1.65
Q (AT FLOW DEPTH d, CFS) 1.10 1.10 7.00 7.00

Qr (REQUIRED CAPACITY) CFS - - -

Sý (CRITICAL SLOPE) 0.0759 0.0639 0.0406 0.0457
.7S, 0.0531 0.0447 0.0284 0.0320
1.3S, 0.0987 0.0831 0.0528 0.0594
STABLE FLOW? (Y/N) Y Y Y Y

FREEBOARD BASED ON UNSTABLE FLOW FT - - - -

FREEBOARD BASED ON STABLE FLOW FT 1.64 1.66 2.14 2.11
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.0 2.0 3.0 3.0
d5o STONE SIZE (IN) - -
DESIGN METHOD FOR PROTECTIVE LINING V/S V/S V/S V/S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V3 (ALLOWABLE VELOCITY) FPS 5.0 3.5 5.0 3.5
'rd (SHEAR STRESS AT FLOW DEPTH d) LB/FT 2  0.75 0.69 0.32 0.33

'ra (MAX ALLOWABLE SHEAR STRESS) LB/FT2  1.55 1.55 1.55 1.55

• 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 4.7
Unveg

4.7T4. 4.82/1
4.7

Veg
4.8

Unveg
4.8
Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 14.00 14.00 14.00 14.00

CHANNEL TOP WIDTH (FT)@ d 5.10 5.09 5.58 5.68

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) 0.78 0.77 0.90 0.92
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 3:1 2:1 2:1

A (AREA IN SQ. FT.) ... 2.75 2.74 3.40 3.53
R (HYDRAULIC RADIUS) 0.50 0.50 0.57 0.58

S (BED SLOPE, FTIFT)* 0.0100 0.0100 0.0060 0.0060
VEGETATIVE LINING RETARDANCE - B - B

n (MANNING'S COEFFICIENT)** 0.0490 0.0500 Q,0460 0.0500
V (AT FLOW DEPTH d, CFS) 1,89 1.90 1.68 1.61

Q (AT FLOW DEPTH d, CFS) 5.20 5.20 5.70 5.70

Qr (REQUIRED CAPACITY) CFS - -

Sr (CRITICAL SLOPE) .... 0.0471 0.0491 0.0401 0.0470

,7Sc 0.0330 0.0344 0.0281 0.0329

1.3Sc 0.0612 0.0638 0.0521 0.0611
STABLE FLOW? (Y/N) y y y Y

FREEBOARD BASED ON UNSTABLE FLOW FT - - - -

FREEBOARD BASED ON STABLE FLOW FT 2.22 2.23 2,10 2.08

MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5

D (TOTAL DEPTH) FT ...... 3.0 3.0 3.0 3.0
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 5.0 3.5
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT 2  0.48 0.48 0.34 0.34

Ta (MAX ALLOWABLE SHEAR STRESS) LBIFT2 1.55 1.55 1.55 1.55

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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 4.9 4.9
Unveg Veg

PROTECTIVE LINING ** S75 Grass
CHANNEL TOP WIDTH (FT)@ D 10.00 10.00
CHANNEL TOP WIDTH (FT)@ d 4.42 4.22
CHANNEL SIDE SLOPES (H:V) 2 2
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0
d (FLOW DEPTH IN FT) 0.61 0.55
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 4:1 4:1
A (AREA IN SQ. FT.) 1.94 1.72
R (HYDRAULIC RADIUS) 0.41 0.38
S (BED SLOPE, FT/FT)* 0.0100 0.0100
VEGETATIVE LINING RETARDANCE - B
n (MANNING'S COEFFICIENT)** 0.0530 0.0500
V (AT FLOW DEPTH d, CFS) 1.39 1.57
Q (AT FLOW DEPTH d, CFS) 2.70 2.70
Qr (REQUIRED CAPACITY) CFS -

Sc (CRITICAL SLOPE) 0.0585 0,0532
.7Sc 0.0410 0,0372
1.3Sc 0.0761 0.0692
STABLE FLOW? (YIN) Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - -

FREEBOARD BASED ON STABLE FLOW FT 1.39 1.45
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 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  0.38 0.35
rC (MAX ALLOWABLE SHEAR STRESS) LB/FT 2  1.55 1.55

* 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 5.1
Unveq

5.1
Ve.q

5.2
Unveg Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 15,00 15.00 23.00 23.00
CHANNEL TOP WIDTH (FT)@ d 5.45 5.29 8.47 9.41
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) 0.61 0.57 1.37 1.60
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 5:1 5:1 6:1 2:1
A (AREA IN SQ. FT.) 2.59 2.37 7.84 9.95
R (HYDRAULIC RADIUS) 0.45 0.43 0.86 0.98
S (BED SLOPE, FT/FT)* 0,0080 0.0080 0.0080 0.0080
VEGETATIVE LINING RETARDANCE - B - B

n (MANNING'S COEFFICIENT)** 0.0530 0,0500 0.0360 0.0500
V (AT FLOW DEPTH d, CFS) 1,35 1.48 3.33 2.62

..Q (AT FLOW DEPTH d, CFS) 3.50 3.50 26.10 26.10

Qr (REQUIRED CAPACITY) CFS "___-_ -

S, (CRITICAL SLOPE) 0,0561 0.0508 0.0214 0.0396
17S, 0.0393 0.0356 0,0150 0.0277

1.3S, 0.0761 0.0660 0.0278 0.0515
STABLE FLOW? (Y/N) y y y y

FREEBOARD BASED ON UNSTABLE FLOW FT - - -

FREEBOARD BASED ON STABLE FLOW FT 1.39 1,43 3.63 3.40
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D.(TOTAL DEPTH) FT 2.0 2.0 5.0 5.0
d5c 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  0.31 0.29 0.68 0.80

ta (MAX ALLOWABLE SHEAR STRESS) LB/FT 2 1.55 1.55 1.55 1.55

* 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION . 5.3 5.3
Unveg Veg

PROTECTIVE LINING ** S75 Grass
CHANNEL TOP WIDTH (FT)@ D 9.00 9.00
CHANNEL TOP WIDTH (FT)@ d 3.16 3.06
CHANNEL SIDE SLOPES (H:V) 2 2
CHANNEL BOTTOM WIDTH (FT) 1.0 1.0
d (FLOW DEPTH IN FT) 0.54 0.51
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 2:1 2:1
A (AREA IN SQ. FT.) 1.12 1.04
R (HYDRAULIC RADIUS) 0.33 0.32
S (BED SLOPE, FT/FT)* 0.0150 0.0150
VEGETATIVE LINING RETARDANCE - B
n (MANNING'S COEFFICIENT)** 0.0540 0.0500
V (AT FLOW DEPTH d, CFS) 1.52 1.63
Q (AT FLOW DEPTH d, CFS) 1.70 1.70
Q, (REQUIRED CAPACITY) CFS - -

S,-(CRITICAL SLOPE) 0,0665 0.0577
.7Sc 0.0466 0.0404
1.3Sc 0.0865 0.0750
STABLE FLOW? (YIN) Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - -

FREEBOARD BASED ON STABLE FLOW FT 1.46 1.49
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5
D (TOTAL DEPTH) FT 2.0 2.0
d5 0 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
S•d (SHEAR STRESS AT FLOW DEPTH d) LB/FT 2  0.50 0.48

ta (MAX ALLOWABLE SHEAR STRESS) LB/FT2  1.55 1.55

• 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 6.1
Unveg

6.1
Veg

6.2
Unveg

6.2
Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 9.00 9.00 11.00 11.00
CHANNEL TOP WIDTH (FT)@ d 2.89 2.70 5.62 5.25
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL-BOTTOM WIDTH (FT) 1.0 1.0 3.0 3.0
d (FLOW DEPTH IN FT) 0.47 0.42 0.66 0.56
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 5:1 5:1 5:1 5:1
A (AREA IN SQ. FT.) 0.92 0.79 2.83 2.31
R (HYDRAULIC RADIUS) 0.29 0.27 0.48 0.42
S (BED SLOPE, FT/FT)* 0.0100 0.0100 0.0090 0.0090
VEGETATIVE LINING RETARDANCE - B -. B
n (MANNING'S COEFFICIENT)** 0.0550 0.0500 0.0620 0.0500
V (AT FLOW DEPTH d, CFS) 1.09 1.27 1.27 1.56
Q (AT FLOW DEPTH d, CFS) 1.00 1.00 3.60 3.60
Qr (REQUIRED CAPACITY) CFS -

So(CRITICAL SLOPE) 0.0713 0.0604 ' 0.0756 0.0511
.7Sc 0.0499 0.0423 0.0529 0.0358
1.3Sc ..... 0.0927 0.0785 0.0983 0.0664
STABLE FLOW? (YIN) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -

FREEBOARD BASED ON STABLE FLOW FT 1.53 1.58 1.34 1.44
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.0 2.0 2.0 2.0
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 1 3.5 5.0 3.5
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.29 0.27 0.37 0.32
Ta (MAX ALLOWABLE SHEAR STRESS) LB/FT2 1.55 1.55 1.55 1.55

* 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 6.3 6.3 6.4 6.4
SUnveg Veg Unveg Veg

PROTECTIVE LINING S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 9.00 9.00 13.00 13.00
CHANNEL TOP WIDTH (FT)@ d 3,48 3.26 4.79 4.93
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 1.0 1.0 1.0 1.0
d (FLOW DEPTH IN FT) 0.62 0.59 0.95 0.98
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 1:1 1:1 2:1 2:1
A (AREA IN SQ. FT.) 1.39 1.28 2.74 2.91
R (HYDRAULIC RADIUS) 0.37 0.35 0.52 0.54
S (BED SLOPE, FTIFT)* 0.0120 0.0120 0.0130 0.0130
VEGETATIVE LINING RETARDANCE - B - B
n (MANNING'S COEFFICIENT)** 0,0530 0.0500 0.0450 0.0500
V (AT FLOW DEPTH d, CFS) 1.51 1.64 2.41 2.27
Q (AT FLOW DEPTH d, CFS) 2.10 2.10 6.60 6.60
Qr (REQUIRED CAPACITY) CFS - - - -

Sc (CRITICAL SLOPE) 0.0619 0.0558 0.0400 0.0489
•7Sr 0.0433 0.0391 0.0280 0.0342
1.3S, 0.0805 0.0725 0.0520 0.0636
STABLE FLOW? (Y/N) Y y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - -

FREEBOARD BASED ON STABLE FLOW FT 1.38 1.41 2.05 2.02
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.0 2.0 3,0 3.0
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
•C (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.46 0.44 0.77 0.80
' (MAX ALLOWABLE SHEAR STRESS) LB/FT2  1.55 1.55 1.55 1,55

• 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 6.5 6.5 6.6 6.6
Unveg Veg Unveg Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 16.00 16.00 9.00 9.00
CHANNEL TOP WIDTH (FT)@ d 7.35 7.45 3.53 3.43
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 4.0 4.0 1.0 1.0
d (FLOW DEPTH IN FT) 0.84 0.86 0.63 0.61
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 5:1 5.:1 2:1 2:1
A (AREA IN SQ. FT.) 4.75 4.94 1.43 1.34
R (HYDRAULIC RADIUS) 0.61 0.63 0.37 0.36
S (BED SLOPE, FTIFT)* 0.0090 0.0090 0.0185 0.0185
VEGETATIVE LINING RETARDANCE - B - B
n (MANNING'S COEFFICIENT)** 0.0470 0.0500 0.0520 0.0500
V (AT FLOW DEPTH d, CFS) 2.15 2.06 1.96 2.08
Q (AT FLOW DEPTH d, CFS) 10.20 10.20 2.80 2.80
Qr (REQUIRED CAPACITY) CFS .. - -

Sc (CRITICAL SLOPE) 0.0399 0.0448 0.0593 0.0554
.7S, 0.0279 0.0314 0.0461 0.0388
1.3S, 0.0519 0.0582 0.0855 0.0720
STABLE FLOW? (Y/N) y y y y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -

FREEBOARD BASED ON STABLE FLOW FT 2.16 2.14 1.37 1.39
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 3.0 3.0 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  0.47 0.48 0.73 0.70

-a (MAX ALLOWABLE SHEAR STRESS) LB/FT 2  1.55 1.55 1.55 1.55

• 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 6.7 6.7 6.8 6.8
Unveg Veg Unveg Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 9.00 9.00 12.00 12.00
CHANNEL TOP WIDTH (FT)@ d 3.17 3.07 6.12 6.02
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 1.0 1.0 4.0 4.0
d (FLOW DEPTH IN FT) 0.54 0.52 0.53 0.51
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 2:1 2:1 8:1 8:1
A (AREA IN SQ. FT.) 1.13 1.05 2.69 2.53
R (HYDRAULIC RADIUS) 0.33 0.32 0.42 0.40
S (BED SLOPE, FT/FT)* 0.0200 0.0200 0.0200 0.0200
VEGETATIVE LINING RETARDANCE - B - B
n (MANNING'S COEFFICIENT)** 0.0664 0.0500 0.0589 0.0500
V (AT FLOW DEPTH d, CFS) 1.77 1.90 2.16 2.29
o (AT FLOW DEPTH d, CFS) 2.00 2.00 5.80 5.80
Qr (REQUIRED CAPACITY) CFS - - - -

Sc (CRITICAL SLOPE) 0.0664 0.0576 0.0589 0.0512
.7S, 0.0465 0.0403 0.0412 0.0358
1.3Sc 0.0863 0.0749 0.0766 0.0666
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -

FREEBOARD BASED ON STABLE FLOW FT 1.46 1.48 1.47 1.49
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
tcd (SHEAR STRESS AT FLOW DEPTH d) LB/FT 2  0.68 0.65 0.66 0,63
% (MAX ALLOWABLE SHEAR STRESS) LB/FT 2  1.55 1.55 1,55 1.55

• 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE; 10/27/10

CHANNEL OR CHANNEL SECTION 6.9
Unveg

6.9
Veg

6.10
Unveg

6.10
Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 15.00 15.00 10.00 10.00
CHANNEL TOP WIDTH (FT)@ d 6.54 6.68 4.51 4.31
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) 0.89 0.92 0.63 0.58
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 3:1 3:1 3:1
A (AREA IN SQ. FT.) 4.22 4.45 2.05 1.82
R (HYDRAULIC RADIUS) 0.61 0.63 0.43 0.40
S (BED SLOPE, FT/FT)* 0.0150 0.0150 0.0135 0.0135
VEGETATIVE LINING RETARDANCE - B - B
n (MANNING'S COEFFICIENT)** 0.0460 0.0500 0.0530 0.0500
V (AT FLOW DEPTH d, CFS) 2.82 2.67 1.66 1.87
Q (AT FLOW DEPTH d, CFS) 11.90 11.90 3.40 3.40
Qr (REQUIRED CAPACITY) CFS - -

Sc (CRITICAL SLOPE) 0.0387 0.0453 0.0580 0.0526
.7S, 0.0271 0.0317 0.0406 0.0368
1.3S, 0.0503 0.0589 0.0754 0.0684
STABLE FLOW? (Y/N) y y y y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -

FREEBOARD BASED ON STABLE FLOW FT 2.11 2.08 1.37 1.42
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 3.0 3.0 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
Id (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.83 0.86 0.53 0.49
Ta (MAX ALLOWABLE SHEAR STRESS) LB/FT 2 1.55 1.55 1.55 1.55

* 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 8.1 8.1 8.2 8.2
Unveg Veg Unveg Veg

PROTECTIVE LINING S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 9.00 9.00 14.00 14.00
CHANNEL TOP WIDTH (FT)@ d 3.37 3.25 5.15 5.30
CHANNEL SIDE SLOPES (H:V) 2. 2 2 2
CHANNEL BOTTOM WIDTH (FT) 1.0 1.0 2.0 2.0
d (FLOW DEPTH IN FT) 0.59 0.56 0.79 0.83
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 2:1 2:1 5:1 5:1
A (AREA IN SQ. FT.) 1.29 1.20 2.81 3.01
R (HYDRAULIC RADIUS) 0.35 0.34 0.51 0.53
S (BED SLOPE, FT/FT)* 0.0100 0.0100 0.0080 0.0080
VEGETATIVE LINING RETARDANCE - B - B
n (MANNING'S COEFFICIENT)"* 0.0530 0.0500 0.0450 0.0500
V (AT FLOW DEPTH d, CFS) 1.39 1.50 1.85 1.73
Q (AT FLOW DEPTH d, CFS) 1.80 1.80 5.20 5.20
Qr (REQUIRED CAPACITY) CFS - - -

S. (CRITICAL SLOPE) 0.0626 0.0564 0.0396 0.0483
.7S, 0.0438 0.0395 0.0277 0.0338
1.3Sc 0.0814 0.0733 0.0515 0.0628
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -

FREEBOARD BASED ON STABLE FLOW FT 1.41 1.44 2.21 2.17
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 2.0 2.0 3.0 3.0
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
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.41 0.39 0.39 0.41
a (MAX ALLOWABLE SHEAR STRESS) LB/FT2  1.55 1.55 1.55 1.55

* 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 8.3
Unveg

8.3
Veg

8.4
Unveg

8.4
Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 10.00 10.00 9.00 9.00
CHANNEL TOP WIDTH (FT)@ d 4.43 4.33 2.82 2.66
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 2.0 2.0 1.0 1.0
d (FLOW DEPTH IN FT) 0.61 0.58 0.45 0.42
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 3:1 2:1 2:1
A (AREA IN SQ. FT.) 1.96 1.84 0.87 0.76
R (HYDRAULIC RADIUS) 0.41 0.40 0.29 0.27
S (BED SLOPE, FT/FT)* . 0.0300 0.0300 0.0280 0.0280
VEGETATIVE LINING RETARDANCE - B - B
n (MANNING'S COEFFICIENT)** 0.0530 0.0500 0.0550 0.0500
V (AT FLOW DEPTH d, CFS) 2.66 2.83 1.85 2.10
Q (AT FLOW DEPTH d, CFS) 5.20 5.20 1.60 1.60
Qr (REQUIRED CAPACITY) CFS ..- - -

S, (CRITICAL SLOPE) 0.0584 0.0525 0.0720 0.0607
,7Sc 0.0409 0.0368 0.0504 0.0425

1.3Sc 0.0759 0.0638 0.0936 0.0789
STABLE FLOW? (YIN) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT -.. --

FREEBOARD BASED ON STABLE FLOW FT 1.39 1.42 1.55 1.58
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
'd (SHEAR STRESS AT FLOW DEPTH d) LB/FT 2  1.14 1.09 0.79 0.73
Ta (MAX ALLOWABLE SHEAR STRESS) LB/FT2 1.55 1.55 1.55 1.55

* 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 9.1 9.1 9.2 9.2
Unveg Veg Unveg Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 15.00 15.00 13.00 13.00
CHANNEL TOP WIDTH (FT)@ d 4.19 4.41 4.35 4.43
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 1.0 1.0
d (FLOW DEPTH IN FT) 0.88 0.91 0.84 0.86
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 3:1 1:1 1:1
A (AREA IN SQ. FT.) 4.19 4.41 2.24 2.33
R (HYDRAULIC RADIUS) 0.60 0.62 0.47 0.48
S (BED SLOPE, FTIFT)* 0.0100 0.0100 0.0100 0.0100
VEGETATIVE LINING RETARDANCE - B B
n (MANNING'S COEFFICIENT)** 0.0460 0.0500 0.0470 0.0500
V (AT FLOW DEPTH d, CFS) 2.29 2.17 1.87 1.80
Q (AT FLOW DEPTH d, CFS) 9.60 9.60 4.20 4.20
Qr (REQUIRED CAPACITY) CFS - - - -

Sc (CRITICAL SLOPE) 0.0388 0.0454 0.0451 0.0507
•7Sc 0.0272 0.0318 0.0316 0.0355
1U3S, 0.0504 0.0590 0.0586 0.0659
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -

FREEBOARD BASED ON STABLE FLOW FT 2.12 2.09 2.16 2.14
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 3.0 3.0 3.0 3.0
di0 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  0.55 0.57 0.52 0.54

Ta (MAX ALLOWABLE SHEAR STRESS) LB/FT 2  1.55 1.55 1.55 1.55

• 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: GMP
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION 9.3
Unveg

9.3
Veg

9.4
Unveg

9.4
Veg

PROTECTIVE LINING ** S75 Grass S75 Grass
CHANNEL TOP WIDTH (FT)@ D 15.00 15.00 27.00 27.00
CHANNEL TOP WIDTH (FT)@ d 6.53 6.62 12.17 13.09
CHANNEL SIDE SLOPES (H:V) 2 2 2 2
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 7.0 7.0
d (FLOW DEPTH IN FT) 0.88 0.91 1.29 1.52
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 3:1 7:1 5:1
A (AREA IN SQ. FT.) 4.20 4.36 12.38 15.30
R (HYDRAULIC RADIUS) 0,60 0.62 0.97 1,.11
S (BED SLOPE, FT/FT)* 0.0100 0.0100 0.0070 0.0070
VEGETATIVE LINING RETARDANCE - B - B

n (MANNING'S COEFFICIENT)** 0.0470 0.0500 0.0470 0.0500
V (AT FLOW DEPTH d, CFS) 2.24 2.16 3.29 2.66
Q (AT FLOW DEPTH d, CFS) 9.40 9.40 40.70 40.70

Qr (REQUIRED CAPACITY) CFS - - -

Sc (CRITICAL SLOPE) 0.0405 0.0455 0.0212 0.0371
.7S, 0.0284 0.0319 0.0148 0.0260
1.3Sc 0.0527 0.0592 0.0276 0.0482
STABLE FLOW? (Y/N) Y y y y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -

FREEBOARD BASED ON STABLE FLOW FT 2.12 2.09 3.71 2.48
MINIMUM REQUIRED FREEBOARD FT 0.5 0.5 0.5 0.5
D (TOTAL DEPTH) FT 3.0 3.0 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) LBIFT 2  0.55 0.56 0.56 0.67

ta (MAX ALLOWABLE SHEAR STRESS) LB/FT2 1.55 1.55 1.55 1.55

* 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.



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

Client/Subject: PPL Bells Bend
Description: POI 1

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902

M. Fenick
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: O =

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 *A (S)

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

1.40
2.0
2.0
2.0

0.0130

1.50

0.0550

ECB

1.40
2.0
2.0
2.0

0.0130

1.50

0.0500

Grass

B

1.40
2.0
2.0
2.0

0.0130

1.50

0.0500

Grass

B

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d= 0.46 0.35 0.35 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, - =
Critical Slope, Sc=

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

Allowable Velocity for Lining Material=

Yes

1.04
1.04
3.84
1.34
4.05
0.33
0.37

0.0673

yes
0.5
3.5

Yes

1.15
1.46
3.42
0.96
3.58
0.27
0.29

0.0592

yes
0.5
3.5

Yes

1.15
1.46
3.42
0.96
3.58
0.27
0.29

0.0592

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

Client/Subject: PPL Bells Bend
Description: POI 1

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902

M. Fenick
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 = 1.486 , A (A23 . S
n P)

Given Input Data: Swale 1.2
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:

Retardance Factor for Grass Cover:

1.40
2.0
2.0
2.0

0.0130

1.50

0.0550
ECB

1.40

2.0
2,0
2.0

0.0130

1.50

0.0500
Grass

B

1.40

2.0
2.0

2,0

0.0130

1.50

0.0500

Grass

B

cfs
H:AV
H:IV
feet
ft/ft

feet

Calculate Flow Depth:

Flow depth, d= 0.46 0.35 0.35 feet

Calcula ted Results: Design Acceptable? Yes Yess

Freeboard, f= 1.04 1.15 1
Calculated Velocity, V= 1.04 1.46 1

Flow Top Width, T= 3.84 3.42 3
Flow Area, A= 1.34 0.96 0.

Wetted Perimeter, P= 4.05 3.58 3
Hydraulic Radius, R= 0.33 0.27 0.

Shear stress on channel bottom, -c = 0.37 0.29 0.
Critical Slope, S,= 0.0673 0.0592 0.C

Flow stable? (no if .7S, < s < 1.3S,)= yes yes y
Required Freeboard= 0.5 0.5 0

Allowable Velocity for Lining Material= 3.5 3.5 3

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

es
.15
.46
.42
96
.58
27
.29
592

es
'.5
'.5

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

feet
fps

Conclu
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Trapezoidal Channel Analys.is. - Open Channel Flow (w/ Manning's Eq)

Client/Subject: PPL Bells Bend

Description: POI l Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902Prepared by: ATS

Date: 14 Oct 10 Checked by:

M.Fenick
.... Q
Obiective: 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: 0= * (A)2/3 ,*"IS

Given Input Data: Swale 1.3 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:

Retardance Factor for Grass Cover:

4.10

2.0
2.0
2.0

0.0170

2.00

0.0520

ECB

4.10
2.0
2.0
2.0

0.0170

2.00

0.0500

Grass

B

4.10
2.0
2.0
2.0

0.0170

2.00

0.0500

Grass

B

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

Calculate Flow Depth:

Flow depth, d= 0.62 0.60 0.60 feet

Calculated Results: Design Acceptable? Yes Yes Y

Freeboard, f= 1.38 1.40 1.
Calculated Velocity, V= 2.03 2.15 2.

Flow Top Width, T= 4.49 4.39 4.
Flow Area, A= 2.02 1.91 1.

Wetted Perimeter, P= 4.79 4.67 4.
Hydraulic Radius, R= 0.42 0.41 0.

Shear stress on channel bottom, r = 0.66 0.63 0.
Critical Slope, S,= 0.0559 0.0522 0.0

Flow stable? (no if .7S, < s < 1.3S,)= yes yes y
Required Freeboard= 0.5 0.5 0

Allowable Velocity for Lining Material= 3.5 3.5 3

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

es
40
15
39
91
67
41
63
522

es
.5
.5

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

feet
fps

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

Client/Subject: PPL Bells Bend

Description: POI 2 Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902Prepared by: ATS

Date: 14Oct 10 Checked by:

M. Fenick
•t * a •

uDlective:
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 2.1

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:

Retardance Factor for Grass Cover:

1.486 , A (A)2 13 , s
n )

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

1.30
20
2.0
2.0

0.0130

1.50

0.0550
ECB

1,30
2.0

2.0
2.0

0.0130

1.50

0,0500

Grass

B

1.30
2.0
2.0
2.0

0.0130

1.50

0.0500
Grass

B

cfs

H:1V
H:IV

feet
ft/ft
feet

Calculate Flow Depth:

Flow depth, d= 0.44 0.34 0.34 feet

Calculated Results: Desimn 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=

Yes

1.06
1.01
3.78
1.28
3.99
0.32
0.36

0.0678

yes
0.5
3.5

Yes

1.16
1.43
3.36
0.91
3.52
0.26
0.28

0.0599

yes
0.5
3.5

Yes

1.16
1.43
3.36
0.91
3.52
0.26
0.28

0.0599

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

Client/Subject: PPL Bells Bend

Description: POI 2

Prepared by: ATS

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

Date: 14 Oct 10 Checked by:

M. Fenick
Objectiv

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: 0 = 1.486 *A (A)213 *\ S

Given Input Data: Swale 2.2
Bare - Velocity

Check
Grass - Velocity.. Grss - 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:

Retardance Factor for Grass Cover:

1.10
2.0
2.0

2.0

0.0100

1.50

0.0550

ECB

1.10
2.0
2.0
2.0

0.0100
.1.50

0.0500

Grass

B

1.10
2.0

2.0

2.0

0.0100

1.50

0.0500

Grass

B

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

Calculate Flow Depth:

Flow depth, d= 0.46 0.33 0.33 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, x =
Critical Slope, S,=

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

Allowable Velocity for Lining Material=

Yes

1.04
0,83
3.83
1.33
4.05
0.33
0.29

0.0674

yes
0.5
3.5

Yes

1.17
1.24
3.33
0.89
3.49
0.25
0.21

0.0602

yes
0.5
3.5

Yes

1.17
1.24
3.33
0.89
3.49
0.25
0.21

0.0602

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

Client/Subject: PPL Bells Bend

Description: POI 3

Prepared by: ATS

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

Date: 14 Oct 10 Checked by: M. Fenick
Obiectiv

Method:

/e: I 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.

See PA Erosion and Sedimentation Control Manual for reference.

Manning's Equation: =

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:

Retardance Factor for Grass Cover:

1.486 *A A 213

n A P( "

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

4.80
2.0
2.0
4.0

0.0100

2.00

0.0530

ECB

4.80
2.0
2.0
4.0

0.0100

2.00

0,0500

Grass

B

4.80
2.0
2.0
4.0

0.0100

2,00

0.0500

Grass

B

cfs
H:IlV

H:IV
feet
ft/ft
feet

Calculate Flow Depth:

Flow depth, d= 0.58 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, T =

Critical Slope, S,=

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

Allowable Velocity for Lining Material=

Yes

1.42
1.62
6.30
2.97
6,57
0.45
0.36

0.0556

yes
0.5
3.5

Yes

1.45
1.71
6.20
2.81
6.46
0.43
0.34

0.0501

yes
0.5
3.5

Yes

1.45
1.71
6.20
2.81
6.46
0.43
0.34

0.0501

yes
0.5
3.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ftift

feet
fps

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

I PROJE cTS\PPL5PPLS0902 -ellI bend Land OevelopmenILNALY-TICALCALCULATIONSSWALE CALC$\PERMANEN-llS~vales.xBst~wafe 3.1



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

Client/Subject: PPL Bells Bend
Description: POI 3

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov10 10:11 AM

Project #: PPL0902

M. Fenick
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:

1.486 A 2/3
148 A (-) P *

Bare - Velocity Grass - Velocityv
Check Check

Grass - Capacity
Check

2.50
2.0
2.0
2.0

0.0100

2.00

0.0540
ECB

2.50
2.0
2.0
2.0

0.0100

2.00

0.0500

Grass

B

2.50
2.0
2.0

2.0

0.0100

200

0.0500

Grass

B

cfs
H:1V
H:1V
feet

ft/ft
feet

Calculate Flow Depth:

Flow depth, d= 0.61 0.53 0.53 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 .7Sc < s < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes

1.39
1.28
4.44
1.96
4.72
0.41
0.38

0.0606

yes
0.5

.3.5

Yes
1.47
1.53
4.13

1,63
4.38
0,37
0.33

0.0537

yes
0.5
3.5

Yes
1.47
1.53
4.13
1.63
4.38
0.37
0.33

0.0537
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.APR0JEcTSXPPLs$PPLS09o2-BaiI Bend Land DevelopinentrANALYTICALICALcULATION5\SWALE cALcsAIIERMANENThiSwalee.xsls)wale 3.2



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

Client/Subject: PPL Bells Bend
Description: POI 3

Prepared by: ATS

Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902

Date: 14 Oct 10 Checked by:

M. Fenick
Obiectiv

Method:

/e: L J

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: =

Given Input Data: Swale 3.3

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:

Retardance Factor for Grass Cover:

1.486 ,A ( \2/3
n P

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

8.57
2.0
2,0
4.0

0.0330

2.00

0.0630

ECB

8.57
2.0
2.0

4.0

0.0330

2.00

0.0500

Grass

B

8.57
2.0
2.0
4.0

0.0330

2.00

0.0500

Grass

B

cfs

H:1V
H:1V
feet

ft/ft

feet

Calculate Flow Depth:

Flow depth, d= 0.57 0.54 0.54 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=

Yes

1.43
2.94
6.27
2.91
6.54
0.45
1.17

0.0558

yes
0.5
3.5

Yes
1.46
3.10
6.18

2.77
6.43
0.43
1.12

0.0502

yes

0.5

3.5

Yes

1.46
3.10
6.18
2.77
6,43
0.43
1.12

0.0502

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 PROJECTSWPPLSIPPLS0902-8ell Send Land Developmeni\ANALYTICALNcALCULATIONS\SWALE CALcs\PERMANENTntSwales.xls]Swals 3.3



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

Client/Subject: PPL Bells Bend

Description: POI 3 Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902Prepared by: ATS

Date: 14 Oct 10 Checked by:

M. Fenick
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: O

Given Input Data: Swale 3.4

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:

Retardance Factor for Grass Cover:

1.486 AA *2 3 ,, -

n )

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

9.57
2.0
2.0

3.0

0.0330

3.00

0.0510

ECB

9.57

2.0

2.0

3.0

0.0330

3.00

0.0500

Grass

B

9.57
2.0
2.0
3.0

0.0330

3.00

0.0500

Grass

B

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

Calculate Flow Depth:

Flow depth, d= 0.68 0.66 0.66 feet

Calcula ted Results: Design Acceptable? Yes Yes Y
Freeboard, f= 2.32 2.34 2.

Calculated Velocity, V= 3.25 3.33 3.
Flow Top Width, T= 5.70 5.65 5.

Flow Area, A= 2.94 2.87 2.
Wetted Perimeter, P= 6.02 5.97 5.
Hydraulic Radius, R= 0.49 0.48 0.

Shear stress on channel bottom, -c = 1,39 1.37 1.
Critical Slope, Sc= 0.0508 0.0490 0.0

Flow stable? (no if .7Sc < s < 1.3S)= yes yes y
Required Freeboard= 0.5 0.5 0

Allowable Velocity for Lining Material= 3.5 3.5 3

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

es

34
33
65
87
97
48
37
490

es
.5
.5

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

feet
fps

Conclu

1APROJEcTSPPLSNPPLSO9O2-Be11 Bend Land Developrnen5\ANALYTICAL\CALCULATIONS$%SWALE CALCS\PERMANENT\[Swnies,xls]Swale 3.4



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

ClientlSubject: PPL Bells Bend

Description: POI 3 Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902Prepared by: ATS
Date: 14 Oct 10 Checked by:

M.Fenick
Obiectivee: &

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: b =

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:
Retardance Factor for Grass Cover:

1.486 .A 23

n )

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

4.30
2.0
2.0'

1.0

0.0080

3.00

0.0460

ECB

4.30
2.0
2.0

1.0
0.0080

3.00

0.0500

Grass

B

4.30
2,0
2.0
1.0

0.0080

3,00

0.0500

Grass

B

cfs
H:IV
H:IV

feet
ft/ft
feet

Calculate Flow Depth:

Flow depth, d= 0.88 0.90 0.90 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, x =
Critical Slope, S,=

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

Allowable Velocity for Lining Material=

Yes
2.12
1.76
4.53
2.44
4.94
0.49
0.44

0,0426

yes
0.5
3.5

Yes

2,10
1.69
4.62
2.54
5.05
0.50
0.45

0.0500

yes
0.5
3.5

Yes

2.10
1.69
4.62
2.54
5.05
0.50
0.45

0.0500

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.

11PROJECrsu'pL sWpLoS092-Bell Bend Lend Oeveiopmnent\ANALYTICAtkCALcULATIONS\SWALE CALCSu'ERMANEwNT~wares.xls]swale 3.5



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

Client/Subject: PPL Bells Bend

Description: POI 3

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902

M. Fenick
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 3.6

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:

Retardance Factor for Grass Cover:

1.486 *A (A)2/3, * s

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

3.80
2.0
2.0
2.0

0.0070

3.00

0.0500
ECB

3.80
2.0
2.0
2.0

0.0070

3.00

0.0500

Grass

B

3.80
2.0
2.0
2.0

0.0070

3.00

0.0500

Grass

B

cfs
H:IV
H:IV
feet
ft/ft

feet

Calculate Flow Depth:

Flow depth, d= 0.75 0.72 0.72 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=

Yes

2.25
1.45
5.00
2.62
5.35
0.49
0.33

0.0494

yes
0.5
3.5

Yes

2.28
1.54
4.87
2.46
5.21
0.47
0.31

0.0500

yes
0.5
3.5

Yes

2.28
1.54
4.87
2.46
5.21
0.47
0.31

0,0500

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:XPROJFECTSkPPL5\PPLS09C2-BeII Bend Land DevelopmenBANALYTICALýCALCULATIONSISWALE CAI.CS\PERMANENT)[Swales-xlslSwvale 3.6



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

Client/Subject: PPL Bells Bend
Description: POI 3

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
^L • _ -- 1!-

objecUv

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: 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:
Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 *A (-•A)213*\

Bare - Velocity Grass - Velocity,
Check Check

Grass - Capacity
Check

3.50
2.0
2.0
2.0

0.0050

3.00

0.0490
ECB

3.50
2.0
2.0
2.0

0.0050

3.00

0.0500

Grass

B

3.50
2.0
2.0
2.0

0.0050

3.00

0.0500

Grass

B

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

Flow depth, d= 0.79 0.76 0.76 feet

Calcula ted Results: Design Acceptable? Yes Yes
Freeboard, f= 2.21 2.24 2

Calculated Velocity, V= 1.23 1.31 1
Flow Top Width, T= 5.17 5.03 5

Flow Area, A= 2.84 2.67 2
Wetted Perimeter, P= 5.55 5.39 5
Hydraulic Radius, R= 0.51 0.49 0

Shear stress on channel bottom, -t = 0.25 0.24 0
Critical Slope, S,= 0.0468 0.0493 0.[

Flow stable? (no if .7S, < s < 1.3S,)= yes yes y
Required Freeboard= 0.5 0.5 (

Allowable Velocity for Lining Material= 3.5 3.5

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

Yes

.24

.31

.03

.67

.39

.49

.24
0493

'es
0.5
3.5

feet
fps
feet
sq ft
feet
feet
ibs/sf
ft/ft

feet
fps

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

ClientlSubject: PPL Bells Bend
Description:. POI 3

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
•l = l=

uDlective: $.

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 =
n A(~ *\)

Given Input Data: Swale 3.8
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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

12.10
2.0
2.0
3.0

0.0050

4.00

0.0410
ECB

12.10
2.0

2.0
3.0

0.0050

4.00

0,0500

Grass

B

12.10
2.0
2.0
3.0

0.0050

4.00

0.0500
Grass

B

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

Flow depth, d= 1.12 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, S,=

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

Required Freeboard=
Allowable Velocity for Lining Material=

Yes

2.88
2.07
7.47
5.85
8.00
0.73
0.35

0.0291

yes
0.5
3.5

Yes

2.77
1.80
7.92
6.72
8.50
0.79
0.38

0.0423

yes
0.5
3.5

Yes

2.77
1.80
7.92
6.72
8.50
0.79
0.38

0.0423

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.

iAPioj~Ec~spf$\PPLS0Ps9o2-8elI Bend Land Develop~ment\ANALYTICALkCALCULATIONS\SWALE cALcs\PE RMANENT1NSwalns.xisISwale 3.8



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

Client/Subject: PPL Bells Bend
Description: POI 4

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5Nov1010:11AM

Project #: ' PPLO902

M. Fenick
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 (-)p2 3 *\ 5

Given Input Data: Swale 4.1 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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

7.00
2.0
2.0

2.0

0.0110

3.00

0.0470

ECB

7.00
2.0
2.0
2.0

0.0110

3.00

0.0500

Grass

B

7.00
2.0
2.0

2.0

0.0110

3.00

0.0500

Grass

B

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

Flow depth, d= 0.86 0.88 0.88 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 < 1,3Sr)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes
2.14
2.19
5.44
3.20
5.85
0.55
0.59

0.0423

yes
0.5
3.5

Yes

2.12
2.12
5.51
3.30
5.93
0.56
0.60

0.0476

yes
0.5
3.5

Yes
2.12
2.12
5.51
3.30
5.93
0.56
0.60

0.0476

yes
0.5
3.5

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

feet
fps

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

IAPR0JEcTSPPsMPPLS09o2-8eei Send Land DevelopmentkANALY71CAL\CALCULATIONSISWALE cALcsIPERMANENTMSwales.xisl.swale 4.1



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

Client/Subject: PPL Bells Bend

Description: POI 4 Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902Prepared by: ATS

Date: 14 Oct 10 Checked by:

M. Fenick
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 = I4B5 *A (A)2/3 *

n P)

Bare - Velocity Grass - Velocity Grass -Capacity

Check Check CheckGiven Input Data: Swale 4.2

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:

4.10
2.0
2.0
3,0

0.0120

2.00

0.0530

ECB

4.10

2.0
2.0
3.0

0.0120

2.00

0.0500

Grass

B

4.10
2.0
2.0
3.0

0.0120

2.00
0. 0500

Grass

B

cfs
H:1V
H:1V
feet

ft/ft

feet

Calculate Flow Depth:

Flow depth, d= 0.58 0.56 0.56 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=

Yes
1.42
1.71
5.31
2.40
5.58
0,43
0.43

0.0570

yes
0.5
3.5

Yes

1.44
1.79
5.23
2.29
5.49
0.42
0.42

0.0512

yes
0.5
3.5

Yes
1.44
1.79
5.23
2.29
5.49
0.42
0.42

0.0512

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.

IAPROJECTTsPpLSWpLs0002-BelI Bend Lind Develcpmneni'ANALYTICALNCALCULATIONSXS WALE CALCSýPERMANEN'ntswvals.xsItswa)Ie 4.2



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

ClientlSubject: PPL Bells Bend
Description: POI 4

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
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 4,3

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:

Retardance Factor for Grass Cover:

1.4 8 6 A ( 2/3

Bare - Velocity
Check

Grass - Velocity Grass - Capacity
Check Check

0.80
2.0
2.0

1.0

0.0180

2.00

0.0550

ECB

0.80
2.0
2.0
1.0

0.0180

2.00

0.0500

Grass
B

0.80
2.0
2.0
1.0

0.0180

2.00

0.0500

Grass

B

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

Calculate Flow Depth:

Flow depth, d= 0.37 0.33 0.33 feet

Calculated Results: Design Acceotabfe?
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 < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes
1.63
1.25
2.47
0.64
2.64
0.24
0.41

0.0757

yes
0.5
3.5

Yes
1.67
1.44
2.34
0.56
2.49
0.22
0.37

0.0640

yes
0.5
3.5

Yes
1.67
1.44
2.34
0.56
2.49
0.22
0.37

0.0640

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.

IAýPROJEcTS\PPLSPPLSOSO2-Be11 Bend Land Deveiopment4ANALYT4CALICALCULArIONS4SWAL E CALCSIPERMAN=NnlSwalesexisiSwale '4.3



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

()
Client/Subject: PPL Bells Bend

Description: POI 4

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902

M. Fenick
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: O = 1.486 A (A)2/3

In P)

Bare - Velocity Grass - Vetocity
Check Check

Given Input Data: Swale 4.4
Grass - Caoacity

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:

Retardance Factor for Grass Cover:

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 < 1.3SJ)=

Required Freeboard=
Allowable Velocity for Lining Material=

0,60

2.0
2.0
1.0

0.0200

2.00

0.0550

ECB

0.60
2.0
2.0
1.0

0.0200

2.00

0.0500

Grass

B

0.60
2.0
2.0
1.0

0.0200

2.00

0.0500

Grass

B

cfs
H:IV
H:IV
feet

ft/ft

feet

0.31

Yes

1.69
1.17
2.26
0.51
2.41
0.21
0.39

0.0786

yes
0.5
3.5

0.28

Yes

1.72
1.35
2.14
0.44
2.27
0.20
0.35

0.0666

yes
0.5
3.5

0.28

Yes

1.72
1.35
2.14
0.44
2.27
0.20
0,35

0.0666

yes
0.5
3.5

feet

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

feet
fps

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

IAPRO.JEcTS\PLSIl'PLSO902-BlleI (3efd Land DeveloprnenflýANALYTICALýCALCULATIONS\SWALE CALCS\PEIRMANENT\lswales.xsls]wsle 4.4



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

Client/Subject: PPL Bells Bend
Description: POI 4

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
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 4,5

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:

Retardance Factor for Grass Cover:

1.486 ,A (A)2/3 .\ /S
n ( P

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

1.10
2.0
2.0
1.0

0.0330

2.00

0.0550

ECB

1.10
2.0
2.0
1.0

0.0330

2.00

0.0500

Grass

B

1.10
2.0
2.0
1.0

0.0330

2.00

0.0500

Grass

B

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

Calculate Flow Depth:

Flow depth, d= 0.36 0.34 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 < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes

1.64
1.74
2.46
0.63
2.63
0.24
0.75

0.0759

yes
0,5
3.5

Yes

1,66
1.95
2.35
0.56
2.51
0.22
0.69

0.0639

yes
0.5
3.5

Yes

1.66
1.95
2.35
0.56
2.51
0.22
0.69

0.0639

yes
0.5
3.5

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

feet
fps

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

IAPROJEcrS'PLSWPLS09O2-BeII Bend Land DevelopmenINANALYT ICALICALCU LAT ION S\SWAL E CALCSIPERMANENr'4Swvales.xlsjswale 4.5



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

ClientJSubject: PPL Bells Bend
Description: POI 4

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
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 4.6

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:
Retardance Factor for Grass Cover:

Calculate Flow Depth:

1'486 "A A )2/3"\/
n ( P

Bare - Velocity Grass - Velocity
Check Check

Grass - Cap.acty_
Check

7.00
2.0

2.0

3,0

0.0060

3.00

0.0470

ECB

7.00
2.0
2.0

3.0

0.0060

3.00

0.0500

Grass

B

7.00
2.0
2.0

3.0

0.0060

3.00

0.0500

Grass

B

cfs
H:IV
H:IV

feet
ft/ft

feet

Flow depth, d= 0.86 0.89 0.89 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 .7Sc < s < 1,.3Sr)
Required Freeboard=

Allowable Velocity for Lining Material=

Yes
2.14
1.71
6.46
4.09
6.87
0.60
0.32

0. 0406

yes
0.5
3.5

Yes

2.11
1.65
6.55
4.24
6.97
0.61
0.33

0.0457

yes
0.5
3.5

Yes

2.11
1.65
6.55
4.24
6.97
0.61
0.33

0.0457

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:PR0JEcTsWPPLs8PPLS0902-8el Send Land Oevelopment1ANALYlICALkCALCULATIONS\SWALE CALCSýPtiRMANENTýtSwales.xls]Swale '4.6



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

Client/Subject: PPL Bells Bend

Description: POI 4 Print Date: 5 Nov 10 10:11 AM

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Project #: PPL0902

M. Fenick
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 4.7

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1486 . A 2/3. ý/s
n P )

Bare - Velocity
Check

Grass - Velocity Grass - capacity
Check Check

5.20
2.0
2.0
2.0

0.0100

3.00

0.0490

ECB

5.20
2.0
2.0
2.0

0.0100

3.00

0.0500
Grass

B

5.20
2.0
2.0
2.0

0.0100

3.00

0.0500

Grass

B

cfs
H:1V
H:1V
feet

ft/ft

feet

Flow depth, d= 0.78 0.77 0.77 feet

Calculated Results: Oesiun 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 ,75 < s < 1.3SJ)=

Required Freeboard=
Allowable Velocity for Lining Material=

Yes

2.22
1.89
5.10
2.75
5.47
0.50
0.48

0.0471

yes
0.5
3.5

Yes
2.23
1.90
5.09
2.74
5.46
0.50
0.48

0.0491

yes
0.5
3.5

Yes
2.23
1.90
5.09
2.74
5.46
0.50
0.48

0.0491

yes
0.5
3.5

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

feet
fps

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

1APROJECTSWPL5&PPLSO902-Bell Bend Land DevelopmenMýNALYTICALýOALCULATIONSýS WALE CALCSýPERMANENTnls~,ales~xsls)wale 4.7



Trapezoidal Channel Analysis - Ooen Channel Flow (w/ Mannina's Ecl

Client/Subject: PPL Bells Bend
Description: POI 4

Prepared by: ATS,
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902

M. Fenick
Objective: M. 

Fenick

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

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

Manning's Equation: = 1.486 *A (-)2/3 *\ s
n P)

Bare - Velocity Grass - Velocity Grass - Capacity_

Check Check Check
Given Input Data: Swale 4.8

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

5.70

2.0

2.0

2.0

0.0060

3.00

0.0460

ECB

5.70
2.0
2.0

2.0

0.0060

3.00

0.0500

Grass

B

5.70
2.0
2.0
2.0

0.0060

3.00

0.0500

Grass

B

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

Flow depth, d= 0.90 0.92 0.92 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 .7Sc < s < 1.3SJ)=

Required Freeboard=
Allowable Velocity for Lining Material=

Yes

2.10
1.68
5.58
3.40
6.01
0.57
0.34

0.0401

yes
0.5
3.5

Yes

2.08
1.61
5.68
3.53
6.11
0.58
0.34

0.0470

yes
0.5
3.5

Yes

2.08
1.61
5.68
3.53
6.11
0.58
0.34

0.0470

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:PROJECTSTPILSWPLSO902-BelI Send Land Oevelopment\ANALYTIcALýCALCULATIONSX5WALE cALcs\PERMANEN1N(Swales.xISswale 41.8



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

Client/Subject: PPL Bells Bend

Description: POI 4

Prepared by: ATS

Print Date: 5 Nov10 10:11 AM

Project #: PPL0902

Date: 14 Oct 10 Checked by:

M. Fenick
Objective: 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 4.9

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 *A ( )2/3 \s

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

2.70

2.0

2.0

2.0

0.0100

2.00

0.0530

ECB

2.70
2.0
2.0
2.0

0.0100

2.00

0.0500

Grass

B

2.70
2,0
2.0

2.0

0.0100

2.00

0.0500

Grass

B

cfs
H:lV
H:lV
feet
ft/ft

feet

Flow depth, d= 0.61 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, t =
Critical Slope, S,=

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

Required Freeboard=
Allowable Velocity for Lining Material=

Yes
1.39
1.39
4.42
1.94
4.71
0.41
0.38

0.0585

yes
0.5
3.5

Yes
1.45
1.57
4.22
1.72
4.48
0.38
0.35

0.0532

yes
0.5
3.5

Yes
1.45
1.57
4.22
1.72

.4.48
0.38
0.35

0.0532

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.

IAPROJECT$%PPLSPPLSO902.Be11 Bend Land Develnpr nntýANALYTICALCAt~cuLATIONSýs WALE CALCS\PERMANENr-tSwales.xls]sW~ale 4.9



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

Client/Subject: PPL Bells Bend
Description: POI 5

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902

M. Fenick
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 5.1

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1486 A 2/3
n P)

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

3.50
2.0
2.0
3.0

0.0080

2.00

0.0530

ECB

3.50
2.0
2.0

3.0

0.0080

2.00

0.0500
Grass

B

3.50
2.0
2.0
3.0

0.0080

2.00

0.0500

Grass

B

cfs
H:IV
H:1V

feet
ft/ft

feet

Flow depth, d= 0.61 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 .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes

1.39
1.35
5.45
2.59
5.74
0.45
0.31

0.0561

yes

0.5
3.5

Yes
1.43
1.48
5.29
2.37
5.55
0.43
0.29

0.0508

yes
0.5
3.5

Yes
1.43
1.48
5.29
2.37
5.55
0.43
0.29

0.0508

- 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:APROJEcTSIPPLSTPPLS0902-BeII Bend Land DeeonetNLTCLNA.UTO~SAC cAI.CS~f'ERMANEN'nlsYates.xislswato 5. 1



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

Client/Subject: PPL Bells Bend

Description: POI 5

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
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 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:

Retardance Factor for Grass Cover:

n P
Bare - Velocity Grass - Velocity Grass - Capacity

Check Check Check

26.10
2.0
2.0
3.0

0.0080
5.00

0,0360

ECB

26.10
2.0
2.0
3.0

0.0080

5.00
0.0500

Grass

B

26.10
2.0
2.0
3.0

0.0080
5.00

0.0500

Grass

B

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

Calculate Flow Depth:

Flow depth, d= 1.37 1.60 1.60 feet

Calcula ted Results: Deiqn Acceptable? Yes Yes

Freeboard, f= 3.63 3.40 3
Calculated Velocity, V= 3.33 2.62 2

Flow Top Width, T= 8.47 9.41 9
Flow Area, A= 7.84 9.95 9

Wetted Perimeter, P= 9.11 10.17 1(
Hydraulic Radius, R= 0.86 0.98 0

Shear stress on channel bottom, T = 0.68 0.80 0
Critical Slope, S,= 0.0214 0.0396 OX

Flow stable? (no if .7S, < s < 1.3S,)= yes yes y
Required Freeboard= 0.5 0.5 C

Allowable Velocity for Lining Material= 3.5 3,5 3

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

Yes
.40
.62
.41
.95
).17
.98
.80
t396

es

1.5
3.5

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

feet
fps

Conclu•

IAPROJECTSIPPLSWPLSO9O2- Bell Bend Land DevelcopmenMýNALYTICALýcALCUL-ATION5S5VVALE cALcs\PE RMANENt4RSwales.xlsl5,ýIe 5.2



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

Client/Subject: PPL Bells Bend
Description: POI 5

Prepared by: ATS

Date: 14Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
Objectiye: 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 5.3

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:
Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 A ( A23 * is18"n (P) "/

Bare - Velocity Grass - Velocity Grass - Capacity

Check Check Check

1.70

2,0

2.0
1.0

0.0150

2.00

0.0540

ECB

1.70
2.0
2.0

1,0

0.0150

2.00

0.0500

Grass

B

1.70
2.0
2.0
1,0

0.0150

2.00

0.0500

Grass

B

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

Flow depth, d= 0.54 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 < 1.3SJ)=

Required Freeboard=
Allowable Velocity for Lining Material=

Yes

1.46
1.52
3.16
1.12
3.41
0.33
0.50

0.0665

yes
0.5
3.5

Yes

1,49
1.63
3.06
1.04
3.30
0.32
0.48

0.0577

yes
0.5
3.5

Yes

1.49
1.63
3.06
1.04
3.30
0.32
0.48

0.0577

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:1PROJECTSPPLSWPPL SMS2-BeII B~end Land 0evelopment'.ANALYTICALOcALCULAI IONS\SWALE CALCS\PERMANENTM[Swales.xs]S\yale 5.3



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

Client/Subject: PPL Bells Bend
Description: POI 6

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
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 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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 *A (A) 21 3.F

n P)

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

1.00
2.0
2.0
1.0

0.0100

2.00

0.0550
ECB

1.00
2.0
2.0
1.0

0.0100

2.00

0.0500

Grass

B

1.00
2.0
2.0
1.0

0.0100

2.00

0.0500

Grass

B

cfs
H:IV
H:IV
feet

ft/ft

feet

Flow depth, d= 0.47 0.42 0.42 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 < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

Yes

1.53
1.09
2.89
0.92
3.11
0.29
0.29

0.0713

yes
0.5
3.5

Yes

1.58
1.27
2.70
0.79
2.90
0.27
0.27

0.0604

yes
0.5
3.5

Yes

1.58
1.27
2.70'
0.79
2.90
0.27
0.27

0.0604

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

Client/Subject: PPL Bells Bend

Description: POI 6

Prepared by: ATS

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

Date: 14 Oct 10 Checked by:

M. Fenick
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 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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 *A ( A )2/3,\/-•
n P)

Bare - Velocity Grass - Vefocity

Check Check
Grass - Capacity

Check

3.60
2.0
2.0
3.0

0.0090

2.00

0.0620

ECB

3.60
2.0
2.0
3.0

0.0090

2.00

0.0500

Grass

B

3.60
2.0
2,0

3.0

0.0090

2.00

0.0500

Grass

B

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d= 0.66 0.56 0.56 feet

Calculated Results: Oesign 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=

Yes

1.34
1.27
5.62
2.83
5.93
0.48
0.37

0.0756

yes
0.5
3.5

Yes

1.44
1.56
5.25
2.31
5.51
0.42
0.32

0.0511

yes
0.5
3.5

Yes

1.44
1.56
5.25
2.31
5.51
0.42
0.32

0.0511

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:\PR0JEcTS\PPLsPI'LSO9o2-8e1I Bend I-and Develop nent\NALYflICAL\CALCULATtONSISWALE CALCS\'ERMANd-NT)lSwoles,xislSwale 6.2



Trapezoidal Channel Analysis - Ooen Channel Flow (w/ Manninq's Ep)

Client/Subject: PPL Bells Bend
Description: POI 6

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick 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 =

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 ,A (A)213 ,

Bare - Velocity Grass - Velocity Grass -_Capacity
Check Check Check

2.10
2.0
2.0

1.0

0.0120

2.00

0.0530

ECB

2.10
2.0
2.0

1.0

0.0120

2.00

0.0500

Grass

B

2.10
2.0
2.0
1.0

0.0120

2.00

0.0500

Grass

B

cfs
H:IV
H:lV

feet
ft/ft
feet

Flow depth, d= 0.62 0.59 0.59 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 =
Critical Slope, S,=

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

Allowable Velocity for Lining Material=

Yes

1.38
1.51
3.48
1.39
3.78
0.37
0.46

0.0619

yes
0.5
3,5

Yes

1.41
1.64
3.36
1.28
3.63
0.35
0.44

0.0558

yes
0.5
3.5

Yes

1.41
1.64
3.36
1.28
3.63
0.35
0.44

0.0558

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.

IAPR0JECTSWPPLPPLS09o2-Be11 Bend Land DevelopmentMNAL'(TICALtCALCULATIONS'SWALE CALCS\PERMANENT'\l5~vales.xsIsSwale 6.3



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

Client/Subject: PPL Bells Bend

Description: POI 6

Prepared by: ATS

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

Date: 14 Oct 10 Checked by:
M. Fenick

Obiectiv

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; o =

Given Input Data: Swale 6.4

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 A 213 J)I
n P)

Bare - Velocity Grass - Velocity,

Check Check
Grass- Capa cjiy

Check

6.60
2.0
2.0
1,0

0.0130

3.00

0.0450

ECB

6.60
2.0
2,0
1.0

0.0130

3.00
0.0500

Grass

B

6.60
2.0
2.0
1.0

0.0130

3.00

0.0500

Grass

B

cfs
H:IV
H:IV
feet

ft/ft

feet

Flow depth, d= 0.95 0.98 0.98 feet

Calculated Results: Desigqn 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=

Yes

2.05
2.41
4.79
2.74
5.23
0.52
0.77

0.0400

yes
0.5
3.5

Yes

2,02
2.27
4.93
2.91
5.39
0.54
0.80

0.0489

yes
0.5
3.5

Yes

2.02
2.27
4.93
2.91
5.39
0.54
0.80

0.0489

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

ClientlSubject: PPL Bells Bend
Description: POI 6

Prepared by: ATS

Print Date: 5Nov10 10:11 AM

Project #: PPLO902

Date: 14 Oct 10 Checked by: M. Fenick
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 6.5

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 , A 2/3\
n A P J

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

10.20
2.0
2.0
4.0

0.0090

3.00

0.0470
ECB

10.20
2.0
2.0

4.0

0.0090

3.00

0.0500

Grass

B

10.20
2.0
2.0

4.0

0.0090

3.00

0.0500
Grass

B

cfs
H:1V
H:1V
feet

ft/ft

feet

Flow depth, d= 0.84 0.86 0.86 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 .7Sr < s < 1.3SJ)=

Required Freeboard=
Allowable Velocity for Lining Material=

Yes

2.16
2.15
7.35
4.75
7.74
0.61
0.47

0.0399

yes
0.5
3.5

Yes

2.14
2.06
7.45
4.94
7.86
0.63
0.48

0.0448

yes
0.5
3.5

Yes
2.14
2.06
7.45
4.94
7.86
0.63
0.48

0.0448

yes
0.5
3.5

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

feet
fps

Conclusions
A temporary erosion control blanket (ECB) is needed.
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Trapezoidal Channel Analysis - Open Channel Flow (w/ Manninq's Eq)

Client/Subject: PPL Bells Bend

Description: POI 6

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
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 6.6

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:

Retardance Factor for Grass Cover:

1.486 *A ( 2/3

In P )

Bare - Velocity Grass - Velocity _G rEass- Caacijty
Check Check Check

2.80
2.0
2.0

1.0

0.0185

2 .00

0.0520
ECB

2.80
2.0
2.0
1.0

0.0185

2.00

0.0500

Grass

B

2.80
2.0
2.0
1.0

0.0185

2,00
0.0500

Grass

B

cfs
H: IV
H:1V
feet

ft/ft

feet

Calculate Flow Depth:

Flow depth, d= 0.63 0.61 0.61 feet

Calcula ted Results: Design Acceptable? Yes Yes Y
Freeboard, f= 1.37 1.39 1.

Calculated Velocity, V= 1.96 2.08 2.
Flow Top Width, T= 3.53 3.43 3.

Flow Area, A= 1.43 1.34 1.
Wetted Perimeter, P= 3.83 3.72 3.
Hydraulic Radius, R= 0.37 0.36 0.

Shear stress on channel bottom, r = 0.73 0.70 0.
Critical Slope, Sc= 0.0593 0.0554 0.0

Flow stable? (no if .7Sc < s < 1.3Sc)= yes yes y
Required Freeboard= 0.5 0.5 0

Allowable Velocity for Lining Material= 3.5 3.5 3

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

es

39
08
43
34
72
36
70
554

es
.5
,.5

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

feet
fps

Conclu:
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Tranezoidal Channel Analysis - O~en Channel Flow (w/ Mannina's Ea)

Client/Subject: PPL Bells Bend

Description: POI 6 Print Date: 5 Nov 10 10:11 AM

Prepared by: ATS Project #: PPL0902

Date: 14 Oct 10 - Checked by:t ~M. FenickI

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: o= 1.486 .A (.A 2/3 \/-s
n P)

Bare - Velocity Grass - Velocity Grass- CapacityGiven Input Data: swale 6.7ChccecCek Check Check Check

Discharge, Q= 2,00 2.00 2.00 cfs
Left Side Slope = 2.0 2.0 2.0 H:IV

Right Side Slope = 2.0 2.0 2.0 H:IV
Base width of Channel, b= 1.0 1.0 1.0 feet

Bed slope, s= 0.0200 0.0200 0.0200 ft/ft
Available depth of channel: 2.00 2.00 2.00 feet

(OPTIONAL) Input Manning's'n': 0.0540 0.0500 0.0500

Lining Type: ECB Grass Grass

Retardance Factor for Grass Cover: B B

Calculate Flow Depth:

Flow depth, d= 0.54 0.52 0.52 feet

Calculated Results:
Freeboard, f= 1.46 1.48 1.48 feet

Calculated Velocity, V= 1.77 1.90 1.90 fps
Flow Top Width, T= 3.17 3.07 3.07 feet

Flow Area, A= 1.13 1.05 1.05 sq ft.
Wetted Perimeter, P= 3.42 3.32 3.32 feet
Hydraulic Radius, R= 0.33 0.32 0.32 feet

Shear stress on channel bottom, T = 0.68 0.65 0.65 Ibs/sf
Critical Slope, S,= 0.0664 0.0576 0.0576 ft/ft

Flow stable? (no if .7S, < s < 1.3Sc)= yes yes yes
Required Freeboard= 0.5 0.5 0.5 feet

Allowable Velocity for Lining Material= 3.5 3.5 3.5 fps

Conclusions
A temporary erosion control blanket (ECB) is needed.
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Trapezoidal Channel Analysis - Open Channel Flow (wI Mannino's Ea)

Client/Subject: PPL Bells Bend
Description: POI 6

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
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 =

Given Input Data: Swale 6.8

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 A (-)13

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

5.80
2.0
2.0

4.0

0.0200

2.00

0.0540

ECB

5.80
2.0
2.0
4.0

0.0200

2.00

0.0500

Grass

B

5.80
2.0
2.0
4.0

0.0200

2.00

0.0500

Grass

B

cfs
H:IV
H:IV

feet
ft/ft

feet

Flow depth, d= 0.53 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, ur =
Critical Slope, So=

Flow stable? (no if .7S, < s < 1.33S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes

1.47
'2.16
6.12
2.69
6.38
0.42
0.66

0.0589

yes
0.5
3.5

Yes

1.49
2.29
6.02
2.53
6.26
0.40
0.63

0.0512

yes
0.5
3.5

Yes
1.49

2.29
6.02
2.53
6.26
0.40
0,63

0.0512

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.

1APROJEOTSIPPLSWPLSO902-Bell Bend Land DevelopmenttANALY'rIcAL\CALCULATIONS)SWAL E CALCSTPERMANENTRlSwvales.xls]Swale 8.8



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

ClientlSubject: PPL Bells Bend
Description: POI 6

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5Nov10 10:11AM

M. Fenick

Project #: PPLO902

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.

Given

Manning's Equation: O =

Input Data: Swale 6.9

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:

Retardance Factor for Grass Cover:

te Flow Depth:

Flow depth, d=

1.486 *A (A)2I3 2 S/

Bare - Velocity Grass - Velocitý
Check Check

Grass - Capacity
Check

11.90
2.0
2.0
3.0

0.0150

3.00

0.0460

ECB

0.89

11.90
2.0
2.0
3.0

0,0150

3.00

0.0500
Grass

B

0.92

11.90
2.0
2.0
3.0

0.0150

3.00

0.0500

Grass

B

cfs
H:IV
H:IV
feet

ft/ft

feet

Calcula

0.92 feet

Calculatted Results: Design Acceptable? Yes Yes

Freeboard, f= 2.11 2.08 2
Calculated Velocity, V= 2.82 2.67 2

Flow Top Width, T= 6.54 6.68 6
Flow Area, A= 4.22 4.45 4

Wetted Perimeter, P= 6.96 7.12 7
Hydraulic Radius, R= 0,61 0.63 0

Shear stress on channel bottom, T = 0.83 0.86 0
Critical Slope, S,= 0.0387 0,0453 0.0

Flow stable? (no if .7S, < s < 1.3S)= yes yes y
Required Freeboard= 0.5 0.5 C

Allowable Velocity for Lining Material= 3.5 3.5 3

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

Yes

.08

.67

.68

.45

.12
.63
.86
)453

es

1.5
:.5

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

feet
fps

Conclut

I:PROJECTSMPPLSIPPLS09O2-SeeI Send Land Development\ANALYrIcALIcALcULA~rlONSý5WALE FCALCSXPERMANENT 5~ales.xls]Swale 6.9



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

Client/Subject: PPL Bells Bend

Description: POI 6

Prepared by: ATS

Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902

Date: 14 Oct 10 Checked by: M. Fenick
Objectiv

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: O =

Given Input Data: Swale 6.10

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:

Retardance Factor for Grass Cover:

1,486 A (A)2/3,x
n P)

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

3.40

2.0

2.0

2.0

0.0135

2.00

0.0530

ECB

3.40
2.0
2.0
2.0

0.0135

2.00

0.0500

Grass

B

3.40

2.0

2.0

2.0

0.0135

2.00

0.0500

Grass

B

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

Calculate Flow Depth:

Flow depth, d= 0.63 0.58 0.58 feet

Calcula ted Results: Design Acceptable? Yes Yes

Freeboard, f= 1.37 1.42 1
Calculated Velocity, V= 1.66 1.87 1

Flow Top Width, T= 4.51 4.31 4
Flow Area, A= 2.05 1.82 1

Wetted Perimeter, P= 4.81 4.58 4
Hydraulic Radius, R= 0.43 0.40 0

Shear stress on channel bottom, c = 0.53 0.49 0
Critical Slope, S,= 0.0580 0.0526 0,(

Flow stable? (no if .7S, < s < 1.3S)= yes yes y
Required Freeboard= 0.5 0.5

Allowable Velocity for Lining Material= 3.5 3.5

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

Yes
.42
.87
.31
.82
.58
.40
.49
)526
res

).5

3.5

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

feet
fps

Conclu

lAPROJECTS\PPLS\PPLS09O2. Bell Bend Land DevelopinenitýANALYTICALCALcuLATIONSXSWAL.E CALCSxPERMANENrrN[swales.xlsjSwale 6.1 P



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

Client/Subject: PPL Bells Bend
Description: POI 8

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
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: O = 1 .4 8 6 .A (A)211 *\/ýn ,A(PS

Given Input Data: Swale 8.1
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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.80
2.0
2.0
1.0

0.0110

2.00

0.0530

ECB

1.80
2.0

2.0
1.0

0.0110

2.00

0.0500

Grass

B

1.80
2.0
2.0
1.0

0.0110

2.00

0.0500

Grass

B

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

Flow depth, d= 0.59 0.56 0.56 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=

Yes

1.41
1.39
3.37
1.29
3.64
0.35
0.41

0.0626

yes
0.5
3.5

Yes
1.44
1.50
3.25
1.20
3.52
0.34
0.39

0.0564

yes
0.5
3.5

Yes

1.44
1.50
3.25
1.20
3.52
0.34
0.39

0.0564

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.

1\PR0JEcTS\PPLS\PPLs09D2-Be11 Bend Land OeveloprnenrANALYTIcAL\CALCUL.ATIONS\SWALE cALCS\PERMANENThlSv/aies.xsIlSwalC 8.1



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

Client/Subject: PPL Bells Bend

Description: POI 8 Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902Prepared by: ATS
Date: 14 Oct 10 Checked by:

M. Fenick
Objectivee: M 

Fenick

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 8.2

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:

1.486 * A (A 2/3 S

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

5.20

2.0

2.0

2.0

0.0080

3.00

0.0450

ECB

5.20
2.0
2.0

2.0

0.0080

3.00

0.0500

Grass

B

5.20
2.0
2.0

2.0

0.0080

3.00

0.0500

Grass

B

cfs
H:IV
H:IV

feet
ft/ft
feet

Calculate Flow Depth:

Flow depth, d= 0.79 0.83 0.83 feet

Calcula ted Results: Design Acceptable? Yes Yes
Freeboard, f=- 2.21 2.17 2

Calculated Velocity, V= 1.85 1.73 1
Flow Top Width, T= 5.15 5.30 5

Flow Area, A= 2,81 3.01 3
Wetted Perimeter, P= 5.52 5.69 5
Hydraulic Radius, R= 0.51 0.53 0

Shear stress on channel bottom, - = 0.39 0.41 0
Critical Slope, Sc= 0.0396 0.0483 0.(

Flow stable? (no if .7S, < s < 1.3S,)= yes yes y
Required Freeboard= 0.5 0.5 (

Allowable Velocity for Lining Material= .3.5 3.5

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

Yes

.17

.73
.30
.01
.69
.53
.41
)483

/es
3.5
3.5

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

feet
fps

Conclu

InPROJEcTSWPPLSWPLS09O2-BeII Bend Land Devel(npmenMýNAI.YTICALXCALcuLATIONSISWALE CALcSIPERMANENTRlSwatesaxlslSwale 8.2



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

Client/Subject: PPL Bells Bend

Description: POI 8

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
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 8.3

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:

Retardance Factor for Grass Cover:

1.486 * A ( ) 2 /3 ý
n A

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

5.20

2.0

2.0

2.0

0.0300

2.00

0.0530

ECB

5.20
2.0
2.0
2.0

0.0300

2.00

0.0500

Grass

B

5.20
2.0
2.0
2.0

0.0300

2.00

0.0500

Grass

B

cfs
H:IV
H:IV

feet
ft/ft

feet

Calculate Flow Depth:

Flow depth, d= 0.61 0.58 0.58 feet

Calculated Results: Desian Acceptable? Yes Yes Y

Freeboard, f= 1.39 1.42 1
Calculated Velocity, V= 2.66 2.83 2

Flow Top Width, T= 4.43 4.33 4
Flow Area, A= 1,96 1.84 1.

Wetted Perimeter, P= 4.72 4.60 4.
Hydraulic Radius, R= 0.41 0.40 0.

Shear stress on channel bottom, t = 1.14 1.09 1.
Critical Slope, S,= 0.0584 0.0525 0.0

Flow stable? (no if .7S, < s < 1.3Sc)= yes yes y
Required Freeboard= 0.5 0.5 0

Allowable Velocity for Lining Material= 3.5 3.5 3

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

'es
.42
.83
.33
.84
.60
.40
09
525

es
).5
.5

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

feet
fps

Conclu,

I:\PROJEcT5SPPL5WPPL5O2-Bell Bend Land Developnment\ANALYTICALXCALCULATIONSISWALE CALCSXPERMANENT\[swales.xsls)wale 8.3



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

Client/Subject: PPL Bells Bend

Description: POI 8

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
A I P a4
ubiective: t.

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 2/3 ( 2 S
n (P)

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check CheckGiven Input Data: Swale 8.4

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:
Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.60
2.0
2.0
1.0

0.0280

2.00

0.0550

ECB

1.60
2.0
2.0
1.0

0.0280

2.00

0.0500

Grass

B

1.60
2.0
2.0

1.0

0.0280

2.00

0.0500

Grass

B

cfs
H:1V
H:IV

feet
ft/ft
feet

Flow depth, d= 0.45 0.42 0.42 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 < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes

1.55
1.85
2.82
0.87
3.03
0.29
0.79

0.0720

yes
0.5
3.5

Yes
1.58
2.10
2.66
0.76
2.86
0.27
0,73

0.0607

yes
0,5
3.5

Yes
1.58
2.10
2.66
0.76
2.86
0.27
0,73

0.0607

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.

IhPROJECTSIPPLSWPLS09O2-BelI Bend Land (OevcdoprnieritANALYTICALIcALCut.ATIONSSWAL C CAL C SPERMANEN niSwalos.xislSwale 8.4



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

Client/Subject: PPL Bells Bend

Description: POI 9

Prepared by: ATS

Print Date: 5 Nov 1010:11 AM

Project #: PPLO902

Date: 14 Oct 10 Checked by:

M. Fenick
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: =

Given Input Data: Swale 9.1

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:
Retardance Factor for Grass Cover:

1.486 *A A 2/3
In P)

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

9.60
2.0
2.0

3.0

0.0100

3.00

0.0460
ECB

9.60
2.0
2.0

3.0

0.0100

3.00'

0.0500

Grass

B

9.60
2.0
2.0
3.0

0.0 100

3.00

0.0500

Grass

B.

cfs
H:IV
H:1V

feet
ft/ft
feet

Calculate Flow Depth:

Flow depth, d= 0.88 0.91 0.91 feet

Calculated Results: Desiqn Acceotable?

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=

Yes

2.12
2.29
6.52
4.19
6.94
0.60
0.55

0.0388

yes
0.5
3.5

Yes

2.09
2.17
6.66
4.41

.7.09
0.62
0.57

0.0454

yes
0.5
3.5

Yes

2.09
2.17
6.66
4.41
7.09
0.62
0.57

0.0454

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:\RoJECTSNPPMsPPLSM~2-8eee Mild L&Ind Development\AN4ALTCALNcALcULATIONSNSWALE CALCS\PERMANENThlSwales~xs)5wvate 9.1



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

ClientJSubject: PPL Bells Bend

Description: POI 9

Prepared by: ATS

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

Date: 14 Oct 10 1 Checked by:

M. Fenick I
Objectiv

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 9.2

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:

1.486 A S/In P 23 ý

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

4.20
2.0
2.0

1.0

0.0100

3.00

0.0470

ECB

4.20
2.0
2.0

1.0

0.0100

3.00

0.0500

Grass

B

4.20
2.0
2.0
1.0

0.0100

3.00

0.0500

Grass

B

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

Calculate Flow Depth:

Flow depth, d= 0.84 0.86 0.86 feet

Calculated Results: Desiin 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=

Yes

2.16
1.87
4.35
2.24
4.75
0,47
0.52

0.0451

yes
0.5
3.5

Yes

2.14
1.80
4.43
2.33
4.84
0.48
0.54

0.0507

yes
0.5
3.5

Yes

2.14
1.80
4.43
2.33
4.84
0.48
0.54

0.0507

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.

tAPR0JEcTsWPLSXPPLso9024(3eII B~end Land DevelopmenflvNALYTICAL\CAI.CULATIONS\SWALE OALCS\PrRMANENTlSwalos~xlstSwale 9.2



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

Client/Subject: PPL Bells Bend
Description: POI 9

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
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 2/3

n )

Bare - Velocity Grass - Velocity Grass - Capacity

Check Check CheckGiven Input Data: Swale 9.3

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:

Retardance Factor for Grass Cover:

9.40

2.0

2.0

3.0

0.0100

3.00

0.0470

ECB

9.40
2.0
2.0
3.0

0.0100

3.00
0.0500

Grass

B

9.40
2.0
2.0
3.0

0.0100

3.00

0.0500

Grass

B

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

Calculate Flow Depth:

Flow depth, d= 0.88 0.91 0.91 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=

Yes

2.12
2.24
6.53
4.20
6.94
0.60
0.55

0.0405

yes
0.5
3.5

Yes

2.09
2.16
6.62
4.36
7.05
0.62
0.56

0.0455

yes
0.5
3.5

Yes

2.09
2.16
6.62
4.36
7.05
0.62
0.56

0.0455

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.

IAPROJECrsTLSIPPLSTPS902-BeII Bend Land DevelopmentýANALYTICALýCALCUtATIONSrS WALE CALCS\PERMANEN*R[Swales.xislswale U.



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

Client/Subject: PPL Bells Bend

Description: POI 9

Prepared by: ATS

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

Date: 14 Oct 10 Checked by:

M. Fenick
Obiectiv

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
thecritical 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 9.4

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:

Retardance Factor for Grass Cover:

1.486 ,A (A) 2/3 S
In P)

Bare - Velocity. Grass - Velocily Grass - Capacity

Check Check Check

40.70
2.0
2.0

7.0

0.0070

5.00

0.0370

ECB

40.70
2.0
2.0
7.0

0.0070

5.00

0.0500

Grass

B

40.70
2.0
2.0

7.0

0.0070

5.00

0.0500

Grass

B

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

Calculate Flow Depth:

Flow depth, d= 1.29 1.52 1.52 feet

Calculated Results: Design A bceStable?
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=

Yes

3.71
3.29

12.17

12.38
12.78
0.97
0.56

0.0212

yes

0.5

3.5

Yes

3.48
2.66
13.09
15.30
13.81
1.11
0.67

0.0371

yes
0.5
3.5

Yes

3.48
2.66
13.09
15.30
13.81
1.11
0.67

0.0371

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.

:\PROJECTS\PPLSIPPLSO902iBeI1 Bend Land OeveaoprnenteANALYTICALkcALCULATIONSXSWALE CAL CsWE RMANF NTr[Svmes.x~s]Swa~e 9.4



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

Client/Subject: PPL Bells Bend
Description: POI 9 Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902Prepared by: ATS

Date: 14 Oct 10 Checked by:

M. Fenick
ublective: M. 

Fenick

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 Input Data: Swale 9.5

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 , A A 2/3
n (P)

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

4.00

2.0
2.0
4.0

0.0100

2.00

0.0540

ECB

4.00
2.0
2.0
4.0

0.0100

2.00

0.0500

Grass

B

4.00
2.0
2.0
4.0

0.0100

2.00

0.0500

Grass

B

.cfs
H:IV
H:IV

feet
ft/ft

feet

Flow depth, d= 0.53 0.50 0.50 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, E =
Critical Slope, S,=

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

Allowable Velocity for Lining Material=

Yes

1.47
1.50
6.10
2.66
6.35
0.42
0.33

0.0591

yes
0.5
3.5

Yes
1.50
1.61
5.99
2.49
6.23
0.40
0.31

0.0514

yes
0.5
3.5

Yes

1.50
1.61
5.99
2.49
6.23
0.40
0.31

0.0514

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.

1:NPROJECTS1PPLSXPPLSO902-8e11 Send Land Development'.ANALYTIcALkCALCULATIONSISWALE CALCSNPERMANENIhlSwyales.xlslSwvale 9.5



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

Client/Subject: PPL Bells Bend

Description: POI 10

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902

M. Fenick
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 ( )2/3 "S

Given Input Data: Swale 10.1
Bare - Velocity

Check
Grass - Velocity Grass - Capacity

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:

Calculate Flow Depth:

13.60
2.0
2.0

4.0

0.0150

3.00

0.0470

ECB

Check

13.60
2,0
2.0
4.0

0.0150

3.00
0.0500
Grass

B

Check

13.60
2.0
2.0
4.0

0.0150

3.00

0.0500
Grass

B

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

Flow depth, d= 0.85 0.88 0.88 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=

Yes

2.15
2.80
7.40
4.85
7.81
0.62
0.80

0.0397

yes
0.5
3.5

Yes

2.12
2.69
7.52
5.06
7.93
0.64
0.82

0.0446

yes
0.5
3.5

Yes

2.12
2.69
7.52
5.06
7.93
0.64
0.82

0.0446

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 XPROJECTTsPpLSWpLS0902-Bel Bend Land Developrnent\ANALYTICALlCALCUL.ATION5S SWALE CALCSýPERZMANEN'n(Sweaes.xistSw2Fe 10.1



Traoezoidal Channel Analysis - Ocen Channel Flow (w/ Mannina's Eon

Client/Subject: PPL Bells Bend

Description: POI 10

Prepared by: ATS

PrintDate: 5Nov1010:11AM

Project #: PPLO902

Date: 14 Oct 10 Checked by:

M. Fenick
Obiectiv

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: U =

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:

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, S,=

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

Allowable Velocity for Lining Material=

1.486 * A 2/3
148 * A ( -IP ) *-\/

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

12.00
2.0
'2.0
2.0

0.0100

4.00

0.0280

R-2

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

0.89

Yes

3.11
3.59
5.55
3.34
5.96
0.56
0.55

0.0149

yes
0.5
4.5

feet

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

feet
fps

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

I PROJECrSWPPSIPPLS0902-BeII Bend Land OevelopmenftANALYTICALICALCULATIONSISWAI.E CALCSxPERMANENTýswales~exls]Svale 10.2



Trapezoidal Channel Analvsis - Ooen Channel Flow (w/ Mannina's Ea)

Client/Subject: PPL Bells Bend

Description: POI 10

Prepared by: ATS

Print Date: 5 Nov10 10:11AM

Project #: PPLO902

Date: 14 Oct 10 Checked by:

M. Fenick
Obiectiv

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: 0 =

Given Input Data: Swale 10.3

1.486 *A (A ) 21 3  S\/S
n (-

Bare - Velocity Grass - Veloc(!y. Grass -_Caacit
Check 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:

te Flow Depth:

Flow depth, d=

ted 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, Sc=

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

Allowable Velocity for Lining Material=

9.20
2.0
2.0
3.0

0.0100

3.00

0.0470

R-2

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

Calcula

0.87

Yes

2.13
2.23
6.49
4.13
6.90
0.60
0.54

0.0406

yes
0.5
4.5

feet

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

feet
fps

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

I:\PROJECTS\PPLS\PPLSO902-Be11 Bend Land Developmen'\ANALY'rICAL\CALCULATIONSISVWALE CALCS\PERMANENTMSwales.xIslSwale 10.3



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

Client/Subject:
Description:

Prepared by:

Date:

PPL Bells Bend

POI 10

ATS

14 Oct 10 Checked by:

M.Fenick

Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902

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 10.4

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:

1.486 * A A 2/3,,
n (P)

Bare - Velocity Grass - Velocity Grass - Capac!!y
Check Check Check

5.20
2.0
2.0
2.0

0.0100

3.00

0.0490

R-2

cfs
H:lV
H:lV
feet
ft/ft
feet

Flow depth, d= 0.78

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=

Yes

2.22
1.89
5.10

2,75
5.47
0.50
0.48

0.0471

yes

0.5

4.5

feet

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

feet
fps

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

I:APR0JECTSPPLSkPPLS0902.8ee1 Send Land Development\ANALYTlCALNCALcuLATION5\5WALEC AL.C ST ERMANENnl[Swaes. xsls]wale 10.4



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

Client/Subject: PPL Bells Bend
Description: PO1 10

Prepared by: ATS
Date: 14 Oct 16 Checked by:

M. Fenick

Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902

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 )A2/3.k\[

n A PS

Given Input Data: Swale 10.5 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':

r Lining Type:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

4.60
2.0
2.0
2.0

0.0100

3.00

0.0500
ECB

4.60
2.0
2.0
2.0

0.0100

3.00

0.0500
Grass

B

4.60
2.0
2.0
2.0

0.0100

3.00

0.0500

Grass

B

cfs
H:lV
H:IV
feet
ftift
feet

Flow depth, d= 0.74 0.72 0.72 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, c =
Critical Slope, S,=

Flow stable? (no if .7S, < s < 1.3S3)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes
2.26
1.80
4.95
2.56
5.30
0.48
0.46

0.0496

yes
0.5
3.5

Yes
2.28
1.84
4.90
2.50
5.24
0.48
0.45

0.0498

yes
0.5
3.5

Yes

2.28
1.84
4.90
2.50
5.24
0.48
0.45

.0.0498

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:1PR0JECOTSPPL5\PPLSO9D2-8e11 Bend Land D~evelopmenLANALYTICAL\CALCULATIONS\5WALE CALCsWERMANF.NTAlSwales.xislSwale 10.5



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

Client/Subject: PPL Bells Bend

Description: PO1 10 Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902Prepared by: ATS
Date: 14 Oct 10 Checked by:

M. Fenick
Objective: 1.

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 10.6

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:

Retardance Factor for Grass Cover:

1.486 *A ( 2/ S

Bare - Velocity Grass - Velocity Grass - Capacity

Check Check Check

3.50
2.0
2.0
1.0

0.0100

3.00

0.0490

ECB

3.50
2.0
2.0
1.0

0.0100

3.00

0.0500
Grass

B

3.50
2.0
2.0
1.0

0.0100
3.00

0.0500

Grass

B

cfs
H:IV
H:IV

feet
ft/ft

feet

Calculate Flow Depth:

Flow depth, d= 0.79 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, Sc=

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

Allowable Velocity for Lining Material=

Yes
2.21
1.73
4,15
2.02
4.52
0.45
0.49

0,0498

yes
0.5

3.5

Yes

2.22
1.76
4.11
1.99
4.48
0.44
0.49

0.0520

yes
0.5
3.5

Yes
2.22
1.76
4.11
1.99
4.48
0.44
0.49

0.0520

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.

IAPR0JEcMsPPLS1PPLS0902-8e11 Bend Land DevelopmenntANALYlICALýCALCULATION5kSWALE CALCSlPEnýMANENT1NSwalns.x~ls)Snn~e 10.6



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

Client/Subject: PPL Bells Bend
Description: PO1 10

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 1010:11 AM

Project #: PPL0902

M. Fenick
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: O 1.486 .A S

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check CheckGiven Input Data: Swale 10.7

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:
Retardance Factor for Grass Cover:

55.00
2.0
2.0
9.0

0.0050

6.00
0.0340

ECB

55.00
2.0
2.0
9.0

0.0050
6.00

0.0500

Grass

B

55.00
2.0
2.0
9.0

0.0050

6.00

0.0500

Grass

B

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

Calculate Flow Depth:

Flow depth, d= 1.42 1.75 1.75 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 < 1.3SJ=

Required Freeboard=
Allowable Velocity for Lining Material=

Yes

4.58
3.28
14.67
16379
15.34
1.09
0.44

0.0171

yes
0.5
3.5

Yes

4.25
2.51
16.01
21.93
16.84
1.30
0.55

0.0351

yes
0.5
3.5

Yes

4.25
2.51
16.01
21,93
16.84
1.30
0.55

0.0351

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.

IAPR0JEcTS\PPLS\PPLS0902-Be1I Bend Lanrd Developinent',ANALY'TICALCALCULATIONS\SWALE CALcs\PERMANENr'jSweales~xillSwale 10.7



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

Client/Subject: PPL Bells Bend

Description: PO1 10 Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902Prepared by: ATS

Date: 14 Oct 10 Checked by:

M. Fenick
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 Input Data: Swale 10.8

Discharge, Q=
Left Side Slope =

Right Side Slope =

Base width of Channel, b=

Bed slope, s=
Available depth of channel:

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

Retardance Factor for Grass Cover:

1.486 ,A (A
n A P )1 /

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

47.40

2.0

2.0

6.0

0.0050

6.00

0.0320

ECB

47.40

2.0

2.0

6.0

0.0050

6.00

0.0500

Grass

B

47.40
2.0
2.0
6.0

0.0050

6.00

0.0500

Grass

B

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

Calculate Flow Depth:

Flow depth, d= 1.52 1.92 1.92 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 < 1.3Sr)

Required Freeboard=
Allowable Velocity for Lining Material=

Yes
4.48
3,44
12.09
13.78
12.81
1.08
0.48

0.0154

yes
0.5
3.5

Yes
4.08
2.50
13.70
18.96
14.61
1.30
0.60

0.0356

yes
0.5
3.5

Yes
4.08
2.50
13.70
18.96
14.61
1.30
0.60

0.0356

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.

IAPROJEcTSPPLS\PPL.SO902-Ge11 Bend Land DevelopmentXANALYTICA1ýcALCUt.ATIONSt5WALE CALCS\PERMANEN1\[swvaleS.XtSISW~le 10.8



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

Client/Subject: PPL Bells Bend

Description: POI 10

Prepared by: ATS

Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902

Date: 14 Oct 10 Checked by:

M. Fenick
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 = 1.486 , A ) 2 /3 A -
n A PS

Given Input Data: Swale 10.9
Bare - Velocity

Check
Grass - Veloc ty

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:

Retardance Factor for Grass Cover:

27.40

2.0

2.0

4.0

0.0100

5.00

0.0380

ECB

27.40
2.0
2.0
4.0

0.0100

5.00
0.0500

Grass

B

27.40

2.0

2.0

4.0

0.0100

5.00

0.0500

Grass

B

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

Calculate Flow Depth:

Flow depth, d= 1.23 1.41 1.41 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, rt =
Critical Slope, S,=

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

Allowable Velocity for Lining Material=

Yes

3,77
3.46
8.91
7.93
9.49
0.84
0.77

0.0238

yes
0.5
3.5

Yes

3.59
2.84
9.65
9.64
10.32
0.93
0.88

0.0398

yes
0.5
3.5

Yes

3.59
2.84
9.65
9.64
10.32
0.93
0.88

0.0398

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.

1APROJEcTSIPPLS\PPLS0902-Bell Bend Land Development\ANALY-rICALICALcUI.ATIONS\5WAI.E CALCSWPERMANO-NTqswalos.xls]Sware 10.9



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

Client/Subject: PPL Bells Bend
Description: PO1 10

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5Nov10 10:11AM

Project #: PPLO902

M. Fenick
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: O = 1.486 *A (A)2/3,\,-
n A(P /

Given Input Data: Swale 10.10
Bare - Velocity

Check
Grass - Velocity Grass - Caoacity

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

16.60
2.0
2,0
4.0

0.0100

4.00

0.0430

ECB

16.60
2.0
2.0
4.0

0.0100

4.00

0.0500

Grass

B

16.60
2.0
2.0
4.0

0.0100

4.00

0,0500

Grass

B

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

Flow depth, d= 1.01 1.09 1.09

Calcula ted Results: Oesign Acceptable? Yes Yes Y

Freeboard, f= 2.99 2.91 2.
Calculated Velocity, V= 2.74 2.48 2.

Flow Top Width, T= 8.03 8.34 8.
Flow Area, A= 6.06 6.70 6.

Wetted Perimeter, P= 8.50 8.85 8.
Hydraulic Radius, R= 0.71 0.76 0.

Shear stress on channel bottom, cr = 0.63 0.68 - 0.
Critical Slope, Sc= 0.0319 0.0424 0.0

Flow stable? (no if .7Sc < s < 1.3S)= yes yes y
Required Freeboard= 0.5 0.5 0

Allowable Velocity for Lining Material= 3.5 3.5 3

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

es

91
48
34
70
85
76
68
424

es
).5
t.5

feet

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

feet

fps

Conclu

IAPR0JECMsPPLS1PPLS09o2-Be11 Bend Land DevelopmenpkANALYTICAL\CALCULATIONSISWALE CALCS\PERMAN4ENT\4Swates.xsls)Swale 10 10



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

Client/Subject: PPL Bells Bend

Description: POI 10

Prepared by: ATS

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

Date: 14 Oct 10 Checked by:
M. Fenick

Obiectiv

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: 0 = 1.486 *A A -- .
(n) * 5

Bare - Velocity Grass - Velocity
Check CheckGiven Input Data: Swale 10.11

Grass - Capaciy
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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

12.70
2.0
2.0
4.0

0.0100

4.00

0.0460

ECB

12.70

2.0

2.0

4.0

0.0100

4.00

0.0500

Grass

B

12.70
2.0
2.0

4.0

0.0100

4.00

0.0500

Grass

B

cfs

H:1V
feet
ft/ft
feet

Flow depth, d= 0.90 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, - =
Critical Slope, S,=

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

Allowable Velocity for Lining Material=

Yes

3.10
2.42
7.62
5.26
8.05
0.65
0.56

0.0375

yes
0.5
3.5

Yes

3.06
2.28
7.78
5.56
8.22
0.68
0.59

0.0438

yes
0.5

3.5

Yes
3.06
2.28
7.78
5.56
8.22
0.68
0.59

0.0438

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.

1APR0JECT5$\PPLS\PPL5o0O2-8eI1 Send Land D~eveoprnarlitANALYT ICAL\CALCUL.ATIONS\XSWAI.E CA(.CS'PERMANENTMSwales.alsJSwole 10,11



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

Client/Subject:
Description:

Prepared by:

Date:

PPL Bells Bend

POI 10

ATS

14 Oct 10 Checked by:

M. Fenick

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

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 10.12

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 A 213 -1/S-
n P )

Bare - Velocity
Check

Grass - Velocity Grass - Capacity

Check Check

3.20
2.0
2.0
4.0

0.0300

2.00

0.0550

ECB

3.20
2,0
2.0
4.0

0.0300

2.00

0.0500
Grass

B

3.20
2.0
2.0
4.0

0.0300

2.00

0.0500
Grass

B

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

Flow depth, d= 0.34 0.32 0.32 feet

Calcula ted Results: Desi'.n Acceptable? Yes Yes Y
Freeboard, f= 1.66 1.68 1.

Calculated Velocity, V= 1.99 2.19 2.
Flow Top Width, T= 5.37 5.26 5.

Flow Area, A= 1.61 1.46 1,
Wetted Perimeter, P= 5.53 5.41 5.
Hydraulic Radius, R= 0.29 0.27 0.

Shear stress on channel bottom, -r = 0.64 0.59 0.
Critical Slope, S,= 0.0685 0.0579 0.0

Flow stable? (no if .7S, < s < 1.3S,)= yes yes y
Required Freeboard= . 0.5 0.5 0

Allowable Velocity for Lining Material= 3.5 3.5 3

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

es

68
19
26
46
41
27
59
579

es
.5
.5

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

feet

fps

Conclu.

1:%PR0JECTSPPLSPPLSG902-BeII Ben~d Land Development1ANALYTICAtUcALC ULAT:ON $%SWALE CALcS\PERMANENTlISwales.xls]Swale 10.12



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

Client/Subject: PPL Bells Bend

Description: POI 10 Print Date: 5 Nov1010:11AM

Project #: PPLO902Prepared by: ATS
Date: 14 Oct 10 Checked by:

M. Fenick
Obiectiv e: M, 

Fenick

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 = 1486 *A A 2/3

n ( ) *\ 5

Given Input Data: Swale 10,13
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:

te 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, T =
Critical Slope, S,=

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

Required Freeboard=
Allowable Velocity for Lining Material=

7.00
2.0
2.0
2.0

0.0300

3.00

0.0480

R-5

cfs
H:IV
H:1V

feet
ft/ft

feet

0.67 feet

Calcula Yes

2.33
3.11
4.69
2.25
5.01
0.45
1.26

0.0468

yes
0.5

11.5

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

feet
fps

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

IAPR0JECTSWPpLSkPPLS0902.Bei1 8Bend Land OevalopmannkANALYIICALICALCuLATIONSSWALE CAtLCS\PERMANEN'R[SWOtes.xlslSwalL 10.13



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

ClientJSu bject:
Description:

Prepared by:

Date:

PPL Bells Bend

POI 10
ATS
14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902

M Fenick
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 10.14

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:

1.486 , A A 2/3
n )

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

20.00
2.0
2.0

4.0

0.0100

4.00

0.0330
R-3

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

Flow depth, d= 0.96 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, r =
Critical Slope, S,=

Flow stable? (no if 3S, < s < 1.3SJ)=

Required Freeboard=
Allowable Velocity for Lining Material=

Yes

3.04
3.50
7.86
5.72
8.31
0.69
0.60

0.0190

yes
0.5
6.5

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

feet
fps

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

1APRoJECTSPPMSPPLS0902-.eeB Eenrd Land DevelopmenM\NALflnrcAL\CALcULATIONS\SWALE CALCS\PERMANENntswates.xilSwale 10.14



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

Client]Subject: PPL Bells Bend

Description: POI 10

Prepared by: ATS

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

Date: 14 Oct 10 Checked by: M. Fenick
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 = 1.486 *A A 2/3 JS

n ( P )

Given Input Data: Swale 10.15
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: DesignAccegtable?
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 37S < s < 1.3SJ)=

Required Freeboard=
Allowable Velocity for Lining Material=

20.00
2.0
2.0

4.0

0.0100

4.00

0.0330

R-3

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

0.96 feet

Yes

3.04
3.50
7.86
5.72
8.31
0.69
0.60

0.0190

yes
0.5
6.5

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

feet
fps

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

I:IPROJEc'TS\PPL.S\PPLS0902-BeI, Sendi Land Developmenit'ANALYfrIcALNcALcULATIONS\SWALE CAI.CSNPERMANENTh(SwalesexlsjSwala 10.15



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

Client/Subject: PPL Bells Bend
Description: PO1 10

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO9O02

M. Fenick
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 = 1.486 *A (A)2/3 \/S

Given Input Data: Swale 10.16
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:

7.60
2.0
2.0

2.0

0.0300

3.00

0,0500

R-3

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

Flow depth, d= 0.72

Calcula ted Results: Design Acceptable? Yes

Freeboard, f= 2.28
Calculated Velocity, V= 3.09

Flow Top Width, T= 4.87
Flow Area, A= 2.46

Wetted Perimeter, P= 5.21
Hydraulic Radius, R= 0.47

Shear stress on channel bottom, -c = 1.34
Critical Slope, S,= 0.0500

Flow stable? (no if .7Sc < s < 1.3Sc)= yes
Required Freeboard= 0.5

Allowable Velocity for Lining Material= 6.5

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

feet

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

feet
fps

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

Client/Subject: PPL Bells Bend
Description: PO1 10

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902

M. Fenick
UUIlbjuv

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 10.17

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:
Retarda nce Factor for Grass Cover:

Calculate Flow Depth:

1.486 ,A A *2/3 *\

n

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

1.50
2.0
2.0
1.0

0.0100

2.00

0.0540

ECB

1.50
2.0
2.0
1.0

0.0100

2.00

0.0500

Grass

B

1.50
2.0
2.0
1.0

0.0100

2.00

0.0500

Grass

B

cfs
H: 1V
H:1V

feet
ft/ft
feet

Flow depth, d= 0.56 0.53 0.53 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 < 1.3Sc)=
. Required Freeboard=

Allowable Velocity for Lining Material=

Yes

1.44
1.26
3.25
1.19
3.51
0.34
0.35

0.0658

yes
0.5
3.5

Yes
1.47
1.37
3.13
1.10
3.38
0.32
0.33

0.0572

yes
0.5
3.5

Yes

1.47
1.37
3.13
1.10
3.38
0.32
0.33

0.0572

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.

IAPR0JECTSPPLSPPLSO902.t8cII Bend Land Oevelop~menit\ANALYT ICAL\cALcULATIONS\SWALE CALCS\PERMANENTýsailes.xisiSwale 10. 17



Traoezoidal Channel Analysis - Ooen Channel Flow (w/ Mannino's Ea)

Client/Subject:

Description:

Prepared by:

Date:

PPL Bells Bend
POI 10
ATS
14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
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 10.18

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:

Retardance Factor for Grass Cover:

1.486 *A (A)21 3  /S

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

1.30
2.0
2.0

1.0

0.0100

2.00

0.0550

ECB

1.30
2.0
2.0
1.0

0.0100

2.00
0.0500

Grass

B

1.30
2.0
2.0
1.0

0.0100

2.00

0.0500

Grass

B

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

Calculate Flow Depth:

Flow depth, d= 0.53 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, T =
Critical Slope, Sc=

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

Required Freeboard=
Allowable Velocity for Lining Material=

Yes

1.47
1.19
3.13
1.10
3.38
0.32
0.33

0.0692

yes
0.5
3.5

Yes

1.50
1.30
3.00
1.00
3.24
0.31
0.31

0.0581

yes
0.5
3.5

Yes

1.50
1.30
3.00
1.00
3.24
0.31
0.31

0.0581

yes
0.5
3.5

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

feet
fps

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

IAPROJECTSIPPLSPPLS00O2-Bell Bend Land DevelopmenIýANALYTICALICALCULATIONS\SWALE CALCSýPERMANENTnlSwales.xfsjSwale 10.18



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

Client/Subject: PPL Bells Bend
Description: PO111

Prepared by: ATS
Date: 14 Oct 10, Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
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: O =

Given Input Data: Swale 11.1

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:

Retardance Factor for Grass Cover:

1.486 A A 2/3(.)13*

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

0.80
2.0
2.0

1,0

0.0100

2.00

0.0550

ECB

0.80
2.0
2.0
1.0

0.0100

2.00

0.0500

Grass

B

0.80
2.0
2.0
1.0

0.0100

2.00

0.0500

Grass

B

cfs
H:1V
H:IV
feet

ft/ft

feet

Calculate Flow Depth:

Flow depth, d= 0.43 0.38 0.38 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=

Yes

1.57
1.01
2.71
0.79
2.91
0.27
0.27

0.0730

yes
0.5
3.5

Yes

1.62
1.18
2.54
0.68
2.72
0.25
0.24

0.0619

yes
0.5
3.5

Yes

1.62
1.18
2.54
0.68
2.72
0.25
0.24

0.0619

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 %PR0JECT5&PPLSPPLSO9O2-Be1I Bend Land Development'ANALYIAICALcALCUIATION5\5 WALE CALCSPERMANEN'n(Swales~xlslSwale 11.1



Traoezoidal Channel Analysis - Onen Channel Flow (w/ Mannino's Ea)

Client/Subject: PPL Bells Bend
Description: PO112

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
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.

Given

Manning's Equation:

In put Data: Swale 12.1

Discharge,
Left Side Slol

Right Side Slol
Base width of Channel

Bed slope

Available depth of chan

(OPTIONAL) Input Manning',

Lining Ty

Retardance Factor for Grass Col

lte Flow Depth:

Flow depth,

1.486 * A )2, 3

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity.
Check

Calcula

10.40

2.0
2.0
4.0

0.0100

3.00

0.0480

ECB

0.83

Yes

2.17
2.21
7.32
4.71
7.72
0.61
0.52

0.0417

yes
0.5
3.5

10.40
2.0
2.0
4.0

0.0100

3.00

0.0500
Grass

B

0.85

Yes

2.15
2.15
7.39
4.83
7.79
0.62
0.53

0.0450

yes
0.5
3.5

10.40

2.0
2.0
4.0

0.0100

3.00

0.0500

Grass

B

cfs

H:IV
H:IV

feet

ft/ft

feet

0.85 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 .7S, < s < 1.3S,)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes

2.15
2.15
7,39
4.83
7.79
0.62
0.53

0.0450

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.

O:PROJECTSAPPLSIPPLS0902-Befl Bend Land Oeveloprnent\ANALY'TIcALrCALcULATIONS\SWALE CALCSlPERMANENTýSwales.xIlsSwale 1 2A



Trapezoidal Channel Analysis - Open Channel Flow (w/ Manninqgs Eci

Client/Subject: PPL Bells Bend

Description: POI 12

Prepared by: ATS

Print Date: 5 Nov1010:11AM

Project #: PPLO902

Date: 14 Oct 10 Checked by:

M. Fenick
Obeectiv

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: 0 = 1.486 *A A ( ,)2/3 *\p / -

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

Given Input Data: Swale 12.2

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:

2.90

2.0

2.0

2.0

0,0100

2.00

0.0530

ECB

2.90
2.0
2.0
2.0

0.0100

2.00

0.0500

Grass

B

2.90
2.0
2.0
2.0

0.0100

2.00

0.0500

Grass

B

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

Calculate Flow Depth:

Flow depth, d= 0.63 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, t=

Critical Slope, S,=

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

Allowable Velocity for Lining Material=

Yes

1.37
1.43
4.50
2.03
4.80
0,42
0.39

0.0580

yes
0.5
3.5

Yes

1.43
1.60
4.30
1.81
,4.57

0.40
0.36

0.0527

yes
0,5
3.5

Yes

1.43
1.60
4.30
1.81
4.57
0.40
0.36

0.0527

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.

1APROJECTSWPL SIPPL8O902 Bell Bend Land Doeveopment\ANALYTI'cALýcALcuLATIONS\SWALE CAICSIPERMANENr~fswales.xISwlsse 1z22



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

Client/Subject: PPL Bells Bend
Description: PO112

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov10 10:11 AM

Project #: PPLO902

M. Fenick
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: O =

Given Input Data: Swale 12.3

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1'486 *A ( )2/ s

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

2.70

2.0

2.0

2.0

0.0100

2.00

0.0530

ECB

2.70
2.0
2.0
2.0

0.0100

2.00

0.0500

Grass

B

2.70
2.0
2.0
2.0

0.0100

2.00

0.0500

Grass

B

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

Flow depth, d= 0.61 0.55 0.55 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, S,=

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

Allowable Velocity for Lining Material=

Yes

1.39
1.39
4.42
1.94
4.71
0.41
0.38

0.0585

yes
0.5
3.5

Yes

1.45
1.57
4.22
1.72
4.48
0.38
0.35

0.0532

yes
0.5
3.5

Yes

1.45
1.57
4.22.
1.72
4.48
0.38
0.35

0.0532

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:APROJECT5\PPLSIPPL5O902.8eeI Bend Land Oevelopmenl~ANALYTICALýCALCULATrOiNS\SWALE CALCSkPERMANEN1N[swales.xls]Swale 12.3



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

Client/Subject: PPL Bells Bend

Description: PO112 Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902Prepared by: ATS

Date: 14 Oct 10 Checked by:

M. Fenick
Objectiv

M. 

Fenick

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 = 1.486A 2/3

n P

Given Input Data: Swale 12.4
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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

4.00

2.0
2.0
1.0

0.0100

3.00

0.0480

ECB

4.00
2.0
2.0

1.0

0.0100

3.00

0.0500

Grass

B

4.00
2.0
2.0
1.0

0.0100

3.00

0.0500

Grass
B

cfs
H:1V
H:lV
feet

ft/ft

feet

Flow depth, d= 0.83 0.83 0.83 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 < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes

2.17
1.82
4.31
2.20
4,70
0.47
0.52

0.0471

yes
0.5
3.5

Yes

2.17
1.82
4.31
2.20
4.71
0.47
0.52

0.0511

yes
0.5
3.5

Yes

2.17
1.82
4.31
2.20
4.71
0.47
0.52

0.0511

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:%PR0JECTSNPPtS \PPLSOCO2-Be11 Send Land Developmern.XANALYTICAL\CALcuLAfliONS\SWALE CALCSýPERMANEN1)lSwýales.xslsSwale 12.4



I'

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

Client/Subject: PPL Bells Bend
Description: POI 12

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov1010:11AM

Project #: PPL0902

M. Fenick
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 = 1.486 •A 2/3 \ S
n P)

Given Input Data: Swale 12.5 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:

Retardance Factor for Grass Cover:

5.30
2.0
2.0
1.0

0.0100

3.00

0.0460
ECB

5.30
2.0
2.0

1.0

0.0100

3.00

0.0500

Grass

B

* 5.30
2.0
2.0

1.0

0.0100

3.00

0.0500

Grass

B

cfs
H:IV

H:IV
feet
ft/ft
feet

Calculate Flow Depth:

Flow depth, d= 0.92 0.94 0.94 feet

Calcula ted Results: Design Acceptable? Yes Yes

Freeboard, f= 2.08 2.06 2
Calculated Velocity, V= 2.03 1.95 1

Flow Top Width, T= 4.68 4.77 4
Flow Area, A= 2.61 2.71 2

Wetted Perimeter, P= 5.11 5.21 5
Hydraulic Radius, R= 0.51 0.52 0

Shear stress on channel bottom, r = 0.57 0.59 0
Critical Slope, S,= 0.0421 0.0495 0.(

Flow stable? (no if .7Sc < s < 1.3S,)= yes yes y
Required Freeboard= 0.5 0.5 C

Allowable Velocity for Lining Material= 3.5 3,5

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

Yes

.06

.95

.77

.71

.21
,52
.59
)495

/es
D.5
3.5

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

feet
fps

Conclu

1APR0JECTS\PPLSXPPLSo902-8eII Bend Land DevelopmenlýANALYTICALkCALCULATIONS\S WALE CALCS\PERMANENTM(Swates.xlsjSwale 12.5



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

Client/Subject: PPL Bells Bend

Description: POI 12

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
O biective: 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 AA 23 \

n )

Bare - Velocity Grass - Velocity Grass - Cp2agcit.
Check Check CheckGiven Input Data: Swale 12.6

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:

4.40
2.0
2.0

1.0

0.0100

3.00

0.0470
R-1

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d= 0.86 feet

Calcula ted Results: Design Acceptable? Yes

Freeboard, f= 2.14
Calculated Velocity, V= 1.90

Flow Top Width, T= 4.42
Flow Area, A= 2.32

Wetted Perimeter, P= 4.82
Hydraulic Radius, R= 0.48

Shear stress on channel bottom, -i = 0.53
Critical Slope, S,= 0.0448

Flow stable? (no if .7S, < s < 1.3SJ)= yes
Required Freeboard= 0.5

Allowable Velocity for Lining Material= 2.5

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

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

feet
fps

Conclu-

:hPROJECTSWPLS\PPLS0902-IBe11 Bend Land DevelopmenBýANAt.YTICALICALCULATIONS\SWALE CALCSIPE-RMANr-NT'lSwnies.xisjSwale 12.6



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

Client/Subject: PPL Bells Bend

Description: POI 12 Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902Prepared by: ATS

Date: 14 Oct 10 Checked by:

M, Fenick
Obiectiv4e" M, 

Fenick

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 12.7

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 A ( )2/3 fS
n P)

Bare - Velocity Grass - Velocity.
Check Check

Grass - Capacity
Check

6.70
2.0
2.0
1.0

0.0100

3.00

0.0440

ECB

6.70
2.0

2.0

1.0

0.0100

3.00

0.0500

Grass

B

6.70
2.0
2.0
1.0

0.0100

3.00

0.0500
Grass

B

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

Flow depth, d= 1.00 1.05 1.05 feet

Calculated Results: Oesign Acceptable?
Freeboard, f=

Calculated Velocity, V=
Flow Top Width, T=

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

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

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

Required Freeboard=
Allowable Velocity for Lining Material=

Yes

2.00
2.23
5.00
3.00
5.47
0.55
0.62

0.0377
yes

0.5
3.5

Yes

1.95
2.06
5.20
3.26
5.70
0.57
0.66

0.0480
yes
0.5
3.5

Yes

1.95
2.06
5.20
3.26
5.70
0.57
0,66

0.0480

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.

1APROJEcTSlPPLsIPPLS0902-Bell Bend Land DevelopmnentlANALfllCALICALcULATIONS\SWALE CALCSPERMANENr\[$w8~i~s)dsswale 12.7



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

Client/Subject: PPL Bells Bend
Description: PO112

Prepared by: ATS

Date: 14Oct 10 Checked by:

Print Date:

Project #:

M. Fenick

5 Nov 10 10:11 AM

PPL0902

uOlectiv

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: 0 = 1.486 . A (A)213 *\ S
n P

Bare - Velocity Grass - Velocity
Given Input Data: Swale 12.8 heck chek

Check Check
Grass - Caaci t

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

10.40

2.0
2.0
4.0

0.0100

3.00

0.0480

ECB

10.40

2.0
2.0

4.0

0.0100

3.00

0.0500

Grass

B

10.40

2,0
2.0
4.0

0.0100

3.00

0.0500

Grass

B

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

Flow depth, d= 0.83 0.85 0.85 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 < !.3SJ)=

Required Freeboard=
Allowable Velocity for Lining Material=

Yes

2.17
2.21
7.32
4.71
7.72
0.61
0.52

0.0417

yes
0.5
3.5

Yes

2.15
2.15
7.39
4.83
7.79
0.62
0.53

0.0450

yes
0,5
3.5

Yes

2.15
2.15
7.39
4.83
7.79
0.62
0.53

0.0450

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:APfOJECT5SPPL5SWL5O9O2-BelI Bend Land Developinent\ANALYTICAL\CALcULA'riONSýSWALE CAI.CSýPERMANEN'R[Swales.xISswale 1 2.8



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

Client/Subject: PPL Bells Bend
Description: PO112 Print Date: 5 Nov 1010:11 AM

Project #: PPLO902Prepared by: ATS
Date: 14 Oct 10. Checked by:

M. Fenick
Obiective: 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 12.9

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:

Retardance Factor for Grass Cover:

1486 *A A )2/3,\//-

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

1.30
2.0
2.0
1.0

0.0100

2.00

0.0550

ECB

1.30
2.0

2.0
1.0

0.0100

2.00

0.0500

Grass

B

1.30
2.0
2.0
1.0

0.0100

2.00

0.0500

Grass

B

cfs
H:IV
H:I V
feet

ft/ft

feet

Calculate Flow Depth:

Flow depth, d= 0.53 0.50 0.50 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 < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes

1.47
1.19
3.13
1.10
3.38
0.32
0.33

0.0692

yes
0.5
3.5

Yes

1,50
1.30
3.00
1.00
3.24
0.31
0.31

0.0581

yes
0.5
3.5

Yes
1.50
1.30
3.00
1.00
3.24
0.31
0.31

0.0581

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 WROJECTsPtSWKSPLS0902-Bel Bend Land OevelopmenIýANALYTICALCALCULATION$lSWALE CALCS\PERMANENrnISwales~xls)Swale 12.9



Trapezoidal Channel Analysis - Open Channel Flow (w/ Manningqs Eq)

Client/Subject: PPL Bells Bend
Description: POI 12

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M, Fenick
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 12.10

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 A (A)2/3,S
n P)

Bare - Velocity Grass - Velocity
Check Che..ck

Grass -Capacitk
Check

1.40

2.0
2.0
1.0

0.0100

2.00

0.0540
ECB

1.40
2.0
2.0
1.0

0.0100

2.00
0.0500

Grass

B

1.40
2.0
2.0
1.0

.0.0100
2.00

0.0500

Grass

B

cfs
H:1V
H:IV
feet
ftlft
feet

Flow depth, d= 0.54 0.52 0.52 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 < 1.3Sc)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes

1.46
1.23
3.18
1.14
3.44
0.33
0.34

0.0663

yes
0.5
3.5

Yes

1.48
1.33
3.06
1.05
3.31
0.32
0.32

0.0576

yes
0.5
3.5

Yes

1.48
1.33
3.06
1.05
3.31
0.32
0.32

0.0576

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.

:XPR0JECTS\PP1SWPLS0902.BelI 8,und Land Oeveloptnent\ANALYTICAL\cALcULATION5\5WALE GALCS\PERMANEN'ntSwales.xsls]ale 12.10



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

Client/Subject: PPL Bells Bend
Description: POI 12

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov10 10:11 AM

Project #: PPLO902

M. Fenick
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,

Given I

Manning's Equation: =

nput Data: Swale 12.11

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:

Retardance Factor for Grass Cover:

te Flow Depth:

Flow depth, d=

1.486 A A 2/3 S

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

Calcula

2.30
2.0
2.0
1.0

0,01.00
2.00

0.0520
ECB

0.67

Yes
1.33
1.47
3.67
1.56
3.99
0.39
0.42

0.0584

yes
0.5
3.5

2.30
2.0
2.0
1.0

0.0100

2.00
0.0500

Grass

B

0,64

Yes

1.36
1.59
3.54
1.45
3.84
0.38
0.40

0.0547

yes
0.5
3.5

2.30
2.0
2.0
1.0

0.0100

2.00

0.0500

Grass

B

cfs
H:IV
H:1V

feet
ft/ft
feet

0.64 feet

Calculated Results: Desipn 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=

Yes

1.36
1.59
3.54
1.45
3.84
0.38
0.40

0.0547

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:APROJECT5WPpL5&PPLS0902-Bel Bendc Land OevelopmenflANALYTICALýcALcULATION5S SWALE CALCSPERMANENTýlSwaies~xls)Swale 1Z2.11



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

Client/Subject: PPL Bells Bend
Description: POI 12

Prepared by: ATS

Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902

Date: 14 Oct 10 Checked by:

M. Fenick
Objective: 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: U = 1.486 ,A ( 23 \
n ' P) \/

Bare -Velocity G Grarss- velocity Gfass - Cao_.ait.
Check Check Check

Given Input Data: Swale 12.12

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:
Retardance Factor for Grass Cover:

8.10
2.0
2.0
2.0

0.0100

3.00

0.0450

ECB

8.10
2.0
2.0

2.0

0.0100

3.00

0.0500

Grass

B

8.10
2.0
2.0
2,0

0.0100

3,00
0.0500

Grass

B

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

feet

Calculate Flow Depth:

Flow depth, d= 0.92 0.97 0.97 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, - =
Critical Slope, S,=

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

Allowable Velocity for Lining Material=

Yes

2.08
2.27
5.70
3.56
6.14
0,58
0.58

0.0381

yes
0.5
3.5

Yes

2.03
2.14
5.86
3.79
6.32
0.60
0.60

0.0465

yes
0.5
3.5

Yes

2.03
2.14
5.86
3.79
6.32
0.60
0.60

0.0465

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:ýE'lROJECT5ýPPLS\I'PLS0902.IBeII Send Land DevelopraenlI\ANALYTIcALýcALcULAI'IONS5S5WALE CALcsIPERMANENTM[Swales.xISwale 12.12



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

Client/Subject: PPL Bells Bend

Description: PO112 Print Date: 5Nov10 10:11 AM

Project #: PPLO902Prepared by: ATS
Date: 14 Oct 10 Checked by:

M. Fenick
uOlective: 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 12.13

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 .A 2/ 3  S
n P)

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

2.40

2.0

2.0

2.0

0.0100

2.00

0.0540

ECB

2.40
2.0
2.0
2.0

0.0100

2.00

0.0500

Grass

B

2.40
2.0
2.0
2.0

0.0100

2.00

0.0500

Grass

B

cfs
H:IV
H:IV

feet
ft/ft
feet

Flow depth, d= 0.60 0.52 0.52 feet

Calculated Results: Oesign 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=

Yes

1.40
1.26
4.39
1.91
4.68
0.41
0.37

0.0609

yes
0.5
3.5

Yes
1.48
1.51
4.09
1.59
4.33
0.37
0.33

0.0539

yes
0.5
3.5

Yes

1.48
1.51
4.09
1.59
4.33
0.37
0.33

0.0539

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 PROJEcTSIPPLS\PPLSO9O2-Bell Bend Land DevelopmentLANALYTICALIcALcULAT1ONSXSWALE CALCSýPERMANENI)($wales.xlsjSweale 12,13



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

Client/Subject: PPL Bells Bend

Description: POI 13 Print Date: 5Nov10 10:11 AM

Project #: PPLO902Prepared by: ATS
Date: 14 Oct 10 Checked by:

M. Fenick
Obwective: 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 /3 \S
n ( P

Given Input Data: Swale 13.1
Bare - Velocity

Check
Grass - Velocity Grass -C acity

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:

Retardance Factor for Grass Cover:

2.60
2.0
2.0
2.0

0.0100

2.00

0.0540

ECB

2.60
2.0
2.0
2.0

0.0100

2.00

0.0500

Grass

B

2,60
2.0
2.0
2.0

0.0100

2.00

0.0500

Grass

B

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

Calculate Flow Depth:

Flow depth, d= 0.62 0.54 0.54 feet

Calcula ted Results: Desiri Acceptable? Yes Yes Y
Freeboard, f= 1.38 1.46 1.

Calculated Velocity, V= 1.29 1.55 1.
Flow Top Width, T= 4.48 4.18 4.

Flow Area, A= 2.01 1.68 1.
Wetted Perimeter, P= 4.77 4.43 4.
Hydraulic Radius, R= 0.42 0.38 0.

Shear stress on channel bottom, -c = 0.39 0.34 0.
Critical Slope, Sc= 0.0603 0.0534 0.0

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

Required Freeboard= 0.5 0.5 0
Allowable Velocity for Lining Material= 3.5 3.5 3

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

es

46
55
18
68
43
38
34
)534

es
.5
.5

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

feet
fps

Conclu•

IswROJECTsIPPLsIPPLS09o2.elj Bend Land Developmen1LANALY-riCAL\CALCULA'r)ONS\SWALE CALCS\PERMANENTNtSwales.xls]Swale 13.1



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

Client/Subject: PPL Bells Bend
Description: PO113

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
Obiective: M. 

Fenick

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 13.2

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:

Calculate Flow Depth:

1.486 *A (A) 2 /3 P is

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

4.70
2.0
2.0
1.0

0.0100

3.00

0.0470

ECB

4.70
2.0
2.0

1.0

0,0100

3.00

0.0500

Grass

B

4.70
2.0
2.0

1.0

0.0100

3.00

0.0500

Grass

B

cfs
H: IV
H:IV

feet
ft/ft

feet

Flow depth, d= 0.88 0.90 0.90 feet

Calculated Results: Desipn 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=

Yes

2.12
1.93
4.52
2.43
4.94
0,49
0.55

0.0445

yes
0.5
3.5

Yes

2.10
1.88
4.59
2.50
5.01
0.50
0.56

0.0501

yes
0.5
3.5

Yes

2.10
1.88
4.59

2.50
5.01
0.50
0,56

0.050.1

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..

PhPR0JECT5&PPLSXPPLS0902-Be11 Bend L~and Developrnent\ANALYTICALICALCULATIONS\5 WALE CALC5MPERMANE NT\[lYales. xls)Swale 13.2



Trapezoidal Channel Analysis - Ooen Channel Flow (w/ Mannina's Ea)

Client/Subject: PPL Bells Bend
Description: POI 13

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
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: 0 =

Given Input Data: Swale 13.3

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:

Retardance Factor for Grass Cover:

1.486 2/A ( ) ,3

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

6.40

2.0

2.0

1.0

0.0100

3.00

0.0440

ECB

6.40

2.0

2.0

1.0

0.0100

3.00

0.0500

Grass

B

6.40

2.0

2.0

1.0

0.0100

3.00

0.0500

Grass

B

cfs
H:IV
H:IV

feet
ft/ft
feet

Calculate Flow Depth:

Flow depth, d= 0.98 1.03 1.03 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 < 1.3SJ=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes

2.02
2.20
4.92
2.90
5.39
0.54
0.61

0.0379

yes
0.5
3.5

Yes

1.97
2.02
5.13
3.16
5.62
0.56
0.64

0.0483

yes
0.5
3.5

Yes

1.97
2,02
5.13
3.16
5.62
0.56
0.64

0.0483

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.

1:ýPROJECr5kPPlLSPPLSOSO02-BelI Send tand Oeveloprnent\ANALYTICALAOALOULATIONtS SWALE CALCS\PEIIMANEN1ýlSwales~xtslSwale 13.3



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

Client/Subject:
Description:

Prepared by:

Date:

PPL Bells Bend

POI 13

ATS
14 Oct 10 Checked by: M

I M. Fenick1

Print Date: 5 Nov 10 10:11 AM

Project #: PPLOO02

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 = 1.486 A, ( ) 2 /3. I/S
n P

Bare - Velocity Grass - Velocity
Check Check

Given Input Data: Swale 13.4
Grass - Capýacity.

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:

Retardance Factor for Grass Cover:

1.30
2.0
2.0
1.0

0.0100

2.00

0.0550

ECB

1.30
2.0
2.0
1.0

0.0100

2.00

0.0500

Grass

B

1.30
2.0

2.0
1.0

0.0100

2.00

0.0500

Grass

B

cfs
HA:V
H:lV
feet
ft/ft
feet

Calculate Flow Depth:

Flow depth, d= 0.53 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, -c =
Critical Slope, S,=

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

Required Freeboard=
Allowable Velocity for Lining Material=

Yes

1.47
1.19
3.13
1.10
3.38
0.32
0.33

0.0692.

yes
0.5
3.5

Yes

1.50
1.30
3.00
1.00
3.24
0.31
0.31

0.0581

yes
0.5
3.5

Yes

1.50
1.30
3.00
1.00
3.24
0.31
0.31

0.0581

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:%PROJECTSIPPLSNPPLS09O2-BeII Bend Land DevelopmenftANALYflICAL\CALCULATIONS\SWALEC ALC SIPE RMAN ENTIISwa~es.xIsJSwa~e 13.4



Trapezoidal Channel Analysis - Ooen Channel Flow (w/ Mannino's Eoý

Client/Subject: PPL Bells Bend
Description: POI 16

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
Obiective: 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 16.1

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 . A (A)113
n P

Bare - Velocity Grass - Velocity

Check Check
Grass - Capacity

Check

2.80

2.0

2.0

2.0

0.0370

2.00

0.0550

ECB

2.80
2.0
2.0
2.0

0.0370

2.00

0.0500

Grass

B

2.80
2.0
2.0
2.0

0.0370

2.00

0.0500

Grass

B

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

Flow depth, d= 0.43 0.39 0.39 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 .7Sc < s < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes
1.57

2.25
3.74
1.24
3.94
0.32
1.00

0.0682

yes
0.5
3.5

Yes

1.61
2.57
3.57
1.09
3.75
0.29
0.90

0.0578

yes
0.5
3.5

Yes

1.61
2.57
3.57
1.09
3.75
0.29
0.90

0.0578

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.

IAPROJECTS\PLS\PPLS0902-BeII Bend Land Development\ANALYTICALýCALCULA~IIONS\SVVALE CALCS\PERMANENTn(Swates.xls]Swile 16. 1



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

Client/Subject: PPL Bells Bend
Description: POI 16

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLOS02

M. Fenick
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 16.2

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:

1486 ,* A 2/3

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

3.40
2.0
2.0
2.0

0.0370

2.00

0.0550
ECB

3.40
2.0
2.0
2.0

0.0370

2.00

0.0500

Grass

B

3.40
2.0
2.0
2.0

0.0370

2.00

0.0500
Grass

B

cfs
H:1V
H:IV

feet

ft/ft

feet

Calculate Flow Depth:

Flow depth, d= 0.47 0.44 0.44 feet

Calculaited Results: Design Acceptable? Yes Yes

Freeboard, f= 1.53 1.56 1
Calculated Velocity, V= 2.45 2.71 2

Flow Top Width, T= 3.88 3.75 3
Flow Area, A= 1.39 1.25 1

Wetted Perimeter, P= 4.11 3.95 3
Hydraulic Radius, R= 0.34 0.32 0

Shear stress on channel bottom, c = 1.09 1.01 1
Critical Slope, S,= 0.0669 0.0563 0.(

Flow stable? (no if .7S, < s < 1.3S)= yes yes y
Required Freeboard= 0.5 0.5

Allowable Velocity for Lining Material= 3.5 3.5

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

Y.es

.56

.71

.75

.25

.95

.32

.01
)563

es

0.5
3.5

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

feet
fps

Conclu

I:APROJECTSTPPLSWPLS0902-Bell Bend Land DevelopmenM'NALYTICALICALCULATIONSISWALE CALCSýPERMANENrTfSwales~xsjSwate 16.2



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

Client/Subject: PPL Bells Bend
Description: POI 18

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 1010:11AM

Project #: PPL0902

I

M. Fenick
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: U =

Given Input Data: Swale 18.1

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 A 2f3 \

n * P) \/

Bare - Velocity Grass - Velocity Grass - Capacity

Check Check Check

31.00
2.0
2.0
4.0

0.0100

4.00

0.0410

ECB

31,00
2.0
2.0
4,0

0.01 00

4.00

0.0500
Grass

B

31.00
2.0
2.0
4.0

0.0100

4.00

0.0500

Grass

B

cfs
H:IlV

H:IV
feet

ft/ft

feet

Flow depth, d= 1.36 1.50 1.50 feet

Calcula ted Results: Design Acceptable? Yes Yes Y

Freeboard, f= 2.64 2.50 2.
Calculated Velocity, V= 3.39 2.94 2.

Flow Top Width, T= 9.45 10.01 10
Flow Area, A= 9,15 10.53 10

Wetted Perimeter, P= 10.09 10.72 10
Hydraulic Radius, R= 0.91 0.98 0.

Shear stress on channel bottom, - = 0.85 0.94 0.
Critical Slope, S,= 0.0270 0.0392 0.0

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

Required Freeboard= 0.5 0.5 0
Allowable Velocity for Lining Material= 3.5 3.5 3

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

es

50
94
.01
.53
.72
98
94
392

es
).5
'.5

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

feet
fps

Conclus

IAPR0JEC1SPPL.SkPPLS0902-Be1I Ben1d Lan~d Devclopmeniý.ANAtLYTcAL.\cALCUl.ATIONS\SWALE CALCSkI>ERýMANEN1NWIfwaes.xIsSSwale 18.1



Trapezoidal Channel Analysis - Open Channel Flow (wI/Mannino's Eai)

Client/Subject: PPL Bells Bend
Description: PO118

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:11 AM

Project #: PPLO902

M. Fenick
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: O = 1.486 * A (A) 2/3 *\ 51.n_ _ *A )--

Given Input Data: Swale 18.2
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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

12.30
2.0
2.0
5.0

0.0100

3.00

0.0480

ECB

12.30
2.0
2.0
5.0

0.0100

3.00

0.0500

Grass

B

12.30
2.0
2.0

5.0

0.0100

3.00

0.0500

Grass

B

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

Flow depth, d= 0.82 0.83 0.83 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, Sc=

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

Required Freeboard=
Allowable Velocity for Lining Material=

Yes

2.18
2.26
8.28
5.45
8.67
0.63
0.51

0.0410

yes
0.5
3.5

Yes

2.17
2.21
8.33
5.56
8.73
0.64
0.52

0.0443

yes
0.5
3.5

Yes

2.17
2,21
8.33
5.56
8.73
0.64
0.52

0.0443

yes
0.5
3.5

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

feet
fps

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

I:XPROJECTS\PPL5SPPLS0902-SeII Send Land DevelopmentkANALYTICAL\CALCULATIONS1SWALE CALCSlPERMANEN1hlSwales.xislswale 18.2



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

Client/Subject: PPL Bells Bend

Description: POI 20 Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902Prepared by: ATS
Date: 14 Oct 10 Checked by:

M. Fenick
Oblective: M. 

Fenick

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 = 1.486 AA 23*\

Bare - Velocity Grass - Velocity Grass - Capacity

Check Check Check
Given Input Data: Swale 20.1

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:

Retardance Factor for Grass Cover:

19.30
2.0
2.0
5.0

0.0200

3.00

0.0470

ECB

19.30
2.0
2.0
5.0

0.0200

3.00

0.0500

Grass

B

19.30
2.0
2.0
5.0

0.0200

3.00

0.0500

Grass.

B

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

Calculate Flow Depth:

Flow depth, d= 0.86 0.89 0.89 feet

Calculated Results: Design 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, c =
Critical Slope, S,=

Flow stable? (no if 3S, < s < 1.3Sc)=

Required Freeboard=
Allowable Velocity for Lining Material=

Yes

2.14
3,35
8.43
5.76
8.84
0.65

.1.07

0.0389

yes
0.5
3.5

Yes

2.11
3.21
8.55
6.00
8.96
0.67
1.11

0.0436

yes
0.5
315

Yes

2.11
3.21
8.55
6.00
8.96
0.67
1.11

0.0436

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:\PROJEC1SkPPLSXPPLSO902-BeIJ Bend Land Developtnent1ANALYTIcALIcALcULAT ION SkSWALE CALCSWFPIVIANc-NT 5wales xls]Sv~ale 20.1



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

Client/Subject: PPL Bells Bend
Description: POI 20

Prepared by: ATS

Print Date: 5 Nov 10 10:11 AM

Project #: PPL0902

Date: 14 Oct 10 
eced M. Fenick

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.

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

Manning's Equation: 0 =

Given Input Data: Swale 20,2

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:

1.486 AA ()
2 3 .

n A P S

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

12.80
2.0
2,0
5.0

0.0100

3.00

0.0470

ECB

12.80
2.0
2.0
5.0

0.0100

3.00

0.0500

Grass

B

12,80
2.0
2.0
5.0

0.0100

3.00

0.0500

Grass

B

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

Calculate Flow Depth:

Flow depth, d= 0.83 0.85 0.85 feet

Calculated Results: Oesign 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=

Yes
2.17
2.32
8.32
5.52
8.71
0.63
0.52

0.0392

yes
0.5
3.5

Yes

2.15
2.24
8.41
5.72
8.81
0.65
0.53

0.0441

yes
0.5
3.5

Yes
2.15
2.24
8.41
5.72
8.81
0.65
0.53

0.0441

yes
0.5
3.5

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

feet
fps

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

I:APR0JECTSkPPLS\PPL$09O2-8e11 Sena Land DevetopffienI'.ANALYTICAL\CALCULATIONSISWALE C ALCS\PERMANEN~tjSwales.xlsjSwate 20.2



Rational Equation Stormwater Calculations

.1pennonirl
Client: PPL0S02

Project: POI 1
Prepared by: ATS

Date: 14 Oct 10
Checked by:

I M. Fenick

Print Date:

Project fl:

5 Nov 10 10:37 AM

PPLO902

Governing Equation: Q = k C i A lwhere k = I for egtlish units)

Description: SWALE 1.1 Structure: -

Route:

Station: -

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

Hydrologic

Soil Group
(A.B.C.0)

Runoff
Land Land Coefficient,

Use Slope C
Area, A
(acres)

0.013Impervious
.. ....... .. ........... ............ ........ . e Z ~~ ............. .......

Lawn

Cultivated

0.95

A*C
(acres)

0.0120............ 20_ ..

0.2600.40

0.25

0.650

Total Area Aý. 0;663-acres

Weightedl C: 04

Total A* C: 0.27235 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

... il iii ii i ..il ...ii~ iil~ i. ... ........... .....i.. ......... ...... ................ .. i

....... ... .. ..• . ... ---.------.. .... H........
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

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

i .. .... .... .... .... .... .... .......... ....... .

Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

--7-~
J¶FV1

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 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) = 1.4

PPLS\PPLSOS02-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTMPPLS0902-Rational Method-Conveyance.xlsm]Swale 1.1



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 1
Prepared by: ATS

Date: 14 Oct 10

RPennoni2

Print Date: 5 Nov 10 10:37 AM

Project #: PPL0902Checked by:

M. Fenick

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 and Runoff Coefficient, C:

Hydrologic

Soil Group Land

(ACB,C,D) Use

Runoff

Land Coefficient,

Slope C

Area, A
(acres)

A*C
(acres)

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

Impervious 0.95... ...... . • _3 • ........................... £ : ._ .. ...... ........ ..... ............. . . ..... ..

Lawn 0.40 0.710

Cultivated 0.25------- ----- ... . .. . . . . ... . . .... . . .... ... . ... .. .. . . . . . .. . .. . ... . . . . . ........................................- --- - ------ ----

-- ------------ --------

-----------
0.284----- ------ - --

--.- . .........

...............................

.......................... .... -

............. ..

Total Area, A 0.7,10 acres

Weighed C; U.410

Total A * C: 0.284 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

(ft/s)

Time of
Concenlratn

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrated 9
.................

S. . .... . ..................... ...... ......... . . . . . . . ..

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

.anfl.itnst, "h) 60

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

25 year

Calculated Flow, Q (cfs) 1.4

PPLS\PPLS0902-Bell Bend Land Development\ANALYTICAL.CALCULATIONS\SWALE CALCS\PERMANENTk[PPLS0902-Rational Method-Conveyance.xlsm]Swale 1.2



Rational Equation Stormwaler Calculations

Client: PPLO902

Project: POI I

Prepared by: ATS

Date: 14 Oct 10

(PennoFi'

Print Date: 5 Nov 10 10:37 AM

Project #: PPL0902ecked by: Fenick

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

Description: SWALE 1.3 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
STEP I : Calculate Drainage Area, A and Runoff Coefficient, C"

Area, A

(acres)

0.41Impervious....... ...... .. . . ...... - - 1.e- o ..... .... ..... ..... ..........

Lawn

Cultivated

0.95

0.40 1.07

A*C
(acres)

0 0.390

0 0428

0.25

:Total Area. A:

-Weighted C:

1.480 acres Total A* C: 0.8175 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
Velocity

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

SalwConcentrated fI
.-. . .........

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? y es 0 No Tc

Rainfall Intensity for Use Tc = 5.0 minutes

Storm Recurrence frequency (years): 25 year

Rainfall.intensity, i .n/hr);,> 5.04,

5.0

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

25 year

Calculated Flow, Q (cfs) = 4.1

PPLS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\(PPLS0902-Rational Method-Conveyance.xlsm]Swale 1.3
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Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 2

Prepared by: ATS

Date: 14 Oct 10

,IPennoni/

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

I M. Fenick

Governing Equation: Q = k C i A (where k = I for engush 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,

Slope C

Area, A

(acres)

.... ........... ...... .... .......... .

.... .... ................ .. .. .

.................................

.......... ... .......

..... .....

... .............

--- ------- -----

Impervious 0.95 0.19.! p ! . ... ... .. .... ................. ..............9.............. .... ................... ...... ............... .............. ...!

Lawn 0.40 0.21

Cultivated 0.25

0

... .... ....... ........ .........

................ ------ ......
0 ... .........

1-- ..... .......

------ ------------------ -----------------

........ ........ --- -----------

------------ ---- ...........

-- ------------------- ... ........ -............

A*C

(acres)

0.181

0.084

.................. ........... ....

>TOWal Area,•A• 0.400 acres" Total A C: 0.2645 acres

Weighted 0.66

STEP 2: Calculate Time of Concentration:

Tyge 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

(ft/s) (min)

Velocity
Calculation

Method

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 0 No Tc = 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25._y.ear

Ranalinest' j~) 51041'".

STEP 4: Calculate Peak Rate of Runoff, Q:

25 year

Calculated Flow, Q (cfs) = 1.3

Q=kCiA

PPLS\PPLS0902-8ell Bend Land DevetopmenttANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT'[PPLS0902-Rational Method-Conveyancexlsm]Swale 2.1



Rational Equation Stormwater Ca

Client: PPL0902

Project: POI 2

Prepared by: ATS

Date: 14 Oct 10

Iculations
RPennonl

Print Date: S Nov 10 10:37 AM

Project #: PPL0902
.Checked by: MjFncM. Fenick

Governing Equation. Q = k C i A (where k = i or engiislh 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,
(ABCD) Use Slope C

Impervious 0.95.. . ......... .... ................ •. ....... ..... .. ............. ..... ....... .... ......... ..... ..# s....... ........ .. ..............

Lawn 0.40

Cultivated 0 25

Area, A

(acres)

0.210

A C

(acres)

0.200

.. ............. . . . ........ .. ...0 .0 040

0,.260 acres'

0.86

ý -.1-- .1 1-.-.1 ..... .. ............. .... ....... ..

,Total Area,

Weighted C

Total A * C: 0.2155 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (fit)

Average
Velocity

(ft/s)

. Time of
Concentratn

(min)

Velocity
Calculation

Method

I .. ..... ... ... ................. . ........ ................ ....... ........................ .- .

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):

Rainfall intensityo, i (inhr):

SýTEP 4: Calculate Peak Rate of Runoff, Q:

Shallow Concentrated :
........... ...................... .......

Enter Value Manning's Eq or other

Enter Value Manning's Eq or other

Enter Value Manning's Eq or other

Calculated Total Time of Concentration, T.: 5.0 minutes

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

Use T, 5.0 minutes

25 year

5,04~

Q=kCiA
25 veey

Calculated Flow, Q (cfs) 1.1

PPLStPPLS0902-Bell Bend Land DevelopmentýANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTI[PPLS0902-Rational Method-Conveyance.xlsm]Swale 2.2



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 3

Prepared by: ATS

Date: 14 Oct 10

/,Pennoni)

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902

M. Fenick I

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

Description: SWALE 3.1 Structure:

Route:

Station: -

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

Hydrologic
Soil Group Land
(A,BC,D) Use

Runoff
Land Coefficient,

Slope C

Impervious 0.95

Lawn 0,40

Cultivated 0.25

Area, A
(acres)

0.460

1.270

.. ........ . ... .. .. .. ... . . .

A*C

(acres)

0.437

0.508

.. .... .....

.... .......................... .

Total Areýa, A: 1,.730. acres Total A* C: 0.945 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

...... . ... .... .......... ... ..... ..... ..... ......... .......... .... ....... .. ........ -- - -

------------......... ........................ .............. ...... ........ ............ ..... ...... L. ,. .

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

(ft/s) (min)

Velocity
Calculation

Method

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

Override calculation for Tc? ® Yes 0 No Tc 5.0

Use T, 5.0 minutes

Storm Recurrence frequency (years): 25 yea

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

25 year

Calculated Flow, Q (cfs) = 4.8

PPLSIPPLS0902-Befl Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTM PPLS0902-Rational Method-Conveyance.xlsm)Swale 3.1



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POI 3

Prepared by: ATS

Date: 14 Oct 10

,,Pennoni'

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902VChecked by:

M. Fenick

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

Description: SWALE 3.2 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

(acres)

0.500

A*C

(acres)

0.475

0.024Lawn

Cultivated

0.40 0.060

0.25

),Totai Area, A: W660. acres

.WeightedC: 0.89

Total A * C: 0.499 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 (in)

Average Time of
Velocity Concentratn

fft/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

.W

5.0 minutes

Override calculation for Tc? ® Yes 0 No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

-RainfallI intensiy, i (inhr): &

STEP_4: Calculate Peak Rate of Runoff, Q: Q=kCiA

25 year

Calculated Flow, Q (cfs) = 2.5

PPLS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rational Method-Conveyance.xlsm]Swale 3.2



Rational Equation Stormwater Calculations

Client: PPLO0O2

Project: POI 3

Prepared by: ATS

Date: 14 Oct 10

,Pennoni/

Print Date: 5 Nov 10 10:37 AM

Project #: PPL0902Checked by,

I M. Fenick

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
Soil Group Land Land

(A,B.CD) Use Slope

Runoff
Coefficient,

C
Area, A A*C

(acres) (acres)

0.100 0.095Impervious
.. ... . ... . . ... ! n e io s . ......................... ....... ---------------

Lawn

Cultivated

).95

0.40 0,260 0.10

0.25

. ... . . . . . . . .. .. . . . ..... ... . . . . . . . .... . ............................................. ----- --- - -- - - -- -..... ..... ....... -

O4

Total Area. t 0.'.160 "acres

W~eightedC: ' 0.515

Total A' C: 0.199 acres

STEP 2: Calculate Time of Concentration:

Type of Flow ! Ground Cover

--. ---.... -.-..---. . . .

....... -----S---.--..-.-. -.--. - ----- -- .. . -

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):

'. .,ainfall i- :' ity.:. I, (si, hr.:

STEP 4: Calculate Peak Rate of Runoff, Q:

Flow
Manning's Average Length

n Slope (fl)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method

• = -_ ...... . ............... ....................... . . __.. . ....... ......... .... .

Shallow Concentrated ,
1 i•'V

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? ® Y 0 Q No TC = 5.0

Use T = 5.0 minutes

25 year

5.04 .. ¼ '

Q=kCiA

25 year

Calculated Flow, Q (cfs) 1.0

PPLS\PPLS0902-Bell Bend Land oevelopment\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTý'PPLS0902-Rational Method-Conveyance.xlsm]Swale 3.3



Rational Equation Stormwater Calculations

Client: PPLO902

Project: PO 3
Prepared by: ATS

Date: 14 Oct 10

(Pennoni/

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

I M. Fenick

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

Description: SWALE 3,4 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group

(ABCD)

Land
Use

Runoff
Land Coefficient,

Slope C

Area, A

(acres)

0.140

A-C
(acres)

0.133..........Impervious 0.95

.......... ......... .. .. .... I ..... .....
Lawn......... -----------

...... .... -- --- --------------------
Cultivated

0.40 0.160 0.064

0.25

'ToW~ AreaýA; k, 0.300 acres Total A * C: 0.197 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

=.. .... ... .. ......................... ..... .. ....... .. . ..................... ....... ............. _
.... . . ... f.. I ... .... J.......

S.... .. . .. . ........... . ..... ................. .. .. ....... . .................... . ..-.-----

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

FS'haflow Coi*icentrated"
......... ....... ..... ...... ... .. ..... .... .

L ..... ........... ..... ........Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

Enter Value

Ente( Value

Enter Value

Calculated Total Time of Concentration, T,: 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

kainM11 intensi 5%04ty, i (inlhr):

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

25 yea

Calculated Flow, Q (cfs) 1.0

PPLSIPPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTýPPLS0902-RationaI Method-Conveyance.Asm)Swale 3A



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 3

Prepared by: ATS

Date: 14 Oct 10

iPennoni'

Print Date: 5 Nov 10 10:37 AM

Project #: PPL0902Checked by: Fenick

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

Description: SWALE 3.5 Structure: -

Route: -

Station: -

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

Hydrologic Runoff

Soil Group Land Land Coefficient, Area, A A * C
(AB.C,D) Use Slope C (acres) (acres)

Impervious 0.95 0.490 0.466

Lawn 0,40 0.950 0.380

Cultivated 0.25

Total Area, A. I'`1440'acres Total A C: 0.8455 acres

0.69

STEP 2: Calculate Time of Concentration:

Type of Flow Ground Cover

.............. 7.7
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

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

i Shallow Concentrated

M an------ E ......... ..... h.........e.
Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

'Y.i

Override calculation for Tc?. ) Yes 0 No Tc 5.0
Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

N Rainfall interisi 5.04?- ty,"~~~~~~i~ihr); ;4 ' Q'',:N.

$TEP 4: Calculate Peak Rate of Runoff, Q: " Q=kCiA
25 Yea

Calculated Flow, Q (cfs) 4.3

RPLS\PPLS0902-BelI Bend Land Development1ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT(PPLS0902-RationaI Method-Conveyance.xlsm)Swate 3.5



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 3

Prepared by: ATS

Date: 14 Oct 10

(P -enno. i)

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902

r Checked by: M. Fenick

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

Description: SWALE 3.6 Structure:

Route:

Station:

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

Hydrologic
Soil Group Land
(A, 8.CD) Use

Impervious.........~ ~ ~ ~.......... .......................... !!pf~ .......

Lawn

Cultivated

Runoff
Land Coefficient,

Slope C

0.95

O.40

0.25

Area, A
(acres)

0.540.................... 6 10.. ........................................

0.610

A* C
(acres)

0.513

........... 0244..... ......

0.244

,'. ,Total Area, A-•-•, 1.150 acres Total A

Weighted C: 0ý66'

Flow Average Time of
Manning's Average Length Velocity Concentratn

n Slope (ft) (ft/s) (min)

* C: 0.757 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

S.... . ..... . . ................

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

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

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

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

SShetow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

6.0 minutes

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

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

Use T, 5.0 minutes

Storm Recurrence frequency (years): 25 yea
• , Ra' •i••:infa !••••'::!•-.l•intnst,•--: :-•£ . ::, :,.: . . ,. .. - : -.... •. ..- ,. . - :.!:• i•. ;in/h.) :• ,ýý5.04ý•• :;!,.•.. " :;:.

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

25 year

Calculated Flow, Q (cfs) = 3.8

PPLS\PPLS0902-8efl Send Land Oevelopmeni\ANALYTlCAL\CALCULATIONS\SVVALE CALCS\PERMANENT\IPPLS0902-Ration~al Method-Conveyance.xtsm)Swale 3.6



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POI 3

Prepared by: ATS

Date: 14 Oct 10

,,Pennoni2

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

M. Fenick

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

Description: SWALE 3.7 Structure:

Route: -

Station: -

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

Hydrologic

Soil Group

(A.BC.D)

Runoff
Land Land Coefficient,

Use Slope C

Impervious 0.95.. ...... ...... ............. ............ . .m e.... s_.... ......... .. ...... ... . .... .. .. .... .. ..... ..................

Lawn 0.40

Cultivated 0.25

Area, A

(acres)

0,530

0.490

A*C
(acres)

0.504

1.11 .. .... ......... .. ...... ....................... .

..... .... ............ .......... .... ......
0.196---- -------- -.- ... ....... -------

-- -------- ........... ......

T TotalI Arera, A: 102 acresK

:21 'Weighted. C, 0,69

Total A* C: 0.6995 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (ft)

Average
Velocity

(fhis)

Time of
Concentratn

(min)

Velocity
Calculation

Method

f .... ......... ... ............... ......... ... ... ...... .................. ........ ..... .... ..
............ . ................................. ..... . ...... ........... . . . . .. .. . . .• _ .

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.:

?"= ..................... ........... -" ........ ... " -'

Shadlow ConCentrated i

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 T0 = 5.0 minutes

Storm Recurrence frequency (years): 25 year

',:Rainall interisi.,, i (inilhr): 5Q ~ .'

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

25 year

Calculated Flow, Q (cfs) 3.5

PPLS'PPLS0902-Sell Send Land DevelopmenStANALYTICALICALCULATIONS\SWALE CALCS\PERMANENT\(PPLSO9O2-Rational Method-Conveyance.xlsmISwale 3.7



Rational Eguation Stormwater Ca

Client: PPL0902
Project: POI 3

Prepared by: ATS

Date: 14 Oct 10

Icutations
.Pennonh'

Print Date: 5 Nov 10 10:37 AM

Project #: PPLOO02Checked by:

SC k M. Fenick

Governing Equation: Q = k C i A (,here k = 1 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,
(A.8.C.D) Use Slope C

Impervious 0.95

Lawn 0.40

Cultivated 0,25

Area, A

(acres)

1.330

2.850

A*C

(acres)

1.264

1.140

------------- ..................... ................ .... ------------ -- -----

...... .. ... ..... .............. ........... ......... ... ---- ..................
.......... .... ...... ....... ....... ..... .. ..... ...... -----------------

.......... ........... ......

Total Area, A: ,4.180 acres

Weighted C: 0.58

Total A * C: 2.4035 acres

STEP 2: Calculate Time of Concentration:

Manning's Average
n Slope

Flow
Length

(ft)

Average
Velocity

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

MethodType of Flow I Ground Cover

-iiiiiiiiiiil;ii;~ iiii 17li!? i lI l
Channel or Pipe Flow ........

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

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

Shallow Conrc

Enter Value Manning's E

Enter Value Manning's E

Enter Value Manning's E

Calculated Total Time of Concentration, T.: 5.0 minutes

entrated V '

q or other

q or other

q or other

STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? ® Yes 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, Q: Q = k C i A

25 Yea

Calculated Flow, Q (cfs) = 12.1

PPLSTPPLS0902-Bell Send Land Development'ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT'IPPLS0902-Rational Method-Conveyance.xlsm)Swale 3.8



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 4

Prepared by: ATS

Date: 14 Oct 10

'Pen noni)

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

M. Fenick

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

Description: SWALE 4.1 Structure: -

Route: -

Station:

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

Hydrologic

Soil Group Land

(A,BC,D) Use

Runoff

Land Coefficient,

Slope C

Area, A

(acres)

A*C
(acres)

0.637Inmpervious 0.95...... ......... .............. r, e__,• i~ uL ...:.. ... ......... ...... ................... I _O- --- --- ............. ........................

Lawn 0.40

Cultivated 0,25

0.670

1.870 0.748

.......... ........

............. ...... .............. I ...... ........ ---- -------

.......... I ------ ------ 1-1--..,-.--.-" ........

......... .. ........ ... ................. .............. .......... ...............

--- -----------------

Total Area,"A: '. 2.540 acres

Weighted C. .5

Total A * C: 1.3845 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/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,:

F~-- --- --- -... .................. . .... .. . . . .... _ .
.. .......... . .. .. . . . .... ... ... . . . .. - •

Shallow Concentrated

-- ---- r--------- --- --- --- -----

Manning's Eq or other

Manning's Eq or otherManning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):

Sa Rainal iPek RayteofRun (iff r):

STE5P 4: Calculate Peak Rate of Runoff, 0:

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

Use T, = 5.0 minutes

25 year
..04

Q=kCiA

25 year

Calculated Flow, Q (cfs) 7.0

PPLSýPPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTI(PPLS0902-Rational Method-Conveyance.xlsm]Swale 4.1



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 4

Prepared by: ATS

Date: 14 Oct 10

,Pennonil

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO£02Checked by:

I M. Fenick

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

Description: SWALE 4.2 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)

0.540Impervious 0. 95

A*C

(acres)

0.513

0.148Lawn 0.40

Cultivated 0.25

0.370

N 2

,Total Area, A:K~ 0.9110 acres,

S Weighted C:~ 0.73

Total A* C: 0.661 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (ft)

Average
Velocity

(Wtls)

'rime of
Concentratn

(min)

Velocity
Calculation

Method

.... .... ................. .... ... ...... ......................L

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

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

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

I ll.w........ .. on.e.. ... ..on . .....te

1 Sh~allow Concentrated
*vj

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

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

.'._,- Rainall intensi ,•i (i-i.:" 'r): 5.04

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

25 yea

Calculated Flow, Q (cfs) = 3.3

PPLS\PPLS0902-Bell Bend Land Development\ANALYTICALCALCULATtONS\SWALE CALCS\PERMANENT(PPLS0902-Rationat Method-Conveyance.xlsm]Swale 4.2



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POI 4

Prepared by: ATS

Date: 14 Oct 10

(Pennoni)

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902

FChecked by: M. Fenick

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

Description: SWALE 4.3 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

Impervious

Lawn

Cultivated

0.95

0.40

0.25

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

0.130 0.124

....................... ...... 0.................. 0 ........ ...................... ................................ . 0.. 0....

.Total Area, A: 0,240 ýacrres\,:, .

Weighted C. 0.70

Total A* C: 0.1675 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 ...............
Channel or Pipe Flow ............

Flow
Manning's Average Length

n Slooe Off)

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

-i
VI

V

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):

Rainfall intensity,:i (inlhr):

Override calculation for Tc? O Yes 0 No Tc = 5.0

UseTc = 5.0 minutes

25 year

5,04

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

25 yea

Calculated Flow, Q (cfs) 0.8

;1PLS-PPLS0902-Bell Bend Land Developmnet•ANALYTICAL\CALCULATIONS\SWALE CALCS\PPERMANENTJ[PPLS0902-Rational Method-Conveyance.xlsm]Swale 4.3



Rational E guation Stormwater Calculations

Client: PPLO902
Project: POI 4

Prepared by: ATS

Date: 14 Oct 10

'e nn oni)

Print Date: 5 Nov 10 10:37 AM

Project #: PPLOO02Checked by:

M. Fenick

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

Description: SWALE 4.4 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,

Slooe C
Area, A

(acres)

0.090

A*C
(acres)

0,086Impervious 0.95

Lawn

Cultivated

0.40

0.25

0.100 0.040

TIotal Area, A:. O190 acres

Weighted C: 0.616

Total A * C: 0.1255 acres

STEP 2: Calculate Time of Concentration:

Manning's Average
n Slope

Flow
Length

Average
Velocity

(ft/sl

Time of
Concentratn

(min)

Velocity
Calculation

MethodType of Flow ! Ground Cover
00

i __•]
:=='-7

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

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

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

i... ................. ... .. ... .... .......................... ..... ."';
Shallow Concentrated

.ann .....i E .o .r.ote
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, 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

Ra:- infal tintens.. . .. . . . .(` /b: : :

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

25 year

Calculated Flow, Q (cfs) = 0.6

PPLS\PPLS0902-Bell Bend Land Development'ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\IPPLS0902-Rational Method-Conveyance.xism]Swale 4.4



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 4

Prepared by: ATS

Date: 14 Oct 10

;Pennoni/

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

I M. Fenick

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

Description: SWALE 4.5 Structure: -

Route: -

Station: -

STEP 1I: Calculate Drainage Area, A and Runo -ff Coefficient, C:

Hydrologic Runoff
Soil Group Land Land Coefficient,
(A,8,COD) Use Slope C

impervious 0.95..... ............. ........... I n .e • o ............. .... .............. ...............------- . 5 ....... ------

Lawn 0.40

Cultivaled 0.25

Area, A
(acres)

..... .................. .............. . ! 4 .... . . ............

0.200

A*C
(acres)

0133

.. .. ...................... .. . . . ....... I_---- ----- 1_---

0.080

Total Area, A- <O.34O)acreb, Total A* C: 0.213 acres

STEP 2; Calculate Time of Concentration:

Type of Flow / Ground Cover

, . . .. .. . . . ... .. .. . . . . ... . . . . .. .... . . ................. ................... '.............. ..... ,vil

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
Velocity

(ft/s)

Time of
Concentratn

(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 =

Use T, 5.0 minutes

5.0

Storm Recurrence frequency (years): 25 yea

Rainfall intensity, i (inhr): 5 •04 ' '• -

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

Calculated Flow, Q (cfs) = 1.1

PPLS\PPLS0902-8ell Bend Land DevelopmentýANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANE NT\PPLS0902-RationaI Method-Conveyance.xlsm]Swale 4.5



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 4

Prepared by: ATS

Date: 14 Oct 10

lPennoni)

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by: Feick

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

Description: SWALE 4.6 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

impervious

Lawn

Cultivated

0.95

0.40

0o25

Area, A
(acres)

0,820

.... . ................2

1,520

A°C
(acres)

0.7790... ....... I 0...... ........- ..

0.608

Total •.Area, A': 2.340 acres-,:

Weighted C:, 0.59i

Total A * C: 1.387 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 Slope (ft)

Average
Velocity

(ft/s)

Time of
Concentraln

(min)

Velocity
Calculati6n

Method

Shallow Concentrated
I -...... ..................................

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, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):

Rainfall intensii

STEP 4: Calculate Peak Rate of Runoff, Q:

Override calculation for Tc? y Yes 0 No TC 5.0

Use T. = 5.0 minutes

25 year

5.04

Q=kCiA

Calculated Flow, Q (cfs) 7.0

PPLSiPPLS0902-Bell Bend Land DevelopmentfANALYTICAL\CALCULATIONS\SWALE CALCSXPERMANENT [PPLS0902-Rational Method-Conveyance.xlsm]Swale 4.6



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 4

Prepared by: ATS

Date: 14 Oct 10

,PennoniP

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

I M. Fenick

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

Description: SWALE 4.7 Structure:

Route:

Station:

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

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

Runoff

Land Coefficient,

Slope C

Impervious 0.95

Lawn 0.40

Cultivated 0.25

............... ......... .... .. . . -..................... ..... - .,. ... ... ................................-- -- --- - -

Area. A A * C

(acres) (acres)

0.600 0.570

1.170 0.468

T'. , Aroen, •71.7.70 acres' .

Weighed C 0.659

Total A * C: 1.038 acres

STEP 2: Calculate Time of Concentration:

Type of Flow /Ground Cover

- Iv,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

(Mf/s) (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

Override calculation for Tc? @) Yes 0 No Tc = 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

Rainfall initensity, i;(in4~):' 5.04 ,

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

25 yea

Calculated Flow, Q (cfs) = 5.2

PPLS\PPLS0T902-Bell Bend Land Development'ANALYTICAL\CALCULATIONSISWALE CALCS\PERMANENT' PPLS0902-Rational Method-Conveyance.xlsm]Swale 4.7



Rational Ecluation Stormwater Calculations

Client: PPLO902

Project: POI 4

Prepared by: ATS

Date: 14 Oct 10

(Pennani)

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902

I Checked by: M. Fenick

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

Description: SWALE 4.8 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

.im .pe ...ous..

Lawn

0.95

0.40

Area, A

(acres)

0.8100.... .. .... .8

0.880

A*C

(acres)

0.770

0.352

Cultivated 0.25
I .... .... ..

----------

- .............. ..... ........................

,Total Areaj A: '1,690 acres

Weightpid C: 0.~66

Total AC* : 1.1215 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 ..............

F low
Manning's Average Length

n Slooe (ft)

Average
Velocity

(ft/s)

Time of
Concentraln

(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,: 5.0 minutes

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Storm Recurrence frequency (years):

Rainfall intensity, i (iQ:hrW

STEP 4: Calculate Peak Rate of Runoff, Q:

Override calculation for Tc? Yes 0 No Tc 5,0

Use T, 5.0 minutes

25-year

5.04i

Q=kCiA

Calculated Flow, Q (cfs) = 5.7

?PLS\PPLS0902-Bell Bend Land DevelopmenhýANALYTICAL\CALCULATIONSXSWALE CALCS\PERMANENT\IPPLS0902-Rational Method-Conveyance.xlsm]Swala 4.8



Rational Equation Stormwater Calculations.

Client: PPLO902

Project: POI 4
Prepared by: ATS

Date: 14 Oct 10

RPennoni'

Print Date: 5 Nov 10 10:37 AM

Project #: PPL0902SChecked by:

M. Fenick

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

Description: SWALE 4.9 Structure:

Route:

Station:

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

Hydrologic

Soil Group Land

(A.BC.O) Use

Runoff
Land Coefficient,

Slope C

Impervious......... ................. • e _o s........ ... ............ ........- --

Lawn

Cultivated

0.95

0.40

0.25

Area. A

(acres)

0.400

.................... 0410 .....
0.410

A*C
(acres)

0,380.............. . ........ 0.... 1

0.164
.......... .... ... .. . .. .................... ........ ..... ---- -

----... -----. -. ...... . . . . . . . . . . . . . . . . . . . .

.. .. .. .. ....... . ..... ... .. . ... . . . . . . . . .

... .......... ............

.... .......

.... ... .....

.. .......... .... ... .........

---------- -----------

.11 , ... ..... ...

Total Area, A ;O8iO ýacres

.7'Wetighted C'ý 6-.67

Total A * C: 0.544,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 Slope (i0)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

1 Shallow Concentrated V

.. ... . . .................. ........ ... .......... .. J

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 T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

ainal irtesiy i ir; 50

STEP 4: Calculate Peak Rate of Runoff, Q: 1Q=kCiA

25 yea

Calculated Flow, Q (cfs) = 2.7

PPLS\PPLS0902-Bell Bend Land DevelopmentbANALYTICAL\CALCULATIONStSWALE CALCS\PERMANENT[PPLS0902-Rational Method-Conveyance.xlsm]Swale 4.9



Rational Equation Stormwater Calculations

Client: PPLOS02

Project: POI 5

Prepared by: ATS

Date: 14 Oct 10

,,Pennoni'

Print Oate: 5 Nov 10 10:37 AM

Project #: PPLO902

M. Fenick

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

Hydrologic

Soil Group
(A B, CD)

and Runoff Coefficient, C:

Runoff
Land Coefficient,

Slope C
Land

Use
Area, A

(acres)

A*C

(acres)

0.342Impervious.. ... ......... .. ........ ... ... .. ... ... ...... .........

Lawn

Cultivated

0.95

0.40

0 25

0.360

0.870 0.348

'Total Ar~ea..A:., 1.230 ares

WeightedC 0.56

Total A* C: 0.69 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 ............

Flow
Manning's Average Length

n Slope (ft)

Average
Velocity

(ftls)

Time of
Concentratn

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

.~_•_!°..-..€o•!••...
shallow concetttrated

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

Use T. = 5.0 minutes

5.0

Storm Recurrence frequency (years): 25.year

Rainfa 1 intensity, i (inhr):: *,'..04i:' ... .: :5"04

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

25 year

Calculated Flow, Q (cfs) = 3.5

IPLSIPPLS0902-Sell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCSýPERMANENT\[PPLS0902-Rational Method-Conveyance.xlsm]Swale 5.1



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 5

Prepared by: ATS

Date: 14 Oct 10

Pennoni/

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

I M. Fenick

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

Description: SWALE 5.2 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)

Impervious 0.95
.............. .~c•! u ... ....... ............... ... ........................ 0... . ....................... . . ................. ... .. ..... .....

Lawn 0.40 11.200

Cultivated 0.25------------- - --------- -

-------------

4.480

.. . ... .. ......... ......... ..... .

Total Area, A: 1i. 0i a2o~cres -

Weighted Cý 04

Total A * C: 4.48 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, Ih

Rainfall Intensity for

Flow
Manning's Average Length

n Slooe (ft)

Average
Velocity

(ft1s)

Time of
Concentratn

(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

V

Vi

V'
-- I

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

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

Rainfail-inteisi i - - - 'r5;0

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

25 year

Calculated Flow, Q (cfs) 22.6

.'PLS\PPLS0902-Bell Bend Land DevelopmentýANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rational Method-Conveyance.xism}Swale 5.2



Rational EQuation Stormwater Calculations

Client: PPL0902

Project: PO1 5
Prepared by: ATS

Date: 14 Oct 10

,,P ennonP)

Print Date: 5 Nov 10 10:37 AM

Project #: PPI.0902Checked by:

r M. Fenick

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

Description: SWALE 5.3 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

Impeoious 0.95

.. . .. .......... .... ... ....... ........ .......... .. ................... ........... .------..... .. .... .......... ..
Lawn 0.40

Cultivated 0.25

Area, A

(acres)

0.260

0.230

A*C
(acres)

0.247

0.092

Total Area A: 0.490 ~acres
Weighted C: 0.69

Total A * C: 0.339 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (fl)

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,:

..i.i. ........ i I I 1
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 T. = 5.0 minutes

Storm Recurrence frequency (years): 25 year

Rainfall intensity, 1 inlbhii: 5.04~ .

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

25 year

Calculated Flow, Q (cfs) 1.7

PPLS\PPLS0902-Beg Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT[IPPLS0902-Rational Method-Conveyance.xlsm]Swale 5.3



Rational Equation Stormwater Calculations

Client: PPLOS02
Project: POI 6

Prepared by: ATS
Date: 14 Oct 10

iPennonil

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

I M. Fenick

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

Description: SWALE 6.1 Structure:

Route:

Station: -

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

Hydrologic

Soil Group

(A,BC.D)
Land

Use

Runoff
Land Coefficient,
Slope C

Impervious

.L.............. awn......... ..

Lawn

0.95

Area, A

(acres)

0.160

Cultivated

040 0.130

0.25

A C

(acres)

0.152.................................0

.. ........... . .. .. . . . . . . . . .
0.052

TotalI Area, A: "0.9 a Cres

Weig hted C: 0,70

Total A * C: 0.204 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

..... . .................. ......... .. .... -------1.. ..

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 Slove Ift)

Average Time of
Velocity Concentratn

(Is) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

iVI

Shallow Concentrated VS.... .............. ................ .. ..... .. . .. J l

... ............. I............... I.......... .. .. .. .... . .; . _ J

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): 25vear

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

25 yea

Calculated Flow, Q (cfs) 1.0

;IPLS\PPLS0902-Bell Bend Land Development"ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTMPPLS0902-Rational Method-Conveyance.xtsm]Swate 6.1



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 6

Prepared by: ATS

Date: 14 Oct 10

/Pennoni/

Print Date: 5 Nov 10 10:37 AM

Project #: PPL0902Checked by:

Mv. Fenick

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 Land
(ABC.O) Use

Impervious

Lawn

Cullivated

Runoff
Land Coefficient,
Slope C

0,95

0.40

0.25

Area, A

(acres)

0.420

0.800

A* C
(acres)

0.399

0,320

-------- ------ ------------ -- l'.."

Total Area, A: 1.22t acres

Weighted C:ý" 0.59~

Total A * C: 0.719 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

S. ... .... . ... ................. ............... I.............. .............. ... --- -----............ . ....... . .. ..... L .n J

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

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

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

Flow
Manning's Average Lenglh

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

6.0 minutes

.. . . .. . .

....... i.

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):

RTainfallk internsity, i (in/hr);

STEP 4: Calculate Peak Rate of Runoff, 0:

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

Use T, = 5.0 minutes

25 year

5.04 2 ,t

Q=kCiA

25 year

Calculated Flow, Q (cfs) = 3.6

PPLS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTIPPLS0902-Rational Method-Conveyancexlsm]Swale 6.2



Rational Equation Stormwater Calculations

Client: PPLOS02

Project: POI 6

Prepared by: ATS

Date: 14 Oct 10

.Pennoni/

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

M. Fenick

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

Description: SWALE 6.3 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group

(AB CD)

Land L
Use S

Impervious

Lawn

Runoff
and Coefficient. Area, A
lope C (acres)

0.95 0.320

0.40 0.270

A*C
(acres)

0.304

0.108

... .......... ...... .........

....... ...... .11-...- ..........

...... ....... I ............. ............ .... ..................... ---------- -
Cultivated............. ........ .... .------------

................ ............

... .........

------------- ------------ --------- -,." .......... ........................... ----- ----------- I .......
0.25

.......... -............ ........ ... .. ....... .... .... ..............

----------- ------- -- ---------- ---- ...... ............... .... ........ ....

.......... -----------

Total Area, A: 0,6 90 acres

Wecighted Cý 0.70,

Total A* C: 0.412 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 Slope (ft)

Average
Velocity

(ft/s)

Time of

Concentratn
(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentrationj Tc:

iW

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, h:

Rainfall Intensity for

Storm Recurrence frequency (years):

SlRaintPk tef s of R , Q t insit r)':

STEP 4: Calculate Peak Rate of Runoff, 0:

Override calculation for Tc? ® Yes 0 No Tc 5.0

Use T, 5.0 minutes

25 year

~5;04

Q=kCiA

25 year

Calculated Flow, Q (cfs) = 2.1

?PLS\PPLS0902-BeIl Bend Land Development[ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTý,PPLS0902-Rationai Method-Conveyance.xlsm)Swate 6.3



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 6
Prepared by: ATS

Date: 14 Oct 10

RPennoniV

Print Date: 5 Nov 10 10:37 AM

Project M: PPLO902

Checked by: M. Fenick

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

Description: SWALE 6.4 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group
(A. B,C.D)

Runoff
Land Land Coefficient,
Use Slope C

Area, A

(acres)

0.650
STEP 1 : Calculate Drainage Area, A and Runoff Coefficient, C:

Impervious

Lawn

Cultivated

0.95

A*C
(acres)

0.618

0.6960.40 1.740

0.25

........... . .... .........

---------- ----- - ........... ... .

-------- ------- ... ....

........ ----------

TotaI:Area,ýA: .. ,390 acres~

~Weighted C: * 055

Total A* C: 1.3135 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (ft)

Average
Velocity

(ft/s)

Time of
Concentratn

{min)

Velocity
Calculation

Method

..... ......

....... ........ .......... .......... ... ............ .... ......... 1

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~~~~~~~~~ ~~~ .. .............. .. ..................... ......J
.... ... .

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):

STEP 4: Calculate Peak Rate of Runoff, Q:

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

Use T, = 5.0 minutes

25 year

Q=kCiA

25 year

Calculated Flow, Q (cfs) = 6.6

PPLS\PPLSO9O2-Bell Bend Land DevelopmentýANALYTICAL\CALCULATIONS\SWALE CALCSfPERMANENT[PPLSO902-Rational Method-Conveyance.xlsm]Swate 6.4



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 6

Prepared by: ATS

Date: 14 Oct 10

,Pennoni/

Prnt Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

M. Fenick

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

Description: SWALE 6.5 Structure: -

Route:

Station:

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

Hydrologic
Soil Group Land

(A.BSC.D) Use

Runoff
Land Coefficient,

Slope C

Area, A
(acres)

A*C
(acres)

Impervious 0 95

LO.....
-- --------

5.050

Cultivated

U.iU

0.............2 .5 .......... . ............

.1- . 0.1-...2 5 ..... .- 1 11- 1 - .....

. ..............
2.020-- --------

....... ...

-------- --- ............. .......

............ ........ ...... .. ..... --- --- ---------------

... ... . .. .. ........ ......... ......

Total Area,,A: .~5,050, acres.

'0.40~

Total A * C: 2.02 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 ...............

Flow
Manning's Average Length

n Slope (fA)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

[ . .......... ...................... ......... ....... . .. -I '- z - - =. . .......... . . . . .. .... .......... ..+ + -

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):

STEP 4: Calculate Peak Rate of Runoff, Q:

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

Use Tc 5.0 minutes

25 year

5ý04.

Q=kCiA

25 year

Calculated Flow, Q (cfs) = 10.2

.DPLS\PPLS0902-Sell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTI(PPLS0902-Rational Method-Conveyance.xlsmjSwale 6.5



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 6

Prepared by: ATS

Date: 14 Oct 10

,,Pennoni

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

I M. Fenick

Governing Equation: Q = k C i A
Description: SWALE 6.6

(where k = 1 for english units)

Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group
(A,B,C,D)

Runoff

Land Land Coefficient,
Use Slope C

Area, A
(acres)

0.380

A*C

(acres)

0.361lippervious 0.95

Lawn 0.40

Cultivated 0.25

0.500 0.200

ý.TotaI Ai'ea&A,:. 0.880 acres

ftx Wiglied C: 0,614

Total A * C: 0.561 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slooe (ft)

Average
Velocity

(fus)

Time of
Concentratn

(min)

Velocity
Calculation

Method

.............. . . . i .. 7-- -------

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

Channel or Pipe Flow .......

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

i .... ......... ... ... ... ...... .................. ..... -;
Shallow Concentrated V

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 = 5.0STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):

Rlainfall intenisity, (inthr):

Use T, = 5.0 minutes

25 year

5.04

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

25 year

Calculated Flow, Q (cfs) = 2.8

PPLSkPPLS0S02-BeIl Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT[PPLS0902-Rational Method-Conveyance.xlsmISwale 6.6



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 6

Prepared by: ATS

Date: 14 Oct 10

(Pennonil

Print Date: 5 Nov 10 10:37AM

Project #: PPLO902Checked by:

M. Fenick

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

Description: SWALE 6.7 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group
(A.B,CD)

Runoff
Land Land Coefficient,
Use Slope C

Impervious 0.95

Area, A
(acres)

0.230

A*C
(acres)

0,219

Lawn 0A0

Cultivated 0.25

0.460---- ------ ...... .... I ........... I- ---- ----------------- ---------------

-- ---------------

...... ....

.... .......... .......... ..... ---------- I ..........

------- ------ --------- ------- - -
0.184---- ---------------- -----

---- ------ -- ....... ..... 11 .......

--------- --- -------

Total Area, A: 0O.690. acres

Weighted C: 04f 43s

Total A * C: 0.4025 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
Velocity

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

1 Shallow Concentrated
i
... .... ...... . ... . . ..... . .. ...... .... J

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):

Rainfall intehs i (inlt'ir):

STEP 4: Calculate Peak Rate of Runoff, 0:

Override calculation for Tc? ® Yes 0 No Tc 5.0

Use Tc = 5.0 minutes

25 ye~ar

5.04

Q=kCiA

25 year

Calculated Flow, Q (cfs) = 2.0

PPLS\PPLS0902-Bell Bend Land Devetopment\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT'PPLS0902--Rational Method-Conveyance.xlsm]Swale 6.7



.Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 6

Prepared by: ATS

Date: 14 Oct 10

/Pennoni'

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

M. Fenick

Governing Equation: Q = k C i A (.here k = 1 for english Units)

Description: SWALE 6.8 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

Impervious 0.95

Lawn 0,40

Cultivated 0.25

Area, A
(acres)

0.590

1.500

A*C
(acres)

0.561

0.600

Total.Area, A• 210•0 .acres.

.j :.Weighted C: ,0.56

Total A * C: 1.1605 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 (fi)

Average
Velocity

(ft's)

Time of
Concentratn

(m)in

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrated

a ........ ....... .........
Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

'F'

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

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

Rainfall intens ity,- (in/hr) 5.0~4P. : ' .-

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

25 year

Calculated Flow, Q (cfs) = 5.8

PPLSPPLS0902-Bell Bend Land DevelopmentVANALYTICAL\CALCULATIONS\SWALE CALCSNPERMANfENT\(PPLS0902-Rational Method-Conveyance.xlsm)Swale 6.8



Rational EQuation Stormwater Calculations

Client: PPLO902
Project: POI 6

Prepared by: ATS

Date: 14 Oct 10

.,Pennonil

Print Date: 5 Nov 10 10:37 AM

Project M PPLO902hecked by M

r M. Fenick

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

Description: SWALE 6.9 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group
(ABC.D)

Runoff
Land
Use

Land

Slope

Impervious....... . ........... ..... p .• _us_. . .... .. .. ....

Lawn

Cultivated

Coefficient, Area, A
C (acres)

0.95 1.290........... . _ 9 5.......... ... ..... ............. i ...... ................. ..2.9_ .....

0.40 2.850

0.25

A*C
(acres)

1 .226

. .. ........... ... . ........................... .......
1.140

Total Area, A: 4.14t0 acres

~Wei~hted'C 0.ý57,

Total A * C: 2.3655 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

viv

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

(ifs) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

i :"j
........== = = = = ==... ••:•,: ,•:,= • .

Shallow Concentrated V

S... ......... .........

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

Rainfal intehsityi(ilr: -.- -

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

25 yea

Calculated Flow, Q (cfs) 11.9

?PLSýPPLS0902-Bell Bend Land DeveloprnentIANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENNTMPPLS0902-Rational Method-Conveyance.xlsm]Swate 6.9



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 6

Prepared by: ATS

Date: 14 Oct 10

,Pennonir/

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by: Fenick

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

Description: SWALE 610 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

(acres)
A-C
(acres)

---- .......... --- Lawn 0,40

Cultivated 0,25

...... ...... ...... ........ .......... ----------------- ---

........ ... .............. ............ -- ............. ...... .... ..........

....... ...... ...... ............. ... ... ....... ........ ......... .-- 1 .... .......
1.700 G.680............. ......... ..... .................. ..............

.. .............. .... ... ............ ....... ... .... ..................... ............... ... ...... .

... ......... ... ---- -- .-

.. ............. ... --- ........ ................... ...................

......................... ... ............. ...... --------- ----- -
.............. ..... ............. ........

Tota Area, A: ' 1.700 acres

Weighted C: 0.40-

Total A * C: 0.68 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

-... . .... ............... ..

L.... ....... .................-. ..... . ... ...............................
Channel or Pipe Flow ...............

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

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

Flow
Manning's Average Length

n Slooe (fl)

Average
Velocity

Ift/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

....................

Shallow Concentrated w
..... ... ........

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

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Storm Recurrence frequency (years):

Rainfall intensity, i. (intr):

STEP 4: Calculate Peak Rate of Runoff, Q:

Override calculation for Tc? ®Yes 0 No Tc 5.0

Use T, 5.0 minutes

:: , ,.=•• :::=•! • .!::,.!.{ -: -• ,:-.,.•- i .:.• ::,• ' i•5• ••-:•:• :': =-:••• ! , •• •• •; :•:•: .

25 year

Q=kCiA
25 year

Calculated Flow, Q (cfs) = 3.4

PLS\PPLS0902-Bell Send Land Oevelopment\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT( PPLSO902-Rational Method-Conveyance.xlsm]Swale 6.10



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POI 8

Prepared by: ATS

Date: 14 Oct 10

/Pennoni'

Print Date7 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

I M. Fenick

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

Description: SWALE 8.1 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group Land

(ABCD) Use

Runoff

Land Coefficient,

Slope C

Impervious 0.95.... ..................... ............... ..•.• £ ............ .. . . .......... --- .. ..................

Lawn 0.40

........... 0 .......................... ............. ......
Cultivated 0.25

Area, A

(acres)

0.300

.............. 1............. .0 . .......................
0.180

A*C
(acres)

0.285

0.072

...... .. ..... .............. ..... .. .. .... ..... ---- ------------ -- - - --

..... -------- .......... ...... .. .......... -

......... ..... ............ .......... ... ........ ......... ............ ...............

.... .. .. ........ .

............. .- ... ... ............... ..............

Total Area, A- 0.4810 acres

WeightedZC 0.74

Total A* C: 0,357 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Channet or Pipe Flow ...............

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

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

Flow
Manning's Average Length

n Slooe (flt

Average Time of
Velocity Concentratn

(ftfs) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrated iv

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? ,

Rainfall Intensity for Use T, =

Storm Recurrence frequency (years): 25 yea

Rainfall initensity ,i (inhr):, &.04

YesS ONO Tc= 5.0

5.0 minutes

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

25 vear

Calculated Flow, Q (cfs) 1.8

PPLS\PPLSO902-Bell Bend Land DevelopmentMANALYTICALXCALCULATIONS\SWALE CALCSPERMANENT\r[PPLS0902.Rational Method-Conveyance.xlsmlSwale 8.1



Rational Equation Stormwater Calculations

Client: PPL0902
Project: POI 8

Prepared by: ATS
Date: 14 Oct 10

(Pennonil

Print Date: 5 Nov 10 10:37 AM

Project #: PPLOO02

Checked by: M. Fenick

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

Description: SWALE 8 2 Structure:

Route;

Station:

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

Hydrologic Runoff

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

Impervious 0.95

Lawn 0.40

Cultivated 0.25

Area, A

(acres)

0.390

1.630

A-C
(acres)

0.371

0.652

Total Area, A: 2.020, acres

Weighted C:, .0.51i

Total A* C: 1.0225 acres

STEP 2: Calculate Time of Concentration:

Manning's Average
n Slooe

Flow
Length

(ft)

Average
Velocity

(if/s)

Time of

Concentratn
(min)

Velocity
Calculation

MethodType of Flow / Ground Cover

S .. . ... . . . . . . . . .. . .... ....... ... ....... ........... i

L ............

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):

RainfallSn inte s f Ru nof, :

STEP 4: Calculate Peak Rate of Runoff, Q:

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,: 5.0 mr

Override calculation for Tc? ® Yes 0 No Tc

Use Tc = 5.0 minutes

25 yeda

5.04

...... ........ ......1 -.... .......... .... ...... ......... . .. ... = . .

Shallow Concentrated
................. .......... . ....

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

ninutes

5.0

Q=kCiA

25_.e rea

Calculated Flow, Q (cfs) = 5.2

PPLSTPPLS0902-Bell Bend Land OevelopmentVANALYTICAL\CALCUIATIONS\SWALE CALCS\PERMANENT\(PPLS0902-Rational Method-Conveyance.xism]Swale 8.2



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 8

Prepared by: ATS

Date: 14 Oct 10

RPennonil

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

M. Fenick

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

Description: SWALE 8.3 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group

(ABCD)
Land

Use

Runoff
Land Coefficient,

Slope C
Area, A

(acres)

0.390Impervious 0.95

Lawn

Cultvated

__o

...... ......................... . ............. ....... ..

.. ........ .................. .... ... ............ .......... .. ........ .. ............ ..... .. .... .....

... .............. ................. ............ .1-1-.1.11-- ..........
0.40 1.630------------- --- ----------------- --------------- ----- --

.. ... ............. ......... ... .......... ----------------- -- -----
Oý25 --- -------- - ----- ----- ------------------ -

............ ......... ........... -------------- --

............ ............ ..... ......

..........

A*C
(acres)

0.371

0.652

. . ... .. ... ... .. ..... ............. ... .. ..

.. . .............. ...................... . . . ... .. .

- rTotal Area, A: . 2.020 acres

Weighted G: , .5

Total A * C: 1.0225 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

S............ .............. .. . ......... ..... ......... .. ............................... ;

L ~ ~ ~ ~ ~ ~ ~ ~ --- --- ......... ........... . .... .. ... . ......... . .. ...... . ._

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
Velocity

(f/s)

Time of
Concentraln

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

Shallow Concentrated V I

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

STEP4: Calculate Peak Rate of Runoff, Q: Q =kCiA

25 year

Calculated Flow, Q (cfs) 5.2

PtPLS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTI[PPLS002-Rational Method-Conveyance.xism]Swale 8.3



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POI 8

Prepared by: ATS

Date: 14 Oct 10

I.Pennonil

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by: M. Fenick

Governing Equation: Q = k C i A (.here k = 1 for english units)
Description: SWALE 8.4 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group

(A,B,C,D)

IM

Runoff
Land Land Coefficient,
Use Slope C

pervious 0.95Ip, ! ...... ....... ....... ...... ........ .. .......... o 1 1 ... ......... ..... ...... ...... .........

... ... ........ I... ... ...... .. .......... ........ ........ .. ............... ..... ....... ..... ..... i. .... ....... ... ......

Lawn 0.40

ultivated 0.25

Area, A

(acres)

0.160

A*C

(acres)

0.152

0.172

C- .1-....- ............ .... -

.. .......... -------

.. .................. .. I .. ... ...... ..... .......... ... ... ................
0.430.................... ....... .I .......................... . ..... ..... --- ..........

- . ........ .... .................. ... ........... - -.- I.I.-I

--- -------------- .... ...... .... .................. ................ .....

.............. ...... ................................. .......... .......

... ....... ....... ...... - --- ... ......... .............

Total Area, A: >.Oi590 acres

§ Weighted C: .515

Total A * C: 0.324 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow Average Time of
Manning's Average Length Velocity Concentratn

n Slope (ft) (ft/s) (min)

Velocity
Calculation

Method

.. ............... .. .............................. ....... ...... ..._ J

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

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

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):

Rainfall intknst f tRn(iv, hr):

STEP 4: Calculate Peak Rate of Runoff, Q:

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

Use T, 5.0 minutes

25 yea

Q~kCiA

Calculated Flow, Q (cfs) 1.6

PPLS\PPLS0902-Bell Bend Land DevelopmentlANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rational Method-Conveyance.xlsm]Swale 8.4
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Rational Equation Stormwater Calculations

Client: PPL0902
Project: POI 9

Prepared by: ATS

Date: 14 Oct 10

.......... n

.Pennoni

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

I M. Fenick

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

Description: SWALE 9.1 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)

Impervious 0.95... .. ...... .. . .. . ... . . .. .. ... .. ... ......... ............... ... : ............ .. .. . .... .... ........ .. ... ... .. ---- ......................... .
. I.p..... ..... .... .............. . ... .... ..... ........ ..... ..I...... .... ...I.............. ............. .....- .- ---. --. -.

Lawn 0.40 3.140 1.256

Cultivated 0.25 2.630 0.658

To-1tal Area, A: >5.770.acres Total A * C: 1,9135 acres

STEP 2: Calculate Time of Concentration:

Type of Flow I Ground Cover

Flow
Manning's Average Length

n Slope (ft)

Average
Velocity

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

-------- ..... ..... ......... ............. .............. ............... ..... .... ....i _, ,

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 :'w

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

Rainfall inten~sity, i (intbr):' 5.04ý'

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

25 yea

Calculated Flow, Q (cfs) = 9.6

PPLS\PPLS0902-Bell Send Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rational Method-Conveyance.xlsm)Swale 9.1



Rational Euation Stormwater Calculations

Client: PPLOS02

Project: POI 9

Prepared by: ATS

Date: 14 Oct 10

,,Pennoni ;

Print Date: 5 Nov 10 10:37 AM

Project M: PPLO902[ hocked by: M. Fenick

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

Description: SWALE 9.2 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group

(A.B.C0D)
Land
Use

Runoff

Land Coefficient,

Slope C
Area, A

(acres)

0.460

A*C
(acres)

0.437Irrpervious 0.95

...... La........................ .................................................. 0 .. .........4

Lawn 0.40 1.000 0.400

Cultivated 0.25
......... ................. ........................ I I .- I -

............. I ............... .............................. ............ ... .............. ....... ..

... ......... ....................... ................ .......... I ... .......... ............ - -

................... ....... ....................... ............. .............. -.-

~Total Are~a,.A' - 1.460 acres1.

Weighted C: 0.57

Total A* C: 0.837 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

.. .. . . . . ................. ....-.. .. .

............1..
.... ........ ----

.... . . . ..... .... . . .. ... ....... . ............. .. ... .. . . . .. .. . ... . ... .L _

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

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

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

Flow
Manning's Average Length

n Slope (ft)

Average
Velocity

(f s)

Time of
Concenlratn

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

k~t!•,!!?w.•.op.•_t•! ...... ... ......... .y .
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):

Rainfall inteositRiuinoh,:.

STEP 4: Calculate Peak Rate of Runoff, Q:

Override calculation for Tc? ® Yes 0 No Tc

Use T, = 5.0 minutes

25 year

5.0

Q=kCiA

25 year

Calculated Flow, Q (cfs) = 4.2

PPLS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\IPPLS0902-Rational Method-Conveyance.xlsmjSwale 9.2



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 9

Prepared by: ATS

Date: 14 Oct 10

,,Pennoni'

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:
M, Fenick

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

Description: SWALE 9.3 Structure:

Route:

Station: -

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

Hydrologic

Soil Group Land

(A,,CD) Use

Impervious

Runoff

Land Coefficient,

Slope C

0.95

Area, A

(acres)

1.330

A*C
(acres)

1.264

0.232

0.360

Lawn 0.40 0.580

.......... .- C...e..... .0 .25.. ............ ... ....... ....... ... . . .. . ....................... -.... ............. . .
. . .. .. . ... .... ...... . . . .. . . . . . . . . . . . . . . ............ .......... ........ ............... .... -........... ............ -

Total Area, A: ' 3,.350 acres

Weighted C; 5

Total A * C: 1.8555 acres

STEP 2: Calculate Time of Concentration:

Type of Flow I Ground Cover

I ,.... .... ..... ... ........... .Z Z ..........z
Channel or Pipe Flow ...............

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

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

Flow

Manning's Average Length
n Slope (fi)

Average
Velocity

(fis)

Time of
Concenlratn

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

Shallow Concentrated V

S. .. ...................................... . . .. . ...... - - - - _ .._-----

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

'Rainfall:. intensity, i (iti hr):b;: , 54'.

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

25 yes

Calculated Flow, Q (cfs) = 9.4

?PLS\PPLS0902-Bell Bend Land Oevelopment'ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTq PPLS0902-Rational Method-Conveyance.xlsm]Swale 9.3



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 9

Prepared by: ATS

Date: 14 Oct 10

RPennoni;

Print Date: 5 Nov 1, 10:37 AM

Project #: PPLO902

I Checked by:
M. Fenick

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

Description: SWALE 9.4 Struclure: -

Route: -

Station: -

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

Hydrologic

Soil Group

(A.,,C, D)
Land
Use

Runoff
Land Coefficient.
Slope C

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

Area, A

(acres)

2,890

A*C
(acres)

2,746Impervious 0.95

Lawn

Cullivated

0.40 1.710 0,684

.......... I .... .......
0 25 0.160 0.040

Total Area, A: 4.7160 acres

-Weighted C: 0.73

Total A * C: 3.4695 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 (ft)

Average
Velocity

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

.... ....

Shallow Concentrated
M -nnin --s Eqo--e

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, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):

Ratinfall intensit, iQ/hr):

STEP 4: Calculate Peak Rate of Runoff, 0:

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

Use T, = 5.0 minutes

25 year

Q=kCiA

25 year

Calculated Flow, Q (cfs) = 17.5

PPLS•PPLS0902-Bell Send Land Development\ANALYTICAL\CALCULATIONS\SWAt.E CALCS\PERMANENTl(PPLS0902-Ratonal Method-Conveyance.xlsm]Swale 9.4



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 9

Prepared by: ATS

Date: 14 Oct 10

,Pennonil

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902

Checked by:ick

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

Description: SWALE 9.5 Structure:

Route: -

Station: -

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

Hydrologic
Soil Group Land

(A,8.C,O) Use

Impervious

..... .................. ,m e o ._. . .

Lawn

Cultivated

Runoff

Land Coefficient, Area, A

Slope C (acres)

0.950,100......................... -.9-_ ...... . . ..................... ... ... o.o ................

0.40 0.930

0.25 1.290

A*C
(acres)

0.095

0.372

0.323

TotaI-Area, A' 2.320',acres

Wleighted C; 0.34

Total A * C: 0.7895 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, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):

Rainfat l intenosf, Q:

STEP 4: Calculate Peak Rate of Runoff, 0:

Flow
Manning's Average Length

n Slope (it)

Average
Velocity

(it/s)

Time of
Concentratn

(min)

Velocity
Calculation

Melhod

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

..... ....... .............. ................. .. . ..-;
Shallow Concentrated

... ... .. .............. J.
Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? (j) ys 0 No Tc 5.0

Use Tc = 5.0 minutes

25 yea

5.04'

Q=kCiA

25 year

Calculated Flow, Q (cfs) = 4.0

PPLS\PPLS0902-Bel Bend Land DevelopmentýANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTMPPLSO902-RationaI Method-Conveyance.xlsm]Swale 9.5



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 10

Prepared by: ATS

Date: 14 Oct 10

,Pennoni/

Print Date: 5 Nov 10 10:37 AM

Project #: PP[.0902Checked by:

I M. Fenick

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

Description: SWALE 10.1 Structure:

Route:

Station:

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

Hydrologic

Soil Group Land
(AB.CD) Use

Runoff

Land Coefficient,

Slope C

ST"EP 1 : Calculate Drainage Area, A and Runoff Coefficient, C:

Impervious

Lawn

0.95

0.40

0.25

Area, A

(acres)

1.580

.... .. ................................ . 7 0 ............ ................ . ...............

2.970

A*C

(acres)

1.501

1A188

Cultivated

- -- Total Area,'A:- 4.560acr's

Weighted C:: 0.59

Total A * C: 2.689 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Sloce (ft)

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,:

ivi

Shallow Concentrated : w•.... .............. ........ ........... ....... ..... ........... ....... _.... ,

. .... .. ..... ... ........... ..... 11...... .. .......... . . .. .. .. . . . . .

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 T5 = 5.0 minutes

Storm Recurrence frequency (years): 25 yer

Rainfall intensityJ,.i(in/hr): , ý4

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

Calculated Flow, Q (cfs) = 13.6

PLS\PPLSO092-Bell Bend Land Development\(NALYTICAL\CALCULATIONS\SWALE CALCS\PE RMANENTJ[PPLS0902-Rational Method-Conveyance.xism]Swale 10.1



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 10

Prepared by: ATS

Date: 14 Oct 10

,Pennoni-

Print Date: 5 Nov 10 10:37 AM

Project M PPLO902Checked by:

M. Fenick

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

Description: SWALE 10.2 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

Impervious 0.95
........ ... . . . ... .! . .......................... ............... .......... ----. .........................

Stone 0.85

Cultivated 0.25

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

2.510 2.385

$

Total, Area, A: 2.510 acres

weighted C: 09

Total A * C: 2.3845 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 Slooe (fh)

Average
Velocity

(ft/s)

Time of
Concentraln

(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

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

25 yea

Calculated Flow, Q (cfs) = 12.0 ý1
PLS.PPLS0902-Selt Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTrPPLS0902-Rational Method-Conveyance.xlsm]Swale 10.2



Rational Equation Stormwater Calculations

'Pennoni/
Client: PPLO902

Project: POI 10

Prepared by: ATS

Date: 14 Oct 10
Checked by:

M. Fenick

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902

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

Description:, SWALE 10.3 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group

(A.B.C.M
Land
Use

Land

Slooe

Runoff

Coefficient,
C

Area. A

(acres)

A*C
(acres)

Impervious... . ....... ...... .......... ....... .....e .o...,.....

Stone

Cultivated

0.95

0.85

0.25

2,150 1.828

total Area, A.- 2.150 acres

Weighted C: - 0.85

Total A * C: 1.8275 acres

STEP 2: Calculate Time of Concentration:

Type of Flow/ Ground Cover

S ... ......... ... ......... .. ......................... ....... .......... ....... ... ...! .~ -. . ........... .. . ... .- -

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

(ftls)

Time of
Concenlratn

(min)

Velocity
Calculation

Method

Shallow Concentrated v

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 T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

Ranflllirnteniiy (Jin/hr): 5S.05O4• 'S 5. . ' '.1•• •, : ;. -, . .'.,: :• . v', : . : , : .: , : • . :. . ..: ., .,, :'; ,• : :: . .:. ; • . : ., . . .: . .. : • . .

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

25v a

Calculated Flow, Q (cfs) = 9.2

PLS\PPLSO902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPt.S0902-Rational Method-Conveyance.xlsm]Swale 10.3



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POI 10

Prepared by: ATS

Date: 14 Oct 10

RPennoni'

Print Date: 5 Nov 10 10:37 AM

Project M: PPLO902Checked by:

I M. Fenick

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

Description: SWALE 10.4 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group
(A.B.C.D0

Runoff

Land Land Coefficient.-

Use Sloce C
Area, A

(acres)

A*C

(acres)..... T

Impervious

Stone

0.95

0.85

Cultivated 0.25

.. ... ... .. ...... ... . ... ..................- 1 ...... ..... I ..... ....... ..... ..... .. t.................

.... ......

--- ------------------ ------ ....... ....... ... .
1,220........ ......... ....... .......

.. ................ .......... .------------ ----------------

----------- I ---.

.... .. -------------- --- ------ --------------------- ---------- --- --.... ......

-------------

1-037

..............................

Total Area, A:.i 1.220 ac-res

weighted~lc,: 4

Total A C: 1.037 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

S. .. ...... ... . ... .. .... . .. . ... ............ ................... I ....... ............ ................. :.......

S.. ........... .... .. ....... ... ... . .. . . . . . . .. . .. . .... .. . . . . . . .. ... .. ... . . ...

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):

Rainfall intensity, i (inQhr):

STEP 4: Calculate Peak Rate of Runoff, Q:

Flow
Manning's Average Length

n Slope (fR)

Average Time of
Velocity Concentratn

(ftls) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

S....... ............ ......... .......... .. ...... ................ ... - -

Shallow Concentrated ........................... .................. L

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 Ygta-r

5.04

Q=kCiA

25 yea

Calculated Flow, Q (cfs) = 5.2

PLS\PPLSO902-Bell Bend Land DevelopmentlANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\(PPLS0902-Rational Method-Conveyance.xAsmlSwale 10.4



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 10
Prepared by: ATS

Date: 14 Oct 10

,,Pennonil

Print Date: 5 Nov 10 10:37 AM

Project f: PPLO902Checked by! -i
I M, Fenick

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

Description: SWALE 10.5 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

Area, A

(acres)

A'C

(acres)

Impervious

. a . ............... ... .... .........

Lawn

0.95

0.40 2.300 0.920

.......... .. ......... ...
Cultivated 0.25... .............. .. ....... ......

... .............. ........... ..

............... -------

------- ------ .......... - ... ....... ... ..

Total Area, A: ~2.3OO acres

Weighted C~: O''040

Total A * C: 0.92 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

,~~~~~~~ ~~~ ....... . .. ... .. .. . .. ... . ..... . . .... . .. .. ........................ I ,
! .... . .............. .. . . . . . . ... .... ... .....F ;

......................... . .. ... ................ J... . . . ..... ..... .. ... ......... .. ................ .... ................. --- --- -

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

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

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

Flow
Manning's Average Length

n Slooe (ft)

Average
Velocity

(ft/s)

Time of
Concentratn

(rnin)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

SalwConcentrated
; ........................... .. .... ...... .. ............

.-. i~ilillIililiFiZ 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: Override calculal

Rainfall Intensity for

Storm Recurrence frequency (years): 25 yea

Rainfall intensityJ, i(inlhr)- 5.04-

tion for Tc? yes O No T

Use T, 5.0 minutes

c = 5.0

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

25 year

Calculated Flow, Q (cfs) = 4.6

PLS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTh[PPLS0902-Rational Method-Conveyance.xlsmISwale 10.5



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POI 10

Prepared by: ATS
Date: 14 Oct 10

,Pennonil

Print Oate: 5 Nov 10 10:37 AM

Project M: PPLO902Checked by:

I M. Fenick

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

Description: SWALE 10.6 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group
(ABC,D)

Land
Use

Runoff
Land Coefficient,

Slope C
Area, A
(acres)

A *C
(acres)

Impervious 0.95

0.40 1.740Law'n 0.696

Cultvated
S 2 5 .........................

Total AreaA: 1.7,40 acres;

Weighted C: 0.40

Total A * C: 0.696 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (fl)

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,:

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

Storm Recurrence frequency (years):

Rainfall intensity, i (inQhr):

STEP 4: Calculate Peak Rate of Runoff, Q:

Override calculation for To? ® Yes 0 No To 5.0

UseT5 = 5.0 minutes

25 year

5.04

Q=kCiA

Calculated Flow, Q (cfs) = 3.5

PLS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTI[PPLS0902-Rational Method-Conveyance.xlsm]Swale 10.6



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 10

Prepared by: ATS

Date: 14 Oct 10

*,PennoniV

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

M. Fenick

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

Description: SWALE 10.7 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

Area, A

(acres)

Impervious

Lawn

Cultivated

0.95

0.40

0.25

..................... __ ---------- ..........

I I -.. ....... ......

...... ... ........
0.160

....... ....... ....... ... .......... .....

A*C
(acres)

0.064

TotIa Area, A: 0.160 acres

Weighted C: 0.40

Total A' C: 0.064 acres

STEP 2: Calculate Time of Concentration:

Type of Flow I Ground Cover.

Channel. or Pie.lo........ .
S.. . . . . . . . . . . .. . . . . .. ............... ......... ....... . .. . .. . . . . . . . . . . . . ........... .'.... ... J

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 (fl)

Average
Velocity

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

i .... .. . ... ... ... ... ... ... ... ...... .......

i Shallow Concentrated

Manning:s Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

-.-..---------

i•ii i

Override calculation for Tc? ® Yes 0 No Tc 5.0

Use Tc = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

Rainfall int0nity, i (inhr): 5.04

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

25 year

Calculated Flow, Q (cfs) = 0.3

PLSPLS0g02-Sell Bend Land Develtpment'ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTMPPLS0902-Rational Method-Conveyance.xlsm)Swale 10.7



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 10

Prepared by: ATS

Date: 14 Oct 10

.i ............ .. .,
,Pennonil

Print Date: 5 Nov 10 10:37 AM

Project #: PPL0902

Checked by: M. Fenick

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

Description: SWALE 10.8 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group Land

(ACB,CD) Use

Runoff
Land Coefficient,

Slope C
Area. A
(acres)

A*C

(acres)

Impervious 0.95

Lawn 0.40 _ 0,065

Cultivated 0.25

........... ............... .. - 1-- ............... ...............

------------ --- -------------------

............ .. .................
0.026

----- --.........

....... .. - ---- ------ .... ...... ... .... ..... ---------

...... ..... -... ........

--------------------- ----- -- -...... .. ..........

....................... ................

.TotalýAre, A: . 0;'065 acres

Weghted C: ,0.0

Total A * C: 0.026 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 Slooe (ft)

Average
Velocity

(f/s)

Time of
Concentratn

(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? (j Yes 0 No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

Rainfall` ` ` -... :t . :& ' .:Jl 4 i.:.: 5,0.

STEP 4: Calculate Peak Rate of Runoff, 0:

25 yea

Calculated Flow, Q (cfs) = 0.1

Q=kCiA

PLS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PE RMANENT\PPLSO902-Rational Method-Conveyance.xlsmiSwale 10.8



Rational Equation Storrnwater Calculations

Client: PPLO902

Project: PO1 10

Prepared by: ATS

Date: 14 Oct 10

. ° , ... ............. ... ..

RPennonil

Print Date- 5 Nov 10 10:37 AM

Project #: PPLOO02Checked by: Fenick

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

Description: SWALE 10.9 Structure: -

Route: -

Station:

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

Hydrologic

Soil Group Land

(A.,,C.D) Use

Runoff
Land Coefficient,
Slope C

Impervious

Lawn

Slone

0.95

0.40

0.85

Area. A
(acres)

0.290

0.840

1.790

A*C
(acres)

0.276

0.336

1.522

Total-Atrea,•A:, 'I, 2.920•.acres -

Weighted C: 0.73

Total A* C: 2.133 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope .(fi)

Average
Velocity

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

......... ............... ...................

... .. .. ........

..................... ........ ................... .. .. .............. -_ 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,:

I 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

Storm Recurrence frequency (years):

S 4 a Rainfal P intensity, i Qinlhr):

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

Override calculation for Tc? yes 0 No Tc = 5.0

Use Tc = 5.0 minutes

51 04

Q=kCiA

25 year

Calculated Flow, Q (cfs) = 10.8

PLS\PPLS0902-Se1l Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTMPPLSO902-Rational Method-Conveyance.xdsmlSwale 10.9



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POI 10

Prepared by: ATS
Date: 14 Oct 10

(P ,ennoni)

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

I M. Fenick

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

Description: SWALE 10.10 Structure:

Route:

Station'

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

Hydrologic
Soil Group

(A,B,C,D)

Runoff
Land

Use

Inmpervious

Lawn

...... .C..............l..t..- ......................
Cultivated

Land Coefficient. Area, A

Slope C (acres)

0.95 0.180

0.40 1.500

0.25

A*C

(acres)

0.171

0.600

..........

.... ............... .....

...... .. ......

----- ---------

............ ...

.... ...... -1- .......... .... ..

Total Area, A: ~1.680 acres

W~eighted C: K 0.46

Total A* C: 0.771 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/st

Time of
Concentratn

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrae!- ....... ..... I. .... .......... .... ......
.-. ....

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 To = 5.0

Use T5 = 5.0 minutes

Storm Recurrence frequency (years): 25 year

C.Rainfall inest

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

25 year

Calculated Flow, Q (cfs) 3.9

LS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT[PPLS0902-Rational Method-Conveyance.xlsm]Swale 10,10



Rational Equation Stormwater Calculations
,,Pennant-'

Client: PPL0902

Project: POI 10

Prepared by: ATS

Date: 14 Oct 10
Checked by:

M. Fenick

Print Date:

Project #:

5 Nov 10 10:37 AM

PPLO902

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

Description: SWALE 10.11 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group

(AB,C.D)

Runoff
Land

Use
Land

Slope

Impervious

Lawn

Coefficient, Area, A
C (acres)

0.95 0.090

0.40 1.040

A*C
(acres)

0.086

0.416

........... ... ....... ........ -
Cultivated 0.25............ ........ ....... --- ................. ..... ....... ..... ... ....... -.- -- ---------

.... ........ .. ................ -- ..... ...... ......... .... 1..--.1-..--.- - -.- ........... ....... ............ ......... ..............

........ ...... ......... ......... ....... .......... ............ - .11 .......... I ........... ... .............. ................ ...... -- ..................... ................. -

Total AreaA: 1A130 acres

Weiqhte~d C: 0.44

Total A * C: 0.5015 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (ft)

Average
Velocity

(ftls)

Time of
Concentratn

(min)

Velocity
Calculation

Method

.. ..... .. ......... ... ...... ............. ......... -7 ----
...... ... ..... ................. ........ ... .......... ..... .. ... ----• -

..... ......... ..... ..... .. .. ... .. .. .. ................ ...... ,_ ..

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

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

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

[ Shallow Concentrated. -.

i . ....... ...I.... .... ..... .......... .. ............. ... ... ......... . ..- .. ]

Manning's Eq or other

Manning's Eq or other

Manring's Eq or other

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, Tc: . 5.0 minutes

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Override calculation for Tc? ® Yes 0 No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

Rainfall intensity,J i(inhjr): ~5504:.i~

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

25 year

Calculated Flow, Q (cfs) = 2.5

LS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rational Method-Conveyance.xlsm]Swale 10.11



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 10

Prepared by: ATS

Date: 14 Oct 10

PennonF

Print Date: 5 Nov 10 10:37 AM

Project #: PPL0902Checked by:

I M. Fenick

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

Description: SWALE 10.12 Structure:

Route:

Station:

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

Hydrologic Runoff

Soil Group Land Land Coefficient.

(A,8,C,D) Use Slope C

Impervious 0.95
........... ................ ...... .•e •_° s .. . .................... ........ 7. ..................... .............

Lawn 0.40

Cultivaled 0.25
.. . . ... .. . . .... .. ... ... ..... =. ........ .......... . ... ...................... ... ............... .. ........... ...................

Area, A

(acres)

0.130

1.300

A*C
(acres)

0.124

0.520

Total Area, A: 1.430 acri~s

Weighted C; 0.45,'

Total A * C: 0.6435 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, I:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (ft)

Average Time of
Velocity Concentratn

(fl/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T5 :

... ........ . .......... ....... ........ ...... ............. T -iSh~allow Concentrated i

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, 0: Q=kCiA
25 yea

Calculated Flow, Q (cfs) = 3.2

LS\PPLS0902-Bell Bend Land DevelopmentlANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTk[PPLS0902-Rational Method-Conveyance.xlsmlSwale 10.12



Rational Equation Stormwater Calculations

Client: PPL0902

Project: PO1 10

Prepared by: ATS

Date: 14 Oct 10

,Pe nnoni2

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902

M. Fenick

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

Description: SWALE 10.13 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group
(A.BC.D)

Land
Use

Runoff
Land Coefficient,

Slope C

Impervious 0.95

Area, A

(acres)

0.210

A*C
(acres)

0.200

Lawn

Stone

0.40

0.85 1.400 1.190

Total- Ar.e a, Ae1: , 1 0 acres

Weighted C: 08

Total A * C: 1.3895 acres

STEP 2: Calculate Time of Concentration:

TLype of Flow i Ground Cover

S. ...... .... .................... :; ..... .... ... ........ .... .... ....
.........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 Slooe (ft)

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
L ....... .. ............ ..... .......... ................... . "- =

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

Rainfall. intensity, Ji inlhr): -;5.04.. ~ '

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

25 year

Calculated Flow, Q (cfs) = 7.0

LS\PPLS0902-Bell Bend Land DevelopmentkANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT,[PPLS0902-Rational Metltod-Conveyance.xlsm]Swale 10.13



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 10

Prepared by: ATS

Date: 14 Oct 10

,Pennoni/'

Print Date: 5 Nov 10 10137 AM

Project #: PPLO902Checked by:

M. Fenick

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

Description: SWALE 10.14 Structure:

Route:

Station:

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

Hydrologic Runoff

Soil Group Land Land Coefficient, Area. A
(A.B,C,D) Use Slope C (acres)

Impervious 0.95 3.110.. ...... .............. .... ......... ................................... -................... ....... .. -.... ..........•.. .me ~ u .0 ...... ... .. . . ........... . . ........ ..... . 1

Lawn 0.40

Stone 0.85 1.190

--- ....... ............ ..

- - -........... ...

......... ..... -

..... --------------

-------- ------- ----

...... ...............

...... ..........

A*C
(acres)

2 955

..... .......... 2..

1.012

Total A:c° A:: 4.300 acres Total A C: 3.966 acres

Weighted C;c 0.92

STEP 2: Calculate Time of Concentration:

Type of Flow Ground Cover

... .. ... ... ... .... ........ ...... . ..... . .... . ..... .... . . . . ... :, _

--- --.. ......... . . . .. .. . .. . . ... . . . ... .... ....... ... ..... .. .................. .. .... .. ... ........... ...I ... ... . .... .......... ..

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

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

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

Flow
Manning's Average Length

n Slope (ft)

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 other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Storm Recurrence frequency (years):

STEP 4: Calculate Peak Rate of Runoff, Q:

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

Use T= 5.0 minutes

25 year

&04.:

Q=kCiA

25 year

Calculated Flow, Q (cfs) = 20.0

LS\PPLS0902-Bell Bend Land Development',ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTMPPLS0902-Rational Method-Conveyance.xlsmlSwale 10.14



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 10
Prepared by: ATS

Date: 14 Oct 10

(Pennonil

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by: Fenick

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

Description: SWALE 10.15 Structure:

Route:

Station:

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

Hydrologic
Soil Group
(A, B,C,D)

Land
Use

Land Co

Slope

Runoff

Impervious

Lawn

Stone

efficient, Area, A

C (acres)

0.95 3.110

0.40

A*C
(acres)

2.955

1.0120.85 1.190

TotalI Area, A: -4~300 acres

weighted C: 09

Total A * C: 3.966 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

iHi v]

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

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

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

Flow
Manning's Average Length

n Slope (ft)

Average
Velocity

(ft/s)

Time of
Concentraln

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shrallow Concentrated 'V

............... ........... .......... . ...... ...... .. ......... ... v
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 ONo Tc 5.0

Use T. = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

RaiWIinens, (2/2'.&0

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

Calculated Flow, Q (cfs) = 20.0

LSNPPLS0902-Bell Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTMPPLS0902-Rational Method-Conveyance.xlsm]Swaie 10.15



Rational Equation Stormwater Calculations

Client: PPL0902
Project: POI 10.

Prepared by: ATS
Date: 14 Oct 10

----- - -

,,Pennonil

Print Date: 5 Nov 10 10:37 AM

Project #. PPLO902Checked by:

I M. Fenick

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

Description: SWALE 10.16 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group Land
(A.8.C,D) Use

Runoff
Land Coefficient.
Slope C

Impervious 0,95

.... ....... ....... ........ .......... ...................... ........... .............. .. .... ............. ........ ... -- - -- ,
......... .. ............... ....... ............. ----------- ---- --------------- -----

Lawn 0.40------------------- ------------------------- -- -------------- -- ....... ....... I ........ .. ........... .-

.................. ........ ...... I ---- -------- -------- ......... ... ................ --------- ............
Stone 0.85................. ....... ... ........ .. ... ..... .. ..................... .... ....... ......... ------- -.- .......

.... .. .... - ------- ---- ----- -......... .... .. .. .. .................... ... ....

............. -----------

-1- ......... .. .............. .. .. . ........

Area, A

(acres)

0.250

1.... .............. 0 0.. ..

1.500

A*C

(acres)

0.238

1.275

Tot~l Area, A:,.. 1.750,acres

We,%ýghte~d C; 0;86

Total A * C: 1.5125 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
Velocity

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

i'V

Shallow Concentrated 'V

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

Storm Recurrence frequency (years):

SRainfall intensity, i (Qihr):

STEP 4: Calculate Peak Rate of Runoff, Q:

Override calculation for Tc? @) Yes 0 No Tc 5.0

Use Tc 5.0 minutes

Q=kCiA

25 year
Calculated Flow, Q (cfs) = 7.6

LS\PPLS0902-Sell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\(PPLS0902-Rational Method-Conveyance.xism)Swale 10.16



Rational Equation Stormwater Calculations

Client: PPL0902
Project: POI 10

Prepared by: ATS

Date: 14 Oct 10

RPennoni'

Print Oate: 5 Nov 10 10:37 AM

Project #: PPLOO02Checked by: Fenick

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

Description: SWALE 10.17 Structure:

Route:

Station:

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

Hydrologic

Soil Group

(A,B,C.D)

Runoff
Land Land Coefficient,

Use Slope C
Area, A

(acres)

0.310

A *C
(acres)

0.295Impervious... ...... .... ........... ... .. .. .. .. ........ [ e .r .. ......

Lawn

Cultivated

0.95

0.40

0.25

Total Area, A: , 0.3.10 acres

Weighted C:',, 6,95

Total A* C: 0.2945 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (ft)

Average
Velocity

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

.........

...... ....... ............ ..

......... .. .......... .. ..... .......I .II I .... .... _-.
i ............----- .Z .. il; ilii . .......I I _;_-

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

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

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

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, Tc:

.'V.

Shallow Concentrated : v

..........M ....... . .................o........... .
Manning's Eq or other

Manning's Eq or other

Manning's Es or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Override calculation for Tc? y Yes 0 No Tc = 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

-ain .• ./t.s-•• i04,

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

25 year

Calculated Flow, Q (cfs) = 1.5

LSPPLS0902-Sell Bend Land DevelopmenI0ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT•lPPLS0902-Rational Method-Conveyance.xlsm]Swale 10.17



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 10

Prepared by: ATS

Date: 14 Oct 10

(,Penno~ni)

Print Date: 5 Nov 10 10:37 AM

Project #: PPL0902

7 Checked by:I

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

Description: SWALE 10.18 Structure:

Route:

Station:

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

Hydrologic Runoff

Soil Group Land Land Coefficient.
(A.2,CD) Use Slope C

Impervious 0,95

_ 0 0.................. .......................
Lawn 0,40

Area, A A*C

(acres) (acres)

0.270 0,257

Cultivated..........

. ......... ..... I ... . ......... ..... . .....

......... . ........ ............... - ........ ....

............ -. 1-- .-

0.25

I --------- -----------

.. ........ .......

Total Area, A:~ 0,270 acres

We ighted C: 0.95

Total A * C: 0.2565 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, I:

Rainfall Intensity for

Flow
Manning's Average Length

n Slope (ft)

Average
Velocity

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

' , ... ................ . L -. -

fShallow Concentrated I
.-------.---- 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

Rainfall in'tensity, i (inihr~ 5;04 .

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

25 year

Calculated Flow, Q (cfs) = 1.3

LS\PPLS0902-Bell Send Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCSIPERMANENTq[PPLS0902-Rational Method-Conveyance.xlsm]Swale 10.18



Rational.Equation Stormwater Calculations

Client: PPLO902

Project: POI 11

Prepared by: ATS

Date: 14 Oct 10

',Pennoni'

Print Date: 5 Nov 10 10:37 AM
Project : PPI.0902

Checked by: M. Fenick

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

Description: SWALE 11.1 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group

A.BCD)

Land

Use

Runoff

Land Coefficient,

Slooe C 1,

Area, A

(acres)

A*C
(acres)

. . . . .. . !

Impervious
.. ... ............. .... .... ........... • .e , ! s..................................... ...

Lawn

Cultivated

0.95

o.40

0.25

0.410 .. ..... ... ........ ...... .0 :1..6 4

... ......... ...... ..... .

.......... ...... ....... ... .....

............. ........

... .......... .... .. .......... .

....Total Area, A: .0.410. acres

K Weighted C: . 0.40

Total A *C: 0.164 acres

STEP 2: Calculate Time of Concentration:

Type of Flow Ground Cover

........ .... iiii~~... 2i
-~.. .......-. .

..................... .... .................................. .....
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
Velocity

(fl/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentrated

a.n...... ... . or o e....... .
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

Rainfall intenrsity, ijin/thr): ,5.04

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

25 year

Calculated Flow, Q (cfs) = 0.8

PLS\PPLS002-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT[PPLS0902-Rational Method-Conveyance.xlsmJSwale 11.1



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 12

Prepared by: ATS

Date: 14 Oct 10

/Pennonil

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

I M. Fenick

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

Description: SWALE 12.1 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

Impervious 0.9511 1... .... ............... . m e !2 .......... :... ................. . .............. o : 5 .......... ..... . .

Lawn 0.40

Cultivated 0.25

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

0,870 0.827

3.080 1,232

.................. ..... .............. -1.1- 1--,-

-.-1 .... .. ..... ............ ..... ..... .... ............ .

..... ............ ... ---------- ........

ý ..11-- ...... ----------

TotalI Area, A: 3.950 acresý

Weighted C: 15

Total A * C: 2.0585 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 (fh)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

'Vl1 ..... . .......... ...... . . ... ... ... ... ... . . .- . -

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, f: Overri

Rainfall Intensity for

Storm Recurrence frequency (years): 25 yea

Rainfall intensity, i (irnihr): >5.04.

STEP 4: Calculate Peak Rate of Runoff, Q:

25 yea

Calculated Flow, Q (cfs) 10.4

ide calculation for TO? Yes 0 No Tc =

Use T, = 5.0 minutes

Q=kCiA

5.0

PLS\PPLS0902-Befl Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCStPERMANE NT\qPPLSO902-Rational Method-Conveyance.xlsm]Swale 12.1



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 12

Prepared by: ATS

Date: 14 Oct 10

(Pe-nnoni)

Print Dateý 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

I M. Fenick

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

Description: SWALE 12.2 Structure:
Route:

Station:

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

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

Impervious

Lawn

Cultivaled

Runoff
Land Coefficient,
Slope C

0o95

0.40

0.25

Area, A

(acres)

A*C
(acres)

1,450 0.580

...... ....... -.. ........ ...

1....-...1--- .. .. .. .... ..- ...., 1.11 .... ... .. .

................ ..... .

........ .... ... ......... -1-- -----....-.

'~TotalArea, A:

0.40

Total A ' C: 0.58 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
Velocity

(futs)

Time of
Concentratn

(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

5.0 minutes

v]

-- ..L i

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):

.TE 4 Cacu aitP faI Raiteonofy, i:

STEP 4 - Calculate Peak Rate of Runoff, 0:

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

Use Tý = 5.0 minutes

25 year

5,04.

Q=kCiA

Calculated Flow, Q (cfs) = 2.9

PLS\PPLS0902-Bell Bend Land Devetopment'ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTJ PPLS0902-Rational Method-Conveyancexism)Swale 12,2



Rational Eauation Stormwater Calculations

Client: PPL0902
Project: POI 12

Prepared by: ATS

Date: 14 Oct 10

ýPennoniv

Print Oate: 5 Nov 10 10:37 AM
Project M: PPLO902

=Checked by:
M, Fenick

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

Description: SWALE 12.3 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group
(ABC, D)

Runoff

Land
Use

Land
Slope

Impervious.. .. ...... ... ..... ... ... ........ : e ...P •. ..... ..... ...... ..... ................ ....

Lawn

Cultivated

Coefficient, Area, A
C (acres)

0.95 0.090

.............. ......--..... .................... .. ....... ........... .... - .... ..... ....... .......... ........ ......... . . ..

0.40 1.150

0.25

A*C
(acres)

0.086

0,460

. ....................... .. ....... .........

Total AreaA: 1.240 acres,

Weighted C;,

Total A * C: 0.5455 acres

STEP 2: Calculate Time of Concentration:

Type of Flow I Ground Cover

Flow
Manning's Average Length

n Slope - (ft)

Average
Velocity

(ft/s)

Time of
Concentraln

(min)

Velocity
Calculation

Method

....... . .........

................

. e . .............. ... F.......... ...... ....

.... ..... ............ .......... ....... .. ...... ... .... ........ i~

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

Storm Recurrence frequency (years):

SRainfall intensity, .,:

STEP 4: Calculate Peak Rate of Runoff, Q:

Override calculation for Tc? ® Yes 0 No Tc 5.0

Use Tc 5.0 minutes

25 year

Q=kCiA

25 yee

Calculated Flow, Q (cfs) = 2.7

PLSNPPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTT[PPLS0902-Rational Method-Conveyance.xlswjSwale 12.3



RationaI Equation Stormwater Calculations

Client: PPL0902
Project: POI 12

Prepared by: ATS

Date: 14 Oct 10

RPennoni'

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by: Fenick

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

Description: SWALE 12.4 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group
(A.BC, D)

Land

Use

Runoff

Land Coefficient,

Slope C

Area, A

(acres)

0.240

A*C

(acres)

0.228Impervious 0.95

0.40

0.25

Lawn

Cultivated

1.430
........ .... .... ..................

0.572..... ...... ....... ..... ........ .....

... .. ........ I ....... ....

- ............. ... ........... .................

........... ............... --- l-

Total Area, A:* 1.670 acres

Weighted C: 0.48

Total A * C: 0.8 acres

STEP 2: Calculate Time of Concentration:

Typo of Flow I Ground Cover

....................
f.. ... . ..... ...... .. ........

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

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

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

Flow
Manning's Average Length

n Sloce (fH)

Average
Velocity

fft/s)

Tirneof
Concentraln

(min)

Velocity
Calculation

Method

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

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Storm Recurrence frequency (years):

SRainfal P intensity, i Q(inhi:

STEP 4: Calculate Peak Rate of Runoff, Q:

Override calculation for Tc? yes 0 No Tcr 5.0

Use T. = 5.0 minutes

25 year

Q=kCiA

25 ear

Calculated Flow, Q (cfs) = 4.0
PLS\PPLSOg02-Bell Bend Land Development\ANALYTrCAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rationat Method-Conveyance.xlsm]Swale 12.4



Rational Equation Stormwater Calculations

Client: PPLO902
Project: POI 12

Prepared by: ATS

Date: 14 Oct 10

.Pennoni

Print Date: 5 Nov 10 10:37 AM

Project #: PPL0902Checked by:
M. Fenick

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

Description: SWALE 12.5 Structure: -

Route: -

Station: -

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

Hydrologic

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

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

0 .95 0.270

A*C
(acres)

0._257Impervious

Lawn 0,40 1.980

Stone 0.85

-.....-.-- ...- ..- .. ... ....... .... ... . ..- .... ............. ...................... . .... . .. . .. .. .... ...................... I I... ........... ...... .. .. .......................

0.792................

........ ................

.... ..... .

.......... .

......... ..... .... ... ............. --.-

Total Area, A:- 2.250 acries

Weighlted Q:1 04

Total A * C: 1.0485 acres

STEP 2: Calculate Time of Concentration:

Type of Flow/ Ground Cover

Flow
Manning's Average Length

n Slooe (ftl

Average
Velocity

MfI/s)

Time of
Conce ntratn

(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 'w

Manning's Eq or other

Manning's Eq or other

Mannings Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, 1: Override calculation for Tc? (i

Rainfall Intensity for Use Tc

Storm Recurrence frequency (years): 25 year

Rainfall intensity, i (inihr): 5:04

Yes ONO T

5.0 minutes

C = 5.0

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

25 yea

Calculated Flow, Q (cfs) = 5.3

PLS\PPLS0902-Bell Bend Land DeveloprnentiANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rationat Method-Conveyance.xism]Swale 12.5



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 12

Prepared by: ATS

Date: 14 Oct 10

-Pennonii

Print Date: 5 Nov 10 10:37 AM

Project 1V PPLO902Checked by:

M. Fenick

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

Description: SWALE 12.6 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)

Impervious.. ............. ........ ....................... .. ... r ~ n u _..... .. .........

Lawn

Cultivated

0,95

0.40

0.25

2.160 0.864

.. ... ............... ........ .. ............... ....... ... .

........... .. .......... I ..........

..... .... .... ......... I

.......... ...... . .. ........................ .

Total Areaj A: 2.160 'acres

Weighted C:ý 0.40

Total A *C: 0.864 acres

STEP 2: Calculate Time of Concentration;

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (ft)

Average
Velocity

(f/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.:

i .. .. .............. . . ............ ................. . ;
I Shallow Concentrated j

S. .. ....... .. . .................. ...... .•
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

Storm Recurrence frequency (years):

Rainfall, intensity,of Q:

STEP 4: Calculate Peak Rate of Runoff, Q:

Override calculation for Tc? ® Yes 0 No Tc 5.0

Use T,, 5.0 minutes

25 year

5.04,

Q=kCiA

25 year

Calculated Flow, Q (cfs) = 4.4

PLS\PPLS0902-Bell Bend Land DevelopmentIANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT PPLS0902-Rational Method-Conveyance.xlsm]Swale 12.6



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 12

Prepared by: ATS

Date: 14 Oct 10

.Pennoni'

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

I M. Fenick

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

Description: SWALE 12.7 Structure: -

Route: -

Station: -

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

Hydrologic Runoff
Soil Group , Land Land Coefficient, Area, A

(A,8,C,D) Use Slope C (acres)

Impervious 0.95 1.170

Lawn 0.40 0.540

Cultivated 0.25

A*C
(acres)

1.112

0.216

Total Area, A:'- 1.710 ac~~~;.::.:~

ý Weighte~d G: O.78

Total A * C: 1.3275 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 ...............

Flow
Manning's Average Length

n Slope (ft)

Average
Velocity

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

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, I:

Rainfall Intensity for

Storm Recurrence frequency (years):

Rainfall: i ntensityo, i (inhr):

STEP 4: Calculate Peak Rate of Runoff, 0:

Override calculation for Tc? ® Yes 0 No To =

Use Tc 5.0 minutes

5.0

25 year

Q~kCiA

25 yfta

Calculated Flow, Q (cfs) 6.7

PLS\PPLS0902-Bell Send Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTI4PPLS0902-Rational Method-Conveyance.xlsm]Swale 12.7



Rational Equation Stormwater Ca

Client: PPLO902

Project: POI 12
Prepared by: ATS

Date: 14 Oct 10

Description: SWALE

Iculations
,,Pennoni-

Print Date: 5 Nov 10 10:37 AM

I Checked by: ] Project #:

M. Fenick

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

12.8 Structure: -

Route: -

Station:

PPL0902

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

Hydrologic Runoff
Soil Group Land Land Coefficient,

(A.,BC.D) Use Slope C

Impervious 0.95.......... .... I ...... .. ... I.................. I --. --o.s .. .......... ........ .... ..... ... ....... ............... o ..5 ... .... ..... ......... ....

Lawn 0.40

Cultivated 0.25

Area, A

(acres)

1,410

1.810

A-C

(acres)

1.340

0.724

Total Area,-A:' 3.220,acres

Weighted C:, 0.64

Total A *C: 2.0635 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
Velocity

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

Shallow Concentrated
-'S.]

7.III.L~i]
V

Enter Value Manning's E

Enter Value Manning's E

Enter Value Manning's E-

Calculated Total Time of Concentration, T.: 5.0 minutes

rl or other

q or other

q or other

STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? ® Yes 0 No T

Rainfall Intensity for Use T, 5.0 minutes

Storm Recurrence frequency (years): 25 year

Rainfall Rntensityoff (inh:r) 5.04= i

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

c = 5.0

Calculated Flow, Q (cfs) 10.4

PLS\PPLS0902-Bell Bend Land DevelopmentV.ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLSO902-Rational Method-Conveyance.xlsm)Swale 12.8



Rational Equation Stormwater Calculations

Client: PPLO902

Project: POI 12

Prepared by: ATS

Date: 14 Oct 10

RPennoni"

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by: Fenick

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

Description: SWALE 12.9 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group Land

(AB.C.D) Use

Runoff

Land Coefficient,

Slooe C

Area, A

(acres)

0.100
STEP 1 : Calculate Drainage Area, A and Runoff Coefficient, C:

Impervious
........................... ... ... ...r...• ! u.. . .. .

Lawn

Stone

0.95
...... ..... .. -- --------- --............ .............

.... ............ ...

............ .................
0.40 0.410------------ -- - ...........

---- ----------------- I ...... ........... ..
0.85---- ---------- ---- -------- -------- I..--. ..... .... ................... ... ....... .................... ..........

........ ....... ..... ...... ....... ..... -.- ........ .. - .... ... ....

.................... ... .. .... I ..... ............ . ...... ............ ..... .. -.............. ...... .. ..

---- .. ................. .. .......... .. ...

A*C
(acres)

0,095

0.164

Total Area. A 0• 0510 acies Total A *C: 0.259 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

..... ... ...... ................. . ...... .... ...'

........... ........

---.. ---------. ---.-.-. ---.-.-. -----------.-. --.-. ----------.-. .... ............... .. .•. . ._

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

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

Channel of Pipe Flow ...............

Flow
Manning's Average Length

n Slope (fh)

Average Time of
Velocity Concentratn

(ft/s) . (min)

Velocity
Calculation

Method

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, I:

Rainfall Intensity for

Storm Recurrence frequency (years):

Rainfall i.n• ensity, i (in-hr):

STEP 4: Calculate Peak Rate of Runoff, Q:

Override calculation for Tc? ® Yes 0 No TC 5.0

Use T, 5.0 minutes

25 year

-5. 04:• •••:!,,.,,:;••••i•• i!i•i!!:i -~ ilii•''iii•::i•• •::! ::•••:': :?::

Q=kCiA
25 yea

Calculated Flow, Q (cfs) = 1.3

PLS\PPLS0002-Belt Bend Land DevelopmentANALYTICAL\CALCULATIONSXSWALE CALCS\PERMANENT[PPLS0902-Rational Method-Conveyance.xismISwale 12.9



Rational Equation Stormwaler Calculations

Client: PPLO902

Project: POI 12

Prepared by: ATS

Date: 14 Oct 10

,,Pennoni/

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902

Checked by: M.Fenick

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

Descriplion: SWALE 12.10 Structure:

Route:

Station: -

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

Hydrologic

Soil Group

(AB,C,D)

Land
Use

Runoff
Land Coefficient,
Slope C

Area, A

(acres)

0.120Impervious

Lawn

0.95

0.40

0.85

A*C
(acres)

0.114

0.156

.......................... -.1 11-- .1
....... ........ ....... .. ....... .

Oý390.................. .. .......... ....... .....

-------- -- ...... ...... ------
Stone

Total Area, A_ ~ 0.510 acres

Weighted C: 0.53

Total A * C: 0.27 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slooe (ft)

Average
Velocity

ftusg

Time of
Concentratn

(min)

Velocity
Calculation

Method

-------- ..-- . .. ....... .i

Channel or Pipe Fow .........

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

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

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

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):
:;::,:i•,•iRai lfail:.• ;`:;•• • • •:`f`•••: : Jiin tensit:• J'/••:••,••::.

Override calculation for Tc? ® Yes 0 No Tc 5.0

Use T, 5.0 minutes

25 year

r)=1, r. ;A

C e5( Year
Calculated Flow, Q(cfs) 1.4

LSTPPLS0902-Bell Bend Land DevelopmentkANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTýPPLS0902-RationaI Method-Conveyance.xtsmJSwate 12.10



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POt 12

Prepared by: ATS

Dale: 14 Oct 10

RPennonil

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

I M. Fenick

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

Description: SWALE 12.11 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

Imper•ious 0.95

Area, A A * C

(acres) (acres)

0.180 0.171

0.710 0.284Lawn 0.40

Slone 0.85

.......... .............
---- -------------- -

...... .... I ..........
.......... .... ......... .......... ...........

~Total Area', A: ~0.890 acres

Weighted C. 0.5 1

Total A* C: 0.455 acres

STEP 2.: Calculate Time of Concentration:

Type of Flow/ Ground Cover

... . ..... .... .. . . . . ... .. . .. . . ....... . .. . . . . . . .. . . . - '

i Ivi

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 (ff)

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 yea

>Rainfall initensity,ý i (ini/br): 5.04

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

25 year

Calculated Flow, Q (cfs) = 2.3

LS\PPLS0902-Sell Bend Land Oevelopment\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTIPPLS0902-Rational Method-Conveyance.xlsmiSwale 12.11



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 12

Prepared by: ATS

Date: 14 Oct 10

RPennoni/

Print Date: 5 Nov 10 10:37 AM

Project M: PPLO902

I Checked by:
M. Fenick

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

Description: SWALE 12.12 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

0.95Impervious...... .......... ............. ......... ... !r e i. s ....

Lawn

Stone

Area, A

(acres)

0.530

2740

A*C
(acres)

0,504

0.40

0.85

1.096

ýTotal Area, A: :3.2703 acres

Weighted C: 0.49

Total A* C: 1.5995 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
Velocity

(hf/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

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

"I

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):

STEP 4: Calculate Peak Rate of Runoff, Q:

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

Use T, 5.0 minutes

25 yea

- 5.04 -

Q=kCiA

25 yea

Calculated Flow, Q (cfs) = 8.1

LS\PPLS0902-Bell Bend Land DevelopmenttANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT[PPLS0902-RationaI Method-Conveyance.xlsmlSwale 12.12



Rational Equation Stormwater Calculations

Client: PPLO902

Project: PO112

Prepared by: ATS

Date: 14 Oct 10

:Pennoni;

Print Date: 5 NOV 10 10:37 AM

Project #: PPLO902Checked by:

I M. Fenick

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

Description: SWALE 12.13 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)

Impervious 0.95

Lawn 0

Cultivated 0

.... ..... ........... ... ......... ........... ....... ... ... .. ..... .....

-1-11.1 ------------ - ......... .

............ -.............. ............... ........ ........... .... ..............

.40 1.190--.1--- 1.-..1..1 ------- ......... ........ .............. 1-1- -- .1 - I .................. .. -

......... ....... .............. .. ......... ... ......... .....................
.25 .............. ... --- -------------- -------------------------

---------- ------- ---------------- - 1....------.--...- .... .. ............

......... .. ý --l- I.. -- .-I'll,

...... ------ - ------- ........ ........ .

0.476

K'§Total ~Area, A: .90acres,

~ Weighted C:, 7 0.40

Total A * C: 0.476 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 (ift)

Average Time of
Velocity Concentratn

(ft/s) (rain)

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 other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, I: Override cal

Rainfall Intensity for

Storm Recurrence frequency (years): 25 yea

Rainfall .itensity, i (in/hr): 5.;04

culation for Tc? ® Yes 0 No T

Use T, = 5.0 minutes

c= 5.0

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

25 yea

Calculated Flow, Q (cfs) = 2.4

LS\PPLS0902-Bell Bend Land Oevelopment\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTlPPLS0902-Rational Method-Conveyance.xlsmlSwale 12.13



Rational Equation Stormwater Calculations

Client: PPLO902

Project: PO113

Prepared by: ATS

Date: 14 Oct 10

,Pennoni'

Print Date: 5 Nov 10 10:37 AM

Project N: PPLO902Checked by Fenick

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

Description: SWALE 13.1 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,

Slooe C

Area, A
(acres)

A C
(acres)

Impervious

........ .. ..........

.......... .

.......... I~ ~

Lawn

Cultivated

0.95

0.40 1.310 0,524

0.25

Total Area; A: •-.310 acres,

Weighted, C: , ý ~7 40~

Total A * C: 0.524 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (ft)

Average
Velocity

(ft/s)

Time of
Concentratn

(rain)

Velocity
Calculation

Method

.. ... . .. . .. ... .... ....... .......... .............. .... ........... . .. . _ _ _

. . .. ..... . . .................... ... ........... ................ -__ J

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 Tc = 5.0

Use Tc 5.0 minutes

Storm Recurrence frequency (years): 25 year

Rainfall intensity i (inlhr)-: - 5;,0

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

i 25 year

Calculated Flow, Q (cfs) = 2.6

PLS\PPLS0902-Bell Send Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCSWPERMANENTJ[PPLS0902-Rational Method-Conveyance.xism]Swafe 13.1



Rational Equation Stormwater Calculations

Client: PPL0902
Project: POI 13

Prepared by: ATS

Date: 14 Oct 10

,Pennoni"

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

I M. Fenick

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

Description: SWALE 13.2 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)

Impervious

Lawn

Cultivated

0.95

0.40 2.35

0.25

..... -------- -------

.............. .. .... .........
0 0.940... .... .............

........ ......

....... ...... .... .. ........................ .....

.............. .... .................... -------------

---------- --------

............. ...........

- Total'Area, k 2,350 acres

&weigkqo: 0.40,

Total A * C: 0.94 acres

STEP 2: Calculate Time of Concentration:

Type of Flow I Ground Cover

Flow
Manning's Average Length

n Slopse Uft)

Average
Velocity

(IfNS)

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,:

--..... .. -........................... 3 .

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, h: Override calculatic

Rainfall Intensity for

Storm Recurrence frequency (years): 25 yea

Ra:infallj intenst y;i (iril-r: 5. 04••: 5.04

In for To? ®Yes O No Tc= 5.0

Use T, = 5.0 minutes

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

25 year

Calculated Flow, Q (cfs) = 4.7

PLS\PPLS0902-Bell Send Land Developnient\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTMPPLS0902-Rational Method-Conveyance.xtsm]Swale 13.2



Rational Equation Stormwater Calculations

Client: PPLOS02

Project: POI 13

Prepared by: ATS

Date: 14 Oct 10

/Pennonl/

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

I M. Fenick

Governing Equation: Q = k C i A (wterwe•, 1(of •eoraish ,nits)

Description: SWALE 13.3 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

A.rea, A
acres)

0.510

A*C

(acres)

0.485Imperviou

Lawn

Cultivated

S 0.95........ -- .... .................... ........... ...... .....

.. ............ .. ................. ........ ......... .... ..... ...... ........ ....

..... .... ... ...... ... .......... .............. ...... -
0.40.... ....... ...... ................ .. .. .... ......... ... ........... .....................

.......... ................ . - ....................... ............ ........
0.25........... ........ ... ......... .................. ...... ................... ........ ........

.......... I..".. ........ 11-1-1-11 ....... ..... - .- - -.- ......... ...... ....

............ ... -. 1- ................ .......... .... .. ....................

..... ........... - ......... ........... ........ ........ -.- -... ... ....................

1.980 0.792

..........................

Total Area, A:,, 2,490 acres

'Weighted C, '0.51

Total A* C: 1.2765 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (ft)

Average 1,ime of
Velocity Concentratn
- (ft/s) (min)

Velocity
Calculation

Method

.. .... .... .... ...... ... ......... ...... .......... ..... .;........................................... ......... .......... .... ............. .=
.. ... ... ... ..... ................ ... .... . ................. ..... L _ _
Channel or Pipe Flow ...............

Channel or Pipe Flow ...............
Char~nel or Pipe F-low ...............

Shallow Concentrated
'I.]

vj

VI

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

Manning's Eq or other

Mannming'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? y Yes 0 NO Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

Rainfall intensity, i (inthr): .~04i<.V

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

Calculated Flow, Q (cfs) = 6.4

PLS\PPLS0g02-Sell Bend Land Oevelopment\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTMPPLS0902-Rational Method.Conveyance.xlsm]Swale 13.3



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 13

Prepared by: ATS

Date: 14 Oct 10

'Pennoni/

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

M. Fenick

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

Description: SWALE 13.4 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group

(A,B,C,D)

Runoff
Land Land Coefficient,
Use Slope C

Area, A

(acres)

0.190
0.95

.impervious................. .............. ! p . ....

Lawn

. ........................... .....C . ....

0.95

- -1 -7 - *-"*'* ..........

............. .. .... . .................. ................ ............. -- ------------ -

0.40 1.450.. .... ............. ........... ..... ..... .... ....................... .

................ I ...... ........ ------- ................... .... ......... .. .. .............. ..........
0.25---- ------------ .............. ................... .... ............

---------- ........

....... ----------

.......... -------

A*C
(acres)

0.181

0.580

.To talArea, A: 1 0L64Oa C '

Weighted C: 0.46:

Total A * C: 0.7605 acres

STEP 2: Calculate Time of Concentration:

Type of Flow/ Ground Cover

Flow
Manning's Average Length

n Slope (ft)

Average
Velocity

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

! . . .... . .. ..... ......................... .. . . . ... . .. ..... ............ ................. ....... -

S....... ... ... .. . ...... ... . ... .. . . .. . ... .. .. . .... ... .... . . .. . . . . . ..... ..- . _

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 of other

Manning's Eq os other

5'.0 minutes

STEP 3; Calculate Rainfall Intensity, I:

Rainfall Intensity for

Storm Recurrence frequency (years):

Rinfll ines~ity, i (in/hr);

Override calculation for Tc? ® Yes 0 No Tc 5.0

Use T, 5.0 minutes

25 year

5.04

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

25 year

Calculated Flow, Q (cfs) 3.8

PLS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT'[PPLS0902-Rational Method-Conveyance.xlsm]Swale 13.4



Rational Equation Stormwater Calcullations

Client: PPLO902

Project: POI 16

Prepared by: ATS

Date: 14 Oct 10

RPennoni'

Print Date: 5 Nov 10 10:37 AM

Project M: PPL0902[Checked by:

r ~M. Fentick l
Governing Equation: Q = k C i A (where k = 1 for english units)

Description: SWALE 16.1 Structure: -

Route:

Station:

STE : Calculate Drainage Area, A and Runoff Coefficient, C:

Hydrologic

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

Land

Slope

Runoff

Coefficient. Area, A
C (acres)

0.95 0.230Impervious

Lawn

Stone

A*C
(acres)

0.219

0.3400.40 0.850

0.85

*Total Area, A: 1.80acres.

weighted C:~ 0.52

Total A * C: 0.5585 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
Velocity

(fts)

Time of
Concentraln

(min)

Velocity
Calculation

Method

Shallow Concentrated
r ............... ... ................... ....... 11- ...... ....... .

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,;

Marning. 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_yer.

Rainfall intlensity, i (in/hr):.. 5.0.4<.,

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

25yea

Calculated Flow, Q (cfs) = 2.8

PLS\PPLS0902-Bell Bend Land Development'ANALYTICAL\CALCULATIONS\SWALE CALCS1PERMANENT\[PPLS0902-Rational Method-Conveyance.xlsmlSwale 16.1



Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 16

Prepared by: ATS

Date: 14 Oct 10

/Pennoni'

Print Date: 5 Nov 10 10:37 AM

Project #: PPL0902Checked by:

M. Fenick

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

Description: SWALE 16 2 Structure: -

Route: -

Station: -

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

Hydrologic Runoff
Soil Group Land Land Coefficient,

(A,B,C.OD) Use Slope C

Impervious 0.95

Lawn

Cultivated

0.40

0.25

Area, A

(acres)

0.330

... ............ .......

0.890

A-C

(acres)

0.314

0.356

..................... ......

1--1-- -------------

-------------- ------- --------

Total Are, A! 1.220 acres

'V Wcightud C. 0,55

Total A * C: 0.6695 acres

STEP 2: Calculate Time of Concentration:

Type of Flow I Ground Cover

Flow Average Time of
Manning's Average Length Velocity Concentratn

n Slope (ft) (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,:

.. ............... • [ ..... 1-- -- --- ....
..... ... .... ...... .. ...................Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

vi

V.'

V

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Storm Recurrence frequency (years):

Rainfallk intensity, :(inthr)

STEP 4: Calculate Peak Rate of Runoff, Q:

Override calculation for Tc? ® Yes C) No Tc = 5.0

Use T, 5.0 minutes

25 year

5.04

Q=kCiA

25 year

Calculated Flow, Q (cfs) 3.4

PLS\PPLSO902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTJ PPLS0902-Rational Method-Conveyance.xlsm)Swale 16.2
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Rational Equation Stormwater Calculations

Client: PPL0902

Project: POI 18

Prepared by: ATS

Date: 14 Oct 10

RPennonil

Print Date: 5 Nov 10 10:37 AM

Project 0: PPLO902Checked by:

M. Fenick

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

Description: SWALE 18.1 Structure: -

Route: -

Station:

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

Hydrologic

Soil Group

(A.BC.O)
Land

Use

Runoff
Land Coefficient,

Slope C

Area. A

(acres)

1.020Impervious 0.95

A*C
(acres)

0 969

2.732Lawn 0.40

Cultivated 0.25

6.830

~Total Area, A: K7.850,acres j

Weighted C: 0.47

Total A* C: 3.701 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
Velocity

(ills)

Time of
Concentraln

(rnin)

Velocity

Calculation
Method

Shallow Concentrated .Ij
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

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

.5 ea4r
'5104 .,iii:i~i~!i i!ii:ii;iii ii~

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

25 year

Calculated Flow, Q (cfs) = 18.7

PLS\PPLS0902-Bell Bend Land DevelopmentýANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT4PPLS0902-RationaI Method-Conveyance.xlsm]Swale 18.1



Rational Equation Stormwater Calculations

Client: PPL0902
Project: PO118

Prepared by: ATS

Date: 14 Oct 10

, ..- o....... .... . ,

,Pennoni'

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by:

I M. Fenick

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

Description: SWALE 18.2 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

Area, A
(acres)

A*C
(acres)

Impervious 0.95

Lawn 0.40 6.080

Cultivated 0.25

... ....... ........... ---- .. ..............

........... ......... ........... .. . .................... .......
2.432

--- -------

............ ........ ..

........ ... . ...........

Total Area, A: ''6.080 acres

Weighted1 C: ~0:.40
Total A* C: 2.432 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (ft)

Average
Velocity

(ft/s)

Time of
Concentraln

(min)

Velocity
Calculation

Method

............... .....

................ ....
------ --- --

Channel or Pipe Ftow.

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

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

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

i ..... . .......... .... .. . .
Shallow Concentrated7 -]

....... ...................
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

Storm Recurrence frequency (years):

S C Rainfall intensity, iQ(ir):

STEP 4: Calculate Peak Rate of Runoff, Q:

Override calculation for Tc? ® Yes 0 No Tc 5.0

Use T, = 5.0 minutes

25 year

Q=kCiA

Calculated Flow, Q (cfs) = 12.3

PLS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTMPPLS0902-Rational Method-Conveyance.xlsm]Swale 18.2



Rational Equation Stormwater Calculations
RPennoni,''. .... . .... •. ...... 1

Client: PPL0902
Project: POI 20

Prepared by: ATS

Date: 14 Oct 10
Checked by:

M. Fenick

Print Date:

Project ti:

5 Nov 10 10:37 AM

PPLO902

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

Description: SWALE 20.1 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)

0.650

A*C
(acres)

0,618Impervious 0.95

Lawn

Cultivated

0.40

0.25

1.680 0.672

Total Area, A: 2.330'a'cres

Weighted C: - 0.55

Total A * C: 1.2895 acres

STEP 2; Calculate Time of Concentration:

Type of Flow I Ground Cover

S... ... . . .................. .... ....... .......... .... .............. ... .. ................... ... . ..L .

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

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

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

Flow
Manning's Average Length

n Slooe (ft)

Average
Velocity

(Ifts)

Time of
Concentratn

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

.-. .......... .. .................

I Shallow Conicentrated

... .................... ...... ................. ......... . . ..- ]

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

6.0 minutes

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):

STEP 4: Calculate Peak Rate of Runoff, Q:

Override calculation for Tc? yes 0 No Tc = 5.0

Use T, 5.0 minutes

Q=kCiA

25 year

Calculated Flow, Q (cfs) = 6.5

PLS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENT\[PPLS0902-Rational Method-Conveyance.xlsm)Swale 20.1



Rational Equation Stormwater Calculations

Client: PPL0902
Project: POI 20

Prepared by: ATS

Date: 14 Oct 10

',Pennoni"

Print Date: 5 Nov 10 10:37 AM

Project #: PPLO902Checked by: Fenic

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

Description: SWALE 20.2 Structure:

Route: -

Station:, -

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

Hydrologic

Soil Group

(AB.C,D)

In

Runoff
Land Land Coefficient,
Use Slope C

npervious 0.95

Lawn 0.40

ullivated 0 25

Area, A
(acres)

0.090

6.160

A*C
(acres)

0.086

2.464

C

...........

Total Area, A: 6.250 acre~

We~tdC: 0.041

Total A * C: 2.5495 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slope (f0)

Average Time of
Velocity Concentratn

(f/s) (min)

Velocity
Calculation

Method

......... ... .... .. ......

... ..............

.... .... . ................. ... ... ............. .... .... -•

. ... ... . . . .. . ....... .............. ... - .......... . ................ - -

. . . .......... - 1 . .......... . ..... _.

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

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

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

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

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Storm Recurrence frequency (years):

TE4Cacu ateeakRateoRnof, I(inhr)

STEP 4: Calculate Peak Rate of Runoff, Q:

Override calculation for Tc? ® Yes 0 No Tc 5.0

Use Tc = 5.0 minutes

25 yea

Q=kCiA
25 year

Calculated Flow, Q (cfs) = 12.8

PLS\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\PERMANENTI[PPLS0902-Rational Method-Conveyance.xlsm)Swale 20.2



-. I1O/25/2010.h1:5SAMJC0MPUTED BY: OMP
JNorthAmericanr Geen -.ECMDS Version 4.3
IPROJECT NAME: ..LS 0802 .........
iFROM S.AOTTNINREACH .... tm O NMEACH:

HYDRAULIC RESULTS
Discharge Peak Flow Velocity [fps) Area [sq.fl] Hydraulic Normal

(cis) Period [hid Radiusilt) Depth [It)
1.4 24.0 1.33 1 1.05 0.28 0,38

"J NO•.:Iv5--MICOMpUTEtBY GMP1

]DRAINAGE AREA: -r[DESUNFI REQUENCY:

2.0 WidtI 2.00 ft 2.0

LINER RESULTS ,.,o, ,U ....

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 S75 Unvegetated 1.55 0.31 5.02 STABLE
StapleD ....



North -fi~can Green: EDNOS Version 4,3. -710/210 Fl12:00N.eCOMPUTCD.BY: GMP_ _______

1PR0JECT NAME:. PPLS 0902. . PRGJECTNO.:-....$wle 1.2 _____________

jFR M STATION/REAC -, . , TOSTATIQN/REACH: OINEAE:IDSNFRUNs:
HYDRAULIC RESULTS

Discharge Peak Flow Velocity (fps.] Area (sq.ft) Hydraulic Normal
fcfs) Period [hTrS] Radius[fll Depth (fl)
M1,4 24.0 1.33 1,05 0.28 0.3B

2.0_ Widt 2Bottom 20_2.0 '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 Clas Type Density Shear Stress Shear Stress
[psf) [psI]

Straight S75 U.nvegelated 1.55 0.31 5.02 STABLE
,_ _ Staple 0 .1 1 ...



Nith Amorican.feen - ECMDS Version 4.3 _ _'h/5201t0i21 t PMICOMPUT.ED BY: GMP
P_ 4.C.T..NA E: .P.PLS. D .. ... " ' .. . ' OJECT. NO.: Swale 1.3 ...... !
(FROM STATION/REACH.: .. TO -STATIN/REACH: IAAINAUE AREAT DEMS I GNF FE*UWENMY-:
HYDRAULIC RESULTS

Di5chatgel Peak Flow Velocity (fpt Area [-q.ft) Hydraulic Normal
[cfs] I Period (hrs) RadiusiftI Depth (fIt
4.1 24.0 2107 1.98 0.42 161

2.0 W 2.00fBottom .02.0 W.',idth 2.0 IO t 2.0

Not to Scale
LINER RESULTS

M atting Type Vegetation Characteristics
Reach Stability Analysis V Permissible Calculated Safety Factor Remarks

Staple Pattern Pate ass Type Density Sheaf Stress Shear Stress

Straight 575 Unvegelaled 1.55 0.65 2.3B STABLE

Staple D



jNoih American 13repn - ECMD.S Version 4.3
,PROJECT NAME: PPLS 0•0.2
!FROM STATION/REACH: TO STATION

HYDRAULI C RESULTS

Discharge Peak Flow Velocity (Fps) Area [sq. It
(cfsj Period fhrfs
1.3 24.0 1.30 1.00

J1 0/25/201Q i. .202 Pt CO!4PUTED BY: GMP
'PROJECTNO,: Swale.2.1
.]DRAINAG3E AREA: [D-ESIGN F/R EACH:

Hydraulic Normal
Radius It} ,Dep Ih fit

0.274 0.3t7

REQUENCY:

Lh_ "" Bottom / 1
2.0 Width=2.ooft 2.0

Not to ScaleLINER RESULTS



Noýrth Armsican Geen -EC[MDS Version 4.3 .]1?0/25?201t ,f'iZO3-PircOMPU TED BY: GMP
]P.ROJECTNAME: PPLS 0902,. __ ".PROJECT NO.: Swale 2.2 ............
FFRM S -ATI. N/EA H; 5 T N/ / REA5H7 IDRAINAGE AREA: . ". E£SGNFREf•UENCY:

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

tcfs) Period (hrs) Radius[ftj Depth fit)
1.1 24.0 1.13 0.97 9.27 [ 0.US

-d I I - ----

S75 fn=O.055•

L /Bottom
2.0 Width = 2.00 It 2.0

LINER RESULTS Not to Scale

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

Slaple Pattern Phase CtasP Type Density Shear Stress Sheaf Stress
[psl) (psf)

Straight S75 Unvegetated 1.55 0.22 6.93 STABLE

I Staple D I _ I I I



INOrth American.Q!Eeeni -ECMrDS Version 4-.3 -110/25/2010 .!i 2:04 FM IC~tPUTED BY:. GMP.
IPROJECT NAME: PPLS 0902....JREC NOSwale 3.1 _____________

.FO STT - .-EA - - irOTATIONIREACH: JDRAINAGE AREA: IEINFRQEC'
HYDRAULIC RESULTS

Discharge Peak Flow V'elocity (fps) Area [sqft Hydrauric INrma)
....[ Period his) ...... Radius(it} Depth IN

W, 24.0 1.83 2.94 0.45 0.57

2.0 Width = 4.00 It 2.0

LINER RESULTS Not to Scale

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

Staple Patterin Phase Class TypelDensity Shear Stess Shear Stress
[psI] [psf _

Straight . 75 Urrvegetated f 1.55 0.36 4.34 STABLE

______ Staple D I____ I__________I_____ ____ __________



Notth Ametican Green - ECMDS Version 4.3 :10/25/2010 1F 2.05'PFMFCQ.MPLJTED BY: GMP
.PROJECTNAME: PPLS.0902 T T IPROJECT 1O.:• Swale 3.2

jFQ VTATION/REACH: ýTO STATION/REACH: ýDflANAGE AREA-. DESIGN FREQ~UENCY:
HYDRAULIC RESULTS

(ocs] Period Ihis) Radius ft) Depth (It]

2.5 24.0 1.46 1.71 0.38 0.55

S W 2.001ottom 2.020 Width = 2.00 ft 2.0

LINER RESULTS Not to Scale

M,,atting Type Vegetation Chatactedistic-TReach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Plage Class Type Density Sheer Stress. Shear Stress
[pst] (psi]

Straight. S75 Unvegetated 1.55 0.34 4.50 STABLE

Staple D I 
I I



INojh Americarr Green- EDMDS Version 4.3 .. ii25,210l0 PicMPTED. BY: .GMP
PPR0JECT.NAME: PPLS. 0902 IPROJECT RD.: Swale 3.3 .

AFROM.STAION/REACH: .S. 'TOSTATION/ EACH: ...... DRAINAGE AREA " DE"S "FREUEN:

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fPs) Area (sq.ftI Hydraulic Normal

.[cfs,) Pe~liod.1fs) I adiusl[I'.. Depth (it)
8.6 24.0 2.95 2.92 0.45 0.57

1L " -ott0-om-'/ 1
2.0 Width = 4.00 ft 2,0

Not to Scale
LINER RESULTS

M alting Type iVegetation Characterictics

Reach Stability Analysis Petmissible Calculated Safety Factor RemaiksStaple Pattern Phase Class Type Density ShearStress Shear Stress

(psfl [psi}

Straight 575 Unvegetated 1.55 1.17 1,33 STABLE

.. . .. Staple D I I I I



iNoithAmedicanGreen.* .ECG DS Version, ,3 ......." . .. . . .. '7/N jC MPUTED BY: GMvp.
PFROJECTNAME:R.[E.U•2t : ale 3.4$'

1PROJECT ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~POJC NANO.:002..________________________
~FOMSTT1N/lECH iO TAIO4IACH: !D-RAINAGE AREA: 0DSG FRUN CY:

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

(c03 Period thrs) RadiusItj Depth (ft)
0.6 24.0 3.27 2.93 0.49 0.67

$75 [n41.0.51 1

Bottom --
2.0 Width = 3.00 tI 2.0

Not to Scale
LINER RESULTS

Matting Type Vegetation Charauteiistics
R each Stability Analysis Permissible Calculated Safety Factor Remarks

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

Straight S75 Unvegetaled - 1.55 1.39 1.12 STABLE

Staple D



INolh , Aerica. Green - ECMDS Version 4.3 .. F10-/25/2010 .112:0PMcOMPUTED BY: GMP ,..
IPROJECT NAME: PPLS,,B02 ......_ROJECT NO.: Swale 3.5....
FROM STATION/REACH:. ITO STATION/REACH: JDRAINAGE AREA: IDESION FREQUENCY:
HYDRAULIC RESULTS

Discharge Peak Flow Velocity [fpsl Area (Sq.t Hydraulic Normal
DchSr I Period (hris) I Radius(ftl Depth [8)
4.3 24.0 1.78 2.42 0.49 0.88

2L i dBottoh ` " ._22.0 Width = 1.00 ft 2.0

Not to ScaleLINER RESULTS

Matting Type Vegetation Characteristics .
Reach Stabirily Analysis Permissible Calculaled Safety Factor Remarks

Staple Pattern P Class Type Density Shear Stress Shear Stress

I I (psI) fps()
Straight S75 Unvegelated . J 1.55 0.44 3.54 STABLE

Staple D I I I I



Nurlh American Green.:. E.CMDS Version 4.3 '.I10/25/2010.1-2:OB PM COMPUTED BY: GMP.
R0JEC .NAME:. PPLS 0902 .... . IPROJECT.ND.: Swale 3.6. ...

FFRQM.9STATION/REACH: .. TO STATION/REACH: .1DRAINAGE AREA: qorESIOG. FREQUEN:•Y:
HYDRAULIC RESULTS

Discharge Peak Flow Velocity [fps) Area (sq.fl] Hydiaur~c I Normal
Icfs) I Period jh.s) Radius(t)I Depth (It.
3.8 24.0 1.52 2.50 .49 0.72

S75 [n=O. 050)

2.0 Width = 2.00 ft 2.0

LINER RESiULTS Not to Scale

Matting Type Vegetation CharacteristicsReach Stability Analysis Permissible Calculated S afet~y Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Sheaf stress
I I(psi) [psfI

Straight S75 Unvegetated 1.55 0.32 4.90 STABLE

Staple D I I I I _



jNorth AmErjeian[ lien- ECMDS Veision.4.3 ... ........ 2 j 12:0f`PMjCIMFUTED B: G P .I
IPROJECT NAME: .PPLS 0902 . I........PROJECT NO.: Swale 3.7
IFR0M STATION/REACH: .. rT .STATION/REACH: IDFRIAINAGE AREA: JDESItNFRE-uENCrf:

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

[cIs) Period [hrs) Radius(ft) Depth (ft)
13.5 24.0 1.33 2.64 0".49 0,75

S75 (n=0.049]

S =0.0050

Bottom

2.0 Width = 2.00 It 2.0

Not to ScaleLINER RESULTS

Malting Type Vegetation Characteristics
Reach Stability Analysis Permissible Caiculated Safety Factor Remarks

Staple Pattern Phase Clans Type Density Shear Stress Shear Stess
[psfl (psO]

Straight $75 Unvegetated 1.55 D023 6.6D STABLE

Staple D _ I I I _



FNorlh-Ameiican Glean -ECMDS Version 4.3 11012__2010 J-01PMrC5MPLUTKD6Y: SMP
iPRQJECT NAME:; PFPLS 09D)2 ___ fRJTN.:Sae3.8

!FRUM SATON/EACH ITO STA-N/A EACH:. FORAIN.AGE AREA: IE~NFEUNY
HYDRAULIC RESULTS

Discharge I Peak Flow IVelocity [fps) Area [sq.f1 I Hydraulic Normal
[cifs Period (hrs) Radius(t] f Depth D 1h

j12.1 24.10 2.08 5,83 0.73 1.11

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'-Cass Type Density Shear Stress Shear Stress
(psi) [psf]

Straight S75 Unvegetated 1.55 0.35 4.46 STABLE

_ Slaple D_ III



JNoilh.American Green ,ECMDS Version 4.3 -. TU21025/2o01Oi2:T PMIICOMPUTED1BY: GtAP
1PROJEC.T.N4MEt PPSQ02 P -ROJEflI NO.: Sw~ale 4.1.
!FROM STATION/REACH. -. TO STAT.ION/R1EAD-: IDANG AREEA:I

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

icfsc Period v jl•is) .. ra.tRadius(fti j Depth Iftl
1- 24.0 2.21 3.17 0.54 0.85

S1Bottom
2.0 Width = 2.0 it 2.0

LINER RESULTS Not to Scale

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

Staple Pattern Phae Class Type Density Shear Stress Shear Stress
fps,) (psi)

Straight 575 Unvegetated 1.55 0.59 2.64 STABLE

Staple D .......... I..



!NorthAeican Greer ECMDS Version 4.3 _ __ __10/25/2I1" 112SP IICIJMPUTED BY: (3MP
I ]OJEC.T .NAME:. PPLS 0902 .IPROJECT D: Svale 4.2 F.

,FROM STATIU-R EACH: ..... ITO STATION/REACI: - IDF AINASEAiA. iDESJ1 F.lEDLIENr:
HYDRAULIC RESULTS

Discharge I Peak Flow lVelocity (Ips3 Area [sq.flt) Hydraulic Normal
(c is ) I P eriod h rs R la dius fft. D epth it.
4.1_ L_ 24.0 1.73 2,.37 0,43 j .57

LINER RESULTS
Not to Scale

Matting Type Vegetation CharacteristicsReach Stability Analysis Permissible Calculated Safety Factor Remailks

Staple Pattern Phae Class Type Density Shear Stress Shear Stress
[psf) fpst]

Straight 975 Unvegetaled 1.55 0.43 3.62 STABLE

StapleD ... .



North American Gieen. ECMDSYersmon4.3 .iJh25/2010 1 i CIMOMPUTED BY: GMP .......
P.OJ CT. NAME: PPLS 0902 PROJECT NO.: Swale 4.3

iFROM, STATION/Rf"EACH: I' T -STATION/REACH: 4 (DRAINAGE AREA: . . ESIGN FREDUEN-Y:

HYDRAULIC RESULTS
Discharge Peak Flow Velocity Irps][ Area fsqlt} Hydraulic Normalfs[,),I Period,(hi) I RadiustiI Depth [It)

0.8 24.0 1.36 0.59 0.23 0.35

IL ` -Bottom ` I
2.0 Width = 1.00 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
P I f___ _ (psf_

Straight S75 Unvegetated 1.55 0.39 3.9B STABLE

Staple D

j



PorthAm-erican Green -ECMDS Vermioti4.3 I.10/25/2,01.0.F2-T6PMICOMPUTED BY: GMP
1PROJE CT NAME: PPLS 0902 ] PROJECT NO.: Swale 4.4___________
JFROPMSTATIONjREACH:. -ITO STATION/REACH. )DRAINAGEEAREA: IDESIGN FREQU~ENCY:

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

[cis) Period (hrs1 .Radius[fl] Depth [it)
0.6 24.0 1.31 0.46 0.20 0.29

Bottom
2.0 Width = 1.00 it 2.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stressf[psO _ PS__

Straight 575 Unvegetated 1.55 0.36 4.27 STABLE

Staple D I I I



F'orth American Green - ECMDS Version 4,3 ____/201_0 _ _1B_ _CMPUTIED BY: GMP...
IP9OJECT NAME. P.L$ D902 j.PR JECTNO.:,Swale.4,5 .... . .... R.... . ...
JFROM STATION.REACH: ITO STATION/REACH: :. DAINAGE AREA: IDESIGN FREQUENCY.

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

lofs) Period [his) I Radius(ft) Depth (ft)
1.1 24.0 1.65 0.59 0.23 0.35

L. ` dh =.2ottom.
2.0 Width = 1. 00 fl: 2.0

Not to ScaleLINER RESULTS

Matting Type Vegetation Characteri~sticsReach Stability Analysis , Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Iype Density Shear Stress Shear Stress
(psto lpsfj

Straight S75 Unvegetated 1.55 0.72 2.15 STABLE

Staple D



~Nar~hAmrE!ica~n Geen.:xECM'S Version 4.3..,,. 05______ Th210 1112:1913MICMPEUTED BY: 8,P.
~PROJECT NAME: PPLS 0902 . . JEC NO.: Swale 4.6
1FR0M STAT-ION/RE.ACH1: . ITO STATION/REACH: . .. jOAINASE AREA: -. OtESI6pNFREQUNC':.

I-_YQRAULIC. RESULTS
D~isch~aigieý -Peak Flow jVelocity (fpsi Area ( Hydraulic Noimal

(cfs Period (his]) i Radius(fl, Depth [[I)
0 24,0 1.73 4.05 0.59 B0.8

L ottom
2.0 Width = 3.00 It 2.0

Not to ScaleLINER RESULTS

Matting Tiype '•Vsgetakon Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Cl Type" Density Shear Stress Shear Stress

Straight S75 Unvegetated 1.55 0.32 4.83 STABLE

Staple D _ I



iNolthAmedcan Green.- ECLDS Version 4.3
IPROJECT.NAME: ,PPLS.9902
IFROM STATION/REACH: IT-0O STATION

HYDRAULIC RESULTS
Discharge Peak Flow Veociy [fps] Area [sqlf)

cfs I Period: hrs
ý.2 24.0 1,91 2.72

..... 10125/210 11220 PMICOMPUTED BY;: MP
.FpJROEjCT NO.: Swale 4.7
IORAINAGE AREA: 'IDESIGN F/REACH: RE QUEN-Y:

........ I S75 fn=41049]
Hydraulic
Radius(ft

0.50 INormal
Depth IftN

0.77 I
Boitom2.0 Width = 2.00 ft 2.0

Not to ScaleLINER RESULTS



[iitthAmerican reen - ECMDS Version 4.3 IC5/201 MPUTED BY: 1MP
]PROJECT NAME: PPLS 0902 *I.PR4JECT ND.: S60ae 4.

FRDMSTAiONREAH:. ITO STATION/REACH: .DANG .REA ........ -R-E
HYDRAULIC RESULTS[ Discharge Peak Flow Iveloci fps]l ,Aea [(q.lt) Hydraulic Normal

[cls) I Period Ihts I Radiusift) I Depth [It]
1.7 24 70 1a 0 0.839I -___L I 3. I _ l °• ..

2.B Width - 2.00 it 2.0

LINER RESUL-TS Not in Scale

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

Staple Pattern Pase Ca Type Denit_ Shear Stress Shear Stress
Ipst) (psI]

Straight S75 Unvegetated 'j1,55 0.33 4.16 STABLE
StapleD I



iNofthAnetican Green - ECMDS Version 4.3 F1-0/25/2010 F1 2:22 PM ICOMPUTEP BY;. GMP
PPROJECT NME:_PPlLS 002 _ SAIJRA H NO.: Swale 4.9 ... . ....... RE... . .. .

JF.ROM STAT 0-WREAC.I ITO STATIONRAACHH: TDRAMNAGE AREA: IDESIGN FREQUENCY:
HYDRAULIC RESULTS

Discharge Peak Flow fVelocity (lps) Area [sq.t) Hydraulic I Normal
[CS)] Period [his] I 'I Re.diusfi] IDepth [ft]
2.7 24.0 '1.50 1.80 0.39 0.57

2.0 Width = 2.00 ft 2.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Denty Shear Stress Shear Stress

~~~jjs~jP~en~tY [psi] (pslJ ________ _______
Straight S75 Unvegetated 1.55 0.36 4.34 STABLE

Staple b I



!North American Green- ECMDS Version 4.3 ..... !1.4!5ýI2222PM ICOMPUTED BY: GMP
PROJECTNAME• : PPLS 002 .02 PROJECT.NO.: Swale 5.1 ...... ... ...

IFROMSTATION/REACH- )To STATiON/REACH: IDRAINAGE AREA: !RDESIN FREQUENCY:
HYDRAULIC RESULTS

Discharge Peak Flow Velocity (fps) Area [sq.1t] Hydraulic Normal
cfs) Period hrs Radius ft) Depth (11)

0.5 24.0 1,44 2.44 0.43 0.58

1L Bottom
2.0 Width = 3.00 tt 2.0

LINER RESULTS Not to Scale

Matting Type Vegetation CharacteristicsJ
Reach Stability Analysis V Permissible Calculated Safety Factor Remarks

Slpl ai mPhase Class -1Type [) ,nsfly Shear Stress Shear Stress
(psi) fpsl]

Straight 575 Unvegelated 1.55 . 0.29 5.31 STABLE

SStaple D



North American Green . ECMDS Version 4.3 F10/25/2010112:23 P1MTCOMPUTED BY: GMP
IPROJECTNAME:. PPLS 0902 a.... . POJECT N O: Swele 5 ....2 . .. .... .... .. .

'R'...S TA5O.N/REACH: . TO STAT ON/R EACH: IDRAINAGE AREA:. . IDESIGN FREQUENCY:
HYDRAULIC RESULTS

Discharge Peak Flow Velocity [fps) Area (sq.1t) Hydraulic Normal
(csl I Period (hrs) . Radius[fl) Depth lit]
W21 24.0 3.37 7.75 0.BS . 1.36

Not to ScaleLINER RESULTS

Matting Type Vegelation Characterislicf.Reach Stabilityu Analysis Permissible Calculated Safety Factor RemarksStaple Pattern Phase Class Type Density ShearStress Shear Stress

(psi) (psf)
Straight S75 Unvegetated i 1.55 0.68 2.29 STABLE

Staple D _ _ _



~North American Gree~n.- EChjQS Version 4.3 F2 -h2521f.24PMVIcoMPUTED BY: GMP
1PROJECT NAME: PPLS 0202 9 vJ E CT5.3.: 5 wale 5
JFROM S TAIT113NfREACT: SThAfTIflN/EACH: [0RAINAI3E AREA: DESIGN FREQ~UENCY:

HYDRAULIC RESULTS

Dischage PeakFlow Velocity(fP ,ea [ Hydraulic ' Normal
Dcis} Pe[iodbs ,,F Radius[lti Depth (It)
1.7 24.0 1.57 1.0B 0.32 0.53

S75 I•n=0.054)

2h= 0.015.3

tL Bottom

2.0 Width = 1.00 It 2.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type Densilj Shea( Stress Shear Stress
I I (ps) (pt0)

Straight 675 Unvegetated 1.55 0.49 3.14 STABLE

Staple D



•Norlh Arerican Green-.EDLMDS Version 4.3 ... 5,OI•"25F =OMPUTED BY: .- mP .
1PR0JECT NAME: PPLS 0202 " .... FJPROJECT NO.: Swale 6.1 ... ..........

FROM SATIONREACH . iT STATION/H EACH: ADR INAGE AREA: .~ EINFEUNY
HYDRAULIC RESULTS

Discharge PeakiFlow fVefocity [fps) Area[sq.ft) Hydr[tlic Normal
fcfsl Period (hrsl RadiusIt] Depth It)
[1.0 24.0 1.17 0.86 0.28 0.45

Not to ScaleLINER RESULTS

M4alting Type Vegetation Characteris'tics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern hase Clas~s Ty.pe "Oe'twity, Shear Sliess Shear Stre~ss

Straight 575 Unvegetaled 1.55 0.28 5.51 STABLE

Staple D P I S



WNrth -American Green ECMDS Version 4.3 ............ H 0/25/2010 Ii 2:25 PM COMPUTED BY..GMP . .. .....
.PRJECT N E:. PPLS 0902 IPROJECT NO.: Swale.. __S._.2______E_

FFROMSTTIONREACH: IJTO STATION/REACH: . DAINAGE AREA: . IE$IGIN FREQUENCY:
HYDRAULIC RESULTS

Discharge Peak Flow Velocity (fps] •Aea (sqi]I
I Icbl I PP.dirI thrfI II Hydiaulc. Nlolmal In.I~r: .•rrr I lq rrhi'h I

3.6 24.0 1.51 2.39 0.43 0.5013_ ]:I . I -tL

S75 [n=0.05a)

2.0
Biottom 2.0W.idlh = 3,011 ft 2.01

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type Density Shar Stress Sheaf Stress
I I [psf) [psI]

st, ight i 75 Unvegetated I.... .. 1.55 0.32 4.79 STABLE

Staple D I
_____________ I. J A



!North American Green - ECMDS Version 4.3 110/25/2010 j12,26 PM-COMPUTED BY: GMP
IPROJECT NAME: PPLS 0902 .IPROJECT-NO,: Swale 6.3
'FRoM STATION/REACH: . -ITO STATION/REACH:. IDRAINA6E AREA: rDESIGN FREQUENCY:

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

(cis) Period lhs)I Radius(ft Dept h (1)
2.1 24.0 1.57 1.34 0.36 0.61

IL_ \L- 1Lottom
2.0 Width = 1.00 ft 2.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
[pSO] (psI)

Straight S75 Unvegetaled 1.55 0.45 3.42 STABLE

Staple D



Not-Arnerican Green -ECMDS Versiýon 4.3 10fl/25/201 Q12Z27PMICMPUTD2'
IPHOJECT NAME: PPLS 0902 _______ PBOAEC NOJ.: Swale 6.4.,.___________

IFROM 5TATJON/RE.ACH: j;OSATIONIREAH: FRAINAGE AREA. JDESIG3N FREQ~UENCY':
HYDRAULIC RESULTS

Discharge Peak Flow Velocity (fps) Area (sq.ft) I Hydraulic Normal
(cfo, Period (hrs l Radius(ft) Depth (it)
6.6 24.0 2.44 2.71 052 0,94

1L-. \'Bottom ' 1
2.0 Width = 1, 00 It 2.D

LINER RESULTS Not to Scale

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

StaplePater ase Class ype Density Shea, Stress Shear Stress
IpsA] (psf]

Straight S75 Unvegetated 1.55 0.71 2.03 STABLE

Staple D I I



Nth.Amecan. Green- ECMDS Version 4.3 ... .0/25/2.1.. 01-:31 PM • OMPUTED BY: ...MP
IPROJECT NAME: PPLS .002 .PROJECT ND.: Swafe 6.5

FOM .STT.ON./.EACH .ITO STATION/REACH: . IDRAINAGE AREA: IDESIGN .FREQUE•NY.il
HYDRAULIC RESULTS

Discharge Peek Flow Velocity (fps•l Area (sq.It] Hydraulic Normal
fcfs) Period hrsi Radiusift) De.th ItL

10.2 24.0 2.15 4.75 0.61 0,84

L•_ '*" Bottom -J
2.0 Width = 4.O0 t 2.0

LINER RESULTS Not to Scale

Matting Type JVegetation CharacteristicsReach Stability Analyis V Permissible, Calculated Safely Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
I[psf) {psf]

Straight S75 Unvegelated ' 1.55 0.47 3.30 STABLE
Staple D _ I I



INolth Ameti.canGreen- ECMDS Veision 4.3 . . ........ ....... . .. .10/25 0o F MJEICOMPUTED BY: GMP ..........
JPRDJECT NAME: PPLS 0902 ... 'JPR JECT NO.: .Sale ..6 .......
iFROM STATION/REACH: -T0 SIAT ON/REACH: AREA: ,DESIGN FREQUENCY:

HYDRAUUC RESULTS
Discharge Peak Flow Velocity [fpsr) Area (sq.fttj Hydraulic Normal

fcfs I Period (hrs) Radiusfft) De th 'It
P.V 24.0 2,0 1.40 0.37 ' l62

S 75 [n=0, 0521

2.0 Width =100 It 2.0

LINER RESULTS Not to Scale

Matting Type Vegetation CharacteristicsReach iStability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Sheat Stress

II_ _Pfl (p s t_
Straight S75 Unvegetated j 1.55 0.72 2.15 STABLE

Staple D III

_F



jNojth American Green- ECMDS Version 4.3 F10025/2010 I-:33PM~tl'ED BY: GMP
jPROJECT NAME:._-.-PPLS 0902 . .. .JECT. N..:.,wale i .7
PFROM STATION/REACH: . TO STATION/REACH: IDRAINAGE AREA: 16..... FREQ•"U'FUENCY:

HYDRAULIC RESULTS
Discharge Peak Flow Velocity [fpsJ Area [sq.ft] Hydraulic Normal

[cfs) Period [hrs) RadiusIt) Depth [Ift
20 24.0 1.83 1.09 0.32 0.53

1L \L Bottom
2.0 Widlh = 1.00 It 2.0

LINER RESULTS Not to Scale

Reach Stability Analysis Permissibla Calculated Safety Factor Remarks

Staple Pattern a[e Class Type Density Sheer Stress Shear Stress
(PSI) _[ps)

Straight S75 Unvegetaled 155 D0.66 2.34 STABLE

_1 Staple D I I



,ithAmNerican Green. ECMDS Ve•sion 4.3 j..025-2010j01:3VM !CO.MPUTED BY: GMP
1PROJECT NAME: •E S._0902 ... . • PROJECT. NO.: Swale . " .................. .
FFROM .. PIUNREACH. ITO STATIO0N/R EACH: ý~IDRAONE AREA. ]DEIGN FREQUENCY:.

HYDRAULIC RESULTS
Discharge Peak Flow IVelocity [ips]j Area {sq.11) Hydiaulic Normal

[cfs) I Period this) I I I Radius(lt I Depth (1t)
I 5. 1 24.0 1 2.17 2.67 0.42 1 .53

2.D ",' =Bo 4om. '0_2.02.0 -Width =4.00 ft 2.0

Not to Scale
LINER RESULTS

Mattrg Tpe egetation Characteristics

Reach Stability Analygis , Permissible Calculated Safety Factor Remark&
Staple Pattern Phase Class Type Density Shear Slress Shear Stress

[psi) (psf)
Straight S75 Unvegetated 1.55 0.66 2.35 STABLE

_ Staple D I I I



N Ioh Areian Green- ECMDS Ver ion 4,3 1 . 125420 01i0i:34 PM,)COMPUT ED BY: MPP
IPROJECT NAME: PPLS P0R . . OJECT NO.: Sw .9
jFROM ST tE A . .... ST ATOMMRE A CH . M IN EAREA : .... - DE IN FR E .. . ..

IYUKA.ULIC RESULTS
Discharge (Peak Flow fVelocity [[psjj Area [sq.t) I Hydraulic I Normal

(cfslI Period [hfs) Radiusi(ft. I Depth li
11,9 24.0 2.62 4.22 0,- 1 0.69

1L 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 Density Shear Stess Shear Stress

Ipsf) Jsf)
Straight 575 Unvegetated 1.55 0.83 1.87 STABLE

Staple D I



jNorth Amercan Gireen- EMDS Version 4.3 -I10/25/2010 11C3O5 PmF MPUTED BY: GMP
POJECT NAME: PPLS 0902 MJPROJECT NO.: Swale 6.10
-F9oM.STATI.QN/REACH: .T. STATION"/REA.C, . JO RAINAGE AREA: .DESIBN FREQUENCY;
HYDRAULIC RESULTS

Discharge Peak Flow Velocity ffps-- Area (sq.lt) Hydrfauicj Normal
fcls) Period 1his) . . . . RadiusfIt) Depth [ft]
03.4 24.0 1,79 1.90 , 0.41 0.59

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 StressI Ips) (pst]

Straight S75 Unvegetated .1.55 0,50 3.10 STABLE
....... Staple D I



NN1th.Americanr.G,een....ECMDS Version 4.3 ... .. .. D/25120103D•'5j COMPLUTED BY: 13,AP
FPROJECT.NAME:. PPLS 0902 . ___OJE.T NO.: Swale 8.1

[FROM STATION/EACH: . . iTO STATI.ON FEACH:. . DRAINAGE AREA: .DESIGN FýEQUENICY:
HYDRAULIC RESULTS

Discharge Peak Flow Velocity [fps) Area (sq.ft) Hydraulic Normal
(c.s) Period [his) Radiusfiic Depth fmtl
1.8 24.0 1.45 1.24 0.35 0.58

Bottom2.0 Wi.dth = 1 .001t 2.0

Not to Scale
LINER RESULTS

M atting Typet~tblt Anls Vegetation CharacteristicsReach ,Sability Anaysis Permissible Calculated Safely Factor Remarks
Staple Pattern Phase Class Type Density Shear Stiess Sheaf Stress

I_ I I (psI) (pS) I
Straight 575 Unvegetated 1.55 0.40 3.91 STABLE

Staple D j P



North American Green - ECMDS Version 4.3 FIO/25/201 ]0i :3SP•ýOMPPUTED.BY: GMP
•PROJECT NAME: PPLS 0902 .jPROJECT.ND,; Swale 8.2
]FROM. STATION/REACH: ITO STATION/REACH: JDRAINAGE AREA: JDESIGNFREQUENCY:

HYDRAULIC RESULT-S
Discharge Peak Flow Velocity (fps] Area (sq.1) Hydraulic Normal

(cIS) Period lhrs) Radius[ft) Depth [ft
5.2 24.0 1."91 2.72 0.52 0.94

L 1 1r
2,0 Width =1.O00tt 2.9

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics
R each Stability Analysis Permissible Calculated Safely Factor Remarks

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

Straight S75 Unvegetated .... 1.55 0.47 3.3D STABLE

Staple D , I



!Noith American Green.: EF-MO5.Yerz ji 4. .
fPWJ.ECVTNAMWE: PPLS 0902
IFIOQM.STATi ON/R9E4CH.: IT T~O/EACH:

HYDRAULIC RESULTS
Dischaige Peak Flow elocity [fps) Area [sq.ft) Hydraulic NDrmalI

[cfs) Period Ihisl Radius ft De th Lt
5.2 24.0 2.70 1.93 041 0.60

J1 U/25/2010 U[0:36 Pm ICUMPUIFRJM GY F..
iPROJECT NO.: Swale 8.3
[DRAiNAGE AREA- . iDSO.R.U~Y

L.0 WL8hottDM ,1.02,0 Width = 2.00 ft. 2.0

LINER RESULTS Not to Scale



INorthAfnerican Gien -ECMDS Version 4.3 -GJ2 0/_2520_.0 3 [PMICOtpUTED BY., GMp

PROJEUCT .NME: ,PPS OP02 .. IPROMECT NO.: Swa•e..8.4..
IFROM. STATIqN7.FIEACH: . FTO STATI[ON/REACH: " ORAINAa E AREA: IDESIGN FREQUENCY:

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps) Area (sq.1t) Hlydraulic Normal

[cfs) Period [his1 Radius( a Depth (ft)
1,s 24.0 1.93 0.93 .2 6 0,44 _

L ` d =Bo.om` 1 1
2.0 Width =1.00Oft 2.0

LINER RESULTS Not to Scale

Reach Stability Analysis i Permissible Calculated Safety Factor Remarks

Staple Pattern Pha1 Class Type Density Sheaf Stress Sheaf Stess

Straight S75 Unvegetated 1.55 0.77 2.01 STABLE

I Staple D _ 1 4 1



VNorlhAmerican.Grer- ECIDS Version 4.3 ..... .. . .......... M[COF.MPUTED BY: GMP....
[PROJECT.NAME: PPLS 0902 .PRIJECT NO.: Swale 91-
1FROM STATION/6RFACH:. 5T TATI.QN/REACH: [RIt3AE: ESEN REUENCY:

HYDRAULIC RESULTS
Discharge Peak Flow Velocity ([psi Area (sq.ft) Hydraulic Norhal

(cfs) Period [his] RadiusJ It Depth (ttl
9.1 24.0 2.29 4.19 0.60 0.88

Bottom
2.0 Width = 3.00 ft

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics
Reach Stability Analysis Peimissibte Calculated Safety Factof Remarks

Staple Pattern Phase Class Type Density Sheat Stiess Shear Stress;
[psff (psf]

Straight S75 Unvegetated 1.55 0.55 2.82 STABLE

_ Staple D , I I



Ao. merican..Green -,ECMDS Version 4.3 .. ITh -1 :9 coMPUT-D BY: GMP.__________________
IPROJECT NAME: PPLS 0902 ...._ .. ..___PROJECT NO.: Swale9,2

~FROM .TATiONR3ACH:T ITO S TAT N/flEACH: FORAINAGRE AREA: IDESIGN FREQUJENCY,
HYDRAULIC RESULTS

Discharge I Peak Flow Velocity (fps]I Area (sq.ft) Hydraulic Normal
[cfsl Period [hrs) i RadiusIft] Depth Iftl
14.2 24.0 1.09 2.22 0.47 0.83

1L Btom
2.0 Width = 1.00 It 2.0

Not to Scale
LINER RESULTS

Reach Stability Analysis Permissible Caiculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress(psf) [psfj

Straight 675 Unvegetated 1.55 0.52 2.98 STABLE

Staple D I I p I



iNoqth American Green.- ECMDS Version 4.3 5i0/25/201 0. F11139 PM.[CDP-UTED BY: G.MP
1PROJECT NAME: PPLS 0302 S.walROeE UNO.:. .. .. .
JFROMA STATION/REACH: iTO STATION/REACH: , OAING ARADESIGN, FREQUENCY:

HYDRAULIC RESULTS
Discharge Peak Flow Vetocily, [p;ps Area (sq.ft] Hydraulic Normal

(cIs) Period (hNs) Radiusft. I Depth fIt)
0.4 24.0 2.27 4.14 0.60 0.87

2.0 Width =ToBottom 2.2.0 Width = 3.00 ft 2.0

Not to ScaleLINER RESULTS

M itting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Stale atern ~ gC~es~p~1enity Shear Stress Shear StressStaple Pattern Phase Class Type IDensity _herShfps() (psO
Straight 575 Unvegetated 1.55 0.54 2.B5 STABLE

______1____ StapleD , I 1 _ _ 1



pth American Green. ECMDS Vers.on 4.3 10,25/2010 03:39 pMCTOMPUTEb BY: GJAP
[PROJECT..NAME: P•LS 0902 "PR JECT NO.: Swale 9,4
JFROiM STATIO.NeR CH: ........ ITO STATiONREACH .DRAINAGE AREA: :EIEGN FEE"Ct:.

HYDRAULIC RESULTS
Discharge Peak Flow• Velocity (tpzI Area (sq.1t] Hydraulic Normal

[cS] I Period Ihr.s I RadiusIft) Depth [Itl
40.7 24.0 3.29 12.38 0.97 1.29

L " Bottom
2.0 Width = 7.00 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) [psf _

Straight S75 Unvegelated 1.55 0.56 2.75 STABLE

.... Staple D I I I II



iNoiAmerianren- ECMDS Vesion 4.3 .. 10/2512010 101:43 PKCOMPUTED BY: GMP
.R0JE CT NAME: PFLS 0902 ]PROJECT NO.:, Swale 9.5

FFROM STATION/IEACH: .. O sTATiON/REACH: JDRAINAGE AREA: .IDESIGN FREQUINCY':
HYDRAULIC RESULTS

Discharge Peak Flow Velocity (fps], Area [sq.ft) Hydraulic Notmal
fcfsl PeriodM Ah Radius ft Depth ft]
4.0 24.0 1.52 2.63 [142 0.52

S75 (n=0.054)

2.0 Width = 4.00 It 20

LINER RESULTS Not Io Scale

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

Staple Pattern Phase Class Type Density Shear Stiess Shear Stress
____________ ____________ ____________[psfJ fpdl]________

Straight S75 Unvegatated ..... 1.55 0,33 4.76 STABLE

.-. StapleD I I I I I



-Ilmo,,a . fen-EMD eson4315/2010.301:44PPFr-OH:FUTD BY: GMP
IPOJCTNAE: PPLS 0902 -- PR0JECT NO.: S.wale 10.1 ,.

!PROM.STATION REACH: . ITO STATION/REACH: -. - R[AýNZBEAREA: -IDSIGN FREQ.UENCY:;
HYDRAULIC RESULTS

Discharge, Peak Flow Velocity (fps) Area (sqlft) Hydraulic Normal
(cfs] Petiod (hs) Radius(lt) Depth [It]
013. 1 24.0 2.81 4.84 062 0.85

2.0 Width=Btom -.2.0 Width =4.00 1t 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
(psfI IP]A_ _

Straight 575 Unvegetated 1.55 0.79 1.95 STABLE
StapleD



W~orth Ame~rcanGM -re ECM)DS Version 4.3 - 0T7210~ T4MC-OMPE GYMP.
ROJECT NAM~E: PPLS 0902 IP`60JEýT NO,.: Swaele 10,2

IFROM STATION/FlEACH-: . ITO.STATION/REACH: IDRAINAGE AREA: IrDESlt3N FREQ~UENCY:
HYDRAULIC RESULTS

Discharge Peak Flow Velocity (ps) Area (sq.ftt Hydraulic Normal
fcfs) Period fhrs1 Radius(It) Depth (It)
12.0 24,0 2.66 4.46 0.66 1.08

S75 (n=-0.42)

L Bottom
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
I I (psi) (psf]

Straight S75 Unvegetated 1 .55 0.67 2.30 STABLE
Staple D , I I I



I.•ih Amercan Green - ECMDS Version 4.3 ........ . 5 / 2 01 0_ QI1CPUITED
=PROJECT NAME: PPLS 0902 ] CNO.: Swale 10.3

IFROM. STATION/REACH: ITO STATION/REACH . DRAINAGE AREA: OESIGN FREQUENCY:
HYDRAULIC RESULTS

Dischaig] Peak Flow elocitylps) Area [sq.tt] lHydraulic iormal -
fs) Period (hm)] RadiusfftI Depth (ft)j

0.2 24.0 . 2.25 4.09 0.60 0.6

I ` -Bottom' I
2.0 Width = 3.00 ft 2.0

LINER RESULTS Not to ScaJe

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

Staple Pattern Phase Clas "Type Densit Shear Stres Shear Stress

Straight S75 Unvegelated 1.55 0.54 2.87 STABLE

Staple D ,,, ,, ,, ,



jN~h meicr~Green: - CMDS Version 4.3 ____________ jO25/2i1. Ol -14G -PM JCOMFU.TEO..By:. QMP..
fPROJECT NAME:.PPLS 0.02 IPROJECT NO.: Swale 10.4
IFROM STATION/HEACH: . TO STATION/REACH: ]DRAINAGE AREA: IDE5IGN FREQUENCY:

HYDRAULIC RESULTS
Discharge Peak Flow Velocity [fps) Area (sr•.lt] Hydraulic Normal

csl Period [hrs) Radius[It) Depth [1t)
2.2 Z4.0 1.91 2.72 0.50 0.77

'L " Bottom 1

2.0 Width = 2.00 It Z0

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 Sthe"s
I I (psI) [psf)

Straight 575 Unvegetated 1.55 0.48 3.23 STABLE
Staple D



JN-ilhArerican Green -EQDSM Ye(sion 4.3 1. Jii0/2520•-0.rO -n1E4 p UTED. BrY: GMIP
PROJECT NAME: PPLS 0902 .}IPROJECT NO.: Swale 10.5 ,

FFRDM ~ ~ ~ ~ 0 STTO/RAH -SATO/EAHrD-RAINAGE AREA: rEINFEUNY
HYDRAULIC RESULTS

Discharge Peak Flow Velacity flpsJ Area (sq.1t Hydraulic Normal
(cls) Period [hrs) . Radius(lt, Depth [It)
4.- 24.0 1.83 2,52 0.48 0.73

L_ ` Bottom 1--
2.0 Widh = 2.00 It 2.0

LINER RESULTS Not to Scale

Maiting Type Vegetation Characteristics
Reach Stability Analysis ,, Permissible Calculated Salety Factor Remarks

SPaple Pattern P Class Type Density Shear Stress Shear Stress
fps[) (psf)

Straighlt 575 Unvegetated 1.55 0.45 3.41 STABLE
I Staple D



Il'.orth American Green -ECMDS Version 4.3
PROJECT NAME: PPLS 0902
FFROM STATION/REACH:.." ... L ITO STATION/REACH:
HYDRAULIC RESULTS

Discharge Peal- Flow Velocity (fps Area [sq.llJ Hydrau~ic Normal
fcls) Period [hrs) Radiusfflt Depth Ift)
3.5 24.0 1.77 1.96 0.44 0.78

.l0/25/2010 101 48 PM ICOMPUTED BY: lIMP
2IPROJECT NO.: Swale 10.6
16Mr)AINA AREA.SIG REQUENCY:

S75 [n=0.049)

2.0 Bottom
.0 Widlh =1.0D ft 20

LINER RESULTS Not to Scale



INorth Ame4jcan Green ECMDS Yersion.,43 ... . .. . . . . 2"/2"1 3. [COMPO TED BY:, GM .
)PFOJECT NAME: PPLS 0902 .. PB.OJECT NO.: Swale.O.7

oM. TATI REACH:- .I ....... STATION/REACH: .D.AiNAGE AREA: ....... N fRWEUE :.. .
HYDRAULIC RESULTS

Discharge Peak Flow Velocity [fps', Area (sq.1t) Hydraulic Normal
(cfs] I Period (his) Rnadius(it] Depth It] I
ý5,0 24.0 3.27 . 16.82 1.10 1.42

S75 [r=0.034)

6 0.0050

Bottom
2.0 Width = 9.00 It 2.0

Not to ScaleLINER RESULTS

Malting Type Vegetation CharacteristlicsReach Stability Analysis j Permissible Calculated Safely Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress' Shear Stress

_ I (__ [ps_ I )

Straight 575 Unvegetated 1.55 0.44 3.50 STABLE

Staple D I I I I I



!t~orth.American Green:- ECMDS Version 4.3... 1101/25/2010_03:36flUWPUTED 8Y: GMP`
'FPO JECTNAME: PPLS 0902 l ~OETN. ~ae 10.______ ____

STTIN/ECH: TO STAiOREACH:,. ]DRAINAGE AREA: JDESIGHN FREQUýENCY-
HYDRAULIC RESULTS

Discharge Peak Flow r ,telocity[fps Area (sq.ft) Hydraulic ormal
icfsr Period (his) Radiusft) DeIt hffl)

f47.4 24.0 3.45 13.73 , 1.07 1.52

L i .
2.0 Width = 6.00 It 2.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
I I Ilpsl) 1psf)

Straight 575 Unvaegetated ..... 1.55 0.47 3.27 STABLE

Staple D . I I I .



oh.Amercan Geen EC,'S Veion 4.3 .. .... . .......... 116 5/26/ 0Ol 51"PM COPUTED BY: EMP

_ _ ___ .__-__.__ O_, -0 - - iPROJECT NO.: Swale 10.9
!FROM STATION/REACH: . . ITO STATION/REACH: . 0RAINAGE AREA: IOESIGN FREuLIENCY:

HYDRAULIC RESULTS
Dischaige Peak Flow Velocity pIpsi Area fsq.ftJ Hy•daulic Nofmat

fcfs} Period (his] Radiusfflf) Depth (ft)

ý74 1 24.0 1 3.44 7.97 0 .94 1 1.221

•L _ ",, B0HM_- 1. 12.Rltom _-.2.0 Width = 4.00 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

____________ ____________ ___________ ~(psi) (PSI) ________ _______Straight 575 Unvegetated 1.55 0.77 2.02 STABLE

Staple D I _ I



FNorfh Ame, can Green - E CMDS Version 4.3 :F1 0/25/.201 0.10 ..52 `M61PUT ED BY: LiMP.. ...

'PROJECT. NAME:.iP•S0902 .... PROJECT NO.; Swale10.10.
VFROM STAj.QN/REAEH:. FT rSTA:iiON/REACH: .DRAINAGE AREA: IDESIGN FREQUENCY: '

HYDRAULIC RESULTS
Discharge Peak Flow Vetocly (fps)] Area (sq.1t] Hydraulic Normal

Icfs) . Period [his] Radiuflh) Depth (ft)
16.1 1 24.0 2.73 6,08 0.71 1.01

Bottom
2.0 Width = 4.00 It U.0

Not to ScaleLINER RESULTS

-Matting Type "Vegetation Characteristics
Reach MStabilty Analysis V Permissible Calculated Safety Factor Remarks

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

Straight S75 Unvegrtated 1.55 0.63 2.46 STABLE
_______ Staple D I________________ I I____ I_____ I____



North American Gteen- ECMDS Version 4.3 ..... i.2...0. :53 PI.COMPUTED BY: GMP
PROJECT NAM0E: PPLS 90Z PRPJECT NO.-Swale 10.11 _ " .......

~FRM TAIONRECH .. f0 TATON/REACH: JOýRANAGE AREA: .0SIGN FREQUENCY:
HYDRAULIC RESULTS_

Discharge Peak FAm VelDcity (fps)j Area [sq.1t] Hydraulic Normal
(crs I Period lhIs) Radiust) I Depth Il]
12.7 24,0 2.43 5.23 0.65 0.90

575 (n=0.046)

2.0 Widlh = 4.00 I 2.0

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics
RchStability Arralysis .Permissible Calculated Safely Factor R emarks

Staple Paltem Phase Class Type Denityl Shear Stress Shear Stress
________ ________ _______ (PSI) [psI]

Straight 675 Ulnvegetated 1.55 0.56 2.76 STABLE
__________ Staple D ________________ ____ _____



[No.th American.Gteen - ECMDS Version 4.3 110/25/2DI 01754 PFIlkCOMPUTEDBY: GMP .
IPROJECT NAME: PPLS 0902 . . FOJECT, N.; Swale 10.12
iFROM STATION/REACH: ITO STATION/REACH; ]DRAINAGE AREA: IDESiGN FREQUENCY:.

HYDRAULIC RESULTS
Discharge Peak Flow jVelocity [fps)j Area [sq.l1) Hydraulic Normal

fcfsl Period (hrs) Radiusl[R) Deplh fit]
0.2 1 24.0 2.03 1 1.58 1 0.29 1 0.34

I I I I I I I
LL•

Bottom
2.0 Widlh = 4.0 flt 2.0

Not to ScaleHINER RESULTS

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

Staple Pattern Phase Class Type Density SheafStress Shear S[ress
Spsl) (PShr

Straight S75 Unvegelated ' 1.55 0.63 2.46 STABLE

StapleD .. I I I



iNPth American G,.en.- ENIMDS Version 4.3 .. . 11 0/25/25 Q-0125i 4 PM IE -uTED R:'BY: GI .P. ..... . .. ..
PROJECT NAME: PPLS 0902 FAPRJECT NO.: Swale 10.13
FROM A AREA: . . ES.IGN FREEQUENCY:

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

fcfsl Period (hist Radius ft De th It
V.0 24.0 3.01 2.32 0.46 f 0.69

B-ttom
2.0 Width = 2.DO ft 2.0

LINER RESULTS Not to Scale

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

Staple Pattern "' - as -Type'ity Shear Stress Shea; Stress(pSI') 
(psi)

Straight 675 Unvegetated 1.55 1.29 1.20 STABLE
Staple D III



[Ni•th American Green ECMDS Yersion 4.2 .110/25/20100 :55 IMpUTED BY: iMp..
tPROJECT NAME: P.PLS 0902 .PROJECT NO.: Swale 10.14
1FlOM.STATION,/REACH: ............... ::TO STATION/REACH: -RAINEE AREA: .".... .. DE EOUEN.:

HYDRAULIC RESULTS
Discharge PeakFow !Velocity, [fps) Aiea sq. Hydraulic Normal

[CIS) Period (hs1 [ Radiusýflt Depth (ft)
ý20.0 24.0 2.97 1 .73 0,76 1.09

S75 (n=0.0421

0L Botlom
2.0 Width = 4.00 It 2.0

Not to ScaleLINER RESULTS

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

Staple Pattern 'Pi Class Type Density Shear Stress Shear Stress
I [psf) fpsl

Straight 575 Unvegelated 1.55 0.88 2.28 STABLE

Staple D



!Nqor~h.Ar~iica~nG~reEn- ECMDS Yersi~n 4.3 Li 02/11001:56 PMCOMPUTED BY. M
'PROJECT NAME. PPLS 0902 ."........JPROJECT.NO.: Swale 10.15

IFROM STATION/E.ACH.. STATION-REACH: :6RAINAGE AREA: IDESIGN FRErQUENCY:
HYODRAULIC RESULTS

Discharge Peak Flow Velocity [fps Area Isql.t) Hydraulic Normal
[c Period hrs Radius(ft) Depth t

L 2.U 24.0 Z97 6.73 0.76 I,09
---- MI I q*

LINER RESULTS 14ot to Scale

Matling Type J Vegetation ChaiacteristicsReach Stability Analysis Peimitsibfe Calculated, safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
101l (psfj

Straight 575 Unvegetated 1.55 0,82 2.2B STABLE

Staple D



iNo.lth American Green - ECMDS Version 4.3 .1 0/25./2010 01 :56 PMICO•IpUTED BY: •OP

IPROJECT NAME: PPLS 0902 ,PROJECT NO.: Swale 10,16
IFROM STATION/REACH: .TO STATION/REACH: ' DRAINAGE AREA: .IDESIGN FREQUENCY:

HYDRAULIC RESULTS
Discharge Peek Flow jVelocity [fPpi Area (sq.1t) Hydraulic Normal

(c[is Period fhrs) Radius[I Depth [itr
VS. 24.0 3.11 2.45 0.47 0.71

I I L...~. I I

L_ L -B-tIomo 1
2.0 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 Shear Stiess Shear Stress
(psI] (psl]

Straight S75 Unvegetated 1.55 1.34 1.16 STABLE

Staple D 1 I I'I I I



N'ithAmeican Green-ECIDS Version 4.3 ... ,i10/25/2X0..I01:57 P.ICOPUTED.BY...MP . .
PPROJECT NAME: PPLS 09D2 .-,2PROJECT NO.: Swale 10.17 .......
FRQM.-"STATIN9EACH. ... TO STATION/REACH: D nIAINAGE AREA: IDES SN FREQUENCY:
HYDRAULIC RESULTS

Discharge Peak Flv Veloc-'ilp:} A15a [sq.1t) Hydraulici NormalI cfs] Pe fiod this] Radius(t]) Depth ([1]
11.5 24.0 1.32 1.14 0,33 0.54

1 L_ Bottom jI
2.0 Width = 1.00 Fl 2.0

LINER RESULTS Not to Scale

Matting Type Vegetalion Charactefistic2
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Clans Type Density Shear Stress Sheaf Stress
(psi) [psf]

Straight S75' Unvegetated 1.55 0.34 4.56 STABLE

Staple D I I I



, -o.th -American G teen - ECMDS Version 4 32 , , .PM•. TED BY: sMP
FROMbJEC NAME: .... 0TO STATiON/REACH:.- I6DR,1NAE AREA:]PR
!FROM S TAT!ION/REACH: ________________ :IDRlOJAEc AO.: S 1.2 DE51GN FREQUENCY':

HYDRAULIC RESULTS
DischargeI PePak Flow Velocity (fps) Area [sq.t] jl Hydradulic p Normal

fs Peuod [hrs 1 " , Radi3s[ft Depth [I
1.3 1 24.0 1.26 1.03 0.31 1 0.51

IL "- Bottom ` I
ZO Width = 1.00 If 2.0

LINER RESULTS Not to Scale

Salting Tppe Vegetation T tharapeDislics
Reach Stability Analysis Permissible Calculated Safetq Factor Remarks

attnP s Type _enhcity Shear Stiess SheJ StressStaple Pattern Phase__I__f[ps,] [psi]

Straight S75 Unvagetated 1.55 0.32 4.86 STABLE
Staple D



Noilih American Gieen -ECMDS Version 4.3 FI02/2i.02-06-PMWLTDB:. P.
IPROJECT NAME: PPLS 0302" . PROJECT NO.:. Swale _________-

jFOM SAT[ON/REACH: -ITU.§TAT[O/REACH: . 1DRrINAGE AREA:
HYDRAULIC RESULTS

Dischairge IPeak Flow Velocity (tps)j Area [sq. t) Hydraulic Normal
I [cfs I Peiod lhs I II RadiusfIt] Depth (Ift]
O' 24.0 1.10 0.73 0.26 1 40

2 .0 Bottom 2
2.0 W~idth = 1 .00 It 2.0

Not to Scale
LINER RESULTS

Matting Type Vegetation Charactedstic•s
Reach Stability Analysis Permissible Calculated Safety Factot Remarks

Staple Pattern Phase Class Type Density Shee• Stress Shear Stress
(psf) (psf]

Straight 575 Unvegetatedh 1.55 0.25 6.17 STABLE

I StapleD ,,,D



jNoilh Amarican Green - ECHDS Veision 4.3
iRJECT NAE: PPLS-•002

IFROM4 STATION/A EACH:. JTO STATION,
HYDRAULIC RESULTS

DischaigD Peak FIr•w Velocity (fps Area (sq.1t)
.cfs) Period 2hr .2

010.4 1 24.0 2,21 4.66

..i 0/25/2010 02:07 -PMTOMPUTED BY: GMP
,PROJECT NO.: Swale 121
]DRAINAGE AREA: IDESIGN F/REACH: ARE UENCY:

HydruicFT Normal1

W7fl Wj =2T0DDIt 2.0

Not to ScaleLINER RESULTS



fNorth Amrnican Green - ECIDS Vat iot o 4.3 . ... .... OI O•'7PM JEDI4PUTED BY:. GM ...... .. .....

rPROJECT NAME: PPLS 0902 .... p![PROJECT NO.: Sale 12.2
JrROMA 5TATION/REACH: FTO -STATION/.R E .A CH: IDRAINAGE AREA, 7 6DESFG N -FR EaU-E N ':

HYDRAULIC RESULTS
Discharge Peak Flow Vetotity [fpý) Area [stq. I) Hydfaulic Normal

fcfs) Period (hrs) Radius{ft] Depth [ftl

2.9 24.0 1.54 1.89 0.41 0.59

S75 ,n=0.053J

S = 0.0100

L Bottom1
2.0 Width =2.00 ft 2.0

LINER RESULTS Not to Scale

Matting Type Vegetation Character'istics '
Reach Stability Analysis Permissible Calculated Satety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
(pSI (psf}

Straight S75 Unvegetated 1.55 0.37 4.20 STABLE

Staple D I



JNoPh Amarican Green - ECMDS Ve•sion 4.3 .. 110425/2010 -R 08 M ICO MPUTED .BY: GMP . . .... ... ..
,QOE.jC:. NAME:. PPLS 00 .. _-___- .ECT •NO.S wale 12.3...._._.

IFROM STA-TI1ON/REACH:., ITO STATION/REACH. ]DRAINAGE AREA: IDESIGN FREQUENCY':
HYDRAULIC RESULTS

Discharge Peak Flow Velocity (fps)] Area [sq.ft) Hydraulic Noimal
(cfs I Period 1his) Radiusfftj Depth (ftl
2.7 24.0 1.50 1.80 0.39 0.57

675 (=.03

S =0.0100/

IL Bottom1

2.0 Width = 2.00 It .

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Densityy Sheet Stiess Shear Stress
SPte) 0P.3T

Straight• S75 Unvegetated 1.55 0.36 4.34 STABLE

Staple D ,III



P
N n en-E MD em, 121 PUIID

ýZZ-n- CT
OJECT NA E; PPLS 0902 ROJ

T 0 H.
P"'

AG COM Y
No.- S 12.L

R 4 AýCýSTWý9 ýC ýDE S ýlTO STAT 01W9 H N E ARýýp Npý
HYDRAULIC RESULTS

Discharge Peak Flow PIOCelocty fpsJ Area 'sq~lt1 HIdraulic I Normal
Jcfs] I Period [hrs. I s I Radiusift]I Depth ftt
4.0 24.0 1.85 2.15 0.46 0282

'L_ \ " . _Bottom__
2,D Width = 1,0D 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 Sheai Stress Shear Stress

Ipsf] fpsfj
Straight S75 Unvegetaled ..... . ..... 1,55 0.51 3.04 STABLE

....... . Staple D .. . I I



tNovlhAmtican Green ECMDSyVe.sion 4.3 1...25/...'010 ED09DP• OMPUTED BY: GMP ....... •. ...
FPRO-J•CT NAME: PPLS 0902. ."iECTNO.Swale 12.5,
,FrROMS TATI N/•EACH: . "i STATIiON/ýREACH: I)RAINAGE AREA: .. ESIEN FREQUENCY:

HYDRAULIC RESULTS
Discharge Peak Flow Velocity fps] Area (sqfl) Hydraukic Normal

(CIs) Period thfs) I I I Radius(Itl I Depth ill]
5.3 24,0 2.07 2.57 0.51 0.91

Bottom
2.0 Width = 1.00 It 2.0

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Cacuila(ed Safety Factor Remarks

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

Straighl 575 Unvegetated 1.55 0.57 2.73 STABLE

Staple_ D IIIII



iNorth Ameiican.Gmeen -.ECMDS.Versicti 43 110T/25/201O.:0.fTlbP-M1OMPUTED BY: OMP
JRFOJECT NAME:.,.PPLS.09D2 _____P -ROJECT NO.: Svafre 12.6 ______

IFROM S TATION/-REACH; ý fTb"StTATiO N/RE .AC.H: . jO-fD.RAI-NAG .E AREA: rD-ESIGN FREQUENCY: .

HYDRAULIC RESULTS
Discharge Peak FIDVW Velocity ffps) Areaa(sq~ft) Hydraulic Normal

cfs Period (hs•) Radius It De ph ft
4.4 24.0 1.93 2 229 0.48 0.8

S75 [n=0,047)

2.0 Width = 1. 00 It 2.0

Not to ScaleLINER RESULTJ

Matting Type Vegetation CharacteristicsReach Stability Analysis Permfissible Calculated Safety Fato~r Remarks

Staple Pattern Phase Class Type Den Shear Stress Shear Sirens
I[ PSI) [psf)

Straight S75 Unvegetated 1.55 0,53 2.93 STABLE

L Staple D , I I I



IN rh ArnericanlGeer?.-ECM0S.Vfrsion4.3 11j07/25/;2010 ýR102iPMICOMPUTED 6Y: O.MP
IPROJEtL NAME: HPLS 0902 IPROJECT NO.: Swale 12.7
IFROM STAi~jONRECH )D T~ONRAHRAINAG3E AREA: IDESI014 FREQUENCY:

HYD.RAULIC RESULTS

Discharge IPeak Flow l~lcl fs raIqf) Hydraulic I Normal
24.0adiusff) De2th 2ft.

ý.7 24.0 1 2.26 1 2.96 1 0.54 1 0.99

L Bottom
2.0 Width 1.00 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

Straight S75 Urnvegetated 1.55 U.62 2,50 STABLE

Staple D



INoith.American .Green - ECMDS .Version 4.3...
FP'ROJECT NAME: PPLS 0902
IFFOM STAT!ON/RFEACH: i.. TUTATI0N

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (fps] Area [sq.ftt

(cfsJ Period (hrs)
p0.4 24.0 2.23 4.66

.. 110/2512010 j0J1PJUPTED BY: E-ihP,
IFeR0JECT NO.: Swale 12-8 ________

IDRAfNA5E AREA: ID0ESIG-N FREQUENCY./REACH:

Hydraulic Normal7
Raiusfft) Depth fl)

S75 (n=0.0481

S 0.0100

L Bottom
2.0 Width = 4.00 ft 2,0

Not to ScaleLINER RESULTS

Matting Type Vegetation CharacteristicsReach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Den•sty Shear Stres" Sheam Stress
(pel]. (pf]_ _

Straight S75 Unvegetated 1.55 0.51 3.01 STABLE

Staple D



North American .iren- ECMDS Version 4.3 .. 252l Jti:O3AMJCOMPITED BY: G,,.
!P0JECT.NWAME: PPLS 0902 . ... jPROJECT NO.: Swale 12.9
!FROM STATION/REACH. . T. STATlON/REACH: JDRAINA•E AREA: IDESI• NFREQUENCY:

HYDRAULIC RESULTS
Discharge Peak Flow Velocity [fps)- Area (sq.1tt Hydraulic Normal

[cfs) I Period (hrs) " | Radius ft Depth ft
1.3 24.0 1.26 1.03 0.31 0.51

L ",Boom- I
.o Width = 1.00 A 2.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
fps(] (ps:0

Straight 575 Unvegetated 1.55 0.32 4, BG STABLE
Staple D , f _ 1 1_1



North Amrnica', Meet? -,ECMDS Vcision 4.3 J10/25/2010 BY::1 PG~M?110 MP._____
FPROJECT NAME: PPL-S 0902.. iRJC..:Sle.1_____________
1FROM.STA.TION./REACH: ]T70 ThATIOh/REACH: IDRAINAGE AREA: IDEMIN FREQUENCY:
HYDRAULIC RESULTS

Dischafge Peak Flow Velocity (fps) Area (sq.ft] Hydraulic Normal
fcfs) Period hrs. Radius(tR Doth ft
1.4 t 24.0 1.29 1.09 0.32 0.53

L1 \L:BO-1--` 1Y2.0 Width - 1.00 ft 2,0

LINER RESULTS Not to Scale

FMatting Type I IVegetation Characteristics 1
Reach i StabilityAnalsis Permissible Calculated Safety Factor Remarks

Shaple Pattern Phase Class Type Density Shear Stress Shear Stress
[psI] [psi)

Straight S75 Unvegetated 1.55 0.33 4.70 STABLE
Staple D , ,,'I



~Narth.AmE(ica3n Gre~en,- ECMDS Version 4.3 .I0/!OQ12.3 MCMPTDBY:, GM
~PROJECT NAME: PPLýS 0902 1PROJECT NO.: Swale 12.11
~FROM. STATI ON/REACH:.. ITO STAT iONREA-CH: IDRAINAGE AREA: 'DESIGN FREQUENCrY:

HYDRAULIC RESULTS

Discharge Peak Flow IVelocily lfps Area [sq.fl) Hydraul I Normal
fcfs) Period fhrs) Radisftl I Death (It

2.3 24.0 .1.53 1.51 0.38 0.65

S75 [n=0.052]

2.0 Width = 1,00 ft 2.0

LINER RESULTS Not to Scafe

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

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
I PSI) fpsO}

Straight 575 Unvegetated 1.55 0.41 3.80 STABLE

Staple D .. .. ...



[f1oZrthAm-erican Gieen -ECMM5Verion 4.3 .11 0/25/2010 [02:14 PMI CONPTE Y:MP
PROJECT NAME: PPLS 0902 P95_________~ JECT NOý.: Swale 1.2.12
IFROM5 STATION/REACH,: IT S0TATION/REACH: 1DR4INAGE AREA: IDE51GN FREQUENCY:

HYDRAULIC RESULTS
Discharge Peak Flcw Velocity [fps) Area [sq.fl) H.1drauric No mal

Ic[s) I Period fhrs) Radiusfit) Depth [ft)
8.1 24.0 2.28 3.56 0.58 0.92

S75 [n=0.045)

2.0 Width =.00 ft 2.

LINER, RESULTS Not to Scale

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

Staple Pattern Phas Class Type Density Shear Stress Shear Stress
IIIp f[ (psf]

Straight $75 Unvegetated 1,55 0.58 2.59 STABLE

Staple D I I I I



FNlojth Amercan Green. ECMDS Version 4.3 j1R-25/24014PM [COMPUTED BY: GMP
IPROJECT NAKME:. PPLS 0302 IPROJECT NO.: Swate 12.13
IFROM S§TATION/REACH: ITO STATION/REACH IDRAINAGE AREA: IDESIGN FREQUENCY:

HYDRAULIC RESULTS
Discharg! Peak Flow Velocity (fps)] Area sq.ft HHyd•aulic Nolmal

Dcrs) Pejod ] -hAa Radiusfft) Depth (lIL
12.4 24.0 1.44 1.67 0.38 0.54

S75 (n=0.0541

1L "' " __1omýBothtm2.0 Width =2.00 It 2.0

LINER RESULTS Not to Scale

Matting Type Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Safely Factor Remaiks

Staple Pattern ae Class Type Density Shoar Stress Shear Stress
Ipsi) [pslj

Straight S75 tUnvegetated 1.55 0.34 4.58 STABLE
_______ Staple D I_____ I____________ I_____ I_____ I_____ _____



Gh~ra teen -EC14DS Version 4.3 .l D 1/2 5/12 010 [OTT i5P-M NOMUTED BYr:, GMP
jP=ROJECT NAME: PPLS 0902 ___ .PRECNO:Sle1 3.1 __________

IFROM STATION/REACH: ITO STAT1ON/REACH: !DRAINAGE AREA:-- FrE$IGN FREQUENCY:
HYDRAULIC RESULTS

Discharge Pea); Flow Velocily [tp'v] Area (sq.it Hydraulic Nofmal
cfs) Period (hrfs Radius(It Depth (It)

VS 24.0 f 1.40 1.76 0.39 .'56

S 75 (nýD. q54)

L Bottom
2.0 Width =2.00 It 2.0

LINER RESULTS Not to Scale

Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Clas Type Densityi Shear Stiess Shear Stress
[psff (psfI

Straight $75 Unvegelated 1.55 0.35 4,42 STABLE

'Staple D _ _ III _ II



NoithAmeaican Geen . ECMDS Version .4.3 11 01/252010 .-J21 Ct1]OMPUTED BY: GMP ...
PROJECT NAME: PPLS 0902 .PROJECT NO.: Swale:13,2
IFROM STATION/REACH: " TO STATION/REACH: .RAiNAgE AREA: FOESION FEQUENC,:

HYDRAULIC RESULTS
Discharge Peak Flow Velocity LIps)' Afea [sq.lt) H-ydraulic ' Normal

[cfs) Period (hts) . ,Radius[Itt Depth (It)
4.7 24.0 1.97 2.38 0.49 0.87

Bottorm r.._ 1
2.0 Width = 1.00 It 2.0

LINER RESULTS Not to Scale

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

Staple Pattern ase Class Type Density Shear Stress Shear Stress

Straight S75 U.nvegetaled 1.55 0.54 2.85 STABLE

Staple D _ _



NorthAmerican Green -.ECMDS Version 4.3 10/25/2010.{02:1 9 P-IjCOMPUTED BY; 13.P ...-
liPRJECT NAME: PPLS 0902 .I'PROJECT ND..Svale.13.3

lFROM STATION/REAC-I: ITO STATION/REACH: .IDRAINAGE AREA: ERE EUENCY:
HYDRAULIC RESULTS

Discharge Peak Flow Velocity ([fps] Area [fsq.ft Hydraulic Normal
(ClIS Period (his) I Radiusfft) Depth [It]
6.4 24.0 2.22 2.8B 0.54 0.91

575 (n=O. 044]

2 BoWtd m .. 02.0 Width = 1.00 ft 2.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type Densitl Sheer Stress Shear Stress
Ipet] (psI]

Straight S75 Unvegetated 1.55 0.61 2.54 STABLE

Staple D , S..p.e.



jN~thAmerican Gfe n -ECMDS Version 4.3' [10/25/2010J'0 PR0PMJCOMFTh BYGMP
jPROJECT NAME: PPLS.0902 .PHoJECT..0.: Swale 13.4
FtOM STAT.ION/REACH: . TO STATION/REACH: IDRAINAGE AREA: IDESIGN FREQ.ENCY:
HYDRAULIC RESULTS

Discharge Peak Flow Velocity (fps] Area [sq. l] Hydraulic Nolmal
([cs) Period (hrs) I I ,Radius(ft) D eth [It)
fl,3 24.0 1.26 1.03 0.31 0.51

oL Itom
2.0 Width = 1.00 It 2.0

Not to Scale_LINER RESULTS

Matting Type Vegetation Characteristics
Reach Stabilitj Analysis Permissible Calculated Safely Factor Remaiks

Staple Pattern Phase Class Type Densily Shear Stress Shear Stress
(psf) [psi)

Stlaight 675 Unvegetated " 1.55 0.32 4.86 STABLE

Staple D , I I



FNGIhAre~iiCan tGieen - ECMOS Version 4.3 F______ W0/527201T F0220PNMICOPI4TED BY: GMP
IPROJECT NAME: FPLS 0902 -- fPRUJECT NO.: Swale 16.1 - .

FROM STATION/REACH: . ITO- STATION/REACH: IDRAINAGE AREA:~ DESIGN FREQUENCY:
HYDRAULIC RESULTS

Discharge Peak Flow Velocity (Ips)I Area (sq.1t) Hydraulic Normal
rcfs] Pejiod (hrsJ Radius(ft]j Depth ft)
2.8 24.0 2.36 1.19 0,31 0.42

Bot.tm2.0 Width =2.00 It 2.1

LINER RESULTS Not to Scale

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

Staple Pattern Pha e Class Type Density Shear Stress Shear Stress

____________ ____________ ___________ j g[psi) [psI]Straight S75 Unvegetated 1.55 0.97 1.61 STABLE
Staple D



INorlh•,ric..•e :ECMDS Version 4.3 .10,/25-010 1021 PIrCO7WPUTIED BY:. rMPp.
1PROJECT NAME: PPLS 0502 . .. PROJEC" ND.: Swale 16.2
'FROM STAýTION/REACH: 4TO STATION/REACH: JDRAINAGE AREA: IDESIGN FREQUENCY:

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

[cfsI Period this) .... Radius(lkl Depth Ift)
. 3.4 24.0 2.50 1.36 1 0.33 0.46

Not to ScaleLINER RESULTS

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

Staple Pattern hase Claess Type Density Shear Stfess Shear Stress
fpsf) [psI)

Straight 575 Unvegetated 1.55 1.07 1.45 STABLE

Staple D



orhAmerica~n.. G•E.n - ECMDS Version 4.3 ]l. J•0/25/201•I 50-22•PMI-CONPUTEQ.Iy:..GIS•
PROJECT NAME: PPLS 0902 ...... ... .......... PROJECT NO,: Swale 18.1 ____.._____-

!FROM STATION/REACH: !rTO -STATION/REACH: . DANGEAE:tESIGN FREQ~UENCY:
HYDRAULIC RESULTS.

Discharge Peak Flow IVelocity (fpsu Area [sq.flt Hydraulic 1 Normal
fcfs] Period thrs) .. . Radius(ft)t Depth If,)
031.0 24,0 4.3B 7.013 0.78 1.13

1L.__ "`' Ootlom ' -J
2.0 Width = 4.00 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
________________ _________________ _________________ I I psI] (psfI) _________

Straight S75 Unvegetated 1.55 1.41 1.10 STABLE
Staple D _ I I __



Toth.American Green; ECMDS VVesion 4.3 ........ .... 025/201. .COMPUTED BY GMP
PPROJECT NAME: PPLS 0912 FROJECI NO.: Swate 18.2...
IFROM. STATION/REACH: "'0 STATION/REACH: DORAINAGE AREA: IDESIGN FREQUENCY:

HYDRAULIC RESULTS
Discharge Peak FIow Velocity (fps) Area [sq.1t] Hydraulic Normal

IcIs) Period (hTs) Radius(ft) Depth It!1
J12.3 24.0 2.27 5.41 0.133 0!82

'L__ Bottom - 1
2.0 Width = 5.00 ft 2,0

Not to ScaleLINER RESULTS

Malting Typ~e Vegetation C~haracteristics
Reach Stability Analysis Permissible Calculated Salety Factor Remarks

Staple Pattern Pha a Type Density Shear Stress Shear Stess
I T[psi] (PSI)

Straight S75 Unvegetated 1.55 0.51 3.04 STABLE
Staple D I f I_ I



FN7th American Green - ECMDS Version 4.3 ___-__l0/25/2010T2:23. PMJCOMPUTED BY: GMP
PROJECT NAME: PPLS 0902 "-PROJECT.N ... S ale 20.1..... .......

,FROM STATION/REACH: .. TO STATION/REACH: JDRAINANE AREA: IOESION FREQUENCY:
HYDRAULIC RESULTS

Discharge Peak Flow Velocity (fps) Area (sq.ftt Hydraulic Normal
I cf) Period hrs• RadiuwsIt} Deph (it)
19.3 1 24.0 3.3G 5,74 01;.5 0.96

S75 (n=O.047l

S 0.200)

Bottom
2.0 Width = 5.00 It 2.0

Not to ScaleLINEB RESULTS
M atting Type Vegetation ChaTacter~icliReach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Sheaf Stress Shear Stress(psr] [psi] ________ ________

_ _~ _ _ _ _S [PS__ _ I )_ _ _

Straight 675 Unvegelated 1,55 1.07 1.45 STABLE

Staple D I I I I



1No;IhAmefican lreen.- ECMDS .Vetsion 4.3 1..12512610 0.02:24 PMC•OMPOTEF. B-I ..........
!PRPJECT NAME: PPLS 0902 'PROJECT NO.: Sv'oale 20,2
!FROM S.TATIONtREA.CH: '. T" S-TATION/REACH: 1DRAINAGE AREA: . IDEsiGNFREQUENCY:

HYDRAULIC RESULTS
Discharge Peak FloIw Velocity lfp.) Area (sq.l1] Hydraulic Normal

IclsI Period [hs) Radius(R) De th It
[12.8 24.0 2.31 . 5.54 O.E4 0.83

S 75 (n=0. 047]

2 d.01

Not to ScaleLINER RESULTS

Malting Type Vegetation Characteristics
Reach Stability. Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern PhelassTpeDensity Shear Stress Shear Stress

Straight S75 Unvegetated 1,55 0.52 2,99 STAYLE

Staple D
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EROSION AND SEDIMENTATION
TEMPORARY E&S SWALE

CALCULATIONS

Bell Bend Nuclear Power Plant
Salem Township,

Luzerne County, PA

F'-



STANDARD WORKSHEiET #21.
Channel Design Data

PROJECT NAME: PPL Bell Bend, PPLS0902
LOCATION:* Salem Township
PREPARED BY: ATS
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION E&S 1 E&S 2 E&S 3 E&S 4

---- I

PROTECTIVE LINING ** S75 S75 S75 1 S75
CHANNEL TOP WIDTH (FT)@ D 9.00 9.00 11.00 11.00
CHANNEL TOP WIDTH (FT)@ d 6.32 6.27 7.27 7.43
CHANNEL SIDE SLOPES (H:V) 2.0 2.0 2.0 2.0
CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 3.0 3.0
d (FLOW DEPTH IN FT) 0.83 0.82 1.06 1.11
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 4:1 4:1 3:1 3:1
A (AREA IN SQ. FT.) 3.87 3.78 1.34 5.77
R (HYDRAULIC RADIUS) 0.58 0.57 0.70 0.73
S (BED SLOPE, FT/FT)* 0.010 0.019 0.010 0.015
VEGETATIVE LINING RETARDANCE - - - -

n (MANNING'S COEFFICIENT)** 0.048 0.048 0.043 0.041
V (AT FLOW DEPTH d, CFS) 2.12 2.91 2.71 3.57
Q (AT FLOW DEPTH d, CFS) 8.20 11.00 14.70 20.60
Q, (REQUIRED CAPACITY) CFS 8.20 11.00 14.70 20.60
Sc (CRITICAL SLOPE) 0.043 0.043 0.032 0.029
.7So 0.029 0.030 0.022 0.020
1,3Sc 0.056 0.056 0.042 0.038
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -

FREEBOARD BASED ON STABLE FLOW FT 0.67 0.68 0.94 0.89
MINIMUM REQUIRED FREEBOARD FT 0.50 0.50 0.50 0.50
D (TOTAL DEPTH) FT 1.50 1.50 .... 2.00 2.00
dso STONE SIZE (IN) ____- -
DESIGN METHOD FOR PROTECTIVE LINING S S S S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 3.5 3.5 3.5 3.5
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT 2  0.51 0.96 0.66 1104
ta (MAX ALLOWABLE SHEAR STRESS) LB/FT2 1.55 1.55 1.55 1.55

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: ATS
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION E&S 5 E&S 6 E&S 7 E&S 8

PROTECTIVE LINING ** S75 S75 S75 S75
CHANNEL TOP WIDTH (FT)@ D 9.00 11.00 7.00 7.00
CHANNEL TOP WIDTH (FT)@ d 6.81 7.36 3.13 3.48
CHANNEL SIDE SLOPES (H:V) 2.0 2.0 2.0 2.0

CHANNEL BOTTOM WIDTH (FT) 3.0 3.0 1.0 1.0
d (FLOW DEPTH IN FT) 0.95 1.09 0,53 0.62
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 3:1 2:1 2:1

A (AREA IN SQ. FT.) 4,67 5.65 1.10 1.39
R (HYDRAULIC RADIUS) 0.64 0.72 0.32 0.37
S (BED SLOPE, FTIFT)* 0.012 0.011 0.010 0.010

VEGETATIVE LINING RETARDANCE - . --

n (MANNING'S COEFFICIENT)** 0.045 0.042 0.055 0.053
V (AT FLOW DEPTH d, CFS) 2.68 2.96 1.19 1.37
Q (AT FLOW DEPTH d, CFS) 12.50 16.70 1.30 1.90

Qr (REQUIRED CAPACITY) CFS 12.50 16.70 1.30 1.90

S, (CRITICAL SLOPE) 0.036 0.031 0.069 0.062

.7S, 0.025 0.022 0.048 0.043
1.3S, 0.047 0.040 0.089 0.081
STABLE FLOW? (YIN) Y y Y Y

FREEBOARD BASED ON UNSTABLE FLOW FT - -

FREEBOARD BASED ON STABLE FLOW FT 0.55. 0.91 0.97 0.88
MINIMUM REQUIRED FREEBOARD FT 0.50 0.50 0.50 0.50
D (TOTAL DEPTH) FT 1.50 2.00 1.50 1.50
d60 STONE SIZE (IN) _ _____

DESIGN METHOD FOR PROTECTIVE LINING S S S S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 3.5 3.5 3.5 3.5
"rd (SHEAR STRESS AT FLOW DEPTH d) LBIFT 2  0.71 0.74 0.32 0.38

-ra (MAX ALLOWABLE SHEAR STRESS) LB/FT 2 1.55 1.55 1.55 1.55

* 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: ATS
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION E&S 9 E&S 10 E&S 11 E&S 12

PROTECTIVE LINING ** S7.
______ +

5 S75 S75 S75
CHANNEL TOP WIDTH (FT)@ D 7.00 7.00
CHANNEL TOP WIDTH (FT)@ d 4.97 4,38

7.00
4.71
2.0

7.00
3.80
2.0CHANNEL SIDE SLOPES (H:V) 2.0 2.0

CHANNEL BOTTOM WIDTH (FT) 3.0 1.0 1,0, 1.0
d (FLOW DEPTH IN FT) 0.49 0.85 0.93 0.70.
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 6:1 1:1 1:1 1:1
A (AREA IN SQ. FT.) 1.97 2.28 2.65 1.68
R (HYDRAULIC RADIUS) 0.38 0.48 0.51 0.41
S (BED SLOPE, FT/FT)* 0.010 0.010 0.010 0.010
VEGETATIVE LINING RETARDANCE - - - -

n (MANNING'S COEFFICIENT)** 0.050 0.047 0.046 0.051

V (AT FLOW DEPTH d, CFS) 1.42 1.89 2.04 1.55
Q (AT FLOW DEPTH d, CFS) 2.80 4.30 5.40 2.60
Qr (REQUIRED CAPACITY) CFS 2.80 4.30 5.40 2.60
S, (CRITICAL SLOPE) 0.053 0.045 0.042 0.055
.7S, 0.037 0.032 0.029 0.039

1.3S, .0.069 0.059 0.055 0.072
STABLE FLOW? (Y/N)- Y Y Y Y

FREEBOARD BASED ON UNSTABLE FLOW FT - - - -

FREEBOARD BASED ON STABLE FLOW FT 0.51 0,65 0.57 0.80
MINIMUM REQUIRED FREEBOARD FT 0.50 0.50 050 0.50
D (TOTAL DEPTH) FT 1.00 1.50 1,50 1.50
dso. STONE SIZE (IN) - - -
DESIGN METHOD FOR PROTECTIVE LINING . S S S S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 3.5 3.5 3.5 3.5
'Cd (SHEAR STRESS AT FLOW DEPTH d) LB/FT2  0.44 0.52 0.57 0.43
"ra (MAX ALLOWABLE SHEAR STRESS) LB/FT 2 1.55 1.55 1,55 1.55

* 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: ATS
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CANEL OR CHANNEL SECTIONE&17ES6ES13&S4E&S 13 -E-&- -'S'- --14- E&S 16 E&S 17

PROTECTIVE LINING **

CHANNEL TOP WIDTH (FT)@ D
S75 S75 S75 S75
7.00 7.00 7.00 7.00

CHANNEL TOP WIDTH (FT)@ d 4.06 3.75 4.10 4.92
CHANNEL SIDE SLOPES (H:V) 2.0 2.0 2.0 2.0
CHANNEL BOTTOM WIDTH (FT) 1.0 1.0 1.0 1.0
d (FLOW DEPTH IN FT) 0.77 0.69 0.78 0.98
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 1:1 1:1 1:1 1:1
A (AREA IN SQ. FT.) 1.94 1.64 1.98 2.90
R (HYDRAULIC RADIUS) 0.44 0.40 0.44 0.54
S (BED SLOPE, FT/FT)* 0.010 0.010 0.010 0.010
VEGETATIVE LINING RETARDANCE - -

n (MANNING'S COEFFICIENT)** 0.049 0,051 0.049 0,044
V (AT FLOW DEPTH d, CFS) 1.70 1.53 1.79 2.20
Q (AT FLOW DEPTH d, CFS) 3.30 2.50 3.40 6.40
Qr (REQUIRED CAPACITY) CFS 3.30 2.50 3.40 6.40
Sc (CRITICAL SLOPE) 0.050 0,055 0.050 0.038
.7S, 0.035 0.039 0.035 0.027
1.3S, 0.065 0.072 0.065 0.049
STAB1LE FL-OW? (Y/N-)--.............. -Y .

FREEBOARD BASED ON UNSTABLE FLOW FT
FREEBOARD BASED ON STABLE FLOW FT 0.73 0.81 0.72 0.52
MINIMUM REQUIRED FREEBOARD FT 0.50 0.50 0.50 0.50
D (TOTAL DEPTH) FT 1.50 1.50 1,50 1,50
d50 STONE SIZE (IN) ___

DESIGN METHOD FOR PROTECTIVE LINING S S S S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V,a (ALLOWABLE VELOCITY) FPS 3.5 3.5 3,5 3.5
Id ISHEAR STRESS AT FLOW DEPTH d) LB/FT 2  0.47 0.42 0.48 0.61
'Ca (MAX ALLOWABLE SHEAR STRESS) LBIFT2 1,55 1.55 1.55 1.55

* 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: ATS
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION E&S 19 E&S
20

E&S 21 E&S 22

PROTECTIVE LINING ** S75 S75 S75 S75
CHANNEL TOP WIDTH (FT)@ D
CHANNEL TOP WIDTH (FT)@ d

9.020 1300 7.00 1 7.00
5.74 10.68 3.66 4.52

CHANNEL SIDE SLOPES (H:V) 2.0 2.0 2.0 2.0
CHANNEL BOTTOM WIDTH (FT) 1.0 3.0 1.0 1.0
d (FLOW DEPTH IN FT) 1.18 1.92 0.66 0.88
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 1:1 2:1 2:1 1:1
A (AREA IN SQ. FT.) 3.99 13.13 3.97 2.43
R (HYDRAULIC RADIUS) 0.63 1.13 0.39 0.49
S (BED SLOPE, FT/FT)* 0.010 0.005 0.020 0.010
VEGETATIVE LINING RETARDANCE - - - -

n (MANNING'S COEFFICIENT)** 0.040 0.022 0.051 0.046
V (AT FLOW DEPTH d, CFS) 2.76 5.19 2.13 1.98
Q (AT FLOW DEPTH d, CFS) 11.00 68.20 3.30 4.80
Qr (REQUIRED CAPACITY) CFS 11.00 68.20 3.30 4.80
S, (CRITICAL SLOPE) 0.029 0.007 0.056 0.043

.7S, 0.020 0.005 0.039 0.030

1.3Sb 0.038 0.091 0.073 0.056
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - -

FREEBOARD BASED ON STABLE FLOW FT 0.82 0.58 0.84 0.62
MINIMUM REQUIRED FREEBOARD FT 0.50 0.50 0.50 0.50
D (TOTAL DEPTH) FT 2.00 2.50 1.50 1.50
d5o STONE SIZE (IN) - - -
DESIGN METHOD FOR PROTECTIVE LINING S S S S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
V, (ALLOWABLE VELOCITY) FPS 3,5 3.5 3.5 3.5
T d (SHEAR STRESS AT FLOW DEPTH d) LB/FT2 0.74 0.60 0.82 0.55

I Ta (MAX ALLOWABLE SHEAR STRESS) LB/FT2 1.55 1.55 1.55 1.55

* 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: ATS
CHECKED BY: LGB

DATE: 10122/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION

PROTECTIVE LINING **

E&S 23 E&S
24

E&S 26 E&S 27

-- + -~ I--,

S75 S75 S75 S75
CHANNEL TOP WIDTH (FT)@ D 7.00 7.00 7.00 11.00
CHANNEL TOP WIDTH (FT)@ d 4.06 3.04 3.93 7.38
CHANNEL SIDE SLOPES (H:V) 2.0 2.0 2.0 2.0
CHANNEL BOTTOM WIDTH (FT) 1.0 1.0 1.0 3.0
d (FLOW DEPTH IN FT) 0.77 0.51 0.73 1.09
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 1:1 2:1 1:1 3:1
A (AREA IN SQ. FT.) 1.94 1.03 1.81 5.68
R (HYDRAULIC RADIUS) 0.44 0.31 0.42 0.72
S (BED SLOPE, FT/FT)* 0.010 0.024 0.024 0.006
VEGETATIVE LINING RETARDANCE - - -

n (MANNING'S COEFFICIENT)** 0.049 0.055 0.050 0.041
V (AT FLOW DEPTH d, CFS) 1.70 1.85 2.54 2.24
Q (AT FLOW DEPTH d, CFS) 3.30 1.90 4.60 12.70
Qr (REQUIRED CAPACITY) CFS 3.'30 1.90 4.60 12.70
S, (CRITICAL SLOPE) 0.050 0.070 0.053 0.029
.7Se 0.035 0.049 0.037 0.020
1.3S, 0.065 0.091 0.069 0.038
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - -

FREEBOARD BASED ON STABLE FLOW FT 0.73 0.99 0.77 0.91
MINIMUM REQUIRED FREEBOARD FT 0.50 0.50 0.50 0,50
D (TOTAL DEPTH) FT 1.50 1.50 1.50 2.00
d5o STONE SIZE (IN) .-. - -
DESIGN METHOD FOR PROTECTIVE LINING S S S S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 3.5 3.5 3.5 3.5
Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT 2  0.47 0.75 1.09 41
Ta (MAX ALLOWABLE SHEAR STRESS) LB/FT2 1.55 1.55 1.55 1.55

* 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: ATS
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION

PROTECTIVE LINING **

E&S
28

E&S 29 E&S 30 E&S 32

S75 S75 S75 S75
______ _______ + -

CHANNEL TOP WIDTH (FT)@ D 5.00 9.00 7.00 1 1.00

CHANNEL TOP WIDTH (FT)@ d 2.22 5.25 3.05 8.42
CHANNEL SIDE SLOPES (H:V) 2.0 2.0 2.0 2.0
CHANNEL BOTTOM WIDTH (FT) 1.0 3.0 1.0 3.0
d (FLOW DEPTH IN FT) 0.31 0.56 0.51 1.36
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 5:1 2:1 2:1
A (AREA IN SQ. FT.) 0.49 2.33 1.04 7.74
R (HYDRAULIC RADIUS) 0.21 0.42 0.32 0.85
S (BED SLOPE, FT/FT)* 0.046 0.040 0.024 0.01
VEGETATIVE LINING RETARDANCE - - - -

n (MANNING'S COEFFICIENT)** 0.055 0.054 0.055 0.035
V (AT FLOW DEPTH d, CFS) 1.83 3.05 2.41 3.81
Q (AT FLOW DEPTH d, CFS) 0.90 7.10 2.50 29.50
Qr (REQUIRED CAPACITY) CFS 0.90 7.10 2.50 29.50
S, (CRITICAL SLOPE) 0.079 0.059 0.069 0.020
.7S, 0.055 0.041 0.048 0.014
1.3Sc 0.103 0.077 0.089 0.026
STABLE FLOW? (Y/N) Y Y Y Y
FREEBOARD BASED ON UNSTABLE FLOW FT - - - -

FREEBOARD BASED ON STABLE FLOW FT 0.69 0.94 0.99 0.64
MINIMUM REQUIRED FREEBOARD FT 0.50 0.50 0.50 0.50
D (TOTAL DEPTH) FT 1.00 1.50 1.50 2.00
dso STONE SIZE (IN) ....- -.

DESIGN METHOD FOR PROTECTIVE LINING S S S S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 3.5 3.5 3.5 3.5
'Ed (SHEAR STRESS AT FLOW DEPTH d) LB/FT 2  0.83 1.39 1.25 0.85
Ta (MAX ALLOWABLE SHEAR STRESS) LB/FT 2 1.55 1.55 1.55 1.55

* 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: ATS
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION E&S
33

E&S 34 E&S 35 E&S 36

PROTECTIVE LINING **
_________________________________- .4

C125 C125 S75 C125
CHANNEL TOP WIDTH (FT)@ D
CHANNEL TOP WIDTH (FT)@ d
CHANNEL SIDE SLOPES (H:V)
CHANNEL BOTTOM WIDTH (FT)

13.00 13.00
7.74

I -- I--
13.00
10.94

11.00
7.757.67 I i i

2.0 2.0 2.0 2,0
-~ I--.-.-.-.. -i-i -I

3.0 3.0 3.0 5.0
d (FLOW DEPTH IN FT) 1.17 1.19 1.99 0.69
BOTTOM WIDTH:DEPTH RATIO (12:1 MAX) 3:1 3:1 2:1 7:1
A (AREA IN SQ. FT.) 6.23 6.36 13.85 4.39
R (HYDRAULIC RADIUS) 0.76 0.77 1.17 0.54
S (BED SLOPE, FT/FT)* 0.017 0.017 0.010 0.050
VEGETATIVE LINING RETARDANCE --.-- -

n (MANNING'S COEFFICIENT)** 0.018 0.018 . . 0.021 0.021
V (AT FLOW DEPTH d, CFS) 8.94 9.00 7.84 10.55
Q (AT FLOW DEPTH d, CFS) 55.70 57.30 108.60 46.30

Qr (REQUIRED CAPACITY) CFS 55.70 57.30 108.60 46.30

Sc (CRITICAL SLOPE) 0.006 0.006 0066 0.008
.7S, 0.004 0.004 0.046 0.006
1.3Sc 0.009 0.009 0.086 0.010
STABLE FLOW? (Y/N) Y Y Y Y

FREEBOARD BASED ON UNSTABLE FLOW FT - - . -

FREEBOARD BASED ON STABLE FLOW FT 1.33 1.31 0.51 0.81
MINIMUM REQUIRED FREEBOARD FT 0.50 0.50 0.50 0.50

D (TOTAL DEPTH) FT 2.50 2.50 2.50 1.50
d50 STONE SIZE (IN) -_-

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

,Va (ALLOWABLE VELOCITY) FPS 3.5 3.5 3.5 . 3.5
"Td (SHEAR STRESS AT FLOW DEPTH d) LB/FT 2  1.25 1.27 1.24 2.15

% (MAX ALLOWABLE SHEAR STRESS) LB/FT' 2.25 2.25 1.55 2.25

* 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: ATS
CHECKED BY: LGB

DATE: 10/22/10
DATE: 10/27/10

CHANNEL OR CHANNEL SECTION E&S 37 E&S 38

PROTECTIVE LINING ** S75 S75
CHANNEL TOP WIDTH (FT)@ D 13.00 9.00
CHANNEL TOP WIDTH (FT)@ d 8.55 6.34
CHANNEL SIDE SLOPES (H:V) 2.0 2.0
CHANNEL BOTTOM WIDTH (FT) 4.0 1,0
d (FLOW DEPTH IN FT) .... 1.14 1.34
BOTTOM WIDTH: DEPTH RATIO (12:1 MAX) 4:1 1:1
A (AREA IN SO. FT.) 7.13 4.90
R (HYDRAULIC RADIUS) 0.79 0.70

S (BED SLOPE, FT/FT)* 0.019 0.010
VEGETATIVE LINING RETARDANCE - -

n (MANNING'S COEFFICIENT)** " _0.040 0.036
V (AT FLOW DEPTH d, CFS) 4.35 3.28

Q (AT FLOW DEPTH d, CFS) 31.00 16.10

Qr (REQUIRED CAPACITY) CFS 31.00 16.10
Sc (CRITICAL SLOPE) 0.027 0.023
,7S, .__ _ _ _0.018 0.016
1.3S, 0.035 0.029
STABLE FLOW? (Y/N) _ _ y y

FREEBOARD BASED ON UNSTABLE FLOW FT -- -

FREEBOARD BASED ON STABLE FLOW FT 0.86 0.66
MINIMUM REQUIRED FREEBOARD FT 0.50 0.50
D (TOTAL DEPTH) FT 2.00 2.00
d50 STONE SIZE (IN) - -
DESIGN METHOD FOR PROTECTIVE LINING S S
PERMISSIBLE VELOCITY (V) OR SHEAR
STRESS (S)
Va (ALLOWABLE VELOCITY) FPS 3.5 3.5
'Cd (SHEAR STRESS AT FLOW DEPTH d) LBIFT2  1.35 .84
ta (MAX ALLOWABLE SHEAR STRESS) LBIFT 2 1,55 1.55

* 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.



Trapezoidal Channel Analysis - Ooen Channel Flow (w/ Mannino's Eo)

Client/Subject: PPL Bells Bend
Description: Erosion Control Swales

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:46 AM

Project #: PPL0902

M. Fenick
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 = 1.486 A 2/3

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check CheckGiven Input Data: E&S Swale 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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

8.20
2.0
2.0

3.0

0.0100

1.50

0.0480
ECB

cfs
H:1V
H:1V

feet
ft/ft
feet

Grass

B

Grass

B

Flow depth, d= 0.83 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=

Yes

0.67
2.12
6.32
3.87
6.71
0.58
0.52

0.0428

yes
0.5
3.5

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

feet
3.5 fps3.5

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

IAPROJECTSWPLSWPL5S092-BeII Bend Land DevelopmentkANALYriCALCALCULATIONSýSWALE CALCSE&5'jSwales E&Sai~s]E&S Swale I



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

Client/Subject: PPL Bells Bend

Description: Print Date: 5 Nov 10 10:46 AM

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Project #: PPL0902

M. Fenick
Aa 4 do

uOlectiv

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: 0 = 1.486 2A ()
n )

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check CheckGiven Input Data: E&S Swale 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:

Calculate Flow Depth:

11.00
2.0
2.0

3.0

0.0190

1.50

0.0480

ECB

cfs
H:IV
H:IV

feet
ft/ft

feet

Grass
B

Grass
B

Flow depth, d= 0.82 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 .7Sc < s < 1.3Sc)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes

0.68
2.91
6.27
3.78
6.65
0.57
0.97

0.0430

yes
0.5
3.5

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

feet
3.5 fps3.5

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

I;APR0JECTSkPPLSkPPLSO9O2-BelI Bend Land DevelopmeniLANALYTIOALýOALCULATIONSSWAt.E CALCSM&SMSwales E&S~xlslE&S Swale 2



Trapezoidal Channel Analysis - Ooen Channel Flow (w/ Mannincl's Ecl)

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS

Date: 14 Oct 10 Checked by:
IChceby

Print Date: 5 Nov 10 10:46 AM

Project #: PPLO902

M. Fenick
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: Q =

Given Input Data: E&S Swale 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:

Retardance Factor for Grass Cover:

1.486 A ( A ) 2/3 , ,/-"
n P)

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

14.70

2.0

2.0

3.0

0.0100

2.00

0.0430

ECB

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

Grass

B

Grass

B

Calculate Flow Depth:

Flow depth, d= 1.06

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 .7Sc < s < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

Yes

0.94
2.71
7.24
5.42
7.74
0.70
0.66

0.0324

yes
0.5
3.5

feet

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

feet
3.5 fps3.5

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

I;APROJECTSIPPLSWPILSO902-Beht Bend L~and DevelopmenVANALYTICAL\CALC1JLATIONS\SWALE CALCS\E&s\JswaIes E&S.xlslE&S Swale 3

i:



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

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:46 AM

Project #: PPLO902

M. Fenick
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: U = 1.486 A 2/3
n • P)

Given Input Data: E&S Swale 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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

20.60
2.0
2.0

3.0

0.0150

2.00

0.0410

ECB

cfs
H:IV
H:IV
feet
ft/ft

feet

Grass

B

Grass

B

Flow depth, d= 1.11 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

0.89
3.57
7.43
5.77
7.95
0.73
1.04

0.0291

yes
0.5
3.5

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

feet
3.5 fps3.5

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

13PRgOJECrSkPILSAPPLSoso2-Bell Bend Land Development\ANALYTICALICALCULATIONSX5 WALE CALcSIE&SIlSwales E&S.xlslE&S Swale 4



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

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS
Date: 14 Oct 10 Checked by;

Print Date: 5 Nov 1010:46 AM

Project #: PPLO902

M. Fenick
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: E&S Swale 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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 A 213

Bare - Velocity Grass - Velocity

Check Check
Grass - Capacity

Check

12.50
2.0
2.0
3.0

0.0120

1.50

0.0450

ECB

cfs
H:IV
H:IV

feet
ft/ft
feet

Grass

B

Grass

B

Flow depth, d= 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, T =
Critical Slope, S,=

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

Allowable Velocity for Lining Material=

Yes

0.55
2.68
6.81
4.67
7.26
0.64
0.71

0.0364

yes
0.5
3.5

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

feet
3.5 fps3.5

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

I:XPROJEcTSWPLSTPPI.$0902-Bell Bend Land Developmenl\ANALYTIcALXcALCULATlONS\SWAI.E CAtcLME&Sk[swael E&S.xAejE&S Swale 5



Traoezoidal Channel Analysis - Ooen Channel Flow (w/ Mannino's Ea)

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Dale: 5 Nov 10 1a46 AM

Project #: PPLO902

M. Fenick
uObective: 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 = 1486 *A (A) 2 /3 "\ s
n P)

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check CheckGiven Input Data: E&S Swale 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:

Retardance Factor for Grass Cover:

16.70

2.0

2.0

3.0

0.0110

2.00

0.0420

ECB

cfs
H:IV
H:IV

feet
ft/ft
feet

Grass

B

Grass

B

Calculate Flow Depth:

Flow depth, d= 1.09 feet

Calculated Results: Design Acceptabe?
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=

Yes

0.91
2.96
7.36
5.65
7.87
0.72
0.75

0.0307

yes
0.5
3.5

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

feet
3.5 fps3.5

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

I:\PROJECTSWPPLSPPLSO902-SeII Bend L~and DevelopmenMNAtYTICALkCALCULATIONS\SWALE CALCS\C&S[Swales E&S.xis]E&S Swale 6



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

Client/Subject: PPL Bells Bend

Description:

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:46 AM

Project #: PPL0902

M. Fenick
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: Q =

Given Input Data: E&S Swale 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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 , A 2/3 \n P)

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

1.30
2.0
2.0
1.0

0.0100

1.50

0.0550

ECB

cfs
H:1V
H:IV
feet

ft/ft

feet

Grass
B

Grass

B

Flow depth, d= 0.53 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 .7Sc < s < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes

0.97
1.19
3.13
1.10
3.38
0.32
0.33

0.0692

yes
0.5
3.5

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

feet
3.5 fps3.5

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

I:%PR0JECT5SPPL5kPPLSO9O2-801I Bend Land Oevelopmnent ANALYflICALXCAI.CUIATýONS\SWALE CALcsEWJS~sales E&S.xsIsE&S Swale 7



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

Client/Subject: PPL Bells Bend
Description: Print Date: 5 Nov 10 10:46 AM

Project #: PPLO902Prepared by: ATS

Date: 14 Oct 10 Checked by:

M. Fenick
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 = 1.486 * A (-A2/3 *\ J
n P)

Bare - Velocity Grass - Velocity
Check CheckGiven Input Data: E&S Swale 8

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.90
2.0
2.0

1.0

0.0100

1.50
0.0530

ECB

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

Grass

B

Grass

B

Flow depth, d= 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 .7S, < s < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes

0.88
1.37
3.48
1.39
3.77
0.37
0.39

0.0619

yes
0.5
3.5

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

feet
3.5 fps3.5

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

II1PR0JEcTSWPLSP1UP180902-BeII Bend Land DevelopmenLýANALYTICALCAI.CULATION5SISWALE CALcSESSI[Swales E&S.xls]E&S Swale 8



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

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:46 AM

Project #: PPL0902

M. Fenick
Obiecti 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: 0 = 1.486 ,A A_
n (P)

Bare - Velocity Grass - Velocity
Check CheckGiven Input Data: E&S Swale 9 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:
Retardance Factor for Grass Cover:

Calculate Flow Depth:

2.80
2.0
2.0

3.0

0.0100

1.00

0.0500

ECB

cfs
H:1V
H:IV
feet

ft/ft

feet

Grass

B

Grass

B

Flow depth, d= 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 .7Sc < s < 1.3Sc)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes

0.51
1.42
4.97
1.97
5.21
0.38
0,31

0.0527

yes
0.5
3.5

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

feet
3.5 fps3.5

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

IAPROJEcT5\PPL5\PLS0902-Bell Send Land Development\ANALYTICALICALCULATION5S5 WALE CALCS\E&S4Swales E&S.AIsE&S Swale 9



Traoezoidal Channel Analysis - Ooen Channel Flow fw/ Mannino's Ea)

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:46 AM

Project N: PPL0902

M. Fenick
Objective:

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

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

Manning's Equation: = 1.486 , A A-- 1 /
n (P

Bare - Velocity Grass - Velocity Grass - Capacity

Cqheck Check CheckGiven Input Data: E&S Swale 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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

4.30
2.0
2.0
1.0

0.0100

1.50

0.0470
ECB

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

Grass

B

Grass

B

Flow depth, d= 0.85 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, x =
Critical Slope, S,=

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

Allowable Velocity for Lining Material=

Yes

0.65
1.89
4.38
2.28
4.78
0.48
0.53

0.0449

yes
0.5
3.5

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

feet
3.5 fps3.5

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

I:PROJECTSd'PLS\PPLS0902-SelI Send Land 0~evelopmeniýANAL'(lICAL\CALCULATIONSýSWAL.E CAi.OSEMS~[wales E&S.xls]E&5 Swale 10



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

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS
Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:46 AM

Project #: PPLQ902

M. Fenick
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 (A 2/3 A
n (P)

Bare - Velocity Grass - Velocity
Check Check

Given Input Data: E&S Swale 11
Grass -- Caapacity

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;

Retardance Factor for Grass Cover:

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 < 1.3SJ)=

Required Freeboard=
Allowable Velocity for Lining Material=

5.40
2.0
2.0
1.0

0.0100

1.50
0.0460

ECB

cfs
H:IV

H:1V
feet
ft/ft
feet-

Grass

B

Grass

B

0.93 feet

Yes

0.57
2.04
4.71.
2.65
5.15
0.51
0.58

0.0420

yes
.0.5

3.5

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

feet
3.5 fps3.5

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

I:XPROJECTSWPPLSWPLSO9O2- Bell Bend Land DevelopmenI'ANAI.YTIcALNCALCULATIONSýSWALE CALCSkE&SqSwales E&S.xls)E&S SwaleII



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

Client/Subject: PPL Bells Bend

Description:

Prepared by: ATS

Print Date: 5 Nov 10 10:46 AM

Project #: PPL0902

Date: 14 Oct 10 Checked by: M. Fenick
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: =

Given Input Data: E&S Swale 12

Discharge, Q=
Left Side Slope =

Right Side Slope =

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

Available depth of channel:

(OPTIONALQ Input Manning's 'n':

Lining Type:

Retardance Factor for Grass Cover:

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 .7S, < s < 1.3S,)=

Required Freeboard=
Allowable Velocity for Lining Material=

1.486 .A A 2 \3/
n P5

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

2.60
2.0
2.0

1.0

0.0100

1.50

0.0510

ECB

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

feet

Grass

B

Grass

B

0.70 feet

Yes

0.80
1.55
3.80
1.68
4.13
0.41.
0.44

0.0555

yes
0,5
3.5

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

feet
3.5 fps3.5

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

I ýPROJECT5kPPLPLS\Pp5Os2-Bell Bend Land DevelopmenI'ANALYTIcAL\OALcULATIONSSWALE CALcsEW(S~wales E&S.xlsJE&S Swale 12



Traoezoidal Channel Analysis - Open Channel Flow (w/ Mannina's Eo)

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:46 AM

Project #: PPL0902

M. Fenick
Objecti've: M. 

Fenick

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 = 1.486 ,A (A )21

Bare - Velocity Grass - Velocity Grass - CapacityGiven Input Data: E&S Swale 13Check

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:

3.30
2.0
2.0
1.0

0.0100

1.50

0.0490
ECB

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

Grass

B

Grass

B

Calculate Flow Depth:

Flow depth, d= 0.77 feet

Calculated Results: Oesign 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 < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes

0.73
15.0
4.06
1.94
4.42
0.44
0,48

0.0501
yes
0.5
3.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ftift

feet
3.5 fps3.5

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

hIAROJEcTSWPPILSWPLS0902-BeII Bend Land~ Oevelopmernt'ANALYTICALýCALCULATIONS\S WALE CALCS\E&S\tSwaIes E&S.xts)E&S Swale 13



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

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:46 AM

Project #: PPL0902

M. Fenick
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: E&S Swale 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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 *A A 2/3
n . )

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

2.50
2.0
2.0

1.0

0.0100

1.50

0.0510
ECB

cfs
H:1V

H:IV

feet

ft/ft

feet

Grass

B

Grass

B

Flow depth, d= 0.69 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 < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes

0.81
1.53
3.75
1.64
4.08
0.40
0.43

0.0558

yes
0.5
3.5

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

feet
3.5 fps3.5

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

I:\PROJECTSWPPLSPPLS0902-BelI Bend Land Developrntent\ANALYTICAL\CALOULATIONS\SWALE CALCS\E&Sq(5wales E&S.xls]E&S Swale 14



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

Client/Subject: PPL Bells Bend

Description:

Prepared by: ATS

Print Date: 5 Nov 10 10:46 AM

Project #: PPLO902

Date: 14 Oct 10 Checked by

M. Fenick
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: 0 = 1 4 6 A A • 2 /3 , ---"
n (P)

Bare - Velocity Grass - Velocity
Check CheckGiven Input Data: E&S Swale 16

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

3.40

2.0

2.0

1.0

0.0100

1.50

0.0490

ECB

cfs
H:IV
H:1V

feet
ft/ft
feet

Grass

B

Grass

B

Flow depth, d= 0.78 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, -c =
Critical Slope, S,=

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

Allowable Velocity for Lining Material=

Yes

0.72
1.72
4.10
1.98
4.47
0.44
0.48

0.0500

yes
0.5
3.5

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

feet
3.5 fps3.5

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

I:lPROJECTS\PPL.S~fPLSO902-BeII Send Land DevelopmentMNAL'(TICALCALCI)LATIONSSWALE CALMsEMs[Swales E&S~xsIE&S Swale 16



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

Client/Subject: PPL Bells Bend
Description: Print Date: 5 Nov 10 10:46 AM

Project #: PPLO902Prepared by: ATS

Date: 14 Oct 10 Checked by:

M. Fenick
Ublective:

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 = 1.486 A (A)2/3 i\-
n P)

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

Given Input Data: E&S Swale 17

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:

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, r =
Critical Slope, S,=

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

Allowable Velocity for Lining Material=

6.40

2.0

2.0

1.0

0.0100

1.50

0.0440

ECB

cfs
H:IV
H:1V

feet
ft/ft
feet

Grass

B

Grass

B

0.98

Yes

0.52
2.20
4.92
2.90
5.39
0.54
0.61

0.0379

yes
0.5
3.5

feet

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

feet
3.5 fps3.5

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

I:P.ROJECTS\FPPLS\PPLS0902-BelI Bend Land Development\ANALYTIcALCALcULATIONS\SWALE CALcsE&SX[Swales E&S.x~stC:&S Swale 17



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

Client/Subject: PPL Bells Bend

Description: Print Date: 5 Nov 10 10:46 AM

Project #: PPL0902Prepared by: ATS
Date: 14 Oct 10 Checked by:

M. Fenick
Obiectivie: 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: O = 1.486 A (A 2/3 S
n P)

Given Input Data: E&S Swale 19
Bare - Velocity

Check
Grass - Velocity Grass - Caacity

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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

11.00
2.0

2.0
1.0

0.0100

2.00

0.0400

ECB

cfs
H:IV
H:1V

feet
ft/ft
feet

Grass

B

Grass

B

Flow depth, d= 1.18 feet

Calculated Results: Desipa 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=

Yes

0.82
2.76
5.74
3.99
6.30
0.63
0.74

0,0298

yes
0.5
3.5

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

feet
3.5 fps3.5

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

1APROJECTSIp~sPPLWLS0902.tBell Bend Lan~d Dovelopmend\ANALYTICALUCALCULAT ION SISWAL E CALCSE&SqtSwales E&SxAICJ&S Swale 19



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

Client/Subject: PPL Bells Bend

Description: Print Date: 5 Nov 10 10:46 AM

Project #: PPL0902Prepared by: ATS
Date: 14 Oct 10 Checked by:

M. Fenick
UObective: 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: E&S Swale 20

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:

1.486 AA ( 1 ,) , S
n P)

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

68.20

2.0

2.0

3.0

0,0050

2.50

0.0220

ECB

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

Grass

B

Grass
B

Calculate Flow Depth:

Flow depth, d= 1.92 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 hit

0.58
5.19

10.68
13.13
11.59
1,13
0.60

0,0073

yes
0.5
3.5

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

feet
3.5 fps3.5

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

1APROJECTSWPILSýPPLS0902-BelI Bend Land DevelopmenltAALYTICAL\CALCULATIONSSWALE CALcsEM[S~wales E&S~xfaJE&S Swale 20



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

Client/Subject: PPL Bells Bend

Description:

Prepared by: ATS

Print Date: 5 Nov 10 10:46 AM

Project #: PPL0902

Date: 14 Oct 10 Checked by: M. Fenick
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 = 1.486 A (A)213 /S
In P)

Given Input Data: E&S Swale 21
Bare - Velocity

Check
Grass - Velocity

Check
Grass - Cap acjty

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:

Retardance Factor for Grass Cover:

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 < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

3.30
2.0
2.0
1.0

0.0200

1.50

0,0510

ECB

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

feet

Grass
B

Grass
B

0.66 feet

Yes

0.84
2.13
3.66
1.55
3.97
0.39
0.83

0.0563

yes
0.5
3.5

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

feet
3.5 fps3.5

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

IAPROJECTs&PPLsWPLS09o2-BelI Bend Land Development\ANALY'fIcAL\CALCULATIONSýSWALE CALcsE&Sk[Swales E&S~xis)E&S Swale 21



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

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS

Print Date: 5 Nov 10 10:46 AM

Project #: PPLO902

Date: 14 Oct 10 Checked by:

M. Fenick
Obiectiv

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 = 1.486 . A () ,, 1
n P

Bare - Velocity Grass - Velocity
Check Check

Given Input Data: E&S Swale 22
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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

4.80
2.0
2.0
1.0

0.0100

1.50

0.0460

ECB

cfs
H:1V
H:IV

feet
ft/ft
feet

Grass

B

Grass

B

Flow depth, d= 0.88 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, Sc=

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

Allowable Velocity for Lining Material=

Yes

0.62
1,98
4.52
2.43
4.93
0.49
0.55

0.0426

yes
0.5
3.5

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

feet
3.5 fps3.5

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

IAPROJECTSAPPLSIPPLO90O2-Ball Bend Land Development\ANALYTIcAL\CALcuLAT IONS\SWALE CALcsEM[S~wales E&S.xlsIE&S Swale 22



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

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS

Date: 14 Oct 10 Checked by:

I ; M. Fenick

Print Date: 5 Nov10 1 0:46 AM

Project #: PPLO902

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: E&S Swale 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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 , A *\
n

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

3.30
2.0
2.0
1.0

0.0100

1.50

0.0490
ECB

cfs
H:IV
H:1V

feet
ft/ft
feet

Grass

B

Grass

B

Flow depth, d= 0.77 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 < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

Yes

0.73
1.70
4.06
1.94
4.42
0.44
0.48

0.0501

yes
0.5
3.5

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

feet
3.5 fps3.5

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

1:tPROJECTSIPPLSTPLt5O9O2-SeII Biend Land OcvclopmentýNALYrIcALkcALCULATIONSýSWALE CALCSE&SX[Swales E&S~xsjE&S S~~aie 23



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

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS

Print Date: 5 Nov 10 10:46 AM

Project #: PPL0902

Date: 14 Oct 10 Checked by:

M. Fenick
Objectiv

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: 0 = 1.486 A 2/3 *\

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check CheckGiven Input Data: E&S Swale 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:
Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.90

2.0
2.0
1.0

0.0240

1.50
0.0550

ECB

cfs

H:IV
H:IlV

feet
ft/ft
feet

Grass

B

Grass

B

Flow depth, d= 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, - =
Critical Slope, S,=

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

Allowable Velocity for Lining Material=

Yes

0.99
1.85
3.04
1.03
3.28
0.31
0.76

0.0699

yes
0.5
3.5

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

feet
3.5 fps3.5

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

I:APROJEcTSkPPLSWPPLSO902-I8eI! Send Land DevelopmenLýANALYTlCALCALcuLATION5\5WAL.E cALcsE&S~lSwales S &S.xlslE&S Swale 24



Trapezoidal Channel Analysis - Ooen Channel Flow (w/ Mannina's Ea)

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:46AM

Project #: PPLO902

M. Fenick
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: O = 1.486 * A (A)2 13 .ý/
n ( P

Bare - Velocity Grass - Velocity
Check Check

Given Input Data: E&S Swale 26
Grass - Capacity_

Check

Discharge, 0=
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:

Calculate Flow Depth:

4.60

2.0

2.0

1.0

0.0240

1.50.

0.0500

ECB

cfs
H:1V
H:IV

feet
ft/ft
feet

Grass

B

Grass

B

Flow depth, d= 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, c =
Critical Slope, S,=

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

Allowable Velocity for Lining Material=

Yes

0.77
2.54
3.93
1.81
4.28
0.42
1.10

0.0528

yes
0.5
3.5

feet
fps
feet
sq ft
feet
feet
lbs/sf
ftrft

feet
3.5 fps3.5

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

hAPROJECTS\PPLS\PPLS0902-Bell Bend Land Developrnent\ANALYTICAL\CALCULATIONS\SVWALE CALcs\E&S[Swale$ E&S.xlsjE&S Swale 26



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

Client/Subject: PPL Bells Bend
Description: Print Date: 5 Nov 10 10:46 AM

Project #: PPLO902Prepared by: ATS
Date: 14 Oct 10 Checked by:

M. Fenick
Ai A • •
uOlective: t.

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: E&S Swale 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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

1.486 *A (-A)2/3n P)

Bare - Velocity Grass - Velocity
Check Check

Grass - Capacity
Check

12.70
2.0
2.0
3.0

0.0060

2.00

0.0410

ECB

cfs
H:IV
H:1V

feet
ft/ft
feet

Grass

B

Grass

B

Flow depth, d= 1.09 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, T =
Critical Slope, S,=

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

Allowable Velocity for Lining Material=

Yes
0.91
2.24
7.38
5.68
7.89
0.72
0.41

0.0292

yes
0.5
3.5

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

feet
3.5 fps3.5

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

11PROJECTSIPPL5kPPLSO902-BeeI Bend Land DeveloprnenttANALYTICAUkCALCUL.ATIONS\S WALE CALCSkE&S4Swales E&S.xlsjE&S Swale 27



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

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:46 AM

Project #: PPLO902

M. Fenick
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: E&S Swale 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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

Flow depth, d=

Calculated Results: Desigin 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=

1.486 "A (A)2/3 *\ s

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

0.90
2.0
2.0
1.0

0.0460

1.00

0.0550

ECB

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

Grass

B

Grass

B

0.31 feet

Yes
0.69
1.83
2.22
0.49
2.36
0.21
0.88

0.0792

yes
0.5
3.5

feet'
fps
feet.
sq ft
feet
feet
lbs/sf
ft/ft

feet
3.5 fps3.5

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

UA11OJECTSWPPLSAPPLSO9O2-SeII send Larld DevelopmenIkANALYTICAL\CALCULATIONS'SWALE CALCS~r&SqSwales E&S.xlslP&S Swale 28



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

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:46 AM

Project #: PPLO902

M. Fenick
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: E&S Swale 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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

Flow depth, d=

Calculated Results: Desiqn Acceplable?

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=

1.486 A 2/3 1 //
n P)

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

7.10

2.0

2.0

3.0
0.0400

1.50

0.0540

ECB

cfs

H:IV
H:IV

feet
ft/ft
feet

Grass

B

Grass

B

0.56 feet

Yes
0.94
3.05
5.25
2.33
5.52
0.42
1.41

0.0595

yes
0.5
3.5

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

feet
3.5 fps3.5

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

IAPR0JECT5kPPLSU'PLS09O2-8eII Send Land OevelopmenIýANALYTICALCALcULATIONS\SWALE CALcsE&Sq1Swalos E&S.d~sJE&S Swale 29



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

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:46 AM

Project #: PPL0902

M. Fenick
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.

M~ethod: See PA Erosion and Sedimentation Control Manual for reference.

Manning's Equation: 0 = 1.486 * A ( A)1 *\J -
n P)

Bare - Velocity Grass -Velocity Grass -.Cagp ity
Check Check CheckGiven Input Data: Swale 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:

Retardance Factor for Grass Cover:

2.50
2.0
2.0

1.0

0.0400

1.50

0.0550

ECB

cfs
H:1V
H:1V

feet

ft/ft

feet

Grass

B

Grass

B

Calculate Flow Depth:

Flow depth, d= 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, -c =
Critical Slope, S,=

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

Required Freeboard=
Allowable Velocity for Lining Material=

Yes

0.99
2.41
3.05
1.04
3129
0.32
1.28

0.0698

yes
0.5
3.5

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

feet
3.5 fps3.5

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

1APROJEcTSWIPLSWPLS0902-BeII Send Land DevelopmenIýANALYTIcAtICALcULATION5\5WAF.E cALcsT&SxI[Swales E&S.xls]E&S Swale 30



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

Client/Subject: PPL Bells Bend
Description: Print Date: 5 Nov 10 10:46 AM

Project #: PPLO902Prepared by: ATS

Date: 14 Oct 10 Checked by:

M. Fenick
•m • A g
ubiective:

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: E&S Swale 32

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:

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=

1.486 *A ( /3 )
n P)

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

29.50
2.0
2.0
3.0

0.0100

2.00

0.0350

ECB

cfs
H:IV
H:1V

feet
ft/ft
feet

Grass

B

Grass

B

1.36 feet

V too hioh

0.64
3.81
8.42
7.74
9.06
0.85
0.85

0.0202

yes
0.5
3.5

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

feet
3.5 *fps3.5

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

I:\PROJECTSTPPLSIPPLS09O2-BeII Send Land Development\.ANALYTICALCALCULATlONSISWALE CALCS\E&S%[Swales E&S.xis]E&S Swale 32



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

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS

Print Date: 5 Nov 10 10:46 AM

Project #: PPL0902

Date: 14 Oct 10 Checked by:
M. Fenick

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 = 1.486 A A 2 /3

Bare - Velocity Grass - Veiocity.
Check Check

Given Input Data: E&S Swale 33
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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

55.70

2.0

2.0

3.0

0.0170

2.50

0.0180

ECB

cfs
H:1V
H:IV

feet
ft/ft
feet

Grass

B

Grass

B

Flow depth, d= 1.17 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 < 1.3SJ)=
Required Freeboard=

Allowable Velocity for Lining Material=

V too high

1.33
8.94
7.67
6.23
8.22
0.76
1.24

0,0055

yes
0.5
3.5

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

feet
3.5 fps3.5

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

IAPROJEcTSTPLUPLWS0902-BeII Bend L~and DevelopmeinIýANALY*TICAL\CALCULATIONS\SWALE CALCSXE&Sq[Swales E&S~xIsJE&S Swale 33



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

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:46 AM

Project #: PPLO902

M. Fenick
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: E&S Swale 34

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:

1.486 *A (A)2/3
n P)

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

57.30
2.0
2.0
3.0

0.0170

2.50

0.0180
ECB

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

Grass

B

Grass

B

Calculate Flow Depth:

Flow depth, d= 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, Sc=

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

Allowable Velocity for Lining Material=

V too high

1.31
9.00
7.74
6.36
8.30
0.77
1.26

0.0055

yes
0.5
3.5

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

feet
3.5 fps3.5

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

1APROJEcTTsPI-SWIDpLso9o2-Bee Send Land Developmenik.ANAfLYICALýCALCULATIONSSWALE CALCSE&S(Swales E&S.xls]E&S Swale 34



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

Client/Subject: PPL Bells Bend

Description:

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:46 AM

Project #: PPL0902

M. Fenick
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: E&S Swale 35

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:

Calculate Flow Depth:

1.486 A 2/3 -
n A (P

Bare - Velocity Grass - Velocity Grass - Capacity
Ch_eek. Check Check

108.60
2.0
2.0

3.0

0.0100
2.50

0,0210

ECB

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

Grass

B

Grass

B

Flow depth, d= 1.99 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

0.51
7.84

10.94
13.85
11.88
1.17
1.24

0.0066

yes
0.5
3.5

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

feet
3.5 fps3.5

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

IAPROJEcTS\PPLPPLSOPO2-Be1I B~end Land Devclopmai\tANALYTICAL\CALCULATIONS\SWALE CALcsEMs[Swales E&S.xsIsE&S Swalo 35



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

ClientlSubject: PPL Bells Bend

Description:

Prepared by: ATS

Print Date: 5 Nov 10 10:46 AM

Project #: PPL0902

Date: 14 Oct 10 Checked by:

M. Fenick
Objectiv

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: E&S Swale 36

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:

Calculate Flow Depth:

Flow depth, d=

Calculated Results:
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=

n P)

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

46.30
2.0
2.0

5-0

0.0500

1.50

0.0210

ECB

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

Grass

B

Grass

B

0.69 feet

0.81
10.55
7.75
4.39
8.08
0.54
2.15

0.0082

yes
0.5
3,5

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

feet
3.5 fps3.5

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

IAPROJEcTsWPLSIPPLSo902-Belf Bend Land DevelopmentXANALYTICAL\CALCVLATIONSt5 WALE CALMsE&SN[Swales E&S.xlIsE&S Swale 36



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

Client/Subject: PPL Bells Bend

Description:

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:46 AM

Project #: PPLO902

M. Fenick
• I • iD

uObective: M. 

Fenick

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 86ý (A 2/3 is

Bare - Velocity Grass - Velocity Grass - Capacity
Check Check CheckGiven Input Data: E&S Swale 37

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:

Calculate Flow Depth:

31.00
2.0
2.0
4.0

0.0190

2.00

0.0400

ECB

cfs
H:IV
H:1V

feet
ft/ft
feet

Grass

B

Grass

B

Flow depth, d= 1.14

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, u =
Critical Slope, S,=

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

Allowable Velocity for Lining Material=

V too high

0.86
4.35
8.55
7.13
9.08
0.79
1.35

0.0268

no
0.5
3.5

feet

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

feet
3.5 fps3.5

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

I:1PROJEcTS\PL SkP PLSD902 -Bell Bend Land DevelopmentýANALYTICALCALCULATIONSISWALE CALCSIE&Sk[Swates E&S~xlslE&S Swale 37



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

Client/Subject: PPL Bells Bend
Description:

Prepared by: ATS

Date: 14 Oct 10 Checked by:

Print Date: 5 Nov 10 10:46 AM

Project #: PPLO902

M. Fenick
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 (-)•-A *\

Given input Data: E&S Swale 38 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:

Retardance Factor for Grass Cover:

Calculate Flow Depth:

16.10
2.0
2.0

1.0

0,0100

2.00

0:0360
ECB

cfs
H:IV
H:IV
feet
ft/ft

feet

Grass
B

Grass

B

Flow depth, d= 1.34 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 0)=

Required Freeboard=
Allowable Velocity for Lining Material=

Yes
0.66
3.28
6.34
4.90
6.97
0.70
0.83

0.0233

yes
0.5
3.5

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

feet
3.5 fps3.5

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

B:PROJECTrSWIPPLS0PPso02-Sel Send Land DevefopmeniýANALYTICALICALCULATIONSýSWALE CALCSxE&Sk[Swales E&S.xis)E&S Swale 38



Rational Equation Stormwater Calculations

Client: PPLS0902

Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

o. ÷ .. ......... ...... ,

(Pennonii'

rint Dale: 5 Nov 10 10:54 AM

Project #: PPLO902Checked by:

I M. Fenick

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

Description: E&S SWALE 1 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

Area, A

(acres)

A.C

(acres)

Impervious 09
. ........... ................... [_.. _p v o~ - ............ ... . . . . ... 0 5. .................... ............. - -.............. ...........-- ----- --- ------- --- -

Bare Soil 0.75 2.160

Cultivated 0.25

1.620

'~T'tall'Area, A:' '2.160 acres

e~ted :" ,~0.75

Total A * C: 1.62 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 Slope (ft)

Average
Velocity

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

S. ... ............. 4 !.... . ......ý.-.-.? . ..:- .......

Shallow Concentrated

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

H
]

H

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

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

25 year

CalculatedFlow, Q (cfs) = 8.2

3\PPLS0902-Bell Bend Land DevelopmentIANALYTICAL\CALCULATIONS\SWALE CALCS\E&S\[PPLS0902-Rational Method-Conveyance E&S Swales.xlsJE&S Swale 1



Rational Equation Stormwater Calculations

Client: PPLS0902
Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

/Pennoni/

Print Date: 5 Nov 10 10ý54 AM

Project #: PPLS0902Checked by:

I M. Fenick

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

Description: E&S SWALE 2 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group

(A,BC,0D)

Land
Use

Runoff

Land Coefficient,
Slope C

Area, A

(acres)

A*C
(acres)

Impervious 0.95--- ------------ _ ... ..... . .. ..... ... ... ....... . .. _. .......................... - .......... I ......... ..... ........ .. .......... .... .......... ..... ..... ... .............

Bare Soil 0.75 2,910

Cultivated 0.25

... ......................... ... ..

................ ..... ..........

........... ... ........ -- ............. ...........
2.183--- - ------------ -

'Total Area, Aý 2, .910 acre's

weighted C., 0.76

Total A* C: 2.1825 acres

STEP 2: Calculate Time of Concentration:
Flow Average Time of

Manning's Average Length Velocity Concentratn
n Slope (ft) (f/s) (min)

Velocity
Calculation

MethodType of Flow / Ground Cover

.vi

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 Ert or other

Manning's Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Override calculation for Tc? y Yes 0 No Tc = 5.0

Use T0 = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

Rainfall intensity, i (infir):. :j, > . -

STEP 4: Calculate Peak Rate of Runoff, Q:

25 yea

Calculated Flow, Q (cfs) 11.0

Q=kCiA

3NPPLS0902-Bell Bend Land DevelopmenIIANALYTICAL\CALCULATIONS\SWALE CALCS\E&Sq[PPLS0902-Rational Method-Conveyance E&S Swales.xts]E&S Swale 2



Rational Equation Stormwater Calculations

,(Penflofi)
Client: PPLS0902

Project: PPLS0902
Prepared by: ATS

Date: 14 Oct 10

Print Date:

Project *:
5 Nov 10 10:54 AM

PPLS0902Checked by: I

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

Description: E&S SWALE 3 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group

(ABC,D)

Runoff

Land Land Coefficient,
Use Slope C

Area, A

(acres)
A*C
(acres)

Impervious
................. ... ...... ..... .... --e• ou -- ....----

Bare Soil

Cultivated

0.95

0.75 3.890

0.25

2.918

7 Total Area, A; 3,890 acres

Weighed C 0.75

Total A C: 2.9175 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

~~~~~.............iiiiI1]
Channel or Pipe Flow ............

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

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

F low
Manning's Average Length

n Slope (fA)

Average
Velocity

(ft/s)

time of
Concentratn

(min)

Velocity
Calculation

Method

CShalow oncentrated

Manning's Eq or other

Manning's Eqt or other

Manning's Eq or other

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,: 5.0 minutes

Tc = 5.0STEP 3: Calculate Rainfall Intensity, 1: Overric

Rainfall Intensity for

Storm Recurrence frequency (years): _25year

de calculation for Tc? j) yes 0 No

Use T , = 5.0 minutes

RapalitniV iir: .

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

Calculated Flow, Q (cfs) = 14.7

3\PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\E&S\[PPLS0902-Rational Method-Conveyance E&S Swalesxls]E&S Swale 3



Rational Equation Stormwater Calculations

Client: PPLS0902
Project: PPLS0902

Prepared by: ATS

Dalp: 14 Oct 10

'Pennoni/

Print Date: 5 Nov 10 10:54 AM

Project a: PPLS0902Checked by:

I M. Fenick

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

Description: E&S SWALE 4 Structure: -

Route: -

Station: -

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

Hydrologic

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

impervious

... a S..........o............ e.... . ....... ........................
Bare Soil

Runoff
Coefficient,

C
Area, A

(acres)

A*C

(acres)

0.95

0.75

0.25Cultivated

--- : .... ........ ........... ........ ....

--------- ---------------------- ------------ -- ....... ........ -... ....... ------ --- ------ -

... ...... ... ..... ----- ------- -------------- ------------ ...... .........................
5.450 4.088... .......... .... ........ --- ....- .......... ....... ........ - -..

-------------------------

......... .................. . ..... ..... ......... ....... .... ............ ...............

........... ............ ..... ....... ...... ................ ...

.... ... ................ -..--------.

'T061 Areal A: '~ 5.4501 acres

Weighted C: U .75

Total A * C: 4.0875 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

..i .. i i. .. .i i ' .......... ... ........... .................. ............................. .................... ....... .
.......... ~~

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

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

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

Flow
Manning's Average Length

n Slope (ft)

Average Time of
Velocity Concentraln

(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

iIIii[i~]
vi

STEP 3: Calculate Rainfall Intensity, 1:

Rainfall Intensity for

Override calculation for Tc? cit Yes 0 No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

Rainfalf'intensityJ1(n~ri .- ~ue,

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

Calculated Flow, Q (cfs) = 20.6

3\PPLS0902-Bell Bend Land DevelopmentlANALYTICAL\CALCULATIONS\SWALE CALCS\E&SIPPLS0902-Rational Method-Conveyance E&S Swafes.xlsJE&S Swale 4



Rational Eouation Stormwater Calculations

Client: PPLS0902

Project: PPLS0902
Prepared by: ATS

Date: 14 Oct 10

,'Pennoni2

Print Date: 5 Nov 10 10:54 AM

Project W: PPLS0902Checked by:

[ M. lenick

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

Description: E&S SWALE 5 Structure: -

Route: -

Station: -

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

Hydrologic
Soil Group Land
(A.B.Ol) Use

Runoff

Land Coefficient,

Slope C

Area, A

(acres)

A*C

(acres)

Impervious

Bare Soil

Cultivated

0.95

0.75

0,25

.. ..... .... .. ................................. ....

......... ..... -.- ............. ... ..... .........

........... - ..........
3.310...... .........

............... ......................... .....

... ....... -.. ..................... ----

........ ....... .............. .............. ..

.... ..... ............

........ ... ... ..

------ -----

..... ...........

.. .. ..............

2.483

Total A~rea, A: 3 c310 ̀ ,

ýWeighted C: 07

TotalA * C: 2.4825 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slooe (ftI

Average Time of
Velocity Concentratn

(ft/sý (mini

Velocity
Calculation

Method

I - -

..... . ........ ....... ...... ... .... .. ...... ............... ..... .. - '"

iv)

.C ................... e ...... . . . ....... -,...

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

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

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

IF ............... ....................... .. .. ..... .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

Override calculation for Tc? O Yes 0 No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

'Rainfall, intensity, I (in~hr). : 5.0~4~-K~7 ~ ~ ,

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

25 year

Calculated Flow, Q (cfs) = 12.5

'\PPLS0902-Befl Bend Land DevelopmenttANALYTICAL\CALCULATIONS\SWALE CALCS\E&S[PPLS0902-Rational Method-Conveyance E&S Swales.xis]E&S Swale 5



Rational Equation Stormwater Calculations

Client: PPLS0902

Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

,,Pennoni)

Print Date: 5 Nov 10 10:54 AM

Project #: PPLS0902Checked by:

I M. Fenick

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

Description: E&S SWALE 6 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group Land

(A,8,C,0, Use

Runoff
Land Coefficient,

Slope C
Area. A

(acres)

A*C
(acres)

Impervious 0.95

Bare Soil 0.75 4.420

Cultiated 0.25

3.315

,,Tptal Area, A: - 4,420 acres

W.~-44ezhted C. 0.76

Total A C: 3.315 acres

STEP 2: Calculate Time of Concentration:

Type of Flow I Ground Cover

Flow
Manning's Average Length

n Slope (it)

Average Time of
Velocity Concentratn

(fils) (min)

Velocity
Calculation

Method

r
........ .. ............. ........ ....................... ......... ........ ........... ;

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 Wi,

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? ® Yes 0 No Tc = 5.0

Use Tc = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

Rainfal -ncsil' i 4ilf 5''0

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

Calculated Flow, Q (cfs) = 16.7

3\PPLS0902-Bell Bend Land Devetopment\.ANALYTICAL\CALCULATIONS\SWALE CALCS\E&S4[PPLS0902-Rational Method-Conveyance E&S Swalesxls]E&S Swale 6



Rational Equation Stormwater Calculations
(Peffofli)

Client: PPLS0902
Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

Govei

Description: 'E&S SWALE 7

Checked by: M. Fenick

Print Date:

Project P:

5 Nov 10 10:54 AM

PPLS0902

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

Structure: -

Route: -

Stalion: -

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

Hydrologic
Soil Group
(A. B. C.D)

Runoff
Land Land Coefficient,

Use Slooe C
Area. A

(acres)

A*C
(acres)

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

Impervious 0.95

Bare Soil

Cultivated

0.75 0.340 0.255

0.25

Total Area, A:, 0,340, acres

Weighted C: 0.75

Total A * C: 0.255 acres

STEP 2: Calculate Time of Concentration:

Type of Flow/ Ground Cover

Flow
Manning's Average Length

n Slope ff)

Average
Velocity

(flis)

Time of
Concentratn

(min)

Velocity
Calculation

Method

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

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

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

1Shallow Concentrated.
S....... ... . ...... ....... ....................... ... .. . ... . .. ",, Ji ... ....... ................... ................... ]
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 To? * Yes 0 No

5.0 minutes

Tc = 5.0STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Storm Recurrence frequency (years):

Use T, = 5.0 minutes

25 year

Rainfall intensity, i (inthr). 5,04

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

25 yea

Calculated Flow, Q (cfs) = 1.3

\PPLSO902-eell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\E&S\[PPLS0902-Rational Method-Conveyance E&S Swalesxls]E&S Swale 7



Rational Equation Stormwater Calculations

Client: PPLS0902

Project: PPLS0902

Prepared by: ATS
Date: 14 Oct 10

,Pennoni'

Print Date: 5 Nov 10 10:54 AM

Project #: PPLS0902Checked by:

I M. Fenick

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

Description: E&S SWALE 8 Structure:
Route:

Station:

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

Hydrologic
Soil Group

(ABC,D)
Land
Use

Runoff

Land Coefficient.

Slooe C
Area, A
(acres)

A*C
(acres)

Impervious 0.95

Bare Soil 0.75

Cultivated 0.25

----------- -....... I ---------- ----
-- --------- .... ....... . .................... I .................. ....

....... ...........
0.510 0383..... ........... ................. .--- _ .... .......... ........ ... ........

................... .... ............ . . .... ... .... .... .......................

............

- ---------------------

............ . .... ................. .. .......

TotalI Area, A:> 0.510acres

Weighted C: ~ 0,75

Total A * C: 0.3825 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

Iv'v

-....-.--------- . ... . ..... ... . ............ .. ..... . .. ...........

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):

STEP 4: Calculate Peak Rate of Runoff, Q:

FCalculated Flow, Q (cfs) =

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

25 year

Q=kCiA

25 yea

1.9

;\PPLSO092-Bell Bend Land De'velopment'ANALYTICAL\CALCULATIONS\SWALE CALCS\E&S\IPPLS0902-Rational Method-Conveyance E&S Swales.xls]E&S Swale 8



Rational Equation Stormwater Calculations

Client: PPLS0902

Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

,Pennoni)

Print Date: 5 Nov 10 10:54 AM

Project N: PPLS0g02

Checked by: M. Fenick

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

Description: E&S SWALE 9 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)

Impervious 0.95
.. .. ...... . . ... .. . .... .

.. ..... .... ............ .. I....... ... ! p ....... ... ................ .. . ... .. ............ .... .. .. ..... ... ....

Bare Soil 0.75

Cultivated 0.25

0.730...... .................... _-.______--___

...... ..... ... ....... ....

......... ........ ... _ -- -------------- ---- -

... .......

.......... ......... .

-----------

-_..-.-11_1_ ............. .

................

....... .... ..... .........
0.548.... ........

..... ....... ......... .......

~'Total Area, A: 0730 acres

0.75,

Total A * C: 0.5475 acres

STEP 2: Calculate Time of Concentration:

Type of Flow Ground Cover

Channet 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 (R)

Average Time of
Velocity Concentratn

(It/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

S...... .... ........... ... ... .... . ..... . ;Sttaltow Concentrated

S. .. .. . . .. .... ........ ........ .......... -- -.. ..--- - - - -- - - - --

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:

25 year
Calculated Flow, Q (cfs) 2.8

Q~kCiA

3\PPLSO902-Bell Send Land DevelopmentýANALYTICAL\CALCULATIONS\SWALE CALCS\E&S\[PPLS0902-Rational Method-Conveyance E&S Swales.xls]E&S Swale 9



Rational Equation Stormwater Calculations

Client: PPLS0902

Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

;,Pennoni"

Print Oate: 5 Nov 10 10:54 AM

Project #: PPLS0902Checked by: Fenick

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

Description: E&S SWALE 10 Structure:

Route:

Station:

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

Hydrologic

Soil Group Land

(A,BC,D) Use

Runoff
Land Coefficient,

Slooe C
Area, A
(acres)

A*C

(acres)

Impervious 0.95

Bare Soil 0.75

Cultivated 0.25

- -------- ---------- - -- ---------------------- --------------- ......... ...........................

........... ...... ....... ................ _._ ........ ....... - 1 1.1-..-,--, ... ....... .. ....... ........ ---------- I ........... ..- ....... ... _

------------- ---------- ----------------- --------- ............... ... .. ......... .. ......... .............. -
1 150 0.863........... ........ .-:-....- .. ....... ........ .......

......... ...... I ....... .... ....... ..... ..........

..... ......... ................... ..............

..................... -- --------- ---- ------ ------- -- ----- -----------

----- --------- --------

..... .............. ............ ..........

-total Aýea, A: 1.150 acres

Weighted C:'-- 0. 0756

Total A * C: 0,8625 acres

STEP2 : Calculate Time of Concentration:

TYPe of Flow I Ground Cover

Flow
Manning's Average Length

n Slope (ft)

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,:

Override calculation for Tc? ® Yes 0 No Tt

Use T, 5.0 minutes

• .... ........ .... ...... .. ............ .. . .. .. . .. . ... . . . 1

Shallow Concentrated
-- --- --- ---- -.... .. ..

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

C= 5.0

Storm Recurrence frequency (years): 25 year

~~-s~j-~; 1 r~r)~r &,504'.*" '

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

Calculated Flow, Q (cfs) = 4.3

,PPLS0902-Beit Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\E&S\[PPLS0902-Rational Method-Conveyance E&S Swales.xlslE&S Swale 10



Rational Equation Stormwater Calculations

Client: PPLS0902

Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

(Pennoni)

Print Date: 5 Nov 10 10:54 AM

Project #: PPLS0902Checked by:

M. Fenick

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

Description: E&S SWALE 11 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)

Impervious

Bare Soil

0.95

0.75 1.430 1.073

Cultivated 0.25

.Total Area,'A: 1.430 acres v

Weightedi C.~ 0.75

Total A * C: 1.0725 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
Velocity

(Ws)

Time of
Concentratn

(min)

VelocityCalculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

. ............ . . .. . . .. .. . .. . . . .. . .. . . .. _ _

SalwConcentrated

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

Ranfallintensitj, i (jInhr): 'ý,5ý04Y.-.', I

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

25 year

Calculated Flow, Q (cfs) = 5.4

.PPLS0902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\E&S\PPLS0902-Rational Method-Conveyance E&S Swales.xlslE&S Swale 11



Rational Equation Stormwater Calculations

Client: PPLS0902

Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

Print Dale: 5 Nov 10 10:54 AM

Project M: PPL.SO902Checked by:

M. Fenick

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

Descriplion: E&S SWALE 12 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group

(A,B.C,0)
Land

Use

Runoff

Land Coefficient,

Slope C

Area, A

(acres)

A*C
(acres)

Impervious 0.95

Bare Soil 0.75 0.690 0.518

Cultivated 0.25

- Wei'ghIted;C: .1

TotalA*C: 0.5175 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 Slooe (ft)

Average
Velocity

(ftus)

Time of
Concentraln

(min)

Velocity
Calculation

Method

Shallow Concentrated

i ................. ......... ...................... ....... ....... '_
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, Tc: 5.0 minutes

Override calculation for Tc? ) Yes 0 No Tc = 5.0

Use Tc 5,0 minutes

Storm Recurrence frequency (years): 25 year

n yt t~ti (in/ hr): '5.O4 k~

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

25 year

Calculated Flow, Q (cfs) = 2.6

PPLS0902-Bell Bend Land DevelopmentIANALYTICAL\CALCULATIONS\SWALE CALCS\E&St[PPLS0902-Rational Method-Conveyance E&S Swales.xls]E&S Swale 12



Rational Equation Stormwater Calculations

Client: PPLSO902
Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

RPennoni)

Print Date; 5 Nov 10 10:54 AM

Project #: PPLS0902

Checked by: M. Fenick

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

Description: E&S SWALE 13 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group

(A,B.C.D)

Runoff
Land Land Coefficient,

Use Slooe C

Area, A

(acres)

A*C
(acres)

Impervious

Bare Soil

Cultivated

0.95

0.75

0,25

0.860

.. . . . .... ..... ....... ..... - .1...... .... __ ............... .. . . . ... .. . .. .

0.645

Total Area, A: 0.O860 acres

Weighted C:, 0 7 55

Total A C: 0.645 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

(ft/s) (min)

Velocity
Calculation

Method

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 0 No Tc 5.0

Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

R, htf" ' in.n

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

25 yea

Calculated Flow, Q (cfs) = 3.3

.PPLS0902-BSe Bend Land DevelopmenttANALYTICAL\CALCULATIONS\SWALE CALCS\E&SMPPLS0902-Rational Method-Conveyance E&S Swalesxls]E&S Swale 13



Rational Equation Slormwater Calculations

Client: PPLS0902
Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

,,Pennoni2

Print Date: 5 Nov 10 10:54 AM

Project 4: PPLS0902Checked by:

I M. Fenick

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

Description: E&S SWALE 14 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group Land Lar
(A,B,C,D) Use SloI

Impervious

Bare Soil

Cultivated

Runoff

nd Coefficient,

pe C

Area, A

(acres)

A*C
(acres)

0.95

0.75

0.25

0.660 0.495............. .......... ............... .

I ..... .... .. ------ ------------- - --

... ............ -.1 ... ........ .......... .

..... ...... .... -...-.-...-1.1..
..... ----------

.... ...........

T'.itaArea'A:... 0:660 .acres. ,i !. ! Total A

~Weiglhted C: .07

Flow Average Time of
Manning's Average Length Velocity Concentratn

n Slope (09) (ft/s) (min)

* C: 0.495 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, 1:

Rainfall Intensity for

Storm Recurrence frequency (years):

STEP 4: Calculate Peak Rate of Runoff, Q:

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 Tc = 5.0 minutes

25 yea

Q=kCiA

25 year

Calculated Flow, Q (cfs) 2.5

,PPLS0902-Rell Bend Land DevelopmentkANALYTICAL\CALCULATIONS\SWALE CALCS\E&SX(PPLS0902-Rational Method-Conveyance E&S Swalesxls]E&S Swale 14



Rational Equation Stormwater Calculations

Client: PPLS0902

Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

(Pennoni)

Print Date, 5 Nov 10 10:54 AM

Project M/ PPLS0902Checked by:

M.Fe nick

Governing Equation: Q = k C i A
Description: E&S SWALE 16

(where k = 1 for english units)

structure: -

Route:-
Station:-

STEP 1: Calculate Drainage Area, A

Hydrologic
Soil Group
(AB.CD)

and Runoff Coefficient, C:

Runoff

Land Coefficient,
Slope C

Land
Use

Area, A
(acres)

A*C

(acres)

ImpervioUs

Bare Soil

Cultivated

0.95

0.75 0,900 0.675

0,25

~QToW~ Area, A, 0,900ý a cres
Weig hted C ~ Q.75

Total A* C: 0.675 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

-- -- ..-. --- - - -------

----- ----

[. ......... . ........... .. .... ....... ... .. ......... .......... .. ..... .. .. . • r
... ...... ... .... ........ _ .-... . ...... .... ........ ......... ... . . . . ... . . . . .. . . . _ _

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 Slooe (Ift)

Average
Velocity

(Its)

Time of
Concentratn

(min)

Velocity
Calculation

Method

............... .. . . .........

I Shallow Concentrated
, .............. ... ..........I'l .. ........ .. .. . = =

I ~I"
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 To? * Yes 0 No

5.0 minutes

Tc = - 5.0

Use Tc = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

~, Rainfall intensity, i. (inthr): ;6.O4:,j

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

25 yer

Calculated Flow, Q (cfs) 3.4

,PPLSO902-Bell Bend Land Development\ANALYTiCAL\CALCULATIONS\SWALE CALCS\E&S1(PPLSOgO2-Ratlonal Method-Conveyance E&S Swales.xls]E&S Swale 16



Rational Equation Stormwater Calculations

Client: PPLS0902
Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

(Pennofl)

Print Date: 5 Nov 10 10:54 AM

Project #: PPLS0902Checked by:

I M. Fenick

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

Description: E&S SWALE 17 Structure: -

Route: -

Station: -

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

Hydrologic

Soil Group

(A.A.C.D)

Runoff
Land Land Coefficient,

Use Slooe C
Area, A
(acres)

A*C
(acres)

Impervious 09
. ...... . ..... ................ . ........° ....... .... ....................... ........ . . .:... ........................ ............

Bare Soil 0.75

Cultvated 0.25

1.680 1.260

.... ... ...... ............. ... ........ ........ .. ..... . ...... .................. .... .... ... . ........ - - --

Total Area,A:

Weighted C:

1. 1680 a'cies

'0.75,

Total A* C: 1.26 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 ...............

Flow
Manning's Average Length

n Slope (ft)

Average Time of
Velocity Concentraln

(ft/s) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T,:

Shallow Concentratedi ........ ... .. .......... .... . -
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 T. = 5.0 minutes

Storm Recurrence frequency (years): 25 year

Rai 11infall ij, '' (it/f) _'~ Vj04,

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

25 year

Calculated Flow, Q (cfs) = 6.4

,PPLS0902-Bell Bend Land DeveIopmenItANALYTICAL\CALCULATIONS\SWALE CALCS\E&S[PPLSO092-Rational Method-Conveyance E&S Swales.xls]E&S Swale 17



Rational ESuation Stormwater Calculations

Client: PPLS0902
Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

.•Pennoni'/

Print Date" 5 Nov 10 10:54 AM

Project #: PPLS0902

lChecked by: M. Fenick

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

Description: E&S SWALE 19 Structure: -

Route:

Station: -

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

Hydrologic

Soil Group Land
(AB,C,O) Use

Runoff

Land Coefficient,

Slope C

Area, A

(acres)

A*C
(acres)

Impervious 0.95........... .... ., ............ .. ............. ......... ......................... ....... .............. ........ .. ... .... ----- ------ ----------- --

...... ..... -...... ............ .. .

............. ............ .. ............... ........... .. .. ...........
Bare Soil 0.75.......... ... .. .......... .. .................... ............. .. ...... .... --- ..... ........ ...... .........

................ ... .... .......... ...
Cultvated 0.25.. ............. ... ...... ........ .. . .............. ... ........ -... ...................... ...... ... ....... .... ..-...... .. ... -

... ..... ...... I .... ......... I ...... ..... .......... ..... ... ......................... ... ................... ... ............ ....

......... .......... ........ I~- ---- ------- .. ..........

.... ............. .. .... ...... ...... ...... ... .. .... .......

2.910 2.183

.............. ..

...........

~Total',Area, A: .10acres

Weighted C. 0.75

TotalA* C: 2.1825 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

i ..... .................. ......... ......... ........... ..... .. ..... ...i .
... . - ... .... ----

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

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

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

Flow
Manning's Average Length

n Slope (ft)

Average
Velocity

(ft/s)

Tirne of
Concentratn

(Min)

Velocity
Calculation

Method

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

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

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

Use T, 5.0 minutes

Storm Recurrence frequency (years): 25 yea

Rainall ip~tensrt~y, i (in/hr):: 5.014:

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

Calculated Flow, Q (cfs) = 11.0

,PPLSO902-Bell Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\E&S\PPLS0902-Rational Method-Conveyance E&S Swales.xls]E&S Swale 19



Rational Equation Stormwater Calculations

Client: PPLS0902

Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

,,Pennoni/

Print Date: 5 Nov 10 10:54 AM

Project #: PPLS0902Checked by: Fenick

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

Description: E&S SWALE 20 Structure: -

Route:

Station:

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

Hydrologic

Soil Group Land
(ABCOD) Use

Runoff

Land Coefficient,

Slope C

Area, A
(acres)

---------- I ........... ....

........ ... ..... ... ..... ...... ..

.. ............ .........

Impervious 0.95

Bare Soil 0.75 18.030

Cultivaled 0.25

A*C

(acres)

13,523

..., --- 1 .... ....... ..........

Total AreaA: 1•.•• 30 acresI TotalA*C: 13.5225 acres

Weighted C;1 0.75

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 (ft)

Average Time of
Velocity Concentratn

(ftls) (min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, Tc:

S. .. ... ......... ... ... .............. -..... ... .. . J

... ...... ... .. ... .. .. ._ ----- --ShllwCocetatd 'V I

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

Rainfall inten'sity, i (inlhr).: fl - .>' 9,

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

25 year

Calculated Flow, Q (cfs) = 68.2

.PPLS0902-Bell Bend Land DevelopmenItANALYTICAL\CALCULATIONS\SWALE CALCS\E&SýPPLS0902-Rationat Method-Conveyance E&S Swales.xls]E&S Swale 20
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Rational Equation Stormwater Calculations

Client: PPLS0902

Project: PPLS0902
Prepared by: ATS

Date: 14 Oct 10

RPennoni)

Print Date: 5 Nov 10 10:54 AM

Project M: PPLSO902Checked by: Fenick

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

Description: E&S SWALE 21 Structure: -

Route: -

Station: -

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

Hydrologic Runoff
Soil Group Land Land Coefficient. Area, A A *
(A.B.C.D) Use Slope C (acres) (acres)

Impervious 0.95
....................... ................ .................. .....................o ................................................................... . ................................................. ..... . .. ........ ...

Bare Soil 0,75 0860 0645.... ..... ...... .. ...... .................... ........ .. ..... ....ar 8 o l ;.... ... ........... ........ -. ...... .... 0 . 5.... - - 1 . 1 -.1......... ... .... ...... ..... .......... ............ .. .................. ... ....................... ......... ........... ..... ... .. ...... . ... .. 6

Cultivated 0.25

..... .... ....... .. ..... ................... ... ... ...... .......... ..... ..... ............. ....... ... .. ..... ..................... ...... ....... .............. ........ . .. . . . ... I.... ....................... ....... ........... ............. ......... ......... .. ....... .......... .... .. .

.Total Area, A: 0.860acres Total A C: 0.645 acres

Weighted C: '0.75

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slove (ft)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method

................

.............. . .... ..
............................. ............... ... ....

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

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

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

Shallow Conc

Enter Value Manning's E

Enter Value Manning's E

Enter Value Manning's E

Calculated Total Time of Concentration, T.: 5.0 minutes

.2.]. ......-.. ]
..................... .. - -

entrated v]
q or other

q or other

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 year

Rainfall intensity, i ithr): ý5.04. .. .

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

25 yea

Calculated Flow, Q (cfs) = 3.3

PPLS0902-Bell Bend Land Development'ANALYTICAL\CALCULATIONS\SWALE CALCS\E&SMPPLS0902-Ratlonal Method-Conveyance E&S Swales.xls]E&S Swale 21



Rational Equation Stormwater Calculations

Client: PPLS0902
Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

,Pennoni-

Print Date: 5 Nov 10 10:54 AM

Project M: PPLS0902Checked by:

I M. Fenick

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

Description: E&S SWALE 22 Structure: -

Route: -

Station:

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

Hydrologic
Soil Group Land
fXBC.D) Use

Runoff
Land Coefficient,
Slooe C

Area, A
(acres)

Impervious 0.95............ ....... ... .......... .......... .......... ............. ... ......... ...............o ......_

Bare Soil 0.75

Cultivated 0.25

1.270

........ . ....... .. ....... ... ... . .. . . . . . . . . . . ......... .. .. ............ .

.... ............................ ................ .. .... . .. . .... . .. ... . ... .... ...

.... ... . . . .... ... ... . . . . ... . . . . .. ... . . .. . . . ... .... .............

(acres) ...

0.953

............. .............. ....

< Total AreaAý" I -270ýýac res.7j

weight&d C: 0,75

Total A * C: 0.9525 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

! ....................... iii iiiiil~i i~i iiiiiiiil i ~ .... ..... ............ ..iii iiii
! ...... ........... ... .. .............. i ill i ........ ............. .... .7;iii i ..

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,:

S.... . ... . ... . . ....... ..................... ... ..... .......... _ _ - -----
Shallow Concentrated i 'F

Manning's Eq or other

Manning's Eq or other

Manning' 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 year

'Rainfall intensity, 5~nhr) .44

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

25 yea

Calculated Flow, Q (cfs) = 4.8

,PPLS0902-Bell Bend Land Development\ANALYTICALICALCULATIONS\SWALE CALCS\E&S\ PPLS0902-Rational Method-Conveyance E&S Swales.xls]E&S Swale 22



Rational Equation Stormwater Calculations

Client: PPLS0902

Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

,Pennoni/

Print Date: 5 Nov 10 10:54 AM

Project #: PPLS0902[Checked by:

M. Fenick

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

Description: E&S SWALE 23 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)

Impervious

Bare Soil

Cultivated

0o95

o.75

0.25

0.870 0.653

Total Area, A: 0.87'0 acresý ~
Weighted C; 0.75

Total A.* C: 0.6525 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 (ft)

Average
Velocity

(fhis)

Time of
Concentratn

(Min)

Velocity
Calculation

Method

jSllow 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 T, = 5.0 minutes

Storm Recurrence frequency (years): 25 year

K; Rainfall intensity,.i (inhr).: .. 04

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

25 year

Calculated Flow, Q (cfs) = 3.3

PPLS0902-Bell Bend Land Development\ANALYTtCAL\CALCULATIONS\SWALE CALCS\E&S\PPLS0902-Rational Method-Conveyance E&S Swales.xls]E&S Swale 23



Rational Equation Stormwater Calculations

Client: PPLS0902

Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

(Pennoni"

Print Date: 5 Nov 10 10:54 AM

Pfoject 4l: PPLSO092Checked b:y:

I M. Fenick

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

Description: E&S SWALE 24 Structure: -

Route:

Station: -

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

Hydrologic Runoff

Soil Group Land Land Coefficient,
(A,BC,D) Use Slope C

Area, A
(acres)

A*C
(acres)

Impervious
............. .................. - -.1e_-1-1°us 1.. ........ ..... . ..............

Bare Soil

Cultivated

0.95

0.75

0.25

........... ........ ----- -------------------------- -------- ---- I---- ----- -- -------------

....... ... -

------------ - ..... ..... ------- .. .... .. ................ ......... ..
0,500 0.375............. ...... ------------------ -............. .. --- ------------------- ------ --------

............

......... ... .... I ---- ----- -- ---- ----- ........

------------ ... ....... - -

..... .. ..... ..-- ............. .... ............ ..

" Total Area, A: 0.500 acres,

Weighted C: 0.75

Total A* C: 0.375 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

.... .. ...... . ................. ................... ........ ......... ... .. .............. ........ ... . ]

:! .... .............. .............. ...... ....... ...... . .... .. . .. ........ il iii.. i[ il
........... - ----------- -------- - - --- 1

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 00t)

Average
Velocity

(ftts)

Time of
Concentratn

(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 year

R~ainfallirntnsiiy', i (inihfir:_ 5.0~S;4:~

STEP 4: Calculate Peak Rate of Runoff, Q:

25 sea

Calculated Flow, Q (cfs) = 1.9

Q=kCiA

,PPLS0902-Beet Bend Land DevelopmentANALYTICAL\CALCULATIONS\SWALE CALCS\E&S\(PPLS0902-Rational Method-Conveyance E&S Swafes.xls]E&S Swale 24



Rational Eouation Stormwater Calculations

Client: PPLS0902
Project: PPLS8902

Prepared by: ATS
Date: 14 Oct 10

,Pennoni~

Print Dater 5 Nov 10 10:54 AM

Project #: PPLS0902Checked by:

M. Fenicl<

Governing Equation: Q = k C i A (where k = for englist units)
Description: E&S SWALE 26 Structure: -

Route: -

Slation: -

STEP 1: Calculate Drainage Area, A

Hydrologic
Soil Group Land

(A,B,C,D) Use

Impervious

and Runoff Coefficient, C:

Runoff
Land Coefficient,
Slope C

0.95

0.75

0.25

Area, A

(acres)

1,230

A*C
(acres)

0.923Bare Soil

Cultivated

TotaiArea, A:, 1.230 acres
*.'Weightd C; 0.75

Total A * C: 0.9225 acres

STEP 2: Calculate Time of Concentration:

Type of Flow/ Ground Cover

------------. ...III ...7 II II....iii~ii iii. i iiiiiii
S............ .... ............. ...ii~ i i i ........... ............. .ii iii i~ ~ .. ....... ..... i i i ?

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

(fI/s) (min)

Velocity
Calculation

Method

Shallow Colic

Enter Value Manning's E

Enter Value Manning's E

Enter Value Manning's E

Calculated Total Time of Concentration, T.: 5.0 minutes

Override calculation for Tc? ® Yes 0 No To 5.0

Use T, 5.0 minutes

.... ... . ... ... ... . .
entrated W

q or other

q or other

q or other

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Storm Recurrence frequency (years):

STEP 4: Calculate Peak Rate of Runoff, Q:

25 year

QkC04

25 year

Calculated Flow, Q (cfs) 4.6

,PPLS0902-Bell Bend Land Developmentl\ANALYTICAL\CALCULATIONS\SWALE CALCS\E&SMPPLS0902-Rational Method-Conveyance E&S SwalesaxlsjE&S Swale 26



Rational Equation Stormwater Calculations

Client: PPLS0902

Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

,Pennoni'

Print Date: 5 Nov 10 10:54 AM

Project #: PPLS0902Checked by:

I M. Fenick

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

Description: E&S SWALE 27 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

Area, A

(acres)
A C

(acres)

Bare Soil

Cultivated

0.95

0.75 3.350 2.513

0.25

Total Area, A: 3.350 acres

Weighted C: 0.75

Total A* C: 2.5125 acres

STEP 2: Calculate Time of Concentration:

Type of Flow Ground Cover

L .. ... ... .... ... ... .... ......... .... ... ... .... ... ... .. . . ... ... ... .... ... ............ ............ ... . .

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

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

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

Flow
Manning's Average Length

n Slooe fit)

Average
Velocity

(ft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

Enter Value

Enter. Value

Enter Value

Calculated Total Time of Concentration, T,:

.... .... ........ .... .... ... .......... ... .. . .... . . i

Shallow ConcentratedS........ ........ .............. ... ..... .... .... ............... .L ....

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

Storm Recurrence frequency (years):

STEP 4: Calculate Peak Rate of Runoff, Q:

Override calculation for Tc? @) Yes 0 No To 5.0

Use T, = 5.0 minutes

25 y ear

Q=kCiA

25 year

Calculated Flow,'Q (cfs) 12.7

,PPLSO9O2-Betl Bend Land Developrnen(tANALYTICAL\CALCULATIONS\SWALE CALCS\E&S4[PPLS0902-Rational Method-Conveyance E&S Swales.xls)E&S Swale 27



Rational Equation Stormwater Calculations

Client: PPLS0902
Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

,,PennoniF

Print Date: 5 Nov 10 10:54 AM

Project #: PPLS0902Checked by:

I M. Fenick

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

Description: E&S SWALE 28 Structure:

Route: -

Station: -

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

Hydrologic Runoff
Soil Group Land Land Coefficient, Area, A
(AB,C,D) Use Slope C (acres)

Impervious 0.95

A*C
(acres)

Bare Soil

Cultivated

0.75

0.25 0,710 0.178

-Total Area, A. <0.710 acres

Weighted C: 0.25

Total A * C: 0.1775 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

Flow
Manning's Average Length

n Slooe (tfi

Average
Velocity

fft/sl

Time of
Concentratn

(min)

Velocity
Calculation

Method

.n. ...... ....

C.annel or Pipe Flow.............

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

.. .......... ..... .. . . . . . .. . ..

Shallow Conc

Enter Value... i ......

Enter Value Manning's E

Enter Value Manning's E

Enter Value Manning's Es

Calculated Total Time of Concentration, T,: 5.0 minutes

.---.--II. I

q or other

q or other

q or other

STEP 3: Calculate Rainfall Intensity, I: Override calculation for Tc? @) yes 0 No Tc = 5.0

Rainfall Intensity for Use T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

R ainfall intensityoi (in:hr):Q 5.04

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

25 year

Calculated Flow, Q (cfs) = 0.9

.PPLS0902-BelI Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\E&S\PPLS0902-Rational Method-Conveyance E&S Swales.xls]E&S Swale 28



Rational Equation Stormwater Calculations

Client: PPLS0902

Project: PPLS0902
Prepared by: ATS

Date: 14 Oct 10

(Pennoni'

Print Date: 5 Nov 10 10:54 AM

Project #: PPLS0902Checked by:

I M. Fenick

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

Description: E&S SWALE 29 Structure:

Route:

Station: -

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

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

Area, A

(acres)

A-C
(acres)

Impervious 0.95... ... ................. ...... t ! ...%.... .. ............ ..... ....... .................._5....... _........... I................ ..................... .. .... ....... ........................ ........

Bare Soil 0.75 1.870

Cultvated 0.25

.. ............. .. .I
1.403............... ...... -- . ........ ...

I ---------- --- ------- ----- ------- --

... ........ -_.....

--- -------

Tot•l Area, Aý? 1.87i acrps Total A* C: 1.4025 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 (R)

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
L .. .. .. .. .. . . .. . . . . . . . ..... ........

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

V

V

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

Use Tc 5.0 minutes

Storm Recurrence frequency (years): 25 year

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

Calculated Flow, Q (cfs) 7.1

.PPLS0902-Beg Bend Land Development\ANALYTICAL\CALCULATIONS\SWALE CALCS\E&S\[PPLS0902-Rationat Method-Conveyance E&S Swafesxls]E&S Swale 29



Rational Equation Stormwater Calculations

Client: PPLS0902

Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

(Penno, . i)

Print Date; 5 Nov 10 10:54 AM

Project #: PPLS0902

Checked by: MF k
M. Fenick

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

Description: E&S SWALE 30 Structure: -

Route:

Station: -

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

Hydrologic
Soil Group Land
(A.BOC,0 Use

Runoff

Land Coefficient,

Slooe C
Area, A
(acres)

. Impervious
.................. . .... I e .F ~ ~.._. .......... -.......... .......

Bare Soil

Cultivated

0 95

A *C
(acres)

0493.....................

0.493

................ .... . ...

0.75

0.25

....... .......

--------- --- -- 1 ... ............. -- 11
1.970

----------------

-----------

ýTotal Area, A: 1 "970 acres,

Weighted C: 0.25

Total A* C: 0.4925 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

(h/s) (min)

Velocity
Calculation

Method

L.
. . . . . .............. ....... 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,:

S.. ........ ........... ... .... ... .. _- L ...... -

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 T, = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

,~Rainfall irntenity, i (inthr): , 5.04 , ..- ~'~''~

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

25 yea

Calculated Flow, Q (cfs) = 2.5

.PPLS0902-Belt Bend Land DevelopmentfANALYTICAL\CALCULATIONS\SWALE CALCS\E&S7[PPLS0902-Rationa! Method-Conveyance E&S Swates.xls]E&S Swale 30



Rational Equation Stormwater Calculations

Client: PPLS0902
Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

(Pennoni/

Print Date: 5 Nov 10 10:54 AM

Proiect #, PPLS0902Checked by: Fenick

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

Description: E&S SWALE 32 Structure:

Route:

Station:

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

Hydrologic

Soil Group

(A.B.C.0)

Land
Use

Runoff

Land Coefficient,
Slope C

Area, A
(acres)

A*C
(acres)• . . ,

Impervious 0.95

Bate Soil 0.75 7.800 5.850

Cultivated 0.25

.~~Total Area, A: 7>ý.8d0acres8

.Weighted C; 0.75,

Total A* C: 5.85 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 Slope (ft)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity

Calculation
Method

Enter Value

Enler Value

Enter Value

Calculated Total Time of Concentration, T,:

........... 7._

Shallow Concentrated

............n..... ... ... o.........r......
Manning's Fq 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, Q: Q=kCiA

?5 year

Calculated Flow, Q (cfs) 29.5

PPLS0902-Bell Bend Land Development•ANALYTICAL\CALCULATIONS\SWALE CALCSkE&SýjPPLS0902-Raticnaf Method-Conveyance E&S Swales.xls]E&S Swale 32



Rational Equation Stormwater Calculations

Client: PPLS0902

Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

,Pennoni/

Print Date: 5 Nov 10 10:54 AM

Project #: PPLS0902

1 Checked by: M. Fenick

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

Description: E&S SWALE 31 Structure:

Route:

Station:

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

Hydrologic

Soil Group

(ABC.D)

Runoff

Land Land Coefficient.
Use Slooe C

Area, A

(acres)

A*C
(acres)

Impervious

... . ...... ...... ... ... ......... ...............

Bare Soil

... C........................u. . v.d.....
Cultivated

0.95

0.75 14.730 11.048

0.25
......... ....... ......

........ ........

.- I., ............... ...... ... .. .......... .......

------------ I --------- ........ .... ............

1_.--._-__..1 ....... ........ ..... .......... -- 11.1-.-1.,.._.-_- .... .......... ...

: Tota I Area? A: 14.730 acres Total A* C: 11.0475 acres

Wyeighted:Cý 0.75

STEP : Calculate Time of Concentration:

Type of Flow I Ground Cover

Flow
Manning's . Average Length

n Slope (ft)

Average Time of
Velocity Concentratn

(ft/s) (min)

Velocity
Calculation

Method

..... ................

.. ......... *,..- -------------- --- ------------ -_._._--._ý_ý

--- ---- -- --

......... ...
I 

I
Channel or Pipe Flow : ..............

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

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

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

:1
S............... ......... ........ ......... ........... . . . _ _

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 yea

Rainfall intenSity. ,J (inlhr),: 5 '04-

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

25year

Calculated Flow, Q (cfs) = 55.7
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Rational Equation Stormwater Calculations

Client: PPLS0902
Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

,PennoniI

Print Date: 5 Nov 10 10:54 AM

Project N: PPLS0902Checked by:

I M. Fenick

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

Description: E&S SWALE 34 Structure: -

Route: -

Station: -

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

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

Runoff
Land Coefficient,

Slope C
Area. A
(acres)

A*C
(acres)

Impervious 0.95

Bare Soil 0.75 15.160

Cultivated 0.25

11.370

To6talAreaA: 15.160 acres'

Weighte C: 0.175

Total A* C:. 11.37 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

.... .......... fi-S.. ........ .............................. ......... ........................ =
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

(ftls) (mnini

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

Use T, 5.0 minutes

5.0

Storm Recurrence frequency (years): 25 yea

Rai,"fall i te ns it J ( : - , .. ,04`

STEP 4: Calculate Peak Rate of Runoff, Q:

25 year

Calculated Flow, Q (cfs) 57.3

Q=kCiA

,PPLS0902-Bell Bend Land OevelopmentIANALYTICAL\CALCULATIONS\SWALE CALCS\E&Sl(PPLS0902-Rational Method-Conveyance E&S Swales.Als]E&S Swale 34



Rational Equation Stormwater Calculations

Client: PPLS0902
Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10

.. _ . .. ................

(Pennonir

Pnnt Date: 5 Nov 10 10:54 AM

Project #: PPLS0902

Checked by: M. Fenick

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

Description: E&S SWALE 35 Structure: -
Route: -

Station: -

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

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

Imnervious 0.95

Area, A
(acres)

A*C

(acres)

Bare Soil

Cultivated

0.75

0.25

............ .............. .. ... ..... .....
28.730............ ...................... ...... ...... .....

-.., ....... ................. I ........ ......

....... ....... ... ............... ...........

...... .... --- .,.._.- ....... ... ...... ...........

....... .... ......... .

------ ---- ........ ......... .. ........... ............ ..., ..........

.. ........ ..... ..... .........
21.548..... .... ... ............. ... .1111-111.111 ......... .

..... ...... .. .............. .1-1-1.1.1-1

.............. ... ........ -..".. I~~

1- 1.1- _ _ ....... .......... -

--- ........ .. - I~' ......

................. ... ...- ._ .... ...........

Total Area, A:> 28t -ce

WeightedýC. 0.5

Total A * C: 21.5475 acres

STEP 2: Calculate Time of Concentration:

Type of Flow I Ground Cover

....... .... .. .......
1 .. .... ....... ... .... . .. .... .... ... .... ... .... ... . ... .. . ........ ... .... ... .... ....... .... ...... . __ _

S... .... .. .............. ... . ...... ........ ................................... . ......... ... j
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
Velocity

Mft/s)

Time of
Concentratn

(min)

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total Time of Concentration, T.:

Shallow Concentrated
.. ... .....I. ......................... . . ..... i =

Manning's Eq or other

Manning's Eq or other

Manning's Eq or other

5.0 minutes

Override calculation for Tc? O Yes 0 No Tc = 5.0

Use T, 5.0 minutes

Storm Recurrence frequency (years): 25 year

ainfall. initerisity, (i 5:0:U~4I<j.$ , '

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

25 year

Calculated Flow, Q (cfs) = 108.6
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Rational Equation Stormwater Calculations

Client: PPLS0902

Project: PPLS0902
Prepared by: ATS

Date: 14 Oct 10

,Pennoni"

Print Date: 5 Nov 10 10:54 AM

Project M; PPLS0902Checked by:

I M. Fenick

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

Description: E&S SWALE 36 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)

Impervious

Bare Soil

Cultivated

0.95

0.75 12.250 9.188

0.25

-'Weighited 0: 0,75

Total A* C: 9.1875 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/s) (min)

Velocity
Calculation

Method

'V[

S........... - . .-- -- .. ... ..... .
J" •V l

..-........ .............................. ................... . .. ..- ._. J

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 ConcentratedL. _... .... ... .. ... . .......... .... ............. -----L ..... ........ ... .......... .. ......... .'

Manning's Eq or other

Manning's Eq or other

Mannings Eq or other

5.0 minutes

STEP 3: Calculate Rainfall Intensity, I:

Rainfall Intensity for

Storm Recurrence frequency (years):

SE4 u Rainfakl intensityo

STEP 4:Calculate Peak Rate of Runoff, Q:

Override calculation for Tc? yes 0 No Tc 5.0

Use T, 5,0 minutes

25 yea

.;0

Q=kCiA

25 year

Calculated Flow, Q (cfs) 46.3
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Rational Equation Stormwater Calculations

Client: PPLS0902
Project: PPLS0902

Prepared by: ATS Checked by:

Date: 14 Oct 10 M. Fenick

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

Description: E&S SWALE 37 S

RPennoni"

Print Datei 5 Nov 10 10:54 AM

Project #: PPLS0902

tructure: -

Route:

Station:

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

Hydrologic
Soil Group Land

(AB1,C.O) Use

Runoff
Land Coefficient,

Slope C
Area. A

(acres)

A*C
(acres)

Impervious 0,95..... ... .. 111111 - _-- ___ , ... .......... ......... ......... -____._--._.._.- 11--

....... ..... ................ ................ .. .... ...... ........ ....... ........ ... ...... ....................... .. .........

_ ........... __-...____._ ------- .............. ..... ............ __-- ......... -- ... ...... ..... .
Bare Soil 0.75------ ----- - - - .. ........... ...... ... ........ ..---------

... ............. .......... ............ - --- _ ------- ----
Cultivated 0.25------- ---- -............ ...........

-------------- ----- ........

...... .... ---- ---------------- ----

......... ..... ............ __.- - - .--_- ... ............. ------- -------------------- --- -

8.200........ .. ....... ......... I ..... .......... ....... .. ..............

....... ... ......... ...........

... ....... ..........

........... ............

.......... ._1 ........

............. .- .- I.I.I., .... .......... .... ....... .......

...... .... ..... ....... .......

.. ... .....
6.150.... ............ ......

-------------- .............. .

... ........ .. ........ .

......... ..........

... ........ .............. ....... .

Total Area, A: 8;O200 acres

2WelightedclC:~

TotalA* C: 6.15 acres

STEP 2: Calculate Time of Concentration:

Type of Flow I Ground Cover

.--- - -- - .... ......

.. ... ...... ... ..... .. .. .................. ... ................ ..... ..................... ....... .. ---- -- -I........... ..z .
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
Velocity

(ft/s)

Time of
Concentratn

(mini

Velocity
Calculation

Method

Enter Value

Enter Value

Enter Value

Calculated Total.Time of Concentration, T,:

.. . ...... ....................... t-----ý

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

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

Calculated Flow, Q (cfs) = 31.0

,PPLS0902-Bell Send Land DevelopmentýANALYTICAL\CALCULATIONS\SWALE CALCSXE&SI)PPLS0902-Rational Method-Conveyance E&S Swales.xls]E&S Swale 37



Rational Equation Stormwater Calculations
,Pennoni/

Client: PPLS0902

Project: PPLS0902

Prepared by: ATS

Date: 14 Oct 10
Checked by:

I M. Fenick

Print Date:

Project #:

5 Nov 10 10:54 AM

PPLS0902

Governing Equation: Q = k C i A
Description: E&S SWALE 38

(where k = 1 for english units)

Struclure: -

Route: -

Station: -

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

Hydrologic

Soil Group
(AB,C,D)

Land
Use

Land
Slope

Runoff

Coefficient,

C

Area, A
(acres)

A*C
(acres)

Impervious 0.95

8are Soil 0.75 4.250 3.188

Cultivated 0.25

"',,To& Aea, 4.250 acres Total A* C: 3.1875 acres

STEP 2: Calculate Time of Concentration:

Type of Flow / Ground Cover

i,,i
..... . ......... ...... . ........ ...... ..------ --- ..... ... ....... ...... ....... .................. . .. . . ..----------.. ---. ..... -v

.. ......................-... . J.
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
Velocity

(flls)

Time of
Concentratn

(min)

Velocity
Calculation

Method

...... ........ ...... ....... .. ....... ...... . ....... _

Shallow Concentrated.i.S••!!°t.C? n.!.a~e•.... ....... ...... ..

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? (* y, 0 No

5.0 minutes

Tc = 5.0

Use To = 5.0 minutes

Storm Recurrence frequency (years): 25 yea

Rainfall intenisity; i(iW4lhr): ý5O14-

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

25 year

Calculated Flow, Q (cfs) = 16.1
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ce-j-S S*WA I
ýp1,69qy7-

FNorth American lreen :.ECMDS..We•io .4.3:.... . ......... . . ..... . ......

HYDRAULIC RESULTS
Dischaige Peak Flow Velocity (fps) Area [sq.ft) Hydraulio Normat

[cfs} Period (hrs . Radius[ft Depth (ft)
0.2 24.0 2-15 38.2 057 O.B2

F -/5/001144 PF4

S75 Cnro0.o4.]

. iBottom
2.0 Width = 3.80011 2.0

LINER RESULTS Not to Scale

Mailing Type Vegetation Characteristios
Reach Stability Analysis j Permissible Calculated Safety Factor Remarks

Staple Paltern Phase Class Type Derrsrt Shea Stress Shear Stress
[p~ll l [psI] I

Straight S75 Unvegetated I 1 1. . .. 1.55 0.51 3.02 STABLEStapl'e D :_. . ..



t2,t~b teen ECDSVsiqn 4.3 j . i 0/29/2010.401:45 PM:

HYDRAULIC RESULTS ..... 75 (n=0. 048]
Discharg•e Peak Flowv Velocity [fps•] Area (sq.lt] Ytdrau c Normal

(o]fs] Period (hfs)j Radiusf II Depth (11)
11,0 24.0 2,93 3.76 0.57 0.81

2.0 Width = 3.00 It 2.0

LINEA RESULTS Not tc Scale

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

Staple Pattein Phase Class Type Density Shear Sliess Shear Stresst Ipsl) (p01_

Straight 975 Unvegetated 1.55 0.96 1.61 STABLE
Staple D .



All~o'~

ri YtUMF•ULIU H1Z"5UL I •

Discharge Peak Flow Velocit9 (IPs] Area s qcttt ydrauic I Normal
S Period hg Radius(ff) I Depth [fit

114.7 24.0 2.74 5.36 1

L \L--Bottom J
2.0 Width - 3.00 It 2.0

LINER RESULTS Not to Scale

Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattern Phase Clans Type Density Shear Stress Shear Stress

III__psfI 
(PSI_

Straight S75 Unvegetated 1.55 0.66 2.37 STABLE
Staple D



P< 54 S

(Norh Amiicn Gr~n-DADSVerion .3 102/2W 1U 10.1:46, M

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

(cfs) Period (his . .. . I Radluslft) Deplh (ft
P0.6 24.0 3.57 5.78 0.73 1,11

Not to ScaleLINER RESULTS
Matting Type Vegetation Charactieistics

Reach Stability Analysis Permissible Calculated Safety Factor Remarks
Staple Pattern Phasei Class Type Density Shear Stress Sheaer Stress

I p st] [ mst}

Straight S75 ..nvegeliei 1.55 1.04 1.50 STABLE

StapleD ..........



ij5. Sk 1,4

INoRth Arerician. 5re - EMS Version 4,3 .10/29/201 0 l:4PMA

HYDRAULIC RESULTS
Discharge PeakFiow iveit1t [fps] Area-(sqlt]I Hydraulic Noimal

(CIs) ) Period [hbis Radius(ft) Depth [ft•
12.5 24.0 2.7) 4,4 j 04 0.95

1 . -- / JI
Bottom

Width = 3.00 It 2.0

Not to ScaleLINER RESULTS

Matling Type Vegetation Characteiislics
Reach Stabilily Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern "Phase Csl Type Density eat Stress Shear Stress

SI I ([pSI) [psi]
Straight S75 Unvegetated 1.55 0.71 2.19 STABLE

Staple 0 ................



]N.orth Ameo~ican i~en-ECfMDSyej~ion 4.3_.. .. ...... ". ._ 1102920WAo : ---... -4?-J:-"'-::""'•'~ .... • ......

HYDRAULIC RESULTS

16.7 24.0 2.98 5.60 0.71 1.08

2.0 Width= 300 t 2.0

LINER RESULTS Not to Scale

Malting Type 'Vegetation Characteristics
Reach Stability Analysis Permissible Calculated Sate•y Factor Remarks

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

Straight $75 Unvegetated 1.55 0.74 2.08 STABLE
Staple D



C -ýph7

I-IYURAULIU HLZ~iUL I t&

Discharge Peak FIow Ve fps) Afealsq, t) Hydraulic Normal
(cfs Period s] I Radiusf•t ODeplh f(t)
h1.3 1 24.0 1.26 1.03 0.31 1 0.51

L1_ "\:- ýBUD ` 1Boto.02.0 W~vidth = 1.00 11 2.0

Not to Scale
LINER RESULTS

M',atting Type Vegetat~ion Characteristics
Reach MStability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern jPhase Cltass Type Densiy Shea Stress Shear Shtrss

Straight 575 Unvegetate.d I 1.55 0.32 4. STABLE

Staple D



~A• ~.Aa?

Nothmeic woren -ECMDS Vertn 4,3 110/29i2D10 101:49PM - -

~~amin=
HYDRAULIC RESULTS
IDischarge. P eak Flow jVelocity ýfpsj A~e ~im 60t Hydraulic Normal

Icl's) Period [h"sIII Radius(IU I Depth (fl)
1.9 24.0 14 1.3 0.36 1 0.60

LINER RESULTS Not to Scale

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

Staple Pattern Phase C___s _ype_ _enst__ Shear Stress Shear Stres s
[psfh (psfh

Straight 675 Unvegetated 1.55 0.3" 4.12 STABLE
Staple D , .I-I



~L~S O9r~)1

North Ame.icon Pseerr E OS 1101•. 4 " , - -. ..201 01 :50.PM

HYD-RAULIC RESULTS
Discharge Peak Flow Velocity (Fps[ Area (sq.it) Hydraulic Normal

(cis] ) Piod (hrs Radius[ft) Depth (ft)
28 24.0 1.G3 1,71 0.41 0,71

S75 tn=0.050)

2.0 Width =1,00 It 2.0

Not to ScaleLINER RESULTS

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

III (psI) (psI]

Straight 675 Unvegetated 1.55 D.44 3.50 STABLE

Staple D



ý-3 SLJ /s

11YUK-AUUL; KUý;UL 16~

D ischarge Peak Flowv Velocity [fps)j Area [sq.ft] Hydfaulic Noirmal
f cf-S) Period [hs] Radius~ft) Depth (ft)

0 24.0 1,91 2.25 0,47 0.834

2.0 With =t 100I 2.0

Not to Scale
LINER RESULTS

Reach Stabi[rfy Analysis Permissible Calculated Safety Factor Remarks
Staple Pattern Phase Class Type Density Shear Stress Shear Stress

I I (psf] (psl _

Straight S75 Unvegetated 1.55 0.52 2.96 STABLE

_ StapleD D . _ _.. .....



s• olde

Noih-Aresir een M 0/29/2-0-1DS 11"ImM
HYDRAULIC RESULTS

Discharge Peak Flow, Velocity (fpsJ) Area (sq.ft} Hydraulic NDirnal
(cts) Period (hrs] II _ IRadiusftlI Dep ir ft
0.4 24.0 201 2.2. 0.51 0.92

SBottom / 11

Width -1.00 ft 2.0

Not to ScaleLINER RESULTS

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

Staple Pattern Phase Class Type Density Se Stress Shear Stress

Straight S75 Unvegelated . 1.55 0.57 2.71 STABLE

Staple D



's

HYJ-RYAULIC RESULTS

Discharge. I Peak Flow IVelocity [fps] Area [sq. t] Hydraulic Noumal
(cfs] I Period (his I II Radiusfit] I Depth (1t0

1 24.0 1.59 1,63 0.40 0.69

IL \L Io~o I _
, dBottom 2.0

2.0 Width =1,00 t 2.

Not to Scale
LINER RESULTS

Ma~ting Type Vegetalion Charaoteriitics
Reach Stability Analysis Permissible Calculated Satety Factor Remarks

Staple Pattern Phase Class Type"Lensity Shear Stress ShearStresý

straiht 575 Unvegetated 1.55 0,43 3.61 STABLE

Staple D_



l Ameica 13 EMDSViin . i /9

HYDRAULIC RESULTS
Discharge Pvak Flow Velocity (fps) Aiea (sq.1t) Hydraulic Normal

(C[s. Period (hrs) Radiuslit) Depth fI)
3.3 24.0 1.73 1.90 0.43 0.76

101112PM'

Bottom
2.0 Width = 1.O0 It 2.0

Not to Scale
LINER RESULTS



zPA~~

HYDRAULIC RESULTS
Discharge Peak Flow Velocit (fps) Area [sq.] Hydraulic Normal

rcfs) Period (fhs] Radiu(lft) Deplh [ftj
.24.0 .57 1.59 0.40 0688

L "' 1'itm`
Y2-a Width -1.00 ft 2.0

LINER RESULTS
Noti to Scale



C.t.rý

rvýs

Discharge Peak Flow Velocitly [tps) Area (sq. [t Hydraulic Normal
fcfs: Period this, Radius[(I Depth (it)
03.4 24.0 1.75 1.94 0.44 0.77

Not to Scale
LINER RESULTS

Moiling Type Vegetation Characlerislic.s
Reach T abdilty Analysis V Permissible Calculated Safety Factor Remarks

Staple Paltern Class Type Densi Shear Stress Shear Stress

straight S75 Unvegetated 1.55 0,48 3.24 STABLE
Slapla D I



LS s~~0

IMIYUHAULIC: HttLULI 6

Discharge Peak Flow Velocity (fps) Area {sq.tt) Hydraulic Normal
Icts] Period IhhsI Radius(Itl Depth (ft]
G.4 24.0 2.22 2.BB 0,54 0.98

LINER RESULTS Not to Scale

Reach Stability Analysis rChaacteristics Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stess Shear Stress
[psf] [psi]

Straight S75 Unvegetaled ..... . 1.55 0.61 2.54 STABLE
'Staple D -_ _ I I



~qcT?,~

,,aRqh.Ameficari Green ECMDS Vegsin 43i 2/0VI1:3,PM.

HYDRAULIC RESULTS
Discharge Peak Flow Velocity (ips) Area (sqfit) Hydraulic Normal

Ic Period (hTs1 I Radius it) Depth (it)
[11.0 24.0 1 2,77 3,.7 1 3 -1 1.16

L "'~B at to am1
z.IJ Width =1.00 It 2.11

LINER RESULTS Not to Scale

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

Staple Pattern s Tlass ype Density Shear Stress Shear Stress
[psI) (psif]

Straight 975 Unvegetated 1.55 0.74 2.10 STABLE

Staple D



j, 5svv"Gý
msI012

IiYUHAULIU Fit-•5UL I ti

Oischarge Peak Flow Velocity [fpsl Area Isq.ft)1 Hydraulic Normal
[cfs, I Peuiod [his] I Radiusfft] Depth (ftJ
I8.2 24.0 5.12 13.32 1.14 1.94

2.0 Width B=o3om ft2.0 ' Width -3.0011 2.0

Not to Scale
LINER RESULTS

Matting Type Vegetation Charactedislics
Reach Stability Analysis Permissible Calculated Safety Factor Remaiks

Staple Pattern Phase Class Type Density Sheal Stress Shear Stress
Spsie 5PA5 S

STfaight S 75 Unvegetated 1.55 0.60 2.56 S TABLE

Staple D



NYUKAULIL Mt.ULTS

Discharge Peak Flow Velocity jfps 4Area (sq.ft) Hydraulic -Normal
(cfs) I Period (hrs. Radius1ftl Deoth lfil

~33 24.0 =2.17 _ 1.52. 0,29 01 .65

L \L-----3/ ifBottom
2. Width = 1.00 ft 2.0

LINER RESULTS Not to Scale

Mating Type Vegelation Characteristics
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Strest

_ _I [psf} [psI]
...... _ S.apl.Straight . 75 Unvepelated 1.55 0.82 1.89 STABLE

Staple D L -- '. .. .



E -S .~L 2
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HYDRAULIC RESULTS
,Discharge I Peak Flow lVelocity (fps]j Area [sq.ftJ Hydraulic Noa-mal

[cfs) Period {hrs) Radiusfff I Depth [Itt
J4.8 24.0 1 1.99 2.41 0.49 0.88

I I I I I I

1Lo-B-tom ` .o.
2.0 Width = 1.00 It 2,0

LINER RESULTS Not to Scale

.MNatting Type Vegetation Chaiacteristics
Reach Stability Analysi.s Permissible Calculated Safely Factor Remarks

Staple Pattern Phase- Class IType D0ensit'r Shear Sirms Sheer stressS J(pfsI (psi]

Stiaighl 675 Unvegetaled .... I 11.55 0.55 2.13 STABLE

Staple D
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HYDRAULIC RESULT S
Discharge Peak Flow VelDcily (fps] Area ([s.ft) Hydraulic Norrmal

(cfs] I Period [hrsII Radius[ffl Depth (t11

13.3 24.0 1..73 1.90 0.43 1 0.76

L '-Bollom '` __11
2.0 Width ý 1.00 ft 2.0

Not to Scate
LINER RESULTS

Matting Type Vegetation Characteristics

Reach Stability Anafysis Permissible Calculated Safety Farltr Remarks

Staple Patterr Phase Class Type Density Sheaf Stress Shear Stress

I [psf) [psf]

Straight S 75 Unvegetated 1.55 0.47 3.28 STABLE
. Staple D
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Discharge Peak Flow~ Velocity (fps)~ Area Isq.1tt HydTauli I NomDIM S75 (n=0.0,55)
(cfsj Period (his)I Radiusfft] Depth (ftl

24.0 1.91 0.89s 0.31 0.506

S=0.0240

2.0
Bottom

Width= 1.O ft 2.0

LINER RESULTS Not to Scale

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

Staple Pattern Phase Clss T.ype Density' Shear Stress Shear Stress
fpst] (psf _

Straight S75 Unvegetated I 1.55 0.75 2.08 STABLE

Staple D



.0
S'IMI'Ae 2; -

6q 11,71.

rth America~n Green.5ECMDS Version 4.3 .10/29/20i0 P

HYDRAULIC RESULTS
Discharge Peak Flow Velocity fps) Area (sqlt] Hydraulic Normal

lCIS) Period hiq ! Radius[ tt De th ft

14.8 ! 24.0o 2.5B 1.78 0.42 0.73

L Bottom I
2.0 Width - 1.00 It 2.0

LINER RESULTS Not to Scale

Matting Type ' 'Vegetation Characteristics
Reach Stabilily Analysis Perminible Calculated Safety Factor Remarks

Staple Pattern Phase Class Typ Density Shear Stress Shear Sltress
I (PSI] (psi)

Straight 975 Unvegetaled 1.55 1.09 1.43 STABLE

Staple D
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(fps) Area (sq.ft] Hydraulic Narmal
IIRadius[t IDepth [It)

12.7 24.0 2.23 1 5,9 1 0.72 1 1.10

L__ \L -Bottom' 1 1
2.0 Width = 3.00 It 2.0

Not to ScaleLINER RESULTS

Matting Type Vegetation CharacteristicsReach Satn Tp tability Analysis Pefmi~ssbfe Calculated Safety Factoj Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress

Straight S75 Unvegetated 1.55 0.41 3.7B STABLE

Staple D , I I
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HYDRAULIC RESULTS

Discharge Peak Flow IVelocity (fps)! Area [sq.t) Hydraulic I Normal
[cfs) Period this) I _ _Radiusflt) I Depth It_

11.9 L24.0 j, 1.97 0.46 0.2. 0 0.29

8ottom
2.1 Width z 1.0D fl 2.0

LINER RESULTS Not to Scale

M'atting Type Vegetalion C~haractlefistics•
Reach Stability Analysis Permissible Calculated Safety Factor Remarks

Staple Pattern Phase Class Type Density Shear Stress Shear Stress
_psi) [psi] _

Straight $75 Unvegelated 1.55 0.03 1.87 STABLE

Staple D I
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HYDRAULIC RESULTS

Discharge I Peak Flow Velocit.. [fps)) Area {sq.flt .Hydraulic Nom;nal
Cf].. Period fhis] Radiusfft) .. Depth [ft)
7.1 24.0 3.09 2.30 0.42 0.56

L.• Bottom - 1
2.0 Width = 3.00 ft 2.0

LINER EULTS Not to Scale

Malting Type Vegetation Characteristics
Reach a lability Analysis Permissibte Calculated Safety Factor Remarks

Staple Pattern Phase IClass I Type Density Shear Stress Shear Stress
I [psi] (psi)

Straight S75 1 Unvegetaled 1.55 1.39 1.11 STABLE

Staple D

11
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HYDRAULIC RESULTS

IDischarge Peak Flow Velocity [lps) Area [sq.it) Hydraulic Normal
(cfs) Period [hrs) Radiusfft) Depth (fl)
0.5 24.0 2.48 1.01 0.31 0,50

L ` -~Boltom"-
2.0 Width = 1,00 It 2.0

Not to ScaleLINER RESULTS

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

Staple Pattern Day Shear Stress Shear Stress
.. .. . . . (psf] (psi)

Straight 875 Uroegeloted 1.55 1.25 1.24 STABLE
Staple D , I
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HYDRAULIC RESULTS
fDicharg 1 Peak Flow JVeloit3 [tps'. Area (sq. IT) H ydraui Norma m..

, cts J Period (hrs) Radius(itI Depth [ft,

29.5 f 4.0 3.78 7.80 0.86 1.37

LINER RESULTS Not to Scale

MaWtkin Type Vegetation CharacteiisLics•
Reach Stabilitg Analysi. Pelmitsible Calculated Safety Factor Remarks

Staple Patten ~ Phase Class Typeo Density Shear Stress Shear Stress
___________.___ ___ne___a__ [,,I Ip].. (psf[

Straight S,5 Unvegetated 1.55 0.85 1.92 STABLE

°( Staple D , I_ __________ _ .. ..
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HYDRAULIC RESULTS
Dischage Peak Flow Velocil (lps[I Area (sq.lt] Hydraulic Normal

(cf•I) Period (hrs) Radius[ft] _Depth [It)
ý5 24.0 1 8.81 - 6.32 0.768 1.18

L ` -Bottom' _.
2.0 Width = 3.00 l 2.0

LINER RESULTS Not to Scale

. alting ...e Vegetatio .haraceristics

Reach M Stability Anialysis Peermissible Calculated S alety Factor Remarks
Staple Pattern Phe Clas Type Density Ear Stress Shear Stress

(pal] [pslj _______ ______
Straight C125 Unvegetated 2.25 1.25 1.80 STABLE

Staple D j
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HYDR•AULIC RESULTS

Discharge Peak Flow IVelocity (fps)j Area (sqoil] Hydraulic Normal [2125fn=0.018]
fcfls Pericd(r]iI I Radiusft It Depth [11)
07.3 24.1J 8.91 6.43 0.77 1.19

Bottom
f.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 Paltern Phase Class Type Densit Shear Stress Sheae Stress________________ ________________ ________________[pst] Ipsi] _________ _________

Straight C125 Unvegetated 2.25 1.27 1.78 STABLE

Staple D
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HYDRAULIC RESULTS
Dischaige Peak Flow Ielocity [Ips) Area (sq.ft] Hydraulic: Normal

[cfs) Period.(res Radiusit t Depth I[]
1108.6 24.0 7.80 13.93 1.17 1i99

1L ~y~gro~

Not to ScaleLINER RESULTS

Matting Type Vegetation Characte-rislic`s
Reach Stability Analysis

Staple Pattern Phase Class Type Density
Permissible

Shear Stress
(pst]

Calculated
Shear Stress

[pAt) ISaety 
Factor

Remarks

Straight_5ta Unvegetated 1.55 1T2B12~Stra~~h I Stpl D___~_____ __ _ _ _____ SA
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HYDRAULIC RESULTS
Discharge Peak Flow Velocity [fps) -Area (sq.1t Hydaulic Normal

I fos) Period_(hrs) I I Radiusfftcl Depthf 11
46.3 24.0 1054 4.39 1 .0.54 0.9

1L -o"_Bottom"1
2.0 Width = 5.00 It 2.0

LINER RESULTS Not to Scale

Malting Type Vegetation Characteristics
Reach Stability Analysis Peimrissible Calculated Salety Factor Remarks

Staple Pattern Phase Class Type Density Shear Sthess Shear Stress
([psi) (PsO)

Straight C125 Unvegetated 2.25 2.15 1.05 STABLE

Staple D I I
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Discharge Peak Flow Velocity (Ips) Area (sq.ft) HydiauirI Normal

[cfs, Period (hrs) Radiusflf) Depth [lIl
31.0 24.0 4.32 7.18 0.79 1.14

S12.0
2.0 Wit=4.0I 20

LINER RESULTS Not to Scale

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

Staple Pattern Phase Class Type Dnsity hear Stiess Shear Stress
[psi) (psi]

Straight S75 Unvegeiated 1.55 1135 1.14 STABLE

StapleD .... .,_._
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HYDRAULIC RESULTS S75 (n=0.036)

Discharge Peak Flow Velocity [fps) Area Isq. ft Hydraulic Normal
(cfs) Period (his) .. .. . Radiusf[t) Depth (Jf I
116.1 24.0 3.27 4.92 0.70 1.34

L Bottom
2.0 Width = 1.00 ft 2.0

Not to Scale
LII•'-I rL-L.jL I ,3


