


Detention Pond Design
V10 16387 10‐year flood
V10 adjusted 16387 No adjustment due to mechanical treatment
Vbf 13132 Bank Full
Vbf adjusted  13132 No adjustment due to mechanical treatment

Elevation Area Incremental Volume Cumulative Volume
655 1005 0 0
656 1553 1269 1269
657 3063 2266 3535
658 5174 4073 7608
659 9243 7111 14719
660 15601 12284 27003

Zbf = 658 +(659‐658) x (13132‐7608)/(14719‐7608)
Zbf 658.78

Z10 = 659 +(660‐659) x (16387‐14719)/(27003‐14719)
Z10 659.14

Top of riser 659.14
Zout Riser Upstream Outlet Invert  655

Top of overflow structure 659.1
Minimum Freeboard Elevation 660.1
Crest of Emergency Spillway 659.6

Bank Full Flow Restrictor Sizing
Qavg bf = Vtbf/144,000
Qavg bf 0.09 cfs Desired average release rate 

havg,us = 0.667 x (658.78‐655)
havg,us 2.52 Average head on the orifice 
Ao = Qavgbf/0.62 x √2xgxhavg
Ao = 0.09/0.62 x √2 x 32.2 x 2.52 0.01139 ft2 Area required 
do 0.08333 ft ‐ Diameter of a 1 inch hole

A ‐ 1 in 0.00545 ft2 

Holes Required = Ao / Area of a 1 inch hole
Holes Required 2.09 2 1 inch holes 
Qavg bf = 0.62 x # holes x (A‐1in) x √2 x g x havg

Qavgbf = 0.62x2x0.00545x √2x32.2x2.52 0.086 Actual average release rate based on 2 holes 
Tbf = Vtbf /(Qavgbf x 3,600)
Tbf 42 Actual holding time for bank full flood

Riser Outlet Pipe and Flood Control Flow Restrictor Sizing
Qmax 0.75 From Storage Volume Calculations
dout 0.67 An assumed 6 inch was used to begin the computation
Zout  655.67 (Crown Elevation of Riser Outlet pipe assuming full flow)
hmax = (Z10 ‐ Zout)
hmax 3.47
Aout = Qmax/0.62 x √2xgxhmax

Aout 0.0809
dout,required 0.321

3.852075614
A 3.75 inch diameter hole will be drilled in the end cap of the of the vertical run of the outlet tee
dout pipe 0.666666667 8 Diameter of Outlet Pipe
Aout pipe 0.3491 Area of a 6 inch pipe
dout restrictor 0.3125 3.75 The diameter of the restrictor
Ao restrictor 0.0767 Area of the restrictor
Qmax the maximum release through the end cap is computed
Qmax 0.71 5% Within 3% of Qmax

R 0.167
n 0.012
Slope 0.55%
Velocity check 2.57 ft/s …O.K.

8 inch pipe with 3.75 end cap restrictor

Overflow Structure Outlet Pipe Size and Slope
Q (Rational) 10.3
Pipe Diameter 1.75 ft 21
R 0.438
A 2.4053
Slope 0.42%
V 4.28

Total Site Area  217,529 s.f. 4.99 Ac. Net
Frontage 267 ft
Allowable Outflow =0.15*Acreage 0.75 cfs

Area Type C Factor Area Weighted Area
Proposed Buildings 0.95 27,734 s.f. 26,347 s.f.
Proposed Pavement 0.95 53,262 s.f. 50,599 s.f.
Proposed Concrete 0.95 6,755 s.f. 6,417 s.f.
Water 1 1,005 s.f. 1,005 s.f.
Unimproved 0.2 128,773 s.f. 25,755 s.f.

110,123 s.f.

CWeighted

a)
Qo = allowable outflow / acreage x runoff coefficient

Qo  =

b) Time in minutes that the maximum storage will occur (orifice outlet)
T = ‐19.9 + √(4530/Qo)
T = ‐19.9 + √(4530/0.29)
T  =

c) Calculation of maximum volume of storage per acre imperviousness
Vs = ((9,108 x T) / (T + 19.9)) ‐ 40QoT

Vs  =

d) Total volume of storage required
Vt = Vs x area x runoff coefficient (developed)
Vt= 6439 x 4.99 x 0.51 = 16,387 c.f.
Vt,bf= 5,160  x 4.99 x 0.51 = 13,132 c.f.

Qo = 0.75 cfs / 4.99 acres x 0.51
0.29 cfs/acre imperviousness

105.08 minutes

6,439  c.f./acre impervious

Detention Calculations
1. Determination of Allowable Outflow

2. Determination of Runoff coefficient (developed)

  0.51 

3. Computation of Required Storage Volume

Weighted Area = 110,123

Area = 217,529
=



Quantity Takeoff

Storm Sewer
12" C‐76 CL IV 908 L.F.
15" C‐76 CL IV 565 L.F.
18" C‐76 CL IV 82 L.F.
21" C‐76 CL IV 256 L.F.
8" PVC SCH 80 209 L.F.
4' Catch Basin 11 EA
4' Diameter Manhole 6 EA
36" CMP Riser 1 EA
24" Overflow Structure 1 EA
Vortechs 9000 1 EA

Water Main
8" DIP CL 54 781 L.F.
2" TYPE K COPPER 73 L.F.
1" TYPE K COPPER 29 L.F.
6" DIP CL 54 106 L.F.
12" X 8" Tapping Sleeve and Well 2 EA 
Fire Hydrant 1 EA
Shutoff Valve 2 EA
FDC Connection 1 EA

Sanitary Sewer
6" PVC SDR 23.5 123 L.F.
10" ABS TRUSS PIPE 686 L.F.
6" CLEANOUT 2 EA
SANITARY MANHOLE 5 EA
INTERIOR DROP CONNECTION 3 EA

Paving
Asphalt Pavement 5448 SYD.
Aggregate Base 5448 SYD.
4" Concrete Walk 5709 S.F.
Concrete Curb and Gutter 2719 L.F.
8" Concrete 1100 S.F.

Erosion Control
Silt Fence 2085 L.F.
Inlet Filters 22 EA
Temporary Mud Mat 1 EA

Note:
Quantities shown are for permit purposes ONLY. 
Contractor to be responsible for making his own 
determination as to the extent of his operation and 
quanitites required to complete the work



Crossing 12 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
6" SDR 35 Sanitary 6 657.22 0.14 657.21 657.73
8" Water 8 654.98 0.53 654.94 655.69
Top to Bottom Seperation 1.52 ft 
Finish Grade 661.71

Crossing 13 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
Storm ‐ Class IV 12 656.64 2 656.47 657.81
8" Water 8 654.20 0.53 654.16 654.91
Top to Bottom Seperation 1.56 ft 
Finish Grade 661.47

Crossing 14 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
Storm ‐ Class IV 15 656.20 2.25 656.01 657.64
8" Water 8 653.80 0.53 653.76 654.51
Top to Bottom Seperation 1.50 ft 
Finish Grade 663.42

Crossing 15 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
Storm ‐ Class IV 15 656.00 2.25 655.81 657.44
8" Water 8 653.60 0.53 653.56 654.31
Top to Bottom Seperation 1.50 ft 
Finish Grade 663.78

Crossing 16 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
Storm ‐ Class IV 15 656.03 2.25 655.84 657.47
8" Water 8 653.60 0.53 653.56 654.31
Top to Bottom Seperation 1.53 ft 
Finish Grade 663.48

Crossing 17 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
Storm ‐ Class IV 12 658.21 2 658.04 659.38
8" Water 8 654.29 0.53 654.25 655.00
Top to Bottom Seperation 3.04 ft 
Finish Grade 662.70

Crossing 18 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
6" SDR 35 ‐ Sanitary 6 657.85 0.14 657.84 658.36
8" Water 8 655.63 0.53 655.59 656.34
Top to Bottom Seperation 1.50 ft 
Finish Grade 662.41

Crossing 19 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
Storm ‐ Class IV 21 652.38 2.75 652.15 654.36
8" Water 8 655.90 0.53 655.86 656.61
Top to Bottom Seperation 1.50 ft 
Finish Grade 662.46

Crossing 20 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
Storm ‐ Class IV 12 657.65 2 657.48 658.82
8" Water 8 654.70 0.53 654.66 655.41
Top to Bottom Seperation 2.07 ft 
Finish Grade 662.01

Crossing 21 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
Storm ‐ Class IV 12 657.41 2 657.24 658.58
Storm ‐ Class IV 21 652.21 2.75 651.98 654.19
Top to Bottom Seperation 3.05 ft 
Finish Grade 662.39

Crossing 22 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
Storm ‐ Class IV 12 658.57 2 658.40 659.74
Ex. 12" Water 21 654.00 0.6 653.95 655.80
Top to Bottom Seperation 2.60 ft 
Finish Grade 660.80

Crossing 1 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
Ex. 24" Water 24 651.79 3 651.54 654.04
Sanitary ‐ ABS Truss 10 648.76 0.9 648.69 649.67
Top to Bottom Seperation 1.87 ft
Existing Ground 660.79

Crossing 2 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
EX. 12" Water 12 652.76 2 652.59 653.93
Sanitary ‐ ABS Truss 10 648.95 0.9 648.88 649.86
Top to Bottom Seperation 2.73 ft
Existing Ground 659.76

Crossing 3 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
8" Water 8 653.37 0.53 653.33 654.08
Sanitary ‐ ABS Truss 10 649.32 0.9 649.25 650.23
Top to Bottom Seperation 3.10 ft
Finish Grade 665.00

Crossing 4 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
21" Storm 21 652.13 2.75 651.90 654.11
Sanitary ‐ ABS Truss 10 649.49 0.9 649.42 650.40
Top to Bottom Seperation 1.50 ft
Finish Grade 662.60

Crossing 5 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
8" Water 8 655.31 0.53 655.27 656.02
Sanitary ‐ ABS Truss 10 649.51 0.9 649.44 650.42
Top to Bottom Seperation 4.85 ft
Finish Grade 661.98

Crossing 6 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
Storm ‐ Class IV 12 657.3 2 657.13 658.47
Sanitary ‐ ABS Truss 10 652.33 0.9 652.26 653.24
Top to Bottom Seperation 3.89 ft
Finish Grade 661.45

Crossing 7 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
Storm ‐ Class IV 12 656.67 2 656.50 657.84
Sanitary ‐ ABS Truss 10 652.68 0.9 652.61 653.59
Top to Bottom Seperation 2.91 ft 
Finish Grade 661.33

Crossing 8 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
Storm ‐ Class IV 18 656.24 2.5 656.03 657.95
Sanitary ‐ ABS Truss 10 653.08 0.9 653.01 653.99
Top to Bottom Seperation 2.04 ft 
Finish Grade 663.27

Crossing 9 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
Storm ‐ Class IV 12 654.46 2 654.29 655.63
8" Water 8 655.70 0.53 655.66 656.41
Top to Bottom Seperation 0.03 ft 
Finish Grade 662.24

Crossing 10 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
Storm ‐ Class IV 21 652.10 2.75 651.87 654.08
8" Water 8 655.80 0.53 655.76 656.51
Top to Bottom Seperation 1.68 ft 
Finish Grade 662.03

Crossing 11 Size Invert Wall Thickness Bottom of Pipe Top of Pipe
Storm ‐ Class IV 12 657.34 2 657.17 658.51
8" Water 8 654.96 0.53 654.92 655.67
Top to Bottom Seperation 1.50 ft 
Finish Grade 661.78

1.50 ft to be maintained when use of pipe is 
verified by contractor. See Profile Notes
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CB‐1 CB‐2 0.24 0.24 0.40 0.096 0.096 15.00 4.350 0.4 2.0 12 136 0.32% 0.32% 2.57 0.88 658.37 657.93 659.17 658.73 661.50 2.13 2.33

CB‐2 CB‐3 0.30 0.54 0.63 0.189 0.285 15.88 4.242 1.2 2.0 12 73 0.32% 0.32% 2.57 0.47 657.83 657.60 658.63 658.40 662.20 3.37 3.57

CB‐3 CB‐4 0.07 0.61 0.40 0.028 0.313 16.36 4.187 1.3 2.0 12 11 0.32% 0.32% 2.57 0.07 657.50 657.46 658.30 658.26 660.21 1.71 1.91

CB‐4 CB‐5 0.26 0.87 0.95 0.247 0.560 16.43 4.178 2.3 3.1 15 179 0.23% 0.23% 2.52 1.18 657.36 656.95 658.36 657.95 661.40 2.79 3.04

CB‐5 CB‐6 0.09 0.96 0.95 0.086 0.646 17.61 4.047 2.6 3.1 15 14 0.23% 0.23% 2.52 0.09 656.85 656.82 657.85 657.82 662.45 4.35 4.60

CB‐6 CB‐7 0.02 0.98 0.30 0.006 0.652 17.70 4.037 2.6 3.1 15 102 0.23% 0.23% 2.52 0.67 656.72 656.48 657.72 657.48 662.40 4.43 4.68

CB‐7 R‐1 0.40 1.38 0.69 0.276 0.928 18.38 3.966 3.7 3.7 15 125 0.33% 0.33% 3.02 0.69 656.38 655.97 657.38 656.97 661.20 3.57 3.82

R‐1 TRE‐STR 3.40 2.621 19.07 3.896 10.2 10.2 18 15 0.94% 0.94% 5.76 0.04 655.77 655.63 656.97 656.83 664.00 6.73 7.03

TRE‐STR ES‐1 3.40 2.621 19.11 3.891 10.2 10.2 18 67 0.94% 0.94% 5.76 0.19 655.63 655.00 656.83 656.20

19.30

CB‐13 CB‐12 0.09 0.09 0.95 0.086 0.086 15.00 4.350 0.4 2.0 12 98 0.32% 0.32% 2.57 0.64 657.90 657.58 658.70 658.38 662.45 3.55 3.75
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CB‐8 R‐1 0.17 1.11 0.95 0.162 1.045 17.75 4.032 4.2 4.2 15 30 0.42% 0.42% 3.41 0.15 656.10 655.97 657.10 656.97 662.50 5.15 5.40

R‐1 TRE‐STR 1.11 17.90 15

CB‐15 CB‐8 0.20 0.20 0.95 0.190 0.190 15.00 4.350 0.8 2.0 12 98 0.32% 0.32% 2.57 0.64 658.50 658.18 659.29 658.98 663.00 3.50 3.71
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CB‐17 CB‐16 0.80 0.80 0.70 0.560 0.560 15.00 4.350 2.4 2.4 12 166 0.45% 0.45% 3.04 0.91 657.25 656.51 658.05 657.31 661.50 3.25 3.45

CB‐16 R‐1 0.11 0.91 0.80 0.088 0.648 15.91 4.239 2.7 2.7 12 66 0.57% 0.57% 3.42 0.32 656.41 656.03 657.21 656.83 662.50 5.09 5.29

STORM SEWER SYSTEM DESIGN
Q = A*(1.486/n) x R2/3 x S1/2       n = 0.013       Q = CIA         I10 = 151.8/(T+19.9)
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1.	All construction procedures and materials used on all water main projects All construction procedures and materials used on all water main projects shall conform to Detroit Water System and The City of Westland current Standards and Specifications.
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2. All hydrants shall be E.J.I.W. #5BR-250 WaterMaster and shall conform to AWWA All hydrants shall be E.J.I.W. #5BR-250 WaterMaster and shall conform to AWWA specification C502 as ammended and shall have a minimum 6" valve opening which closes with the water pressure. Hydrants shall, meet all test requirements and be listed by Underwriters Laboratories, Inc, and meet the requirments of Factory Mutual.  They must also be in accordance with the East Jordan Iron Works 5BR-250 Fire Hydrant Specifications- Westland.  Hydrants shall be traffic style with breakable flange and coupling.  Hydrants shall have a swivel flange to allow bonnet to be turned 360 degrees without removing the bonnet, and barrel flanges shall be integrally cast with the barrel.  Inlet shoe shall have a bronze valve seat, which can be removed without digging.  Inlet connection shall be 6" mechanical joint, ASA-A21-11.  Stem threads shall be sealed with double "0" rings and shall be permanently lubricated with all weather grease.  Hose connections: Two (2) 3 " DFD thread pumper nozzles. Nozzles shall 34" DFD thread pumper nozzles. Nozzles shall "thread" counterclockwise into hydrant barrel utilizing "o" ring pressure seals. A suitable nozzle lock shall be in place to prevent inadvertent nozzle removal. Wedge locks and/or ductile iron retainer rings to secure nozzles shall not be allowed.  Operating Nut: (1) 1 " P-F pentagon, open left.  All hydrants shall 12" P-F pentagon, open left.  All hydrants shall have a Carroll drain.  Hydrants shall be painted yellow above the ground and black below, with a finish coat of Glamortex 501 enamel or approved equal.  Nozzle caps shall be painted per Westland Fire Dept. requirements.
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3. 	All water mains shall be ductile iron, as per the following specification Ductile All water mains shall be ductile iron, as per the following specification Ductile iron pipe shall be ANSI 1-A21.51 (AWWA-C151) standard wall thickness, cement lined with bituminous seal coat Class 54 for sizes 6" through 20" and Class 55 for 24" pipe.  
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4. 	Gate Valves shall be iron body, fully bronze mounted, E.J.I.W. resilient wedge, Gate Valves shall be iron body, fully bronze mounted, E.J.I.W. resilient wedge, non-rising stem, opening clockwise conforming to City of Detroit Water Department specifications.  All gate valves with operating nuts at a distance greater than 5' below ground surface shall be provided with an extension stem.  The length of the extension shall be such that it will be within 5' of ground surface when an extension stem is used.  It shall be held in place by two extension stem guide assemblies. Each assembly shall be comprised of a "J" bracket and "L" bracket supplied by E.J.I.W. The stem guides shall be located opposite from each other, and shall be suitably fastened to the wall of the gate well.  In addition, a "stop" shall be welded to the extension stem in a location that will prevent the extension stem from slipping off the operating nut. Details of extension stem and method of installation shall be approved by the engineer prior to installation. All precast concrete gate well sections shall be manufactured to conform with ASTM C478, standard specifications for precast reinforced concrete manhole sections, except wall thickness, shall be shown on these details. All joints for precast concrete gate well sections shall be "modified grooved tongue" with gasket manufactured to conform with ASTM C443, standard specification for joints for circular concrete sewer and culvert pipe rubber gaskets. All gate well covers shall be E.J.I.W. #1040 with bolted and have words "City of Westland Water Dept" in raised letters on the frame cover, or approved equal.
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5. 	Tapping sleeve shall be mechanical joint with DWS Mechanical Joint Tapping Tapping sleeve shall be mechanical joint with DWS Mechanical Joint Tapping Gate Valve.  Lead joint sleeves shall not be used.
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7. 	The design engineer shall furnish The City of Westland with mylar "As-Built" The design engineer shall furnish The City of Westland with mylar "As-Built" water main plans along with a computer disk using the most recent release of AutoCad, upon job completion.  Plans shall locate all water mains, hydrants and gate valves and wells.  
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8. 	All required cross connection devices shall be installed as required by the local All required cross connection devices shall be installed as required by the local plumbing inspector and in accordance with the standards of the Michigan Department of Public Health.
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9.	Three (3) working days before you dig, dial MISS DIG at 1-800-482-7171.Three (3) working days before you dig, dial MISS DIG at 1-800-482-7171.
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10.	Where work is to be performed in the vicinity of a City of Detroit water main, the Where work is to be performed in the vicinity of a City of Detroit water main, the contractor shall notify the Detroit Metropolitan Water Services Inspection Department, (Bill Gowins) at (313) 833-8649 (7:30-9:30 AM, 3:30-4:30 PM), 3 working days prior to start of construction and request an inspection of the job.
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11.	All pipe and all pipe fittings shall be made in the U.S.A.All pipe and all pipe fittings shall be made in the U.S.A.
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12.	All bolts on all flanged and mechanical joint fittings shall be domestic origin high All bolts on all flanged and mechanical joint fittings shall be domestic origin high strength, low alloy COR-BLUE steel bolts or approved equal. These bolts shall meet the current provisions of American National Standard ANSI/AWWA C111/A21.11-90 for rubber gasket joints for ductile iron pressure pipes and fittings. Bolt manufacturer's certificate of compliance must accompany each shipment.
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13.	All bolts used in securing fittings to the water main shall be "COR-BLUE" bolts All bolts used in securing fittings to the water main shall be "COR-BLUE" bolts or approved equal.
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14.	BACKFILL NOTE: Under road surfaces, pavement, sidewalk, curb, driveways and BACKFILL NOTE: Under road surfaces, pavement, sidewalk, curb, driveways and where the edge of the trench is within 3 (three) feet of the pavement or as called for on the plans, the trench depth shall be 4 (four) inches lower than the proposed water main elevation. The trench width shall be the outside diameter plus 16 (sixteen) inches for pipe diameters up to 36 (thirty-six) inches and larger. The trench shall be backfilled by placing granular material by the "controlled Density Method" or other means having approval of the engineer and compacting it to 95 (ninety-five) percent of its maximum unit weight.
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15.	Tracing wire shall be provided for all water main.  Wire shall be copper, 12 gage    Tracing wire shall be provided for all water main.  Wire shall be copper, 12 gage    stranded, insulated per city requirements  Connection is required at all service leads, hydrants, and gate well, with exposed wire above the ground surface.  Conductivity shall be tested by the City prior to the acceptance of the main.  All splices shall be made using a gel-cap product which provides a waterproof seal, such as 3M's Direct Bury Splice kit #P054007/09964 or approved equal.
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18.	Where water main is located under pavement, the City shall not be responsible Where water main is located under pavement, the City shall not be responsible for repairing pavement within the easement in the event that maintenance or repairs to the water main become necessary.
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6. 	No installation of water main shall be attempted without City's inspector being    No installation of water main shall be attempted without City's inspector being    present.  Unless otherwise specified on plans, top of all water mains shall be 5.5 ft. below existing or proposed road centerline, or 5.5 ft. below existing or proposed ground, whichever results in lower elevation.  An 18" minimum vertical clearance between storm or sanitary sewer shall be maintained.
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