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3. Project Overview 

The proposed project is a building addition to an existing building (Phase 1) and parking lot on the south 
side of the lot. The new building addition will be contained in a 31,150 square foot building footprint.  
This entire project is contained on 3.59 acre site. The site is construction ready.  No improvement or 
modification is proposed for the existing detention pond, completed in 2017 with and for Phase1. 

The topography of the site is a gentle slope west to the east. The existing storm sewer detention system 
for Phase 1 is in place on the east side of the site on the east side of the Phase 1 building.  An additional 
amount of detention will be required to accommodate the additional building area (Phase 2) which is 
provided with this project. 

4. Drainage Assessment of the Project Site –Phase 2 

Due to the slope of the site and the need for a flat slab, the bench and fill grading method was used for 
the site along with the need to have positive drainage away from the building, drainage areas directing 
storm water into new storm sewer catchments that forces storm water into the detention pond. The 
remainder of the site grading directs pervious areas and impervious areas away from the building and 
drainage to the proposed detention pond.  Design requirements call for a piping system with a minimum 
capacity for the 10 year event, with the 100 year storm event being routed overland in an above grade 
manner such as swales and gutters. To insure that higher frequency storms would not cause any 
ponding problems or inundation of parked vehicles, the structures and piping system have been 
designed to the 100 year event flows. With the relatively small drainage areas, these flows are low and 
pipe sizes are 15 inch used to capture the grass area between the building and SE Hamblen Road inch 
draining to the detention pond. 

5. Design and Methodology 

The method for evaluating HT Solutions was the use of a PondPack Model. Both Pre-Development and 
Post-Development conditions were considered:  
 
 PondPack V8i  

 TR-55 Unit Hydrograph Method 
 2-year, 10-year and 100-year Return Frequency storms 
 AMC II Soil Moisture conditions 
 24-Hour SCS Type II Rainfall Distribution 
 SCS Runoff Curve Numbers per APWA 5600 (Table 5602-3) 

 
Curve number calculations were calculated based on APWA 5600 for the Kansas City area. The pre-
development curve number is 74. The calculations for the post-development curve number are located 
below.  
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Table 5.1 –Curve Number Calculations   

Type Area (ac) CN 

Undeveloped 0.28 74 

Undeveloped  0.32 74 

Impervious 1.01 98 

Total 1.61 89 

 
Time of concentration was considered using TR-55; however, due to the small size of the drainage basin 
and the amount of impervious area on the site that will just be conveying sheet flow, a time of 
concentration of 5 minutes was assumed. This is the minimum time of concentration per APWA 5600.  
 

Per APWA Section 5608.4 and City of Lee’s Summit criteria, the post-development discharge rates from 
the site shall not exceed those indicated below: 

 50% storm peak rate less than or equal to 0.5 cfs per site acre 
 10% storm peak rate less than or equal to 2.0 cfs per site acre 
 1% storm peak rate less than or equal to 3.0 cfs per site acre 

 
The existing and proposed drainage area is 1.61 acres and flows to the same single point of interest 
where the proposed detention pond is located. Therefore, no off-site drainage will be bypassing the 
detention pond. The table below states the discharges for the allowable discharge rates per APWA 5600 
and pre-development and post-development discharge rates.  

 
Table 5.2 –Discharge Rates   

 2-year 10-year 100-year 

APWA Allowable 
Discharge Rates 

0.81 3.22 4.83 

Pre-Development 
Discharge Rates 

2.04 4.45 7.99 

Post-Development 
Discharge Rates 

0.73 3.03 4.50 

 
APWA 5608.4 also requires a 40-hour extended release of the water quality storm event (1.37”/24-hour 
rainfall) per Section 8.10 of the BMP Manual. The detention facility will release the water quality event 
over a 40-hour period. The perforated riser structure contains a 1” opening at the base elevation of 
985.50 and another 1” opening at elevation 987.00 to achieve the 40-hour extended detention. The 
Time vs. Volume graph is located in the Design Calculations Section.   
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The existing detention pond (Phase 1) serves the existing building and parking lot. It was also designed 
to accommodate some of the Phase 2 building and the new parking lot on the south side of the lot, per 
the storm drainage report for the Phase 1 project, constructed in 2016-2017. No new drainage has been 
designed to go to the existing pond and no modifications are anticipated. 
 
To meet the APWA allowable peak flow requirements stated above in Table 5.2, the concrete riser box 
was designed with 2-3” orifices at elevation 987.30 and 6”x10” opening at elevation 989.30. The 6”x10” 
opening will be fitted with #4 rebar at a spacing of 5” to catch debris. This will allow the structure to 
meet the APWA allowable peak flow rates stated above in Table 5.2. For more information, Pondpack 
calculations can be seen in the Design Calculations Section.  
 
6. Emergency Spillway Design 

APWA 5600 also requires an emergency spillway in the detention pond sized for the 100-year event, 
assuming 100% clogging of the primary outlet works and zero available storage in the detention pond. 
The 100-year water surface elevation is 991.77. The emergency spillway was set at an elevation of 
992.30 and was sized to provide 1-foot of freeboard. The emergency spillway will be 10-feet in length. 
Emergency spillway calculations can be found in the Design Calculations Section.  
 
7. Rip Rap Design 

The downstream channel riprap was designed using the guidance from USACE Hydraulic Design Criteria, 
Sheet 712-1, Stone Stability, and Velocity vs. Stone Diameter. The riprap layer thickness, length, and 
width were designed in accordance with the MoDOT Design Standard 609.70C. The calculated gradation 
for the 165 pcf stone is as follows for the riprap channel: 
 

 Avg. Stone Diameter (inches) Stone Weight (lbs) 
D100 24 691 
D50 15 205 
D15 10 102 

 

Refer to the Design Calculations Section and design plans for additional details and calculations 
regarding the riprap protection. 

 
8. Temporary Erosion and Sediment Control 

During construction and prior to paving, it will be necessary to control erosion and sediment from the 
site during storms with in the construction timeframe. To insure that sediment does not enter the 
existing storm system or runs off to the existing street, perimeter containment is controlled by silt fence 
installation, inlet protection and an engineered detention release structure.  To keep construction traffic 
from tracking mud onto the adjacent city street, a stabilized rock construction entrance will need to be 
installed. These erosion control devices, and their maintenance throughout the construction timeframe, 
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are required by ordinance and the details for them are referenced by the City’s Design and Construction 
Manual and shown on Detail Sheets 7 and 8.  

Post development water quality will be addressed through the use of water quality detention release 
structure within the detention pond.  The owner will need to have a routine maintenance policy for the 
cleaning, repair and replacement of the detention release structure. 

9. Conclusion 

The proposed project is a building addition to an existing building (Phase 1) and parking lot on the south 
side of the lot. The report has been prepared to evaluate the stormwater discharge at the site to ensure 
the requirements of APWA 5600 are met. The detention pond and release structure was designed to not 
increase peak discharges from existing conditions as well as meeting the maximum releases from APWA 
5600. It is not anticipated that the HT Solutions Development will have any downstream impacts. 

10. Design Calculations and Exhibits 

See the attached for drainage area calculations, flows, pipe sizing, inlet sizing and water quality 
calculations for Phase 2. In addition, the report for Phase 1 is included. 
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AASHTO Group Classification (Surface)—Jackson County, Missouri

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

11/16/2018
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AASHTO Group Classification (Surface)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

10082 Arisburg-Urban land 
complex, 1 to 5 
percent slopes

A-6 1.6 6.1%

10180 Udarents-Urban land-
Sampsel complex, 2 
to 5 percent slopes

A-6 24.2 93.9%

Totals for Area of Interest 25.8 100.0%

Description

AASHTO group classification is a system that classifies soils specifically for 
geotechnical engineering purposes that are related to highway and airfield 
construction. It is based on particle-size distribution and Atterberg limits, such as 
liquid limit and plasticity index. This classification system is covered in AASHTO 
Standard No. M 145-82. The classification is based on that portion of the soil that 
is smaller than 3 inches in diameter.

The AASHTO classification system has two general classifications: (i) granular 
materials having 35 percent or less, by weight, particles smaller than 0.074 mm 
in diameter and (ii) silt-clay materials having more than 35 percent, by weight, 
particles smaller than 0.074 mm in diameter. These two divisions are further 
subdivided into seven main group classifications, plus eight subgroups, for a total 
of fifteen for mineral soils. Another class for organic soils is used.

For each soil horizon in the database one or more AASHTO Group 
Classifications may be listed. One is marked as the representative or most 
commonly occurring. The representative classification is shown here for the 
surface layer of the soil.

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Lower

Layer Options (Horizon Aggregation Method): Surface Layer (Not applicable)

AASHTO Group Classification (Surface)—Jackson County, Missouri

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

11/16/2018
Page 3 of 3
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HT Solutions North Pond
Project Summary

HT Solutions 
North PondTitle

Kellen HuffmanEngineer

Hg Consult, IncCompany

4/25/2019Date

Notes

Page 1 of 427 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

4/25/2019

Bentley PondPack V8i
[08.11.01.56]

Bentley Systems, Inc.  Haestad Methods Solution  
CenterHT Solutions North Retaining Wall TEST.ppc
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HT Solutions North Pond
Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

0.0812.2100.0151Pre-Development 
Water Quality

Area 1

1.3911.9300.0751Post-Development 
Water Quality

Area 1

2.0412.1200.1662Pre-Development 2 
year

Area 1

5.8911.9200.3162Post-Development 2 
year

Area 1

4.4512.0800.35010Pre-Development 10 
year

Area 1

9.8911.9200.54510Post-Development 10 
year

Area 1

7.9912.0800.625100Pre-Development 100 
year

Area 1

15.1711.9200.858100Post-Development 
100 year

Area 1

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

0.0812.2100.0151Pre-Development 
Water Quality

Outfall

0.0415.6100.0751Post-Development 
Water Quality

Outfall

2.0412.1200.1662Pre-Development 2 
year

Outfall

0.7312.3100.3162Post-Development 2 
year

Outfall

4.4512.0800.35010Pre-Development 10 
year

Outfall

3.0312.0800.54510Post-Development 10 
year

Outfall

7.9912.0800.625100Pre-Development 100 
year

Outfall

4.5012.0900.858100Post-Development 
100 year

Outfall

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

Page 2 of 427 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

4/25/2019

Bentley PondPack V8i
[08.11.01.56]

Bentley Systems, Inc.  Haestad Methods Solution  
CenterHT Solutions North Retaining Wall TEST.ppc
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HT Solutions North Pond
Subsection:  Master Network Summary

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

(N/A)(N/A)1.3911.9300.0751Post-
Development 
Water Quality

Detention 
Pond (IN)

0.045987.180.0415.6100.0751Post-
Development 
Water Quality

Detention 
Pond (OUT)

(N/A)(N/A)5.8911.9200.3162Post-
Development 
2 year

Detention 
Pond (IN)

0.158989.250.7312.3100.3162Post-
Development 
2 year

Detention 
Pond (OUT)

(N/A)(N/A)9.8911.9200.54510Post-
Development 
10 year

Detention 
Pond (IN)

0.250990.463.0312.0800.54510Post-
Development 
10 year

Detention 
Pond (OUT)

(N/A)(N/A)15.1711.9200.858100Post-
Development 
100 year

Detention 
Pond (IN)

0.369991.774.5012.0900.858100Post-
Development 
100 year

Detention 
Pond (OUT)

Page 3 of 427 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

4/25/2019

Bentley PondPack V8i
[08.11.01.56]

Bentley Systems, Inc.  Haestad Methods Solution  
CenterHT Solutions North Retaining Wall TEST.ppc
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HT Solutions North Pond Emergency Spillway
Project Summary

HT Solutions 
North Pond 
Emergency 

Spillway

Title

Kellen HuffmanEngineer

Hg Consult, IncCompany

4/25/2019Date

Notes
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Bentley PondPack V8i
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Bentley Systems, Inc.  Haestad Methods Solution  
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HT Solutions North Pond Emergency Spillway
Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

15.1711.9200.858100Post-Development 
100 year

Area 1

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

14.0711.9500.808100Post-Development 
100 year

Outfall

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

(N/A)(N/A)15.1711.9200.858100Post-
Development 
100 year

Detention 
Pond (IN)

0.537992.8814.0711.9500.808100Post-
Development 
100 year

Detention 
Pond (OUT)
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Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

Element Details

Composite 
Outlet 

Structure - 1
Label

Notes

Headwater Range

Use Pond for 
Headwater 

Range
Headwater Type

ft994.00Maximum (Headwater)

Detention 
PondPond

ft0.50Increment (Headwater)

ft985.50Minimum (Headwater)

SpotElevation
(ft)

Tailwater Setup

Free OutfallTailwater Type

Tailwater Tolerances

30Maximum Iterations
ft0.50

Tailwater Tolerance 
(Maximum)

ft0.00
Headwater Tolerance 
(Minimum)

ft³/s0.001Flow Tolerance (Minimum)

ft0.50
Headwater Tolerance 
(Maximum)

ft³/s10.000Flow Tolerance (Maximum)

ft0.01
Tailwater Tolerance 
(Minimum)

Outlet Structure

CulvertOutlet Structure Type CircularCulvert Type

Outlet Structure (IDs and Direction)

Culvert - 1Outlet ID TailwaterDownstream ID
Forward Flow 

OnlyFlow Direction
Notes

Outlet Structure (Advanced)

ft0.00Elevation (On) ft0.00Elevation (Off)

Culvert Data

1Number of Barrels ft985.22Downstream Invert
ft57.00Length in24.0Diameter
ft985.50Upstream Invert

Unsubmerged->Submerged

FalseSpecify Transitions FalseCompute Inlet Control Only

Page 1 of 2027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

4/25/2019

Bentley PondPack V8i
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Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

Culvert Coefficients

Concrete - 
Groove end 

projecting
Inlet Description

0.0317C

Chart 1Chart 0.6900Y
Nomograph 3Nomograph 0.011Manning's n

Form 1Equation Form 0.200Ke
0.0045K 0.000Kr
2.0000M -0.500Slope Correction Factor

Culvert (Advanced)

ft0.00Convergence Tolerance
False

Specify Number of Backwater 
Sections

P
o
n
d
 W

a
te

r 
S

u
rf

a
ce

 E
le

v
a
ti
o
n
 (
ft

)

994.00

993.00

992.00

991.00

990.00

989.00

988.00

987.00

986.00

985.00

Flow (ft³/s)
6.005.004.003.002.001.000.00

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = Culvert - 1  (Culvert-Circular)
---------------------------------------
Mannings open channel maximum capacity:  20.16 ft³/s
Upstream   ID  = Orifice - 1, Copy of Orifice - 1, Orifice - 2, 6"x10"
Downstream ID  = Tailwater (Pond Outfall)

Next Downstream 
Hydraulic Grade Line

(ft)

Converge Downstream 
Hydraulic Grade Line

(ft)

(into) Headwater 
Hydraulic Grade Line

(ft)

Device Flow
(ft³/s)

Water Surface 
Elevation

(ft)

Page 2 of 2027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666
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Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = Culvert - 1  (Culvert-Circular)
---------------------------------------
Mannings open channel maximum capacity:  20.16 ft³/s
Upstream   ID  = Orifice - 1, Copy of Orifice - 1, Orifice - 2, 6"x10"
Downstream ID  = Tailwater (Pond Outfall)

Next Downstream 
Hydraulic Grade Line

(ft)

Converge Downstream 
Hydraulic Grade Line

(ft)

(into) Headwater 
Hydraulic Grade Line

(ft)

Device Flow
(ft³/s)

Water Surface 
Elevation

(ft)

Free Outfall0.000.000.00985.50
Free OutfallFree Outfall985.560.02986.00
Free OutfallFree Outfall985.580.03986.50
Free OutfallFree Outfall985.580.03987.00
Free OutfallFree Outfall985.600.05987.30
Free OutfallFree Outfall985.690.16987.50
Free OutfallFree Outfall985.810.42988.00
Free OutfallFree Outfall985.860.57988.50
Free OutfallFree Outfall985.900.68989.00
Free OutfallFree Outfall985.920.74989.30
Free OutfallFree Outfall985.990.99989.50
Free OutfallFree Outfall986.242.23990.00
Free OutfallFree Outfall986.383.09990.50
Free OutfallFree Outfall986.473.73991.00
Free OutfallFree Outfall986.544.25991.50
Free OutfallFree Outfall986.604.72992.00
Free OutfallFree Outfall986.665.14992.50
Free OutfallFree Outfall986.715.53993.00
Free OutfallFree Outfall986.755.89993.50
Free OutfallFree Outfall986.796.26994.00

Tailwater Error
(ft)

Downstream Channel 
Tailwater

(ft)

Convergence Error
(ft³/s)

Downstream Hydraulic 
Grade Line Error

(ft)

0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
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Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = Culvert - 1  (Culvert-Circular)
---------------------------------------
Mannings open channel maximum capacity:  20.16 ft³/s
Upstream   ID  = Orifice - 1, Copy of Orifice - 1, Orifice - 2, 6"x10"
Downstream ID  = Tailwater (Pond Outfall)

Tailwater Error
(ft)

Downstream Channel 
Tailwater

(ft)

Convergence Error
(ft³/s)

Downstream Hydraulic 
Grade Line Error

(ft)
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00

Message
WS below an invert; no flow.
BACKWATER CONTROL.. Vh= .015ft  
hwDi= .046ft  Lbw= 57.0ft Hev= .00ft
FLOW PRECEDENCE SET TO 
UPSTREAM CONTROLLING 
STRUCTURE
BACKWATER CONTROL.. Vh= .018ft  
hwDi= .062ft  H.JUMP IN PIPE 
Hev= .00ft
CRIT.DEPTH CONTROL  Vh= .025ft  
Dcr= .074ft  H.JUMP IN PIPE 
Hev= .00ft
CRIT.DEPTH CONTROL  Vh= .047ft  
Dcr= .138ft   CRIT.DEPTH Hev= .00ft
FLOW PRECEDENCE SET TO 
UPSTREAM CONTROLLING 
STRUCTURE
FLOW PRECEDENCE SET TO 
UPSTREAM CONTROLLING 
STRUCTURE
FLOW PRECEDENCE SET TO 
UPSTREAM CONTROLLING 
STRUCTURE
FLOW PRECEDENCE SET TO 
UPSTREAM CONTROLLING 
STRUCTURE
FLOW PRECEDENCE SET TO 
UPSTREAM CONTROLLING 
STRUCTURE
CRIT.DEPTH CONTROL  Vh= .184ft  
Dcr= .519ft   CRIT.DEPTH Hev= .00ft
FLOW PRECEDENCE SET TO 
UPSTREAM CONTROLLING 
STRUCTURE
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Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = Culvert - 1  (Culvert-Circular)
---------------------------------------
Mannings open channel maximum capacity:  20.16 ft³/s
Upstream   ID  = Orifice - 1, Copy of Orifice - 1, Orifice - 2, 6"x10"
Downstream ID  = Tailwater (Pond Outfall)

Message
FLOW PRECEDENCE SET TO 
UPSTREAM CONTROLLING 
STRUCTURE
FLOW PRECEDENCE SET TO 
UPSTREAM CONTROLLING 
STRUCTURE
FLOW PRECEDENCE SET TO 
UPSTREAM CONTROLLING 
STRUCTURE
CRIT.DEPTH CONTROL  Vh= .299ft  
Dcr= .799ft   CRIT.DEPTH Hev= .00ft
FLOW PRECEDENCE SET TO 
UPSTREAM CONTROLLING 
STRUCTURE
FLOW PRECEDENCE SET TO 
UPSTREAM CONTROLLING 
STRUCTURE
FLOW PRECEDENCE SET TO 
UPSTREAM CONTROLLING 
STRUCTURE

Outlet Structure

OrificeOutlet Structure Type

Outlet Structure (IDs and Direction)

Orifice - 1Outlet ID Culvert - 1Downstream ID
Forward Flow 

OnlyFlow Direction
Notes

Outlet Structure (Advanced)

ft0.00Elevation (On) ft0.00Elevation (Off)

Outlet Structure (Orifice)

Circular 
OrificeOrifice

0.600Orifice Coefficient

1Number of Openings in1.0Orifice Diameter

Outlet Structure (Common)

ft985.50Elevation
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Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

P
o
n
d
 W

a
te

r 
S

u
rf

a
ce

 E
le

v
a
ti
o
n
 (
ft

)

994.00

993.00

992.00

991.00

990.00

989.00

988.00

987.00

986.00

985.00

Flow (ft³/s)
0.070.060.050.040.030.020.01

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = Orifice - 1  (Orifice-Circular)
---------------------------------------
Upstream   ID  =    (Pond Water Surface)
Downstream ID  = Culvert - 1  (Culvert-Circular)

Next Downstream 
Hydraulic Grade Line

(ft)

Converge Downstream 
Hydraulic Grade Line

(ft)

(into) Headwater 
Hydraulic Grade Line

(ft)

Device Flow
(ft³/s)

Water Surface 
Elevation

(ft)

0.000.000.000.00985.50
985.56985.56986.000.02986.00
985.58985.58986.500.03986.50
985.58985.58987.000.03987.00
985.60985.60987.300.03987.30
985.69985.69987.500.04987.50
985.81985.81988.000.04988.00
985.86985.86988.500.04988.50
985.90985.90989.000.05989.00
985.92985.92989.300.05989.30
985.99985.99989.500.05989.50
986.24986.24990.000.05990.00
986.38986.38990.500.05990.50
986.47986.47991.000.06991.00
986.54986.54991.500.06991.50
986.60986.60992.000.06992.00
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Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = Orifice - 1  (Orifice-Circular)
---------------------------------------
Upstream   ID  =    (Pond Water Surface)
Downstream ID  = Culvert - 1  (Culvert-Circular)

Next Downstream 
Hydraulic Grade Line

(ft)

Converge Downstream 
Hydraulic Grade Line

(ft)

(into) Headwater 
Hydraulic Grade Line

(ft)

Device Flow
(ft³/s)

Water Surface 
Elevation

(ft)
986.66986.66992.500.06992.50
986.71986.71993.000.07993.00
986.75986.75993.500.07993.50
986.79986.79994.000.07994.00

Tailwater Error
(ft)

Downstream Channel 
Tailwater

(ft)

Convergence Error
(ft³/s)

Downstream Hydraulic 
Grade Line Error

(ft)

0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00

Message
WS below an invert; no flow.
H =.44
H =.92
H =1.42
H =1.70
H =1.81
H =2.19
H =2.64
H =3.10
H =3.38
H =3.51
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Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = Orifice - 1  (Orifice-Circular)
---------------------------------------
Upstream   ID  =    (Pond Water Surface)
Downstream ID  = Culvert - 1  (Culvert-Circular)

Message
H =3.76
H =4.12
H =4.53
H =4.96
H =5.40
H =5.84
H =6.29
H =6.75
H =7.21

Outlet Structure

OrificeOutlet Structure Type

Outlet Structure (IDs and Direction)

Orifice - 2Outlet ID Culvert - 1Downstream ID
Forward Flow 

OnlyFlow Direction
Notes

Outlet Structure (Advanced)

ft0.00Elevation (On) ft0.00Elevation (Off)

Outlet Structure (Orifice)

Circular 
OrificeOrifice

0.600Orifice Coefficient

2Number of Openings in3.0Orifice Diameter

Outlet Structure (Common)

ft987.30Elevation
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Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

P
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n
 (
ft

)

994.00

993.00

992.00

991.00

990.00

989.00

988.00

987.00

986.00

985.00

Flow (ft³/s)
1.201.101.000.900.800.700.600.500.400.300.200.100.00

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = Orifice - 2  (Orifice-Circular)
---------------------------------------
Upstream   ID  =    (Pond Water Surface)
Downstream ID  = Culvert - 1  (Culvert-Circular)

Next Downstream 
Hydraulic Grade Line

(ft)

Converge Downstream 
Hydraulic Grade Line

(ft)

(into) Headwater 
Hydraulic Grade Line

(ft)

Device Flow
(ft³/s)

Water Surface 
Elevation

(ft)

0.000.000.000.00985.50
985.560.000.000.00986.00
985.580.000.000.00986.50
985.580.000.000.00987.00
985.600.000.000.00987.30
985.69Free Outfall987.500.11987.50
985.81Free Outfall988.000.36988.00
985.86Free Outfall988.500.49988.50
985.90Free Outfall989.000.59989.00
985.92Free Outfall989.300.65989.30
985.99Free Outfall989.500.68989.50
986.24Free Outfall990.000.76990.00
986.38Free Outfall990.500.83990.50
986.47Free Outfall991.000.89991.00
986.54Free Outfall991.500.95991.50
986.60Free Outfall992.001.01992.00
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Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = Orifice - 2  (Orifice-Circular)
---------------------------------------
Upstream   ID  =    (Pond Water Surface)
Downstream ID  = Culvert - 1  (Culvert-Circular)

Next Downstream 
Hydraulic Grade Line

(ft)

Converge Downstream 
Hydraulic Grade Line

(ft)

(into) Headwater 
Hydraulic Grade Line

(ft)

Device Flow
(ft³/s)

Water Surface 
Elevation

(ft)
986.66Free Outfall992.501.06992.50
986.71Free Outfall993.001.12993.00
986.75Free Outfall993.501.16993.50
986.79Free Outfall994.001.21994.00

Tailwater Error
(ft)

Downstream Channel 
Tailwater

(ft)

Convergence Error
(ft³/s)

Downstream Hydraulic 
Grade Line Error

(ft)

0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00

Message
WS below an invert; no flow.
WS below an invert; no flow.
WS below an invert; no flow.
WS below an invert; no flow.
WS below an invert; no flow.
CRIT.DEPTH CONTROL  Vh= .059ft  
Dcr= .141ft   CRIT.DEPTH Hev= .00ft
H =.58
H =1.08
H =1.58
H =1.88
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Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = Orifice - 2  (Orifice-Circular)
---------------------------------------
Upstream   ID  =    (Pond Water Surface)
Downstream ID  = Culvert - 1  (Culvert-Circular)

Message
H =2.08
H =2.58
H =3.08
H =3.58
H =4.08
H =4.58
H =5.08
H =5.58
H =6.08
H =6.58

Outlet Structure

OrificeOutlet Structure Type

Outlet Structure (IDs and Direction)

Copy of 
Orifice - 1Outlet ID

Culvert - 1Downstream ID

Forward Flow 
OnlyFlow Direction

Notes

Outlet Structure (Advanced)

ft0.00Elevation (On) ft0.00Elevation (Off)

Outlet Structure (Orifice)

Circular 
OrificeOrifice

0.600Orifice Coefficient

1Number of Openings in1.0Orifice Diameter

Outlet Structure (Common)

ft987.00Elevation
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Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

P
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n
d
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rf
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le
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n
 (
ft

)

994.00

993.00

992.00

991.00

990.00

989.00

988.00

987.00

986.00

985.00

Flow (ft³/s)
0.060.050.040.030.020.01

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = Copy of Orifice - 1  (Orifice-Circular)
---------------------------------------
Upstream   ID  =    (Pond Water Surface)
Downstream ID  = Culvert - 1  (Culvert-Circular)

Next Downstream 
Hydraulic Grade Line

(ft)

Converge Downstream 
Hydraulic Grade Line

(ft)

(into) Headwater 
Hydraulic Grade Line

(ft)

Device Flow
(ft³/s)

Water Surface 
Elevation

(ft)

0.000.000.000.00985.50
985.560.000.000.00986.00
985.580.000.000.00986.50
985.580.000.000.00987.00
985.60Free Outfall987.300.01987.30
985.69Free Outfall987.500.02987.50
985.81Free Outfall988.000.03988.00
985.86Free Outfall988.500.03988.50
985.90Free Outfall989.000.04989.00
985.92Free Outfall989.300.04989.30
985.99Free Outfall989.500.04989.50
986.24Free Outfall990.000.05990.00
986.38Free Outfall990.500.05990.50
986.47Free Outfall991.000.05991.00
986.54Free Outfall991.500.06991.50
986.60Free Outfall992.000.06992.00
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Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = Copy of Orifice - 1  (Orifice-Circular)
---------------------------------------
Upstream   ID  =    (Pond Water Surface)
Downstream ID  = Culvert - 1  (Culvert-Circular)

Next Downstream 
Hydraulic Grade Line

(ft)

Converge Downstream 
Hydraulic Grade Line

(ft)

(into) Headwater 
Hydraulic Grade Line

(ft)

Device Flow
(ft³/s)

Water Surface 
Elevation

(ft)
986.66Free Outfall992.500.06992.50
986.71Free Outfall993.000.06993.00
986.75Free Outfall993.500.07993.50
986.79Free Outfall994.000.07994.00

Tailwater Error
(ft)

Downstream Channel 
Tailwater

(ft)

Convergence Error
(ft³/s)

Downstream Hydraulic 
Grade Line Error

(ft)

0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00

Message
WS below an invert; no flow.
WS below an invert; no flow.
WS below an invert; no flow.
WS below an invert; no flow.
H =.26
H =.46
H =.96
H =1.46
H =1.96
H =2.26
H =2.46

Page 13 of 2027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

4/25/2019

Bentley PondPack V8i
[08.11.01.56]

Bentley Systems, Inc.  Haestad Methods Solution  
CenterHT Solutions North Retaining Wall TEST.ppc

36



Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = Copy of Orifice - 1  (Orifice-Circular)
---------------------------------------
Upstream   ID  =    (Pond Water Surface)
Downstream ID  = Culvert - 1  (Culvert-Circular)

Message
H =2.96
H =3.46
H =3.96
H =4.46
H =4.96
H =5.46
H =5.96
H =6.46
H =6.96

Outlet Structure

CulvertOutlet Structure Type BoxCulvert Type

Outlet Structure (IDs and Direction)

Top OutletOutlet ID Culvert - 1Downstream ID
Forward Flow 

OnlyFlow Direction
Notes

Outlet Structure (Advanced)

ft0.00Elevation (On) ft0.00Elevation (Off)

Culvert Data

1Number of Barrels ft989.30Downstream Invert
ft0.50Length ft0.83Width
ft989.30Upstream Invert ft0.50Height

Unsubmerged->Submerged

FalseSpecify Transitions FalseCompute Inlet Control Only

Culvert Coefficients

Concrete - 
Groove end 

projecting
Inlet Description

0.0317C

Chart 1Chart 0.6900Y
Nomograph 3Nomograph 0.013Manning's n

Form 1Equation Form 0.200Ke
0.0045K 0.000Kr
2.0000M -0.500Slope Correction Factor

Culvert (Advanced)

Page 14 of 2027 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

4/25/2019

Bentley PondPack V8i
[08.11.01.56]

Bentley Systems, Inc.  Haestad Methods Solution  
CenterHT Solutions North Retaining Wall TEST.ppc

37



Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

Culvert (Advanced)

ft0.00Convergence Tolerance
False

Specify Number of Backwater 
Sections

P
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r 
S

u
rf

a
ce

 E
le

v
a
ti
o
n
 (
ft

)

994.00

993.00

992.00

991.00

990.00

989.00

988.00

987.00

986.00

985.00

Flow (ft³/s)
4.504.003.503.002.502.001.501.000.500.00

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = 6"x10"  (Culvert-Box)
---------------------------------------
Mannings open channel maximum capacity:  0.00 ft³/s
Upstream   ID  =    (Pond Water Surface)
Downstream ID  = Culvert - 1  (Culvert-Circular)

Next Downstream 
Hydraulic Grade Line

(ft)

Converge Downstream 
Hydraulic Grade Line

(ft)

(into) Headwater 
Hydraulic Grade Line

(ft)

Device Flow
(ft³/s)

Water Surface 
Elevation

(ft)

0.000.000.000.00985.50
985.560.000.000.00986.00
985.580.000.000.00986.50
985.580.000.000.00987.00
985.600.000.000.00987.30
985.690.000.000.00987.50
985.810.000.000.00988.00
985.860.000.000.00988.50
985.900.000.000.00989.00
985.920.000.000.00989.30
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Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = 6"x10"  (Culvert-Box)
---------------------------------------
Mannings open channel maximum capacity:  0.00 ft³/s
Upstream   ID  =    (Pond Water Surface)
Downstream ID  = Culvert - 1  (Culvert-Circular)

Next Downstream 
Hydraulic Grade Line

(ft)

Converge Downstream 
Hydraulic Grade Line

(ft)

(into) Headwater 
Hydraulic Grade Line

(ft)

Device Flow
(ft³/s)

Water Surface 
Elevation

(ft)
985.99Free Outfall989.500.21989.50
986.24Free Outfall990.001.37990.00
986.38Free Outfall990.502.16990.50
986.47Free Outfall991.002.72991.00
986.54Free Outfall991.503.19991.50
986.60Free Outfall992.003.59992.00
986.66Free Outfall992.503.95992.50
986.71Free Outfall993.004.28993.00
986.75Free Outfall993.504.59993.50
986.79Free Outfall994.004.88994.00

Tailwater Error
(ft)

Downstream Channel 
Tailwater

(ft)

Convergence Error
(ft³/s)

Downstream Hydraulic 
Grade Line Error

(ft)

0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00
0.00(N/A)0.000.00

Message
WS below an invert; no flow.
WS below an invert; no flow.
WS below an invert; no flow.
WS below an invert; no flow.
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Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

RATING TABLE FOR ONE OUTLET TYPE
Structure  ID  = 6"x10"  (Culvert-Box)
---------------------------------------
Mannings open channel maximum capacity:  0.00 ft³/s
Upstream   ID  =    (Pond Water Surface)
Downstream ID  = Culvert - 1  (Culvert-Circular)

Message
WS below an invert; no flow.
WS below an invert; no flow.
WS below an invert; no flow.
WS below an invert; no flow.
WS below an invert; no flow.
WS below an invert; no flow.
BACKWATER CONTROL.. Vh= .047ft  
hwDi= .143ft  Lbw= .5ft Hev= .00ft
BACKWATER CONTROL.. Vh= .187ft  
hwDi= .475ft  Lbw= .5ft Hev= .00ft
INLET CONTROL...  Submerged:  HW 
=1.20
INLET CONTROL...  Submerged:  HW 
=1.70
INLET CONTROL...  Submerged:  HW 
=2.20
INLET CONTROL...  Submerged:  HW 
=2.70
INLET CONTROL...  Submerged:  HW 
=3.20
INLET CONTROL...  Submerged:  HW 
=3.70
INLET CONTROL...  Submerged:  HW 
=4.20
INLET CONTROL...  Submerged:  HW 
=4.70
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Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

Composite Rating Table
Tailwater Elevation = Free Outfall (Composite Outlet Structure - 1)

Convergence Error
(ft)

Tailwater Elevation
(ft)

Flow
(ft³/s)

Water Surface 
Elevation

(ft)

0.00(N/A)0.00985.50
0.00(N/A)0.02986.00
0.00(N/A)0.03986.50
0.00(N/A)0.03987.00
0.00(N/A)0.05987.30
0.00(N/A)0.16987.50
0.00(N/A)0.42988.00
0.00(N/A)0.56988.50
0.00(N/A)0.68989.00
0.00(N/A)0.73989.30
0.00(N/A)0.98989.50
0.00(N/A)2.23990.00
0.00(N/A)3.09990.50
0.00(N/A)3.73991.00
0.00(N/A)4.25991.50
0.00(N/A)4.72992.00
0.00(N/A)5.14992.50
0.00(N/A)5.53993.00
0.00(N/A)5.89993.50
0.00(N/A)6.23994.00

Contributing Structures
  (no Q: Orifice - 1,Copy 
of Orifice - 1,Orifice - 
2,6"x10",Culvert - 1)
 Orifice - 1,Culvert - 1  
(no Q: Copy of Orifice - 
1,Orifice - 2,6"x10")
 Orifice - 1,Culvert - 1  
(no Q: Copy of Orifice - 
1,Orifice - 2,6"x10")
 Orifice - 1,Culvert - 1  
(no Q: Copy of Orifice - 
1,Orifice - 2,6"x10")
 Orifice - 1,Copy of Orifice 
- 1,Culvert - 1  (no Q: 
Orifice - 2,6"x10")
 Orifice - 1,Copy of Orifice 
- 1,Orifice - 2,Culvert - 1  
(no Q: 6"x10")
 Orifice - 1,Copy of Orifice 
- 1,Orifice - 2,Culvert - 1  
(no Q: 6"x10")
 Orifice - 1,Copy of Orifice 
- 1,Orifice - 2,Culvert - 1  
(no Q: 6"x10")
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Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

Composite Rating Table
Tailwater Elevation = Free Outfall (Composite Outlet Structure - 1)

Contributing Structures
 Orifice - 1,Copy of Orifice 
- 1,Orifice - 2,Culvert - 1  
(no Q: 6"x10")
 Orifice - 1,Copy of Orifice 
- 1,Orifice - 2,Culvert - 1  
(no Q: 6"x10")
 Orifice - 1,Copy of Orifice 
- 1,Orifice - 
2,6"x10",Culvert - 1
 Orifice - 1,Copy of Orifice 
- 1,Orifice - 
2,6"x10",Culvert - 1
 Orifice - 1,Copy of Orifice 
- 1,Orifice - 
2,6"x10",Culvert - 1
 Orifice - 1,Copy of Orifice 
- 1,Orifice - 
2,6"x10",Culvert - 1
 Orifice - 1,Copy of Orifice 
- 1,Orifice - 
2,6"x10",Culvert - 1
 Orifice - 1,Copy of Orifice 
- 1,Orifice - 
2,6"x10",Culvert - 1
 Orifice - 1,Copy of Orifice 
- 1,Orifice - 
2,6"x10",Culvert - 1
 Orifice - 1,Copy of Orifice 
- 1,Orifice - 
2,6"x10",Culvert - 1
 Orifice - 1,Copy of Orifice 
- 1,Orifice - 
2,6"x10",Culvert - 1
 Orifice - 1,Copy of Orifice 
- 1,Orifice - 
2,6"x10",Culvert - 1
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Composite Outlet Structure Detailed Report:  Composite Outlet 
Structure - 1

Rating Curve
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994.00

993.00

992.00

991.00

990.00

989.00

988.00

987.00

986.00

985.00

Flow (ft³/s)
6.005.004.003.002.001.000.00
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PHASE 1 DESIGN 
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