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1.0   PROJECT OVERVIEW  

1.1 Location and Project Summary 

Northern Pass Transmission, LLC (NPT) plans to construct Transition Station #5 (Project), a new 

transition station located on Eversource owned property at 1071 Main Street (US Highway 302)  

(N44o16’57.0” latitude and –W71o43’31.5” longitude) in the town of Bethlehem, Grafton County, NH 

(Site). The site is also known as parcel LL#3140, Bethlehem, NH. Refer to Figure 1-1: USGS Site 

Location Map.  

The Site is bounded by an abandoned motel to the east, shrub and wooded land to the north and west, an 

existing power line right of way to the west and US Highway 302 to the south. The Site is located within 

the surface watershed of Bakers Brook, a tributary to the Upper Connecticut River. 

Pre-development conditions primarily consist of a developed residential lot with a residential structure 

and a shed located on site.  Stormwater runoff in existing conditions generally sheet flows overland from 

south to north to wetlands located on the northern half of the site.    

The post-development conditions of the Site include construction of a transition station associated with 

the Northern Pass Transmission (NPT) project. The NPT project is an approximately 200-mile AC and 

DC transmission line route extending from the United States/Canadian border in Pittsburg, NH to 

Deerfield, NH. The station development consists of a gravel pad approximately 86-ft by 135-ft with a 

perimeter fence and access gates. A gravel access drive and turnaround area is also proposed. The post-

development conditions will increase the peak stormwater runoff rate and as a result, stormwater 

attenuation systems will be implemented. Wherever possible, the pre-development drainage and grading 

patterns were maintained in the post-development conditions. 

A hydrologic model was developed to evaluate the pre- and post-development drainage conditions on the 

Site for the 2-, 10-, and 50-year design frequency storm events. The results of the analysis indicate that 

there is an increase in peak discharge rates in post-development conditions from pre-development 

conditions. The analyses summary, results, and model output are located in further sections. 

The Project Site property area is 0.93 acres.  The Project will result in approximately 0.88-acres of 

disturbance of which 0.84-acres is on-site and 0.04-acres off-site in roadways. The pre-development 

impervious cover within the watershed is 0.269 acres and the post-development impervious cover within 

the watershed is 0.244 acres, therefore, the decrease in impervious cover is 0.025 acres. 
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Figure 1-1: USGS Site Location Map 
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1.2 Existing Conditions Survey Information 

An Existing Conditions Plan with topography was prepared for the Project and was used as a base 

throughout the analysis and design of the Site Development Plans and Stormwater Management Study.  

In the instance where the watershed areas extended outside the survey topography limits, State published 

LiDAR was obtained from the New Hampshire GRANIT Statewide GIS Clearinghouse and used to 

determine the watershed limits.  

Horizontal Datum: The survey references the New Hampshire State Plane Coordinate System, NAD 83. 

The Site Development Plans are drawn in the same state plane coordinate system. 

Vertical Datum: North American Vertical Datum of 1988 (NAVD88). The proposed elevations 

referenced within the Site Development Plans refer to the same vertical datum. 

1.3 Geotechnical Investigations 
 

A Geotechnical Engineering Report has been prepared for NPT. 

 “Geotechnical Engineering Report, Transition Station #5 Project, Northern Pass Transmission 

Line, Bethlehem, New Hampshire” by Quanta Subsurface. 

The geotechnical investigation report can be found in Appendix H. 

1.4 Soils 

National Resource Conservation Service (NRCS) Web Soil Survey describes the soil at the Project Site as 

Waumbek loamy sand as well as Monadnock and Hermon soils.  The soils on the site were classified as 

hydrologic soil group B.  Four soil types are present on and in the vicinity of the Project Site according to 

the US Department of Agriculture Soil Conservation Service Soil Survey for Grafton County, New 

Hampshire. The NRCS Web Soil Survey information is located in Appendix G. 

There is also a soil survey report for the site entitled “Northern Pass Transmission Project, Site-Specific 

Soil Survey Report for the Bethlehem Transition Station (T5A)” by Normandeau Environmental 

Consultants, dated August 14, 2015, that describes three types of soils that are present at the Project Site. 

Peacham and Ossipee soils, and Telos units mapped on-site were derived from glacio-fluvial deposits.   

Peacham and Ossipee mucky peat is very poorly drained soil and was found north of the Udorthent unit 

that makes up the area around the house.   Telos was found north of the Peacham map unit in the 

northwest corner of the parcel.  
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A majority of the lawn area of the parcel as well as the associated driveway were mapped as a sandy 

Udorthent in a moderately well to well drained condition.  A fill layer measuring up to 19 inches over 

native soil was observed on the west side of the house.  On the east side, it appears that some of the native 

soil was removed and/or reworked.  Depths of fill were shallower on the east side, measuring 16 inches at 

the maximum depth observed.   The soil adjacent and north of the house, also mapped as a Udorthent, 

smoothed, consisted of excavated soil resulting from the house construction.   

Beyond the northern edge of the Udorthent Map Unit, there is a steep topographic drop of approximately 

2 to 4 feet.  At the base of the drop is a Peacham and Ossipee Soils Map Unit that was observed in the 

wetland in this location.  These soils are both organic in nature, very poorly drained, and rated as hydric.   

Organic matter up to 18 inches was observed in this map unit.  The rise in topography along the northern 

boundary of the parcel contains Telos soils in a somewhat poorly drained condition. 

The hydrologic soil group classifications vary and are listed below in Table 1-1B.   The soil survey report 

is located in Appendix G. 

 

Table 1-1A:  Soil Types 

Map Legend 
Soil Type 

Per NRCS Web Soil Survey 

Hydrologic

Soil Group 

255B Monodnock and Hermon soils, 3 to 8 percent slopes, very stoney B 

59B Waumbek loamy sand, 3 to 8 percent slopes, very stony B 

255E Monadnock and Hermon soils, 25 to 35 percent slopes, very stony B 
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Table 1-2B:  Soil Types 

Map Legend 
Soil Type 

Per Normandeau Soil Survey Report 

Hydrologic

Soil Group 

123B Telos silt loam, 3-8 percent slopes C 

299B/dbcde* Udorthents, smoothed, 3-8 percent slopes A/B 

299C/dbcde* Udorthents, smoothed, 8-15 percent slopes C/A/D 

731A Peacham and Ossipee mucky peat, 0-3 percent slopes D 

* d-drainage class: estimated to be moderately well drained (or drier); b-parent material: glacial-fluvial deposits; 
c- restrictive/impervious layer: mineral restrictive layer present in the soil profile less than 40 inches; d-estimated 
ksat: not determined; e-hydrologic group: not determined (likely A/B) 

The soils series 299B, 299C and 731A have an erosion factor K that is not rated and soil series 123B has 

a K-Factor of 0.28.  The erosion factor K, with values ranging from 0.02 to 0.69, signifies how 

susceptible a soil is to erosion.  The larger the K value the more susceptible the soil is to erosion by water.  

The K factor for the Project site indicates that the soils have a moderate susceptibility to erosion by water. 

1.5 Wetlands, Rivers, Streams and Vernal Pools 

A report entitled “Wetlands, Rivers, Streams and Vernal Pools Resource Report and Impact Analysis” by 

Normandeau Environmental Consultants, dated October 1, 2015 has been prepared for the NPT Project. 

Environmentally sensitive areas were found within the Project Site. Refer to Appendix I for a copy of this 

report. 

1.6 Floodplain 

According to the Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map (FIRM) 

Map No.33009C0136E for Grafton County, New Hampshire, Effective Date February 20, 2008, the 

Project Site is located within Zone X, an area determined to be outside the 0.2% annual chance 

floodplain.  The FIRM Map is located in Appendix F. 

1.7 Receiving Surface Waters 

The Site is within the Upper Connecticut River Watershed, located east of the Baker Brook Tributary. 

1.8 Pre-Development Site Conditions 

The Pre-Developed site consists of a developed residential lot with a residential structure and accessory 

shed.  There is a lightly wooded area located along the western side of the property, shrub cover near the 
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center and east side of the property and wetlands present on the north side of the property.   The discharge 

point is located at the northwest corner of the site where the sheet flow begins to collect; however, 

channelized flow does not begin until beyond the property limits.  

1.9 Post-Development Site Conditions 

Pre-developed stormwater drainage patterns are mimicked in post-developed conditions and utilize the 

same aforementioned Site discharge point as pre-development; however, a point discharge will be utilized 

to drain a proposed basin, which will be outfitted with outlet protection to minimize any erosion or 

scouring.  Pre- and Post-development watershed maps are located in Appendix B. The post-development 

peak stormwater discharge rates are the same or below pre-development rates.  

No new water or septic/sanitary sewer services are required for the Project.  

No proposed improvements are located within a FEMA 100-year flood plain as a result, there are no 

adverse impacts to properties as a result. 

* * * * * 
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2.0 HYDROLOGY AND HYDRAULICS 

The stormwater management for the Project has been developed to minimize the downstream effects of 

development at the Site.  The stormwater requirements set forth by the New Hampshire Department of 

Environmental Services Stormwater Manual Volumes 1, 2, & 3, dated December 2008 and the New 

Hampshire Department of Transportation Manual on Design for Highways, Revision Date April 1998 

were followed to the maximum extent practical for the design of the Site Development Plans and this 

Report.   

The development of the Site results in the need to attenuate stormwater onsite. One above-ground 

detention basin is proposed and discussed in further detail below.  The following is the data used in the 

stormwater management analysis. 

2.1 Methodology and Design Criteria 

2.1.1 Rainfall Data 

Type II 24-hour rainfall depths for the site location were obtained from the Northeast Regional Climate 

Center – http://precip.eas.cornell.edu/.  

Table 2-1: 24-Hour Type II Rainfall Data 

Return Frequency 
(yr) 

24 Hour Depth (in) 

2 2.35 
10 3.37 
50 4.84 

2.1.2 Runoff Data 

The stormwater runoff calculations were completed using the USDA NRCS/SCS TR-55 runoff curve 

number method in Bentley’s PondPack V8i modeling software.  Refer to Appendix B for the inputs and 

generated outputs.  The input values that were used in the PondPack model are shown in the tables below.  

Maximum sheet flow length for unpaved areas according to the NH DES Stormwater Manual is 100-ft.  

Below are the standard SCS runoff curve numbers used in the hydrology modeling and the pre-

development and post-development watershed cover data used in the hydrology modeling. 
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Table 2-2: Standard SCS Runoff Curve Numbers 

Land Type 
Hydrologic 
Soil Group 

Curve Number 

Woods B 55 
Woods  C 70 
Woods D 77 

Meadow B 58 
Meadow C 71 
Meadow D 78 
Gravel B 85 
Gravel D 91 

Dirt Roads B 82 
Impervious (Asphalt Pavement, 
Water, Structures, Foundations) 

- 98 

 

Table 2-3: Pre-Developed Model Data 

Subarea Area (ac) Curve Number 
Time of Concentration 

(Minutes) 
1 1.233 72 16.26 

 

 Table 2-4: Post-Developed Model Data 

Subarea Area (ac) 
Composite Curve 

Number 
Time of Concentration 

(Minutes) 
1 0.679 85 12.06 
2 0.554 80 16.08 

Total 1.233 - - 
 

The below table summarizes the Manning’s roughness coefficients used in the analysis.  

Table 2-5: Manning’s Roughness Coefficients 

Surface Description Manning’s n 

Grass, Dense grasses (sheet) 0.240 

Woods, Dense underbrush (sheet) 0.800 

Smooth Surface Gravel/Pavement (sheet) 0.100 

Woods, Light underbrush (sheet) 0.400 

Riprap (D50 = 6”) lined channel 0.069 

Concrete/RCP 0.013 

PVC 0.010 

HDPE 0.012 

Earth-Straight Channel 0.030 

Grass w/ NAG Stabilization 0.045 
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2.2 Stormwater Modeling Results 

For the proposed Project, a new detention basin is proposed to be constructed on the site, located at the 

north side of the property behind the proposed retaining wall.  Runoff from the substation yard and turn 

around area (Drainage Area: Post 1) will flow southwest to northeast and be collected into a deep sump 

inlet fitted with a diversion weir located in the northeast corner of the turnaround area.  The water quality 

volume will be conveyed into an underground sand filter and all greater storms will be diverted through 

drainage line P1 to the detention basin.  The detention basin will discharge to a flared end section and 

riprap outlet protection pad located near the northwest corner of the property.  The detention basin 

includes a concrete outlet control structure to control the runoff rate from the basin and an emergency 

spillway to manage storm events larger than the 100 year storm event.     

The proposed basin was analyzed to mitigate the impacts of stormwater runoff from changes in drainage 

patterns that would result from the construction of this project.  The hydrology model was analyzed 

assuming no infiltration.  The concrete outlet control structure will control the rate of runoff to below the 

pre-development runoff as shown by the modeling results.  The following tables summarize flow 

conditions for the Project and the reduction of flow achieved by the basin.  

There is one analysis point for the site located at Outlet-1 as shown on the Pre-development Watershed 

Map.  The table below summarizes the pre- and post-developed peak discharge runoff rates at the analysis 

point.  Refer to Appendix A for the Pre-Developed and Post-Developed Watershed Maps.  Modeling 

results and output can be found in Appendix B. 

Table 2-6: Outlet Flow 

Return 
Frequency 

(yr) 

Pre-Developed 
Flow 
(cfs) 

Post-Developed
Flow 
(cfs) 

2 0.54 0.53 
10 2.00 1.32 
50 3.73 2.87 
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2.3 Detention Basin Design 

The detention basin, Basin ‘DB-1’, was designed and analyzed to provide long term stormwater 

attenuation once the Project has been constructed. The basin has been designed to meet the requirements 

in the NH DES Stormwater Manual.  The detention basin contains storm events up to and including the 

50-year design storm with a minimum 1-ft freeboard to the emergency spillway crest elevation. The 

detention basin has been designed as to not require a State Dam permit. The below tables summarize the 

detention basin storage volumes and water surface elevations with respect to the design storm events.   

Table 2-7: Detention Basin Storage Volume 

 
 

 

 

 

 

Table 2-8: Detention Basin Water Surface Elevation 

 

 

 

2.4 Sand Filter 

An Underground Sand Filter was designed and analyzed to provide long term water quality treatment 

once the Project has been constructed. To treat the Water Quality event (1 inch rainfall event) an 

Underground Sand Filter (SF-1) will be constructed in the northeast corner of the gravel access area. The 

facility will treat impervious surfaces located within post-development drainage area Post-1. The total 

impervious areas comprised of concrete footings, pads, control building and concrete driveway is 2,159 

square feet (0.05 acres). Based on the limited impervious area, the Water Quality Volume (WQV) for this 

project has been calculated to be 287 cubic feet with a water quality flow (WQF) of 0.065 cubic feet per 

second. 

Stormwater collected from the transition station yard through a deep sump catch basin (CB1) will enter a 

diversion manhole (MH1) where the Water Quality Flow will be conveyed to the sand filter’s pre-

Elevation (feet-NAVD88) Surface Area (ac)
Cumulative Storage 

Volume (Acre-ft) 
1,07600 0.019 -- 
1,077.00 0.025 0.022 
1,078.00 0.039 0.054 
1,079.00 0.047 0.097 
1,080.00 0.057 0.149 

Return Frequency (yr) Maximum Water Surface Elevation (ft) 
2 1,077.40 

10 1,077.79 
50 1,078.40 
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treatment sedimentation chamber through a 2-inch PVC pipe.   Greater storms will be allowed to bypass 

the sand filter through a pipe in the diversion manhole (MH1) set at an invert 6-inches above the 2 inch 

PVC and be conveyed to the detention basin. The pretreatment sedimentation chamber was sized to 

contain greater than 25% of the WQV. In the pre-treatment chamber sediment will be given time to settle 

out before the water continues to the filter chamber through a submerged weir. The filter chamber has 

been designed to provide a 24-inch thick sand filter layer with 6-inch underdrains located 6 inches below 

the sand layer and set in a 1- to 2-inch diameter drainage stone layer 12-inches thick. The filter media will 

be covered with a 3 inch thick gravel debris screen above the sand. The stormwater will enter the filter 

chamber and flow through the filter media layer. This flow will be collected by the underdrains which 

will convey the flow to the overflow chamber. The filter chamber was sized to contain 75% of the WQV, 

with a portion of this volume located within the filter media layer and the rest above but below an 

overflow weir. The overflow weir has been designed to pass the 10-year storm and is set above the WQV 

between the filter chamber and the overflow chamber. A maximum ponding depth of 4.5 feet will be 

maintained in the sedimentation and filter chambers. The Underground Sand Filter was designed to have a 

maximum drain time of less than 72 hours. The stormwater which enters the overflow chamber will be 

conveyed into drainage piping to the detention basin DB-1.  The tables below summarize the 

Underground Sand Filter storage and water surface elevations with respect to the Water Quality and 10-

year design storm events. 

Table 2-9: Underground Sand Filter Storage Volume Within Filter Media 

Elevation (feet-NAVD88) Surface Area (SF)
Cumulative Storage 

Volume (cf) 
1086.65 84.50 - 
1087.00 84.50 11.83 
1088.00 84.50 45.63 
1089.00 84.50 79.43 
1089.90 84.50 109.85 

 

Table 2-10: Underground Sand Filter Storage Volume Above Filter Media 

Elevation (feet-NAVD88) Surface Area (SF)
Cumulative Storage 

Volume (cf) 
1089.90 84.50 - 
1090.00 84.50 8.45 
1091.00 84.50 92.95 
1091.15 84.50 105.63 
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Table 2-11: Underground Sand Filter Storage Volume In Sediment Chamber 

Elevation (feet-NAVD88) Surface Area (SF) 
Cumulative Storage 

Volume (cf) 
1086.65 65.00 - 
1087.00 65.00 22.75 
1088.00 65.00 87.75 
1088.65 65.00 130.00 
1089.00 52.00 150.43 
1090.00 52.00 202.43 
1091.00 52.00 254.43 
1091.15 52.00 262.23 

 

Table 2-12: Underground Sand Filter Water Surface Elevation 

Return Frequency (yr) Maximum Water Surface Elevation (ft) 
WQ Event 1,091.15 

10 1,091.75 

2.5 Basin Spillway 

The detention basin is designed to contain the 100-year storm event without overtopping; the spillway is 

designed to provide for emergency flow for events higher than the 100-year storm.  The spillway was 

modeled as weir flow using Bentley FlowMaster V8i.  The basin spillway will be lined with 12” riprap as 

specified in the Site Development Plans and the calculation results show the spillway will be stable for 

storms up to the 100-year flow. 

Table 2-13: Basin Spillway Summary & Stability 

100 Year 
Max. Flow 

(cfs) 

100 Year 
Velocity 

(ft/s) 

Spillway 
(weir) 

Width (ft) 

Side 
Slopes 
(H:V ft) 

Downstream 
Slope (%) 

Allowable 
Shear Stress 

(psf) 

Calculated 
Shear 

Stress* 

1.75 1.34 5.0 3:1 50 4.8 3.43 

*Allowable shear Stress are taken from table 2.3 of FHA HEC 15, Third Edition 

Refer to Appendix C for the spillway and shear flow calculations. 

2.6 Storm Drainage System 

Storm drainage collection system conduit capacity calculations were performed using Bentley 

FlowMasterV8i.  Drainage lines P1, P3 and P5 convey runoff from the station yard and turn around area 

and outlets into the detention basin. Drainage lines P2 and P4 convey the water quality volume to the 

underground sand filter which discharges to the detention basin through drainage line P5.  The pipe 
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drainage system is designed to convey the 100-year design storm event.  Calculations are provided in 

Appendix C.  Below is a summary of the proposed storm drains and design criteria.  Riprap outlet 

protection is provided at all pipe discharge locations refer to Section 2.7 for further information.  

Table 2-14:  Storm Drains 

Drain Size Material 
Roughness 

Coefficient 

Length 

(ft) 

Slope 

(%) 

10-Year 

Design 

Discharge 

(cfs) 

25-Year 

Design 

Discharge 

(cfs) 

100-Year 

Design 

Discharge 

(cfs) 

P1 12” HDPE 0.012 8 2.5 1.68 2.27 3.44 

P2 2” PVC 0.010 5 4.0 0.065 N/A N/A 

P3 12” HDPE 0.012 17 4.4 1.68 2.27 3.44 

P4 8” PVC 0.010 13 4.6 0.065 N/A N/A 

P5 12” HDPE 0.012 6 2.5 1.68 2.27 3.44 

P6 12” RCP 0.013 22 5.0 0.57 1.09 1.75 

P7 12” RCP 0.013 6 5.0 0.57 1.09 1.75 

*Drain lines P2 and P4 are designed for Water Quality Flow (WQF) = 0.065 cfs 

2.7 Outlet Protection 

Outlet protection is designed for the 25-year frequency design storm as required by the NH DES 

Stormwater Manual. Calculations for riprap apron protection are located in Appendix C. 

Table 2-15:  Outlet Protection 

Outlet No. Length (ft) Depth (ft) 

Width at 
Culvert 

(ft) 

Width at 
End of 
Apron 

(ft) 

Median 
Stone Size 

(in) 

25-Year 
Flow 
(cfs) 

25-Year 
Velocity 

(fps) 

FES-1 (P5) 14 1.5 3 9 6 2.27 7.19 

FES-2 (P7) 9 1.5 3 12 6 1.09 7.10 
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3.0 BEST MANAGEMENT PRACTICES 

The proposed Stormwater Management System contains Best Management Practices (BMPs) that will, if 

maintained properly, provide treatment of Site generated stormwater runoff. The proposed BMPs are 

described below. 

3.1 Groundwater Recharge Volume & Water Quality Volume 

Runoff from impervious areas of the site will be treated by an underground sand filter. Impervious areas 

to be treated by the underground sand filter include a paved driveway, structure footings, structures and 

pads.  The Water Quality Volume (WQV) that is required to be treated from these areas is 287 cubic feet.  

The underground sand filter has a volume of 477 cubic feet which is above the minimum required.   

There is a decrease in impervious cover; therefore, groundwater recharge is not required.  The worksheets 

for the underground sand filter and Groundwater Recharge Volume (GRV) are located in Appendix D. 

3.2 Temporary Erosion Controls 

During construction of the proposed station, the Contractor will be responsible for installation, 

implementation, and maintenance of temporary erosion and sedimentation control measures, that if 

implemented and maintained properly, will help to prevent off-site tracking and conveyance of 

waterborne loss of sediment and debris. The specific measures proposed are located in the Site 

Development Plans, which are under separate cover. 

Temporary erosion and sedimentation controls shall not be removed until construction is complete and 

site stabilization is achieved. 

3.3 Permanent Erosion Controls 

Upon completion of construction, the Site shall be stabilized by one or more of the following measures in 

accordance with the Site Development Plans (under separate cover):  

3.3.1 Crushed Rock/Paving 

Crushed rock will be installed on the station pad area and turnaround area. The apron at the site entrance 

will be paved with asphalt. 

3.3.2 Seeding 

Any disturbed area not proposed as an impervious or gravel surface will be restored to natural meadow 

vegetation over 4” of topsoil.  Planting and mulching of permanent seed will occur as soon as practical 
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after final grading, placement of topsoil, and soil preparation has been completed.  Seeding should occur 

during the growing season. 

3.3.3 Outlet Protection 

Pipe outlets implement riprap outlet protection to help prevent scouring and erosion. 

3.3.4 Flood Protection Analysis 

Flood protection has been implemented for the detention basin as follows:   

 Detention Basin will detain the 2-year through 100-year, 24-hour storm event; 

 An emergency spillway will be used to convey storm events larger than the 100-year, 24-hour 

storm event. 

3.4 Antidegredation 

There is less than 10% effective impervious cover (EIC) and less than 65% undisturbed cover within the 

property boundary of the Site, therefore the pollutant loading calculations are required to be performed 

according to the NHDES 1065 Rule. Refer to the Site Cover Plan located in Appendix A and the pollutant 

load calculations in Appendix J 

The site stormwater runoff discharges to an impaired receiving water according to EPA 2008 Waterbody 

Report for the Baker Brook.  As a result, pollutant loading calculations were performed using NH DES 

standard Simple Method worksheet to demonstrate that there is no increase in Total Suspended Solids 

(TSS), Total Phosphorus (TP) and Total Nitrogen (TN) resulting from the project.  The pollutant loading 

calculations and other supporting information are located in Appendix J. Also, an impervious area 

summary table has been prepared to outline the impervious areas draining to the proposed BMP, refer to 

Appendix D. 

The Simple Method generates pollutant loads based on the pre- and post- drainage areas indicated on the 

Watershed Maps located in Appendix A.  The proposed BMP (underground sand filter) is designed to 

remove a percentage of the pollutants.  The treatment BMP provides water quality and limits post-

development pollutant levels to less than pre-development pollutant levels. 

The site lies within the NE Regional Mercury Total Maximum Daily Load (TMDL) according to the EPA 

2008 Waterbody Report for Baker Brook.  The project is not anticipated to produce mercury byproducts; 

therefore, restrictions from the NE Regional Mercury TMDL are not applicable. 
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4.0 CONCLUSION 

In order to mitigate the impacts of stormwater runoff caused by the addition of the substation, two (2)  

BMPs were implemented.  Those BMPs include the addition of an underground sand filter and detention 

basin.  The underground sand filter will provide filtration for the water quality volume.  All greater storm 

events will bypass the sand filter and be conveyed to the detention basin.  The detention basin will reduce 

the post-developed peak discharge rates below that of the pre-developed flows for the 2-year through the 

50-year storm events.  The basin utilizes one outlet control structure and emergency spillway.  The outlet 

control structure will control up to and including the 100-year storm event.  The storm events larger than 

the 100-year storm event will discharge through the emergency spillway.  The on-site BMPs have been 

designed in accordance with the New Hampshire Department of Environmental Services Stormwater 

Manual Volumes 1, 2, & 3. 

 

* * * * * 
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Extreme Precipitation Tables
Northeast Regional Climate Center
Data represents point estimates calculated from partial duration series. All precipitation amounts are displayed in inches.

Extreme Precipitation Estimates

Lower Confidence Limits

Upper Confidence Limits

Smoothing Yes

State New Hampshire

Location

Longitude 71.726 degrees West

Latitude 44.282 degrees North

Elevation 0 feet

Date/Time Wed, 15 Jul 2015 10:38:20 -0400

5min 10min 15min 30min 60min 120min 1hr 2hr 3hr 6hr 12hr 24hr 48hr 1day 2day 4day 7day 10day

1yr 0.26 0.39 0.49 0.64 0.80 0.99 1yr 0.69 0.95 1.13 1.38 1.67 2.01 2.30 1yr 1.78 2.21 2.58 3.22 3.72 1yr

2yr 0.30 0.46 0.57 0.76 0.95 1.18 2yr 0.82 1.09 1.35 1.63 1.96 2.35 2.68 2yr 2.08 2.58 3.02 3.70 4.26 2yr

5yr 0.35 0.55 0.69 0.92 1.18 1.47 5yr 1.02 1.35 1.68 2.04 2.43 2.88 3.31 5yr 2.55 3.18 3.68 4.47 5.10 5yr

10yr 0.40 0.62 0.79 1.07 1.39 1.75 10yr 1.20 1.59 2.00 2.42 2.87 3.37 3.88 10yr 2.98 3.73 4.27 5.15 5.85 10yr

25yr 0.47 0.74 0.95 1.30 1.73 2.19 25yr 1.50 1.96 2.50 3.01 3.56 4.14 4.80 25yr 3.66 4.61 5.21 6.23 7.02 25yr

50yr 0.53 0.85 1.09 1.52 2.05 2.60 50yr 1.77 2.31 2.97 3.57 4.19 4.84 5.64 50yr 4.28 5.42 6.07 7.19 8.05 50yr

100yr 0.60 0.97 1.25 1.77 2.42 3.09 100yr 2.09 2.71 3.54 4.23 4.93 5.65 6.62 100yr 5.00 6.37 7.06 8.30 9.24 100yr

200yr 0.69 1.12 1.45 2.08 2.87 3.66 200yr 2.47 3.19 4.20 5.00 5.80 6.61 7.79 200yr 5.85 7.49 8.22 9.59 10.61 200yr

500yr 0.82 1.35 1.76 2.55 3.59 4.60 500yr 3.09 3.97 5.26 6.24 7.20 8.14 9.67 500yr 7.21 9.30 10.07 11.62 12.75 500yr

5min 10min 15min 30min 60min 120min 1hr 2hr 3hr 6hr 12hr 24hr 48hr 1day 2day 4day 7day 10day

1yr 0.22 0.34 0.41 0.55 0.68 0.81 1yr 0.59 0.79 0.94 1.20 1.48 1.84 2.17 1yr 1.63 2.09 2.32 2.68 3.08 1yr

2yr 0.29 0.44 0.54 0.74 0.91 1.08 2yr 0.79 1.05 1.24 1.57 1.96 2.30 2.62 2yr 2.04 2.52 2.95 3.63 4.19 2yr

5yr 0.32 0.50 0.62 0.85 1.08 1.27 5yr 0.93 1.24 1.43 1.82 2.34 2.72 3.11 5yr 2.41 2.99 3.50 4.26 4.88 5yr

10yr 0.35 0.54 0.67 0.94 1.21 1.42 10yr 1.05 1.39 1.58 2.02 2.50 3.06 3.54 10yr 2.71 3.41 3.96 4.82 5.46 10yr

25yr 0.40 0.60 0.75 1.07 1.41 1.64 25yr 1.22 1.60 1.79 2.32 2.85 3.59 4.20 25yr 3.18 4.04 4.70 5.66 6.33 25yr

50yr 0.42 0.64 0.80 1.15 1.55 1.82 50yr 1.34 1.78 1.95 2.55 3.14 4.03 4.77 50yr 3.56 4.59 5.33 6.38 7.11 50yr

100yr 0.46 0.69 0.87 1.25 1.72 2.01 100yr 1.48 1.96 2.13 2.80 3.46 4.53 5.41 100yr 4.01 5.20 6.07 7.23 7.97 100yr

200yr 0.50 0.75 0.95 1.37 1.91 2.21 200yr 1.65 2.16 2.32 3.09 3.79 5.09 6.27 200yr 4.51 6.03 6.91 8.18 8.94 200yr

500yr 0.55 0.83 1.06 1.54 2.19 2.53 500yr 1.89 2.47 2.58 3.49 4.28 5.95 7.48 500yr 5.27 7.20 8.22 9.66 10.43 500yr

5min 10min 15min 30min 60min 120min 1hr 2hr 3hr 6hr 12hr 24hr 48hr 1day 2day 4day 7day 10day

1yr 0.28 0.43 0.53 0.71 0.87 1.08 1yr 0.75 1.05 1.23 1.61 1.94 2.14 2.46 1yr 1.90 2.36 2.73 3.41 3.95 1yr

2yr 0.32 0.49 0.61 0.82 1.01 1.19 2yr 0.87 1.16 1.35 1.73 2.14 2.42 2.74 2yr 2.14 2.64 3.09 3.78 4.35 2yr

5yr 0.39 0.60 0.74 1.02 1.29 1.50 5yr 1.12 1.47 1.68 2.15 2.62 3.04 3.49 5yr 2.69 3.36 3.87 4.68 5.32 5yr

10yr 0.46 0.70 0.87 1.22 1.57 1.83 10yr 1.36 1.79 1.99 2.57 3.21 3.63 4.21 10yr 3.22 4.05 4.60 5.51 6.19 10yr

25yr 0.58 0.88 1.10 1.57 2.06 2.39 25yr 1.78 2.33 2.53 3.29 4.11 4.64 5.41 25yr 4.10 5.20 5.79 6.85 7.59 25yr

50yr 0.69 1.06 1.32 1.89 2.55 2.91 50yr 2.20 2.85 3.05 3.96 4.97 5.56 6.53 50yr 4.92 6.28 6.88 8.05 8.85 50yr

100yr 0.84 1.26 1.58 2.29 3.14 3.57 100yr 2.71 3.49 3.66 4.77 6.03 6.70 7.91 100yr 5.93 7.61 8.19 9.49 10.33 100yr

200yr 1.00 1.51 1.91 2.77 3.86 4.37 200yr 3.33 4.27 4.43 5.78 7.32 8.07 9.45 200yr 7.14 9.09 9.74 11.18 12.06 200yr

500yr 1.29 1.92 2.47 3.59 5.11 5.71 500yr 4.41 5.58 5.70 7.45 9.50 10.34 12.10 500yr 9.15 11.64 12.27 13.89 14.82 500yr

Page 1 of 1Extreme Precipitation Tables: 44.282°N, 71.726°W

7/15/2015http://precip.eas.cornell.edu/data.php?1436971099030
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Scenario:  Post-Development 25 year
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Project Summary

Northern Pass 
Transition Station 
#5a Stormwater 

Model

Title

R. ReedEngineer

Burns & 
McDonnellCompany

1/17/2017Date

Notes
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Subsection:  Master Network Summary

Catchments Summary
Peak Flow

(ft³/s)
Time to Peak

(hours)
Hydrograph 

Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

0.5412.0830.0462Pre-Development 2 
yearPRE-1

2.0012.0500.14310Pre-Development 10 
yearPRE-1

3.7312.0500.26450Pre-Development 50 
yearPRE-1

3.9112.0500.277100Pre-Development 100 
yearPRE-1

0.9412.0170.0602Post-Development 2 
yearPOST-1

1.6812.0170.10710Post-Development 10 
yearPOST-1

2.8112.0000.18250Post-Development 50 
yearPOST-1

3.4412.0000.224100Post-Development 
100 yearPOST-1

0.5012.0670.0362Post-Development 2 
yearPOST-2

1.0012.0670.07110Post-Development 10 
yearPOST-2

1.7912.0500.12750Post-Development 50 
yearPOST-2

2.2512.0500.160100Post-Development 
100 yearPOST-2

Node Summary
Peak Flow

(ft³/s)
Time to Peak

(hours)
Hydrograph 

Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

0.5412.0830.0462Pre-Development 2 
yearO-1 (PRE)

2.0012.0500.14310Pre-Development 10 
yearO-1 (PRE)

3.7312.0500.26450Pre-Development 50 
yearO-1 (PRE)

3.9112.0500.277100Pre-Development 100 
yearO-1 (PRE)

0.5312.0670.0792Post-Development 2 
yearO-1 (POST)

1.3212.1170.15510Post-Development 10 
yearO-1 (POST)

2.8712.0670.27950Post-Development 50 
yearO-1 (POST)

3.5812.0670.352100Post-Development 
100 yearO-1 (POST)

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)0.9412.0170.0602
Post-
Development 
2 year

DB-1 (IN)
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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

0.0331,077.400.0513.9000.0432
Post-
Development 
2 year

DB-1 (OUT)

(N/A)(N/A)1.6812.0170.10710
Post-
Development 
10 year

DB-1 (IN)

0.0461,077.790.5512.2330.08410
Post-
Development 
10 year

DB-1 (OUT)

(N/A)(N/A)2.8112.0000.18250
Post-
Development 
50 year

DB-1 (IN)

0.0701,078.401.2212.1830.15250
Post-
Development 
50 year

DB-1 (OUT)

(N/A)(N/A)3.4412.0000.224100
Post-
Development 
100 year

DB-1 (IN)

0.0851,078.741.4712.1830.192100
Post-
Development 
100 year

DB-1 (OUT)
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Storm Event:  10 yearLabel:  Bethlehem NH
Return Event:  10 yearsSubsection:  Time-Depth Curve

Time-Depth Curve:  10 year                                                                                                                                                        

10 year                                                                                                                        Label

hours0.000Start Time

hours0.100Increment

hours24.000End Time

years10Return Event

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

0.00.00.00.00.00.000
0.00.00.00.00.00.500
0.10.00.00.00.01.000
0.10.10.10.10.11.500
0.10.10.10.10.12.000
0.10.10.10.10.12.500
0.10.10.10.10.13.000
0.20.20.10.10.13.500
0.20.20.20.20.24.000
0.20.20.20.20.24.500
0.20.20.20.20.25.000
0.30.30.30.20.25.500
0.30.30.30.30.36.000
0.30.30.30.30.36.500
0.40.40.30.30.37.000
0.40.40.40.40.47.500
0.40.40.40.40.48.000
0.50.50.50.50.48.500
0.50.50.50.50.59.000
0.60.60.60.60.59.500
0.70.70.60.60.610.000
0.80.70.70.70.710.500
0.90.90.80.80.811.000
1.91.51.21.01.011.500
2.42.42.42.32.212.000
2.62.62.52.52.512.500
2.72.72.62.62.613.000
2.82.72.72.72.713.500
2.82.82.82.82.814.000
2.92.92.82.82.814.500
2.92.92.92.92.915.000
3.02.92.92.92.915.500
3.03.03.03.03.016.000
3.03.03.03.03.016.500
3.13.13.13.03.017.000
3.13.13.13.13.117.500
3.13.13.13.13.118.000
3.23.13.13.13.118.500
3.23.23.23.23.219.000
3.23.23.23.23.219.500
3.23.23.23.23.220.000
3.23.23.23.23.220.500
3.33.33.33.33.321.000
3.33.33.33.33.321.500
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Storm Event:  10 yearLabel:  Bethlehem NH
Return Event:  10 yearsSubsection:  Time-Depth Curve

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

3.33.33.33.33.322.000
3.33.33.33.33.322.500
3.33.33.33.33.323.000
3.43.43.43.43.423.500

(N/A)(N/A)(N/A)(N/A)3.424.000
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Storm Event:  100 yearLabel:  Bethlehem NH
Return Event:  100 yearsSubsection:  Time-Depth Curve

Time-Depth Curve:  100 year                                                                                                                                                      

100 year                                                                                                                        Label

hours0.000Start Time

hours0.100Increment

hours24.000End Time

years100Return Event

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

0.00.00.00.00.00.000
0.10.00.00.00.00.500
0.10.10.10.10.11.000
0.10.10.10.10.11.500
0.20.10.10.10.12.000
0.20.20.20.20.22.500
0.20.20.20.20.23.000
0.30.30.20.20.23.500
0.30.30.30.30.34.000
0.30.30.30.30.34.500
0.40.40.40.40.45.000
0.40.40.40.40.45.500
0.50.50.50.50.56.000
0.50.50.50.50.56.500
0.60.60.60.60.67.000
0.70.70.60.60.67.500
0.70.70.70.70.78.000
0.80.80.80.80.78.500
0.90.90.90.80.89.000
1.01.01.00.90.99.500
1.11.11.11.01.010.000
1.31.31.21.21.210.500
1.51.51.41.41.311.000
3.22.42.01.71.611.500
4.14.03.93.93.712.000
4.34.34.24.24.212.500
4.54.54.44.44.413.000
4.64.64.64.54.513.500
4.74.74.74.74.614.000
4.84.84.84.84.714.500
4.94.94.94.84.815.000
5.04.94.94.94.915.500
5.05.05.05.05.016.000
5.15.15.15.05.016.500
5.15.15.15.15.117.000
5.25.25.25.25.217.500
5.25.25.25.25.218.000
5.35.35.35.35.318.500
5.35.35.35.35.319.000
5.45.45.45.35.319.500
5.45.45.45.45.420.000
5.45.45.45.45.420.500
5.55.55.55.55.521.000
5.55.55.55.55.521.500
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Storm Event:  100 yearLabel:  Bethlehem NH
Return Event:  100 yearsSubsection:  Time-Depth Curve

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

5.55.55.55.55.522.000
5.65.65.65.65.622.500
5.65.65.65.65.623.000
5.65.65.65.65.623.500

(N/A)(N/A)(N/A)(N/A)5.724.000
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Storm Event:  2 yearLabel:  Bethlehem NH
Return Event:  2 yearsSubsection:  Time-Depth Curve

Time-Depth Curve:  2 year                                                                                                                                                          

2 year                                                                                                                        Label

hours0.000Start Time

hours0.100Increment

hours24.000End Time

years2Return Event

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

0.00.00.00.00.00.000
0.00.00.00.00.00.500
0.00.00.00.00.01.000
0.00.00.00.00.01.500
0.10.10.10.10.12.000
0.10.10.10.10.12.500
0.10.10.10.10.13.000
0.10.10.10.10.13.500
0.10.10.10.10.14.000
0.10.10.10.10.14.500
0.20.20.20.20.15.000
0.20.20.20.20.25.500
0.20.20.20.20.26.000
0.20.20.20.20.26.500
0.30.20.20.20.27.000
0.30.30.30.30.37.500
0.30.30.30.30.38.000
0.30.30.30.30.38.500
0.40.40.40.40.39.000
0.40.40.40.40.49.500
0.50.50.40.40.410.000
0.50.50.50.50.510.500
0.60.60.60.60.611.000
1.31.00.80.70.711.500
1.71.71.61.61.612.000
1.81.81.81.71.712.500
1.91.91.81.81.813.000
1.91.91.91.91.913.500
2.02.01.91.91.914.000
2.02.02.02.02.014.500
2.02.02.02.02.015.000
2.12.12.12.02.015.500
2.12.12.12.12.116.000
2.12.12.12.12.116.500
2.12.12.12.12.117.000
2.22.22.22.12.117.500
2.22.22.22.22.218.000
2.22.22.22.22.218.500
2.22.22.22.22.219.000
2.22.22.22.22.219.500
2.22.22.22.22.220.000
2.32.32.32.32.320.500
2.32.32.32.32.321.000
2.32.32.32.32.321.500
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Storm Event:  2 yearLabel:  Bethlehem NH
Return Event:  2 yearsSubsection:  Time-Depth Curve

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

2.32.32.32.32.322.000
2.32.32.32.32.322.500
2.32.32.32.32.323.000
2.32.32.32.32.323.500

(N/A)(N/A)(N/A)(N/A)2.424.000
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Storm Event:  50 yearLabel:  Bethlehem NH
Return Event:  50 yearsSubsection:  Time-Depth Curve

Time-Depth Curve:  50 year                                                                                                                                                        

50 year                                                                                                                        Label

hours0.000Start Time

hours0.100Increment

hours24.000End Time

years50Return Event

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

0.00.00.00.00.00.000
0.00.00.00.00.00.500
0.10.10.10.10.11.000
0.10.10.10.10.11.500
0.10.10.10.10.12.000
0.20.20.10.10.12.500
0.20.20.20.20.23.000
0.20.20.20.20.23.500
0.30.30.20.20.24.000
0.30.30.30.30.34.500
0.30.30.30.30.35.000
0.40.40.40.40.35.500
0.40.40.40.40.46.000
0.50.50.50.40.46.500
0.50.50.50.50.57.000
0.60.60.50.50.57.500
0.60.60.60.60.68.000
0.70.70.70.70.68.500
0.80.80.70.70.79.000
0.90.80.80.80.89.500
1.00.90.90.90.910.000
1.11.11.01.01.010.500
1.31.31.21.21.111.000
2.72.11.71.51.411.500
3.53.53.43.33.212.000
3.73.73.63.63.612.500
3.83.83.83.83.713.000
4.03.93.93.93.913.500
4.04.04.04.04.014.000
4.14.14.14.14.114.500
4.24.24.24.14.115.000
4.24.24.24.24.215.500
4.34.34.34.34.316.000
4.44.34.34.34.316.500
4.44.44.44.44.417.000
4.44.44.44.44.417.500
4.54.54.54.54.518.000
4.54.54.54.54.518.500
4.64.64.64.54.519.000
4.64.64.64.64.619.500
4.64.64.64.64.620.000
4.74.74.74.64.620.500
4.74.74.74.74.721.000
4.74.74.74.74.721.500
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Storm Event:  50 yearLabel:  Bethlehem NH
Return Event:  50 yearsSubsection:  Time-Depth Curve

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

4.84.74.74.74.722.000
4.84.84.84.84.822.500
4.84.84.84.84.823.000
4.84.84.84.84.823.500

(N/A)(N/A)(N/A)(N/A)4.824.000
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Storm Event:  2 yearLabel:  POST-1
Return Event:  2 yearsSubsection:  Time of Concentration Calculations

Time of Concentration Results

Segment #1:  TR-55 Sheet Flow

ft18.00Hydraulic Length

0.240Manning's n

ft/ft0.178Slope

in2.42 Year 24 Hour Depth

ft/s0.17Average Velocity

hours0.029Segment Time of 
Concentration

Segment #2:  TR-55 Sheet Flow

ft79.00Hydraulic Length

0.100Manning's n

ft/ft0.010Slope

in2.42 Year 24 Hour Depth

ft/s0.15Average Velocity

hours0.151Segment Time of 
Concentration

Segment #3:  TR-55 Shallow Concentrated Flow

ft73.00Hydraulic Length

TrueIs Paved?

ft/ft0.011Slope

ft/s2.13Average Velocity

hours0.010Segment Time of 
Concentration

Segment #4:  TR-55 Shallow Concentrated Flow

ft99.00Hydraulic Length

TrueIs Paved?

ft/ft0.014Slope

ft/s2.41Average Velocity

hours0.011Segment Time of 
Concentration

Time of Concentration (Composite)

hours0.201Time of Concentration 
(Composite)
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Storm Event:  2 yearLabel:  POST-1
Return Event:  2 yearsSubsection:  Time of Concentration Calculations

==== SCS Channel Flow

R = Qa / Wp
V = (1.49 * (R**(2/3)) * (Sf**-0.5)) / n

(Lf / V) / 3600

Tc =

R= Hydraulic radius
Aq= Flow area, square feet
Wp= Wetted perimeter, feet
V= Velocity, ft/sec
Sf= Slope, ft/ft
n= Manning's n
Tc= Time of concentration, hours
Lf= Flow length, feet

Where:

==== SCS TR-55 Shallow Concentration Flow
Unpaved surface:
V = 16.1345 * (Sf**0.5)

Paved Surface:
V = 20.3282 * (Sf**0.5)

(Lf / V) / 3600

Tc =

V= Velocity, ft/sec
Sf= Slope, ft/ft
Tc= Time of concentration, hours
Lf= Flow length, feet

Where:
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Storm Event:  2 yearLabel:  POST-2
Return Event:  2 yearsSubsection:  Time of Concentration Calculations

Time of Concentration Results

Segment #1:  TR-55 Sheet Flow

ft100.00Hydraulic Length

0.240Manning's n

ft/ft0.030Slope

in2.42 Year 24 Hour Depth

ft/s0.12Average Velocity

hours0.236Segment Time of 
Concentration

Segment #2:  TR-55 Shallow Concentrated Flow

ft95.00Hydraulic Length

FalseIs Paved?

ft/ft0.015Slope

ft/s1.98Average Velocity

hours0.013Segment Time of 
Concentration

Segment #3:  TR-55 Shallow Concentrated Flow

ft133.00Hydraulic Length

FalseIs Paved?

ft/ft0.053Slope

ft/s3.71Average Velocity

hours0.010Segment Time of 
Concentration

Segment #4:  TR-55 Shallow Concentrated Flow

ft17.00Hydraulic Length

FalseIs Paved?

ft/ft0.353Slope

ft/s9.59Average Velocity

hours0.000Segment Time of 
Concentration

Segment #5:  TR-55 Shallow Concentrated Flow

ft68.00Hydraulic Length

FalseIs Paved?

ft/ft0.059Slope

ft/s3.92Average Velocity

hours0.005Segment Time of 
Concentration

Segment #6:  TR-55 Shallow Concentrated Flow

ft36.00Hydraulic Length

FalseIs Paved?

ft/ft0.063Slope

ft/s4.05Average Velocity

hours0.002Segment Time of 
Concentration

Segment #7:  TR-55 Shallow Concentrated Flow

ft14.00Hydraulic Length
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Storm Event:  2 yearLabel:  POST-2
Return Event:  2 yearsSubsection:  Time of Concentration Calculations

Segment #7:  TR-55 Shallow Concentrated Flow

FalseIs Paved?

ft/ft0.089Slope

ft/s4.81Average Velocity

hours0.001Segment Time of 
Concentration

Time of Concentration (Composite)

hours0.268Time of Concentration 
(Composite)

Page 15 of 13427 Siemon Company Drive Suite 200 W  Watertown, CT 
06795 USA  +1-203-755-1666

1/19/2017

Bentley PondPack V8i
[08.11.01.56]Bentley Systems, Inc.  Haestad Methods Solution CenterNPTT8_TS5a.ppc



Storm Event:  2 yearLabel:  POST-2
Return Event:  2 yearsSubsection:  Time of Concentration Calculations

==== SCS Channel Flow

R = Qa / Wp
V = (1.49 * (R**(2/3)) * (Sf**-0.5)) / n

(Lf / V) / 3600

Tc =

R= Hydraulic radius
Aq= Flow area, square feet
Wp= Wetted perimeter, feet
V= Velocity, ft/sec
Sf= Slope, ft/ft
n= Manning's n
Tc= Time of concentration, hours
Lf= Flow length, feet

Where:

==== SCS TR-55 Shallow Concentration Flow
Unpaved surface:
V = 16.1345 * (Sf**0.5)

Paved Surface:
V = 20.3282 * (Sf**0.5)

(Lf / V) / 3600

Tc =

V= Velocity, ft/sec
Sf= Slope, ft/ft
Tc= Time of concentration, hours
Lf= Flow length, feet

Where:
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Storm Event:  2 yearLabel:  PRE-1
Return Event:  2 yearsSubsection:  Time of Concentration Calculations

Time of Concentration Results

Segment #1:  TR-55 Sheet Flow

ft100.00Hydraulic Length

0.240Manning's n

ft/ft0.030Slope

in2.42 Year 24 Hour Depth

ft/s0.12Average Velocity

hours0.236Segment Time of 
Concentration

Segment #2:  TR-55 Shallow Concentrated Flow

ft95.00Hydraulic Length

FalseIs Paved?

ft/ft0.015Slope

ft/s1.98Average Velocity

hours0.013Segment Time of 
Concentration

Segment #3:  TR-55 Shallow Concentrated Flow

ft181.00Hydraulic Length

TrueIs Paved?

ft/ft0.055Slope

ft/s4.77Average Velocity

hours0.011Segment Time of 
Concentration

Segment #4:  TR-55 Shallow Concentrated Flow

ft10.00Hydraulic Length

FalseIs Paved?

ft/ft0.400Slope

ft/s10.20Average Velocity

hours0.000Segment Time of 
Concentration

Segment #5:  TR-55 Shallow Concentrated Flow

ft172.00Hydraulic Length

FalseIs Paved?

ft/ft0.070Slope

ft/s4.27Average Velocity

hours0.011Segment Time of 
Concentration

Time of Concentration (Composite)

hours0.271Time of Concentration 
(Composite)
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Storm Event:  2 yearLabel:  PRE-1
Return Event:  2 yearsSubsection:  Time of Concentration Calculations

==== SCS Channel Flow

R = Qa / Wp
V = (1.49 * (R**(2/3)) * (Sf**-0.5)) / n

(Lf / V) / 3600

Tc =

R= Hydraulic radius
Aq= Flow area, square feet
Wp= Wetted perimeter, feet
V= Velocity, ft/sec
Sf= Slope, ft/ft
n= Manning's n
Tc= Time of concentration, hours
Lf= Flow length, feet

Where:

==== SCS TR-55 Shallow Concentration Flow
Unpaved surface:
V = 16.1345 * (Sf**0.5)

Paved Surface:
V = 20.3282 * (Sf**0.5)

(Lf / V) / 3600

Tc =

V= Velocity, ft/sec
Sf= Slope, ft/ft
Tc= Time of concentration, hours
Lf= Flow length, feet

Where:
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Storm Event:  2 yearLabel:  POST-1
Return Event:  2 yearsSubsection:  Runoff CN-Area

Runoff Curve Number Data
Adjusted CNUC

(%)
C

(%)
Area

(acres)
CNSoil/Surface Description

58.0000.00.00.08458.000Meadow - cont. grass (non grazed) - ---- - 
Soil B

78.0000.00.00.00078.000Meadow - cont. grass (non grazed) - ---- - 
Soil D

98.0000.00.00.02898.000
Impervious Areas - Paved parking lots, 
roofs, driveways, Streets and roads - Soil 
B

98.0000.00.00.02298.000
Impervious Areas - Paved parking lots, 
roofs, driveways, Streets and roads - Soil 
D

85.0000.00.00.32485.000Impervious Areas - Gravel (w/ right-of-
way) - Soil B

91.0000.00.00.22191.000Impervious Areas - Gravel (w/ right-of-
way) - Soil D

84.568(N/A)(N/A)0.679(N/A)COMPOSITE AREA & WEIGHTED CN --->
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Storm Event:  2 yearLabel:  POST-2
Return Event:  2 yearsSubsection:  Runoff CN-Area

Runoff Curve Number Data
Adjusted CNUC

(%)
C

(%)
Area

(acres)
CNSoil/Surface Description

55.0000.00.00.01755.000Woods - good - Soil B
70.0000.00.00.01070.000Woods - good - Soil C
77.0000.00.00.04677.000Woods - good - Soil D

58.0000.00.00.13058.000Meadow - cont. grass (non grazed) - ---- - 
Soil B

71.0000.00.00.02571.000Meadow - cont. grass (non grazed) - ---- - 
Soil C

78.0000.00.00.08478.000Meadow - cont. grass (non grazed) - ---- - 
Soil D

98.0000.00.00.16698.000
Impervious Areas - Paved parking lots, 
roofs, driveways, Streets and roads - Soil 
B

82.0000.00.00.02882.000Impervious Areas - Dirt (w/ right-of-way) - 
Soil B

98.0000.00.00.01398.000
Impervious Areas - Paved parking lots, 
roofs, driveways, Streets and roads - Soil 
C

98.0000.00.00.03598.000Water/Pond - Soil D
79.986(N/A)(N/A)0.554(N/A)COMPOSITE AREA & WEIGHTED CN --->
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Storm Event:  2 yearLabel:  PRE-1
Return Event:  2 yearsSubsection:  Runoff CN-Area

Runoff Curve Number Data
Adjusted CNUC

(%)
C

(%)
Area

(acres)
CNSoil/Surface Description

55.0000.00.00.14455.000Woods - good - Soil B
70.0000.00.00.04870.000Woods - good - Soil C
77.0000.00.00.14477.000Woods - good - Soil D

58.0000.00.00.37258.000Meadow - cont. grass (non grazed) - ---- - 
Soil B

78.0000.00.00.25678.000Meadow - cont. grass (non grazed) - ---- - 
Soil D

98.0000.00.00.20098.000
Impervious Areas - Paved parking lots, 
roofs, driveways, Streets and roads - Soil 
B

98.0000.00.00.00798.000
Impervious Areas - Paved parking lots, 
roofs, driveways, Streets and roads - Soil 
D

82.0000.00.00.06282.000Impervious Areas - Dirt (w/ right-of-way) - 
Soil B

72.410(N/A)(N/A)1.233(N/A)COMPOSITE AREA & WEIGHTED CN --->
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Storm Event:  2 yearLabel:  POST-1
Return Event:  2 yearsSubsection:  Unit Hydrograph Summary

2 yearStorm Event

years2Return Event

hours24.000Duration

in2.4Depth

hours0.201Time of Concentration 
(Composite)

acres0.679Area (User Defined)

hours0.027Computational Time 
Increment

hours12.024Time to Peak (Computed)

ft³/s0.94Flow (Peak, Computed)

hours0.017Output Increment

hours12.017Time to Flow (Peak 
Interpolated Output)

ft³/s0.94Flow (Peak Interpolated 
Output)

Drainage Area

85.000SCS CN (Composite)

acres0.679Area (User Defined)

in1.8Maximum Retention 
(Pervious)

in0.4Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in1.1Cumulative Runoff Depth 
(Pervious)

ac-ft0.060Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ac-ft0.060Volume

SCS Unit Hydrograph Parameters

hours0.201Time of Concentration 
(Composite)

hours0.027Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s3.83Unit peak, qp

hours0.134Unit peak time, Tp

hours0.536Unit receding limb, Tr

hours0.670Total unit time, Tb
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Storm Event:  2 yearLabel:  POST-1
Return Event:  2 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

2 yearStorm Event

years2Return Event

hours24.000Duration

in2.4Depth

hours0.201Time of Concentration 
(Composite)

acres0.679Area (User Defined)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.009.500
0.000.000.000.000.009.583
0.000.000.000.000.009.667
0.000.000.000.000.009.750
0.000.000.000.000.009.833
0.000.000.000.000.009.917
0.000.000.000.000.0010.000
0.000.000.000.000.0010.083
0.010.010.010.010.0110.167
0.010.010.010.010.0110.250
0.010.010.010.010.0110.333
0.010.010.010.010.0110.417
0.010.010.010.010.0110.500
0.010.010.010.010.0110.583
0.010.010.010.010.0110.667
0.010.010.010.010.0110.750
0.020.020.020.010.0110.833
0.020.020.020.020.0210.917
0.020.020.020.020.0211.000
0.020.020.020.020.0211.083
0.030.030.020.020.0211.167
0.030.030.030.030.0311.250
0.040.030.030.030.0311.333
0.040.040.040.040.0411.417
0.050.050.050.040.0411.500
0.090.080.070.060.0611.583
0.180.150.140.120.1011.667
0.330.290.260.230.2011.750
0.610.540.470.420.3711.833
0.900.860.810.750.6811.917
0.880.920.930.940.9312.000
0.550.620.690.760.8212.083
0.320.350.390.430.4912.167
0.220.230.250.270.2912.250
0.170.180.190.200.2112.333
0.140.150.150.160.1712.417
0.120.120.130.130.1412.500
0.100.110.110.110.1212.583
0.090.100.100.100.1012.667
0.090.090.090.090.0912.750
0.080.080.090.090.0912.833
0.080.080.080.080.0812.917
0.070.070.080.080.0813.000
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Storm Event:  2 yearLabel:  POST-1
Return Event:  2 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.070.070.070.070.0713.083
0.070.070.070.070.0713.167
0.060.060.070.070.0713.250
0.060.060.060.060.0613.333
0.060.060.060.060.0613.417
0.060.060.060.060.0613.500
0.050.050.060.060.0613.583
0.050.050.050.050.0513.667
0.050.050.050.050.0513.750
0.050.050.050.050.0513.833
0.050.050.050.050.0513.917
0.050.050.050.050.0514.000
0.040.040.040.040.0414.083
0.040.040.040.040.0414.167
0.040.040.040.040.0414.250
0.040.040.040.040.0414.333
0.040.040.040.040.0414.417
0.040.040.040.040.0414.500
0.040.040.040.040.0414.583
0.040.040.040.040.0414.667
0.040.040.040.040.0414.750
0.040.040.040.040.0414.833
0.040.040.040.040.0414.917
0.040.040.040.040.0415.000
0.040.040.040.040.0415.083
0.030.030.040.040.0415.167
0.030.030.030.030.0315.250
0.030.030.030.030.0315.333
0.030.030.030.030.0315.417
0.030.030.030.030.0315.500
0.030.030.030.030.0315.583
0.030.030.030.030.0315.667
0.030.030.030.030.0315.750
0.030.030.030.030.0315.833
0.030.030.030.030.0315.917
0.030.030.030.030.0316.000
0.030.030.030.030.0316.083
0.030.030.030.030.0316.167
0.030.030.030.030.0316.250
0.030.030.030.030.0316.333
0.030.030.030.030.0316.417
0.030.030.030.030.0316.500
0.030.030.030.030.0316.583
0.030.030.030.030.0316.667
0.030.030.030.030.0316.750
0.030.030.030.030.0316.833
0.030.030.030.030.0316.917
0.030.030.030.030.0317.000
0.020.020.020.020.0217.083
0.020.020.020.020.0217.167
0.020.020.020.020.0217.250
0.020.020.020.020.0217.333
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Storm Event:  2 yearLabel:  POST-1
Return Event:  2 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.020.020.020.020.0217.417
0.020.020.020.020.0217.500
0.020.020.020.020.0217.583
0.020.020.020.020.0217.667
0.020.020.020.020.0217.750
0.020.020.020.020.0217.833
0.020.020.020.020.0217.917
0.020.020.020.020.0218.000
0.020.020.020.020.0218.083
0.020.020.020.020.0218.167
0.020.020.020.020.0218.250
0.020.020.020.020.0218.333
0.020.020.020.020.0218.417
0.020.020.020.020.0218.500
0.020.020.020.020.0218.583
0.020.020.020.020.0218.667
0.020.020.020.020.0218.750
0.020.020.020.020.0218.833
0.020.020.020.020.0218.917
0.020.020.020.020.0219.000
0.020.020.020.020.0219.083
0.020.020.020.020.0219.167
0.020.020.020.020.0219.250
0.020.020.020.020.0219.333
0.020.020.020.020.0219.417
0.020.020.020.020.0219.500
0.020.020.020.020.0219.583
0.020.020.020.020.0219.667
0.020.020.020.020.0219.750
0.020.020.020.020.0219.833
0.020.020.020.020.0219.917
0.020.020.020.020.0220.000
0.020.020.020.020.0220.083
0.020.020.020.020.0220.167
0.020.020.020.020.0220.250
0.020.020.020.020.0220.333
0.020.020.020.020.0220.417
0.020.020.020.020.0220.500
0.020.020.020.020.0220.583
0.020.020.020.020.0220.667
0.020.020.020.020.0220.750
0.020.020.020.020.0220.833
0.020.020.020.020.0220.917
0.020.020.020.020.0221.000
0.020.020.020.020.0221.083
0.020.020.020.020.0221.167
0.020.020.020.020.0221.250
0.020.020.020.020.0221.333
0.020.020.020.020.0221.417
0.020.020.020.020.0221.500
0.020.020.020.020.0221.583
0.020.020.020.020.0221.667
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Storm Event:  2 yearLabel:  POST-1
Return Event:  2 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.020.020.020.020.0221.750
0.020.020.020.020.0221.833
0.020.020.020.020.0221.917
0.010.010.020.020.0222.000
0.010.010.010.010.0122.083
0.010.010.010.010.0122.167
0.010.010.010.010.0122.250
0.010.010.010.010.0122.333
0.010.010.010.010.0122.417
0.010.010.010.010.0122.500
0.010.010.010.010.0122.583
0.010.010.010.010.0122.667
0.010.010.010.010.0122.750
0.010.010.010.010.0122.833
0.010.010.010.010.0122.917
0.010.010.010.010.0123.000
0.010.010.010.010.0123.083
0.010.010.010.010.0123.167
0.010.010.010.010.0123.250
0.010.010.010.010.0123.333
0.010.010.010.010.0123.417
0.010.010.010.010.0123.500
0.010.010.010.010.0123.583
0.010.010.010.010.0123.667
0.010.010.010.010.0123.750
0.010.010.010.010.0123.833
0.010.010.010.010.0123.917

(N/A)(N/A)(N/A)(N/A)0.0124.000
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Storm Event:  2 yearLabel:  POST-1
Return Event:  2 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.

Fl
ow

 (
To

ta
l)

 (
ft

³/
s)

1.00

0.88

0.75

0.63

0.50

0.38

0.25

0.13

0.00

Time (hours)
20.00015.00010.0005.0000.000
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Storm Event:  10 yearLabel:  POST-1
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10 yearStorm Event

years10Return Event

hours24.000Duration

in3.4Depth

hours0.201Time of Concentration 
(Composite)

acres0.679Area (User Defined)

hours0.027Computational Time 
Increment

hours12.024Time to Peak (Computed)

ft³/s1.68Flow (Peak, Computed)

hours0.017Output Increment

hours12.017Time to Flow (Peak 
Interpolated Output)

ft³/s1.68Flow (Peak Interpolated 
Output)

Drainage Area

85.000SCS CN (Composite)

acres0.679Area (User Defined)

in1.8Maximum Retention 
(Pervious)

in0.4Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in1.9Cumulative Runoff Depth 
(Pervious)

ac-ft0.108Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ac-ft0.107Volume

SCS Unit Hydrograph Parameters

hours0.201Time of Concentration 
(Composite)

hours0.027Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s3.83Unit peak, qp

hours0.134Unit peak time, Tp

hours0.536Unit receding limb, Tr

hours0.670Total unit time, Tb
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Storm Event:  10 yearLabel:  POST-1
Return Event:  10 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

10 yearStorm Event

years10Return Event

hours24.000Duration

in3.4Depth

hours0.201Time of Concentration 
(Composite)

acres0.679Area (User Defined)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.007.700
0.000.000.000.000.007.783
0.000.000.000.000.007.867
0.000.000.000.000.007.950
0.000.000.000.000.008.033
0.000.000.000.000.008.117
0.000.000.000.000.008.200
0.000.000.000.000.008.283
0.000.000.000.000.008.367
0.010.000.000.000.008.450
0.010.010.010.010.018.533
0.010.010.010.010.018.617
0.010.010.010.010.018.700
0.010.010.010.010.018.783
0.010.010.010.010.018.867
0.010.010.010.010.018.950
0.010.010.010.010.019.033
0.010.010.010.010.019.117
0.010.010.010.010.019.200
0.010.010.010.010.019.283
0.010.010.010.010.019.367
0.010.010.010.010.019.450
0.010.010.010.010.019.533
0.010.010.010.010.019.617
0.020.020.020.020.019.700
0.020.020.020.020.029.783
0.020.020.020.020.029.867
0.020.020.020.020.029.950
0.020.020.020.020.0210.033
0.020.020.020.020.0210.117
0.020.020.020.020.0210.200
0.030.030.030.030.0210.283
0.030.030.030.030.0310.367
0.030.030.030.030.0310.450
0.030.030.030.030.0310.533
0.040.040.040.030.0310.617
0.040.040.040.040.0410.700
0.040.040.040.040.0410.783
0.050.050.050.050.0410.867
0.050.050.050.050.0510.950
0.060.060.050.050.0511.033
0.060.060.060.060.0611.117
0.070.070.070.070.0711.200
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Storm Event:  10 yearLabel:  POST-1
Return Event:  10 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.080.080.080.080.0711.283
0.090.090.090.090.0811.367
0.100.100.100.100.0911.450
0.150.130.120.110.1111.533
0.260.230.200.180.1611.617
0.470.420.380.330.3011.700
0.830.740.660.590.5311.783
1.401.291.161.040.9211.867
1.681.681.641.581.5011.950
1.331.451.551.631.6612.033
0.750.850.961.081.2112.117
0.460.500.550.600.6712.200
0.340.360.380.400.4312.283
0.270.280.290.310.3212.367
0.220.230.240.250.2612.450
0.190.190.200.210.2212.533
0.170.170.170.180.1812.617
0.150.160.160.160.1612.700
0.140.150.150.150.1512.783
0.130.140.140.140.1412.867
0.130.130.130.130.1312.950
0.120.120.120.120.1313.033
0.110.110.120.120.1213.117
0.110.110.110.110.1113.200
0.100.110.110.110.1113.283
0.100.100.100.100.1013.367
0.100.100.100.100.1013.450
0.090.090.090.090.0913.533
0.090.090.090.090.0913.617
0.080.090.090.090.0913.700
0.080.080.080.080.0813.783
0.080.080.080.080.0813.867
0.080.080.080.080.0813.950
0.070.070.070.070.0714.033
0.070.070.070.070.0714.117
0.070.070.070.070.0714.200
0.070.070.070.070.0714.283
0.070.070.070.070.0714.367
0.070.070.070.070.0714.450
0.060.060.070.070.0714.533
0.060.060.060.060.0614.617
0.060.060.060.060.0614.700
0.060.060.060.060.0614.783
0.060.060.060.060.0614.867
0.060.060.060.060.0614.950
0.060.060.060.060.0615.033
0.060.060.060.060.0615.117
0.060.060.060.060.0615.200
0.060.060.060.060.0615.283
0.050.050.050.050.0515.367
0.050.050.050.050.0515.450
0.050.050.050.050.0515.533
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Storm Event:  10 yearLabel:  POST-1
Return Event:  10 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.050.050.050.050.0515.617
0.050.050.050.050.0515.700
0.050.050.050.050.0515.783
0.050.050.050.050.0515.867
0.050.050.050.050.0515.950
0.050.050.050.050.0516.033
0.040.040.040.050.0516.117
0.040.040.040.040.0416.200
0.040.040.040.040.0416.283
0.040.040.040.040.0416.367
0.040.040.040.040.0416.450
0.040.040.040.040.0416.533
0.040.040.040.040.0416.617
0.040.040.040.040.0416.700
0.040.040.040.040.0416.783
0.040.040.040.040.0416.867
0.040.040.040.040.0416.950
0.040.040.040.040.0417.033
0.040.040.040.040.0417.117
0.040.040.040.040.0417.200
0.040.040.040.040.0417.283
0.040.040.040.040.0417.367
0.040.040.040.040.0417.450
0.040.040.040.040.0417.533
0.040.040.040.040.0417.617
0.040.040.040.040.0417.700
0.040.040.040.040.0417.783
0.040.040.040.040.0417.867
0.040.040.040.040.0417.950
0.040.040.040.040.0418.033
0.040.040.040.040.0418.117
0.030.030.030.030.0418.200
0.030.030.030.030.0318.283
0.030.030.030.030.0318.367
0.030.030.030.030.0318.450
0.030.030.030.030.0318.533
0.030.030.030.030.0318.617
0.030.030.030.030.0318.700
0.030.030.030.030.0318.783
0.030.030.030.030.0318.867
0.030.030.030.030.0318.950
0.030.030.030.030.0319.033
0.030.030.030.030.0319.117
0.030.030.030.030.0319.200
0.030.030.030.030.0319.283
0.030.030.030.030.0319.367
0.030.030.030.030.0319.450
0.030.030.030.030.0319.533
0.030.030.030.030.0319.617
0.030.030.030.030.0319.700
0.030.030.030.030.0319.783
0.030.030.030.030.0319.867
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Storm Event:  10 yearLabel:  POST-1
Return Event:  10 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.030.030.030.030.0319.950
0.030.030.030.030.0320.033
0.030.030.030.030.0320.117
0.030.030.030.030.0320.200
0.030.030.030.030.0320.283
0.030.030.030.030.0320.367
0.030.030.030.030.0320.450
0.030.030.030.030.0320.533
0.030.030.030.030.0320.617
0.030.030.030.030.0320.700
0.020.030.030.030.0320.783
0.020.020.020.020.0220.867
0.020.020.020.020.0220.950
0.020.020.020.020.0221.033
0.020.020.020.020.0221.117
0.020.020.020.020.0221.200
0.020.020.020.020.0221.283
0.020.020.020.020.0221.367
0.020.020.020.020.0221.450
0.020.020.020.020.0221.533
0.020.020.020.020.0221.617
0.020.020.020.020.0221.700
0.020.020.020.020.0221.783
0.020.020.020.020.0221.867
0.020.020.020.020.0221.950
0.020.020.020.020.0222.033
0.020.020.020.020.0222.117
0.020.020.020.020.0222.200
0.020.020.020.020.0222.283
0.020.020.020.020.0222.367
0.020.020.020.020.0222.450
0.020.020.020.020.0222.533
0.020.020.020.020.0222.617
0.020.020.020.020.0222.700
0.020.020.020.020.0222.783
0.020.020.020.020.0222.867
0.020.020.020.020.0222.950
0.020.020.020.020.0223.033
0.020.020.020.020.0223.117
0.020.020.020.020.0223.200
0.020.020.020.020.0223.283
0.020.020.020.020.0223.367
0.020.020.020.020.0223.450
0.020.020.020.020.0223.533
0.020.020.020.020.0223.617
0.020.020.020.020.0223.700
0.020.020.020.020.0223.783
0.020.020.020.020.0223.867

(N/A)0.020.020.020.0223.950
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Storm Event:  10 yearLabel:  POST-1
Return Event:  10 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.

Fl
ow

 (
To

ta
l)

 (
ft

³/
s)
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1.50
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1.00
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Time (hours)
20.00015.00010.0005.0000.000
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Storm Event:  50 yearLabel:  POST-1
Return Event:  50 yearsSubsection:  Unit Hydrograph Summary

50 yearStorm Event

years50Return Event

hours24.000Duration

in4.8Depth

hours0.201Time of Concentration 
(Composite)

acres0.679Area (User Defined)

hours0.027Computational Time 
Increment

hours11.997Time to Peak (Computed)

ft³/s2.81Flow (Peak, Computed)

hours0.017Output Increment

hours12.000Time to Flow (Peak 
Interpolated Output)

ft³/s2.81Flow (Peak Interpolated 
Output)

Drainage Area

85.000SCS CN (Composite)

acres0.679Area (User Defined)

in1.8Maximum Retention 
(Pervious)

in0.4Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in3.2Cumulative Runoff Depth 
(Pervious)

ac-ft0.182Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ac-ft0.182Volume

SCS Unit Hydrograph Parameters

hours0.201Time of Concentration 
(Composite)

hours0.027Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s3.83Unit peak, qp

hours0.134Unit peak time, Tp

hours0.536Unit receding limb, Tr

hours0.670Total unit time, Tb
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Storm Event:  50 yearLabel:  POST-1
Return Event:  50 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

50 yearStorm Event

years50Return Event

hours24.000Duration

in4.8Depth

hours0.201Time of Concentration 
(Composite)

acres0.679Area (User Defined)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.005.933
0.000.000.000.000.006.017
0.000.000.000.000.006.100
0.000.000.000.000.006.183
0.000.000.000.000.006.267
0.000.000.000.000.006.350
0.000.000.000.000.006.433
0.000.000.000.000.006.517
0.010.010.010.010.006.600
0.010.010.010.010.016.683
0.010.010.010.010.016.767
0.010.010.010.010.016.850
0.010.010.010.010.016.933
0.010.010.010.010.017.017
0.010.010.010.010.017.100
0.010.010.010.010.017.183
0.010.010.010.010.017.267
0.010.010.010.010.017.350
0.010.010.010.010.017.433
0.010.010.010.010.017.517
0.010.010.010.010.017.600
0.010.010.010.010.017.683
0.010.010.010.010.017.767
0.010.010.010.010.017.850
0.010.010.010.010.017.933
0.020.020.010.010.018.017
0.020.020.020.020.028.100
0.020.020.020.020.028.183
0.020.020.020.020.028.267
0.020.020.020.020.028.350
0.020.020.020.020.028.433
0.020.020.020.020.028.517
0.020.020.020.020.028.600
0.020.020.020.020.028.683
0.030.030.030.030.038.767
0.030.030.030.030.038.850
0.030.030.030.030.038.933
0.030.030.030.030.039.017
0.030.030.030.030.039.100
0.030.030.030.030.039.183
0.030.030.030.030.039.267
0.040.040.040.030.039.350
0.040.040.040.040.049.433
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Storm Event:  50 yearLabel:  POST-1
Return Event:  50 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.040.040.040.040.049.517
0.040.040.040.040.049.600
0.040.040.040.040.049.683
0.040.040.040.040.049.767
0.050.050.040.040.049.850
0.050.050.050.050.059.933
0.050.050.050.050.0510.017
0.050.050.050.050.0510.100
0.060.060.060.060.0610.183
0.060.060.060.060.0610.267
0.070.070.060.060.0610.350
0.070.070.070.070.0710.433
0.080.070.070.070.0710.517
0.080.080.080.080.0810.600
0.090.090.080.080.0810.683
0.090.090.090.090.0910.767
0.100.100.100.100.1010.850
0.110.110.110.100.1010.933
0.120.120.110.110.1111.017
0.130.130.120.120.1211.100
0.140.140.140.140.1311.183
0.160.160.150.150.1511.267
0.180.180.170.170.1611.350
0.200.190.190.190.1811.433
0.260.240.230.210.2111.517
0.440.390.350.310.2911.600
0.780.700.630.560.5011.683
1.321.191.080.970.8711.767
2.222.021.821.631.4711.850
2.812.762.682.552.4011.933
2.382.552.692.762.8012.017
1.391.571.771.982.1812.100
0.810.890.981.091.2212.183
0.570.600.640.690.7412.267
0.450.470.490.510.5412.350
0.370.380.400.410.4312.433
0.310.320.330.340.3512.517
0.270.270.280.290.3012.600
0.250.250.250.260.2612.683
0.230.230.230.240.2412.767
0.220.220.220.220.2312.850
0.200.200.210.210.2112.933
0.190.190.200.200.2013.017
0.180.180.180.190.1913.100
0.170.170.180.180.1813.183
0.160.170.170.170.1713.267
0.160.160.160.160.1613.350
0.150.150.150.160.1613.433
0.140.150.150.150.1513.517
0.140.140.140.140.1413.600
0.130.130.140.140.1413.683
0.130.130.130.130.1313.767

Page 36 of 13427 Siemon Company Drive Suite 200 W  Watertown, CT 
06795 USA  +1-203-755-1666

1/19/2017

Bentley PondPack V8i
[08.11.01.56]Bentley Systems, Inc.  Haestad Methods Solution CenterNPTT8_TS5a.ppc



Storm Event:  50 yearLabel:  POST-1
Return Event:  50 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.120.120.130.130.1313.850
0.120.120.120.120.1213.933
0.110.120.120.120.1214.017
0.110.110.110.110.1114.100
0.110.110.110.110.1114.183
0.110.110.110.110.1114.267
0.100.100.110.110.1114.350
0.100.100.100.100.1014.433
0.100.100.100.100.1014.517
0.100.100.100.100.1014.600
0.100.100.100.100.1014.683
0.100.100.100.100.1014.767
0.090.090.090.100.1014.850
0.090.090.090.090.0914.933
0.090.090.090.090.0915.017
0.090.090.090.090.0915.100
0.090.090.090.090.0915.183
0.090.090.090.090.0915.267
0.080.080.080.090.0915.350
0.080.080.080.080.0815.433
0.080.080.080.080.0815.517
0.080.080.080.080.0815.600
0.080.080.080.080.0815.683
0.080.080.080.080.0815.767
0.070.070.070.070.0815.850
0.070.070.070.070.0715.933
0.070.070.070.070.0716.017
0.070.070.070.070.0716.100
0.070.070.070.070.0716.183
0.070.070.070.070.0716.267
0.070.070.070.070.0716.350
0.070.070.070.070.0716.433
0.070.070.070.070.0716.517
0.070.070.070.070.0716.600
0.060.060.060.060.0716.683
0.060.060.060.060.0616.767
0.060.060.060.060.0616.850
0.060.060.060.060.0616.933
0.060.060.060.060.0617.017
0.060.060.060.060.0617.100
0.060.060.060.060.0617.183
0.060.060.060.060.0617.267
0.060.060.060.060.0617.350
0.060.060.060.060.0617.433
0.060.060.060.060.0617.517
0.060.060.060.060.0617.600
0.060.060.060.060.0617.683
0.060.060.060.060.0617.767
0.060.060.060.060.0617.850
0.060.060.060.060.0617.933
0.050.050.060.060.0618.017
0.050.050.050.050.0518.100
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Storm Event:  50 yearLabel:  POST-1
Return Event:  50 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.050.050.050.050.0518.183
0.050.050.050.050.0518.267
0.050.050.050.050.0518.350
0.050.050.050.050.0518.433
0.050.050.050.050.0518.517
0.050.050.050.050.0518.600
0.050.050.050.050.0518.683
0.050.050.050.050.0518.767
0.050.050.050.050.0518.850
0.050.050.050.050.0518.933
0.050.050.050.050.0519.017
0.050.050.050.050.0519.100
0.050.050.050.050.0519.183
0.050.050.050.050.0519.267
0.040.050.050.050.0519.350
0.040.040.040.040.0419.433
0.040.040.040.040.0419.517
0.040.040.040.040.0419.600
0.040.040.040.040.0419.683
0.040.040.040.040.0419.767
0.040.040.040.040.0419.850
0.040.040.040.040.0419.933
0.040.040.040.040.0420.017
0.040.040.040.040.0420.100
0.040.040.040.040.0420.183
0.040.040.040.040.0420.267
0.040.040.040.040.0420.350
0.040.040.040.040.0420.433
0.040.040.040.040.0420.517
0.040.040.040.040.0420.600
0.040.040.040.040.0420.683
0.040.040.040.040.0420.767
0.040.040.040.040.0420.850
0.040.040.040.040.0420.933
0.040.040.040.040.0421.017
0.040.040.040.040.0421.100
0.040.040.040.040.0421.183
0.040.040.040.040.0421.267
0.040.040.040.040.0421.350
0.040.040.040.040.0421.433
0.040.040.040.040.0421.517
0.040.040.040.040.0421.600
0.040.040.040.040.0421.683
0.040.040.040.040.0421.767
0.040.040.040.040.0421.850
0.040.040.040.040.0421.933
0.040.040.040.040.0422.017
0.040.040.040.040.0422.100
0.040.040.040.040.0422.183
0.040.040.040.040.0422.267
0.040.040.040.040.0422.350
0.040.040.040.040.0422.433
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Storm Event:  50 yearLabel:  POST-1
Return Event:  50 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.040.040.040.040.0422.517
0.040.040.040.040.0422.600
0.040.040.040.040.0422.683
0.040.040.040.040.0422.767
0.040.040.040.040.0422.850
0.040.040.040.040.0422.933
0.040.040.040.040.0423.017
0.040.040.040.040.0423.100
0.030.030.030.030.0423.183
0.030.030.030.030.0323.267
0.030.030.030.030.0323.350
0.030.030.030.030.0323.433
0.030.030.030.030.0323.517
0.030.030.030.030.0323.600
0.030.030.030.030.0323.683
0.030.030.030.030.0323.767
0.030.030.030.030.0323.850
0.030.030.030.030.0323.933
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Storm Event:  50 yearLabel:  POST-1
Return Event:  50 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.

Fl
ow

 (
To

ta
l)

 (
ft

³/
s)

3.00

2.75

2.50

2.25

2.00

1.75

1.50

1.25

1.00

0.75

0.50

0.25

0.00

Time (hours)
20.00015.00010.0005.0000.000
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Storm Event:  100 yearLabel:  POST-1
Return Event:  100 yearsSubsection:  Unit Hydrograph Summary

100 yearStorm Event

years100Return Event

hours24.000Duration

in5.7Depth

hours0.201Time of Concentration 
(Composite)

acres0.679Area (User Defined)

hours0.027Computational Time 
Increment

hours11.997Time to Peak (Computed)

ft³/s3.44Flow (Peak, Computed)

hours0.017Output Increment

hours12.000Time to Flow (Peak 
Interpolated Output)

ft³/s3.44Flow (Peak Interpolated 
Output)

Drainage Area

85.000SCS CN (Composite)

acres0.679Area (User Defined)

in1.8Maximum Retention 
(Pervious)

in0.4Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in4.0Cumulative Runoff Depth 
(Pervious)

ac-ft0.225Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ac-ft0.224Volume

SCS Unit Hydrograph Parameters

hours0.201Time of Concentration 
(Composite)

hours0.027Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s3.83Unit peak, qp

hours0.134Unit peak time, Tp

hours0.536Unit receding limb, Tr

hours0.670Total unit time, Tb
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Storm Event:  100 yearLabel:  POST-1
Return Event:  100 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

100 yearStorm Event

years100Return Event

hours24.000Duration

in5.7Depth

hours0.201Time of Concentration 
(Composite)

acres0.679Area (User Defined)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.005.283
0.000.000.000.000.005.367
0.000.000.000.000.005.450
0.000.000.000.000.005.533
0.000.000.000.000.005.617
0.000.000.000.000.005.700
0.000.000.000.000.005.783
0.010.010.010.010.015.867
0.010.010.010.010.015.950
0.010.010.010.010.016.033
0.010.010.010.010.016.117
0.010.010.010.010.016.200
0.010.010.010.010.016.283
0.010.010.010.010.016.367
0.010.010.010.010.016.450
0.010.010.010.010.016.533
0.010.010.010.010.016.617
0.010.010.010.010.016.700
0.010.010.010.010.016.783
0.010.010.010.010.016.867
0.010.010.010.010.016.950
0.010.010.010.010.017.033
0.020.020.020.020.017.117
0.020.020.020.020.027.200
0.020.020.020.020.027.283
0.020.020.020.020.027.367
0.020.020.020.020.027.450
0.020.020.020.020.027.533
0.020.020.020.020.027.617
0.020.020.020.020.027.700
0.020.020.020.020.027.783
0.020.020.020.020.027.867
0.020.020.020.020.027.950
0.020.020.020.020.028.033
0.030.020.020.020.028.117
0.030.030.030.030.038.200
0.030.030.030.030.038.283
0.030.030.030.030.038.367
0.030.030.030.030.038.450
0.030.030.030.030.038.533
0.040.030.030.030.038.617
0.040.040.040.040.048.700
0.040.040.040.040.048.783
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Storm Event:  100 yearLabel:  POST-1
Return Event:  100 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.040.040.040.040.048.867
0.040.040.040.040.048.950
0.050.040.040.040.049.033
0.050.050.050.050.059.117
0.050.050.050.050.059.200
0.050.050.050.050.059.283
0.050.050.050.050.059.367
0.050.050.050.050.059.450
0.050.050.050.050.059.533
0.050.050.050.050.059.617
0.060.060.060.060.069.700
0.060.060.060.060.069.783
0.060.060.060.060.069.867
0.070.070.070.070.069.950
0.070.070.070.070.0710.033
0.080.070.070.070.0710.117
0.080.080.080.080.0810.200
0.090.080.080.080.0810.283
0.090.090.090.090.0910.367
0.100.100.090.090.0910.450
0.100.100.100.100.1010.533
0.110.110.110.110.1010.617
0.120.120.110.110.1110.700
0.130.120.120.120.1210.783
0.140.130.130.130.1310.867
0.150.140.140.140.1410.950
0.160.150.150.150.1511.033
0.170.170.170.160.1611.117
0.190.190.180.180.1811.200
0.210.210.210.200.2011.283
0.240.230.230.220.2211.367
0.260.260.250.250.2411.450
0.370.340.310.290.2811.533
0.630.560.500.450.4011.617
1.100.990.890.800.7111.700
1.831.651.501.361.2211.783
2.952.742.502.262.0311.867
3.433.443.383.293.1411.950
2.662.903.103.283.3712.033
1.481.691.912.152.4012.117
0.900.981.071.181.3212.200
0.650.690.730.780.8312.283
0.520.540.560.590.6212.367
0.430.440.460.480.5012.450
0.360.370.380.400.4112.533
0.320.320.330.340.3512.617
0.290.290.300.300.3112.700
0.270.270.280.280.2912.783
0.260.260.260.260.2712.867
0.240.240.250.250.2512.950
0.230.230.230.230.2413.033
0.210.220.220.220.2213.117
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Storm Event:  100 yearLabel:  POST-1
Return Event:  100 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.200.210.210.210.2113.200
0.200.200.200.200.2013.283
0.190.190.190.190.1913.367
0.180.180.180.180.1913.450
0.170.170.170.180.1813.533
0.160.170.170.170.1713.617
0.160.160.160.160.1613.700
0.150.150.150.160.1613.783
0.150.150.150.150.1513.867
0.140.140.140.140.1513.950
0.140.140.140.140.1414.033
0.130.130.130.130.1314.117
0.130.130.130.130.1314.200
0.130.130.130.130.1314.283
0.120.120.130.130.1314.367
0.120.120.120.120.1214.450
0.120.120.120.120.1214.533
0.120.120.120.120.1214.617
0.120.120.120.120.1214.700
0.110.110.120.120.1214.783
0.110.110.110.110.1114.867
0.110.110.110.110.1114.950
0.110.110.110.110.1115.033
0.110.110.110.110.1115.117
0.100.100.100.110.1115.200
0.100.100.100.100.1015.283
0.100.100.100.100.1015.367
0.100.100.100.100.1015.450
0.100.100.100.100.1015.533
0.090.090.090.100.1015.617
0.090.090.090.090.0915.700
0.090.090.090.090.0915.783
0.090.090.090.090.0915.867
0.090.090.090.090.0915.950
0.080.080.080.080.0916.033
0.080.080.080.080.0816.117
0.080.080.080.080.0816.200
0.080.080.080.080.0816.283
0.080.080.080.080.0816.367
0.080.080.080.080.0816.450
0.080.080.080.080.0816.533
0.080.080.080.080.0816.617
0.080.080.080.080.0816.700
0.080.080.080.080.0816.783
0.080.080.080.080.0816.867
0.070.070.080.080.0816.950
0.070.070.070.070.0717.033
0.070.070.070.070.0717.117
0.070.070.070.070.0717.200
0.070.070.070.070.0717.283
0.070.070.070.070.0717.367
0.070.070.070.070.0717.450
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Storm Event:  100 yearLabel:  POST-1
Return Event:  100 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.070.070.070.070.0717.533
0.070.070.070.070.0717.617
0.070.070.070.070.0717.700
0.070.070.070.070.0717.783
0.070.070.070.070.0717.867
0.070.070.070.070.0717.950
0.070.070.070.070.0718.033
0.060.060.060.060.0718.117
0.060.060.060.060.0618.200
0.060.060.060.060.0618.283
0.060.060.060.060.0618.367
0.060.060.060.060.0618.450
0.060.060.060.060.0618.533
0.060.060.060.060.0618.617
0.060.060.060.060.0618.700
0.060.060.060.060.0618.783
0.060.060.060.060.0618.867
0.060.060.060.060.0618.950
0.060.060.060.060.0619.033
0.060.060.060.060.0619.117
0.050.060.060.060.0619.200
0.050.050.050.050.0519.283
0.050.050.050.050.0519.367
0.050.050.050.050.0519.450
0.050.050.050.050.0519.533
0.050.050.050.050.0519.617
0.050.050.050.050.0519.700
0.050.050.050.050.0519.783
0.050.050.050.050.0519.867
0.050.050.050.050.0519.950
0.050.050.050.050.0520.033
0.050.050.050.050.0520.117
0.050.050.050.050.0520.200
0.050.050.050.050.0520.283
0.050.050.050.050.0520.367
0.050.050.050.050.0520.450
0.050.050.050.050.0520.533
0.050.050.050.050.0520.617
0.050.050.050.050.0520.700
0.050.050.050.050.0520.783
0.050.050.050.050.0520.867
0.050.050.050.050.0520.950
0.050.050.050.050.0521.033
0.050.050.050.050.0521.117
0.040.040.050.050.0521.200
0.040.040.040.040.0421.283
0.040.040.040.040.0421.367
0.040.040.040.040.0421.450
0.040.040.040.040.0421.533
0.040.040.040.040.0421.617
0.040.040.040.040.0421.700
0.040.040.040.040.0421.783
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Storm Event:  100 yearLabel:  POST-1
Return Event:  100 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.040.040.040.040.0421.867
0.040.040.040.040.0421.950
0.040.040.040.040.0422.033
0.040.040.040.040.0422.117
0.040.040.040.040.0422.200
0.040.040.040.040.0422.283
0.040.040.040.040.0422.367
0.040.040.040.040.0422.450
0.040.040.040.040.0422.533
0.040.040.040.040.0422.617
0.040.040.040.040.0422.700
0.040.040.040.040.0422.783
0.040.040.040.040.0422.867
0.040.040.040.040.0422.950
0.040.040.040.040.0423.033
0.040.040.040.040.0423.117
0.040.040.040.040.0423.200
0.040.040.040.040.0423.283
0.040.040.040.040.0423.367
0.040.040.040.040.0423.450
0.040.040.040.040.0423.533
0.040.040.040.040.0423.617
0.040.040.040.040.0423.700
0.040.040.040.040.0423.783
0.040.040.040.040.0423.867

(N/A)0.040.040.040.0423.950
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Storm Event:  100 yearLabel:  POST-1
Return Event:  100 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.

Fl
ow

 (
To

ta
l)

 (
ft

³/
s)

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00

Time (hours)
20.00015.00010.0005.0000.000
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Storm Event:  2 yearLabel:  POST-2
Return Event:  2 yearsSubsection:  Unit Hydrograph Summary

2 yearStorm Event

years2Return Event

hours24.000Duration

in2.4Depth

hours0.268Time of Concentration 
(Composite)

acres0.554Area (User Defined)

hours0.036Computational Time 
Increment

hours12.072Time to Peak (Computed)

ft³/s0.50Flow (Peak, Computed)

hours0.017Output Increment

hours12.067Time to Flow (Peak 
Interpolated Output)

ft³/s0.50Flow (Peak Interpolated 
Output)

Drainage Area

80.000SCS CN (Composite)

acres0.554Area (User Defined)

in2.5Maximum Retention 
(Pervious)

in0.5Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.8Cumulative Runoff Depth 
(Pervious)

ac-ft0.036Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ac-ft0.036Volume

SCS Unit Hydrograph Parameters

hours0.268Time of Concentration 
(Composite)

hours0.036Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s2.34Unit peak, qp

hours0.179Unit peak time, Tp

hours0.714Unit receding limb, Tr

hours0.893Total unit time, Tb
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Storm Event:  2 yearLabel:  POST-2
Return Event:  2 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

2 yearStorm Event

years2Return Event

hours24.000Duration

in2.4Depth

hours0.268Time of Concentration 
(Composite)

acres0.554Area (User Defined)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.0010.950
0.000.000.000.000.0011.033
0.000.000.000.000.0011.117
0.010.000.000.000.0011.200
0.010.010.010.010.0111.283
0.010.010.010.010.0111.367
0.010.010.010.010.0111.450
0.020.020.010.010.0111.533
0.030.030.030.020.0211.617
0.070.060.050.050.0411.700
0.150.130.110.100.0811.783
0.310.270.240.210.1811.867
0.460.440.410.380.3411.950
0.480.490.500.490.4812.033
0.350.380.410.440.4612.117
0.230.250.270.300.3312.200
0.160.170.190.200.2112.283
0.130.130.140.150.1612.367
0.100.110.110.120.1212.450
0.090.090.090.100.1012.533
0.070.080.080.080.0812.617
0.070.070.070.070.0712.700
0.060.060.060.060.0612.783
0.060.060.060.060.0612.867
0.050.050.050.050.0612.950
0.050.050.050.050.0513.033
0.050.050.050.050.0513.117
0.050.050.050.050.0513.200
0.040.040.040.040.0413.283
0.040.040.040.040.0413.367
0.040.040.040.040.0413.450
0.040.040.040.040.0413.533
0.040.040.040.040.0413.617
0.040.040.040.040.0413.700
0.030.030.030.030.0413.783
0.030.030.030.030.0313.867
0.030.030.030.030.0313.950
0.030.030.030.030.0314.033
0.030.030.030.030.0314.117
0.030.030.030.030.0314.200
0.030.030.030.030.0314.283
0.030.030.030.030.0314.367
0.030.030.030.030.0314.450
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Storm Event:  2 yearLabel:  POST-2
Return Event:  2 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.030.030.030.030.0314.533
0.030.030.030.030.0314.617
0.030.030.030.030.0314.700
0.030.030.030.030.0314.783
0.030.030.030.030.0314.867
0.030.030.030.030.0314.950
0.020.020.020.020.0215.033
0.020.020.020.020.0215.117
0.020.020.020.020.0215.200
0.020.020.020.020.0215.283
0.020.020.020.020.0215.367
0.020.020.020.020.0215.450
0.020.020.020.020.0215.533
0.020.020.020.020.0215.617
0.020.020.020.020.0215.700
0.020.020.020.020.0215.783
0.020.020.020.020.0215.867
0.020.020.020.020.0215.950
0.020.020.020.020.0216.033
0.020.020.020.020.0216.117
0.020.020.020.020.0216.200
0.020.020.020.020.0216.283
0.020.020.020.020.0216.367
0.020.020.020.020.0216.450
0.020.020.020.020.0216.533
0.020.020.020.020.0216.617
0.020.020.020.020.0216.700
0.020.020.020.020.0216.783
0.020.020.020.020.0216.867
0.020.020.020.020.0216.950
0.020.020.020.020.0217.033
0.020.020.020.020.0217.117
0.020.020.020.020.0217.200
0.020.020.020.020.0217.283
0.020.020.020.020.0217.367
0.020.020.020.020.0217.450
0.020.020.020.020.0217.533
0.020.020.020.020.0217.617
0.020.020.020.020.0217.700
0.020.020.020.020.0217.783
0.020.020.020.020.0217.867
0.020.020.020.020.0217.950
0.020.020.020.020.0218.033
0.020.020.020.020.0218.117
0.020.020.020.020.0218.200
0.010.010.010.010.0118.283
0.010.010.010.010.0118.367
0.010.010.010.010.0118.450
0.010.010.010.010.0118.533
0.010.010.010.010.0118.617
0.010.010.010.010.0118.700
0.010.010.010.010.0118.783
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Storm Event:  2 yearLabel:  POST-2
Return Event:  2 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.010.010.010.010.0118.867
0.010.010.010.010.0118.950
0.010.010.010.010.0119.033
0.010.010.010.010.0119.117
0.010.010.010.010.0119.200
0.010.010.010.010.0119.283
0.010.010.010.010.0119.367
0.010.010.010.010.0119.450
0.010.010.010.010.0119.533
0.010.010.010.010.0119.617
0.010.010.010.010.0119.700
0.010.010.010.010.0119.783
0.010.010.010.010.0119.867
0.010.010.010.010.0119.950
0.010.010.010.010.0120.033
0.010.010.010.010.0120.117
0.010.010.010.010.0120.200
0.010.010.010.010.0120.283
0.010.010.010.010.0120.367
0.010.010.010.010.0120.450
0.010.010.010.010.0120.533
0.010.010.010.010.0120.617
0.010.010.010.010.0120.700
0.010.010.010.010.0120.783
0.010.010.010.010.0120.867
0.010.010.010.010.0120.950
0.010.010.010.010.0121.033
0.010.010.010.010.0121.117
0.010.010.010.010.0121.200
0.010.010.010.010.0121.283
0.010.010.010.010.0121.367
0.010.010.010.010.0121.450
0.010.010.010.010.0121.533
0.010.010.010.010.0121.617
0.010.010.010.010.0121.700
0.010.010.010.010.0121.783
0.010.010.010.010.0121.867
0.010.010.010.010.0121.950
0.010.010.010.010.0122.033
0.010.010.010.010.0122.117
0.010.010.010.010.0122.200
0.010.010.010.010.0122.283
0.010.010.010.010.0122.367
0.010.010.010.010.0122.450
0.010.010.010.010.0122.533
0.010.010.010.010.0122.617
0.010.010.010.010.0122.700
0.010.010.010.010.0122.783
0.010.010.010.010.0122.867
0.010.010.010.010.0122.950
0.010.010.010.010.0123.033
0.010.010.010.010.0123.117
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Storm Event:  2 yearLabel:  POST-2
Return Event:  2 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.010.010.010.010.0123.200
0.010.010.010.010.0123.283
0.010.010.010.010.0123.367
0.010.010.010.010.0123.450
0.010.010.010.010.0123.533
0.010.010.010.010.0123.617
0.010.010.010.010.0123.700
0.010.010.010.010.0123.783
0.010.010.010.010.0123.867

(N/A)0.010.010.010.0123.950
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Storm Event:  2 yearLabel:  POST-2
Return Event:  2 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.

Fl
ow

 (
To

ta
l)

 (
ft

³/
s)

0.50

0.45

0.40

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00

Time (hours)
20.00015.00010.0005.0000.000
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Storm Event:  10 yearLabel:  POST-2
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10 yearStorm Event

years10Return Event

hours24.000Duration

in3.4Depth

hours0.268Time of Concentration 
(Composite)

acres0.554Area (User Defined)

hours0.036Computational Time 
Increment

hours12.072Time to Peak (Computed)

ft³/s1.00Flow (Peak, Computed)

hours0.017Output Increment

hours12.067Time to Flow (Peak 
Interpolated Output)

ft³/s1.00Flow (Peak Interpolated 
Output)

Drainage Area

80.000SCS CN (Composite)

acres0.554Area (User Defined)

in2.5Maximum Retention 
(Pervious)

in0.5Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in1.5Cumulative Runoff Depth 
(Pervious)

ac-ft0.071Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ac-ft0.071Volume

SCS Unit Hydrograph Parameters

hours0.268Time of Concentration 
(Composite)

hours0.036Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s2.34Unit peak, qp

hours0.179Unit peak time, Tp

hours0.714Unit receding limb, Tr

hours0.893Total unit time, Tb
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Storm Event:  10 yearLabel:  POST-2
Return Event:  10 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

10 yearStorm Event

years10Return Event

hours24.000Duration

in3.4Depth

hours0.268Time of Concentration 
(Composite)

acres0.554Area (User Defined)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.009.450
0.000.000.000.000.009.533
0.000.000.000.000.009.617
0.000.000.000.000.009.700
0.000.000.000.000.009.783
0.000.000.000.000.009.867
0.000.000.000.000.009.950
0.010.010.000.000.0010.033
0.010.010.010.010.0110.117
0.010.010.010.010.0110.200
0.010.010.010.010.0110.283
0.010.010.010.010.0110.367
0.010.010.010.010.0110.450
0.010.010.010.010.0110.533
0.010.010.010.010.0110.617
0.010.010.010.010.0110.700
0.020.020.020.020.0110.783
0.020.020.020.020.0210.867
0.020.020.020.020.0210.950
0.020.020.020.020.0211.033
0.030.030.030.020.0211.117
0.030.030.030.030.0311.200
0.040.030.030.030.0311.283
0.040.040.040.040.0411.367
0.050.050.050.040.0411.450
0.060.060.060.050.0511.533
0.110.100.090.080.0711.617
0.200.180.160.140.1211.700
0.380.330.290.260.2311.783
0.680.610.540.480.4311.867
0.950.920.860.810.7411.950
0.950.981.000.990.9812.033
0.690.740.800.860.9112.117
0.440.480.530.570.6312.200
0.310.330.350.380.4112.283
0.240.250.260.270.2912.367
0.190.200.210.210.2212.450
0.160.160.170.170.1812.533
0.130.140.140.150.1512.617
0.120.120.120.130.1312.700
0.110.110.110.110.1112.783
0.100.100.100.100.1112.867
0.090.100.100.100.1012.950
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Storm Event:  10 yearLabel:  POST-2
Return Event:  10 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.090.090.090.090.0913.033
0.080.080.090.090.0913.117
0.080.080.080.080.0813.200
0.080.080.080.080.0813.283
0.070.070.070.080.0813.367
0.070.070.070.070.0713.450
0.070.070.070.070.0713.533
0.060.070.070.070.0713.617
0.060.060.060.060.0613.700
0.060.060.060.060.0613.783
0.060.060.060.060.0613.867
0.060.060.060.060.0613.950
0.050.050.050.050.0614.033
0.050.050.050.050.0514.117
0.050.050.050.050.0514.200
0.050.050.050.050.0514.283
0.050.050.050.050.0514.367
0.050.050.050.050.0514.450
0.050.050.050.050.0514.533
0.050.050.050.050.0514.617
0.050.050.050.050.0514.700
0.040.050.050.050.0514.783
0.040.040.040.040.0414.867
0.040.040.040.040.0414.950
0.040.040.040.040.0415.033
0.040.040.040.040.0415.117
0.040.040.040.040.0415.200
0.040.040.040.040.0415.283
0.040.040.040.040.0415.367
0.040.040.040.040.0415.450
0.040.040.040.040.0415.533
0.040.040.040.040.0415.617
0.040.040.040.040.0415.700
0.040.040.040.040.0415.783
0.030.040.040.040.0415.867
0.030.030.030.030.0315.950
0.030.030.030.030.0316.033
0.030.030.030.030.0316.117
0.030.030.030.030.0316.200
0.030.030.030.030.0316.283
0.030.030.030.030.0316.367
0.030.030.030.030.0316.450
0.030.030.030.030.0316.533
0.030.030.030.030.0316.617
0.030.030.030.030.0316.700
0.030.030.030.030.0316.783
0.030.030.030.030.0316.867
0.030.030.030.030.0316.950
0.030.030.030.030.0317.033
0.030.030.030.030.0317.117
0.030.030.030.030.0317.200
0.030.030.030.030.0317.283
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Storm Event:  10 yearLabel:  POST-2
Return Event:  10 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.030.030.030.030.0317.367
0.030.030.030.030.0317.450
0.030.030.030.030.0317.533
0.030.030.030.030.0317.617
0.030.030.030.030.0317.700
0.030.030.030.030.0317.783
0.030.030.030.030.0317.867
0.030.030.030.030.0317.950
0.030.030.030.030.0318.033
0.030.030.030.030.0318.117
0.030.030.030.030.0318.200
0.030.030.030.030.0318.283
0.030.030.030.030.0318.367
0.020.020.020.020.0218.450
0.020.020.020.020.0218.533
0.020.020.020.020.0218.617
0.020.020.020.020.0218.700
0.020.020.020.020.0218.783
0.020.020.020.020.0218.867
0.020.020.020.020.0218.950
0.020.020.020.020.0219.033
0.020.020.020.020.0219.117
0.020.020.020.020.0219.200
0.020.020.020.020.0219.283
0.020.020.020.020.0219.367
0.020.020.020.020.0219.450
0.020.020.020.020.0219.533
0.020.020.020.020.0219.617
0.020.020.020.020.0219.700
0.020.020.020.020.0219.783
0.020.020.020.020.0219.867
0.020.020.020.020.0219.950
0.020.020.020.020.0220.033
0.020.020.020.020.0220.117
0.020.020.020.020.0220.200
0.020.020.020.020.0220.283
0.020.020.020.020.0220.367
0.020.020.020.020.0220.450
0.020.020.020.020.0220.533
0.020.020.020.020.0220.617
0.020.020.020.020.0220.700
0.020.020.020.020.0220.783
0.020.020.020.020.0220.867
0.020.020.020.020.0220.950
0.020.020.020.020.0221.033
0.020.020.020.020.0221.117
0.020.020.020.020.0221.200
0.020.020.020.020.0221.283
0.020.020.020.020.0221.367
0.020.020.020.020.0221.450
0.020.020.020.020.0221.533
0.020.020.020.020.0221.617
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Storm Event:  10 yearLabel:  POST-2
Return Event:  10 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.020.020.020.020.0221.700
0.020.020.020.020.0221.783
0.020.020.020.020.0221.867
0.020.020.020.020.0221.950
0.020.020.020.020.0222.033
0.020.020.020.020.0222.117
0.020.020.020.020.0222.200
0.020.020.020.020.0222.283
0.020.020.020.020.0222.367
0.020.020.020.020.0222.450
0.020.020.020.020.0222.533
0.020.020.020.020.0222.617
0.020.020.020.020.0222.700
0.020.020.020.020.0222.783
0.020.020.020.020.0222.867
0.020.020.020.020.0222.950
0.020.020.020.020.0223.033
0.020.020.020.020.0223.117
0.020.020.020.020.0223.200
0.020.020.020.020.0223.283
0.020.020.020.020.0223.367
0.020.020.020.020.0223.450
0.020.020.020.020.0223.533
0.020.020.020.020.0223.617
0.020.020.020.020.0223.700
0.020.020.020.020.0223.783
0.020.020.020.020.0223.867

(N/A)0.020.020.020.0223.950
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Storm Event:  10 yearLabel:  POST-2
Return Event:  10 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.

Fl
ow

 (
To

ta
l)

 (
ft

³/
s)

1.00

0.88

0.75

0.63

0.50

0.38

0.25

0.13

0.00

Time (hours)
20.00015.00010.0005.0000.000
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Storm Event:  50 yearLabel:  POST-2
Return Event:  50 yearsSubsection:  Unit Hydrograph Summary

50 yearStorm Event

years50Return Event

hours24.000Duration

in4.8Depth

hours0.268Time of Concentration 
(Composite)

acres0.554Area (User Defined)

hours0.036Computational Time 
Increment

hours12.037Time to Peak (Computed)

ft³/s1.79Flow (Peak, Computed)

hours0.017Output Increment

hours12.050Time to Flow (Peak 
Interpolated Output)

ft³/s1.79Flow (Peak Interpolated 
Output)

Drainage Area

80.000SCS CN (Composite)

acres0.554Area (User Defined)

in2.5Maximum Retention 
(Pervious)

in0.5Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in2.8Cumulative Runoff Depth 
(Pervious)

ac-ft0.127Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ac-ft0.127Volume

SCS Unit Hydrograph Parameters

hours0.268Time of Concentration 
(Composite)

hours0.036Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s2.34Unit peak, qp

hours0.179Unit peak time, Tp

hours0.714Unit receding limb, Tr

hours0.893Total unit time, Tb
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Storm Event:  50 yearLabel:  POST-2
Return Event:  50 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

50 yearStorm Event

years50Return Event

hours24.000Duration

in4.8Depth

hours0.268Time of Concentration 
(Composite)

acres0.554Area (User Defined)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.007.650
0.000.000.000.000.007.733
0.000.000.000.000.007.817
0.000.000.000.000.007.900
0.000.000.000.000.007.983
0.000.000.000.000.008.067
0.000.000.000.000.008.150
0.000.000.000.000.008.233
0.000.000.000.000.008.317
0.010.010.010.010.008.400
0.010.010.010.010.018.483
0.010.010.010.010.018.567
0.010.010.010.010.018.650
0.010.010.010.010.018.733
0.010.010.010.010.018.817
0.010.010.010.010.018.900
0.010.010.010.010.018.983
0.010.010.010.010.019.067
0.010.010.010.010.019.150
0.010.010.010.010.019.233
0.010.010.010.010.019.317
0.020.010.010.010.019.400
0.020.020.020.020.029.483
0.020.020.020.020.029.567
0.020.020.020.020.029.650
0.020.020.020.020.029.733
0.020.020.020.020.029.817
0.020.020.020.020.029.900
0.020.020.020.020.029.983
0.020.020.020.020.0210.067
0.030.030.030.030.0310.150
0.030.030.030.030.0310.233
0.030.030.030.030.0310.317
0.030.030.030.030.0310.400
0.040.040.040.040.0310.483
0.040.040.040.040.0410.567
0.040.040.040.040.0410.650
0.050.050.050.040.0410.733
0.050.050.050.050.0510.817
0.060.060.050.050.0510.900
0.060.060.060.060.0610.983
0.070.070.060.060.0611.067
0.070.070.070.070.0711.150
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Storm Event:  50 yearLabel:  POST-2
Return Event:  50 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.080.080.080.080.0811.233
0.090.090.090.090.0911.317
0.110.100.100.100.1011.400
0.120.120.120.110.1111.483
0.180.160.150.140.1311.567
0.300.270.240.220.2011.650
0.540.480.430.390.3411.733
0.950.850.760.680.6111.817
1.511.401.291.171.0511.900
1.791.781.741.691.6011.983
1.511.611.691.751.7912.067
1.001.101.201.311.4112.150
0.650.700.770.830.9212.233
0.470.500.530.570.6012.317
0.360.380.400.420.4412.400
0.290.310.320.330.3512.483
0.240.250.260.270.2812.567
0.210.210.220.230.2412.650
0.190.190.190.200.2012.733
0.170.180.180.180.1812.817
0.160.160.170.170.1712.900
0.150.150.160.160.1612.983
0.140.150.150.150.1513.067
0.140.140.140.140.1413.150
0.130.130.130.130.1313.233
0.120.130.130.130.1313.317
0.120.120.120.120.1213.400
0.110.110.120.120.1213.483
0.110.110.110.110.1113.567
0.100.110.110.110.1113.650
0.100.100.100.100.1013.733
0.100.100.100.100.1013.817
0.090.090.090.100.1013.900
0.090.090.090.090.0913.983
0.090.090.090.090.0914.067
0.080.080.080.090.0914.150
0.080.080.080.080.0814.233
0.080.080.080.080.0814.317
0.080.080.080.080.0814.400
0.080.080.080.080.0814.483
0.080.080.080.080.0814.567
0.080.080.080.080.0814.650
0.070.070.070.070.0714.733
0.070.070.070.070.0714.817
0.070.070.070.070.0714.900
0.070.070.070.070.0714.983
0.070.070.070.070.0715.067
0.070.070.070.070.0715.150
0.070.070.070.070.0715.233
0.070.070.070.070.0715.317
0.060.060.060.060.0615.400
0.060.060.060.060.0615.483
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Storm Event:  50 yearLabel:  POST-2
Return Event:  50 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.060.060.060.060.0615.567
0.060.060.060.060.0615.650
0.060.060.060.060.0615.733
0.060.060.060.060.0615.817
0.060.060.060.060.0615.900
0.050.060.060.060.0615.983
0.050.050.050.050.0516.067
0.050.050.050.050.0516.150
0.050.050.050.050.0516.233
0.050.050.050.050.0516.317
0.050.050.050.050.0516.400
0.050.050.050.050.0516.483
0.050.050.050.050.0516.567
0.050.050.050.050.0516.650
0.050.050.050.050.0516.733
0.050.050.050.050.0516.817
0.050.050.050.050.0516.900
0.050.050.050.050.0516.983
0.050.050.050.050.0517.067
0.050.050.050.050.0517.150
0.050.050.050.050.0517.233
0.050.050.050.050.0517.317
0.050.050.050.050.0517.400
0.050.050.050.050.0517.483
0.040.040.040.040.0417.567
0.040.040.040.040.0417.650
0.040.040.040.040.0417.733
0.040.040.040.040.0417.817
0.040.040.040.040.0417.900
0.040.040.040.040.0417.983
0.040.040.040.040.0418.067
0.040.040.040.040.0418.150
0.040.040.040.040.0418.233
0.040.040.040.040.0418.317
0.040.040.040.040.0418.400
0.040.040.040.040.0418.483
0.040.040.040.040.0418.567
0.040.040.040.040.0418.650
0.040.040.040.040.0418.733
0.040.040.040.040.0418.817
0.040.040.040.040.0418.900
0.040.040.040.040.0418.983
0.040.040.040.040.0419.067
0.040.040.040.040.0419.150
0.040.040.040.040.0419.233
0.030.030.040.040.0419.317
0.030.030.030.030.0319.400
0.030.030.030.030.0319.483
0.030.030.030.030.0319.567
0.030.030.030.030.0319.650
0.030.030.030.030.0319.733
0.030.030.030.030.0319.817
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Storm Event:  50 yearLabel:  POST-2
Return Event:  50 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.030.030.030.030.0319.900
0.030.030.030.030.0319.983
0.030.030.030.030.0320.067
0.030.030.030.030.0320.150
0.030.030.030.030.0320.233
0.030.030.030.030.0320.317
0.030.030.030.030.0320.400
0.030.030.030.030.0320.483
0.030.030.030.030.0320.567
0.030.030.030.030.0320.650
0.030.030.030.030.0320.733
0.030.030.030.030.0320.817
0.030.030.030.030.0320.900
0.030.030.030.030.0320.983
0.030.030.030.030.0321.067
0.030.030.030.030.0321.150
0.030.030.030.030.0321.233
0.030.030.030.030.0321.317
0.030.030.030.030.0321.400
0.030.030.030.030.0321.483
0.030.030.030.030.0321.567
0.030.030.030.030.0321.650
0.030.030.030.030.0321.733
0.030.030.030.030.0321.817
0.030.030.030.030.0321.900
0.030.030.030.030.0321.983
0.030.030.030.030.0322.067
0.030.030.030.030.0322.150
0.030.030.030.030.0322.233
0.030.030.030.030.0322.317
0.030.030.030.030.0322.400
0.030.030.030.030.0322.483
0.030.030.030.030.0322.567
0.030.030.030.030.0322.650
0.030.030.030.030.0322.733
0.030.030.030.030.0322.817
0.030.030.030.030.0322.900
0.030.030.030.030.0322.983
0.030.030.030.030.0323.067
0.030.030.030.030.0323.150
0.030.030.030.030.0323.233
0.030.030.030.030.0323.317
0.030.030.030.030.0323.400
0.030.030.030.030.0323.483
0.030.030.030.030.0323.567
0.030.030.030.030.0323.650
0.030.030.030.030.0323.733
0.030.030.030.030.0323.817
0.030.030.030.030.0323.900

(N/A)(N/A)(N/A)0.030.0323.983
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Storm Event:  50 yearLabel:  POST-2
Return Event:  50 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.

Fl
ow

 (
To

ta
l)

 (
ft

³/
s)

2.00

1.75

1.50

1.25

1.00

0.75

0.50

0.25

0.00

Time (hours)
20.00015.00010.0005.0000.000
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Storm Event:  100 yearLabel:  POST-2
Return Event:  100 yearsSubsection:  Unit Hydrograph Summary

100 yearStorm Event

years100Return Event

hours24.000Duration

in5.7Depth

hours0.268Time of Concentration 
(Composite)

acres0.554Area (User Defined)

hours0.036Computational Time 
Increment

hours12.037Time to Peak (Computed)

ft³/s2.25Flow (Peak, Computed)

hours0.017Output Increment

hours12.050Time to Flow (Peak 
Interpolated Output)

ft³/s2.25Flow (Peak Interpolated 
Output)

Drainage Area

80.000SCS CN (Composite)

acres0.554Area (User Defined)

in2.5Maximum Retention 
(Pervious)

in0.5Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in3.5Cumulative Runoff Depth 
(Pervious)

ac-ft0.160Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ac-ft0.160Volume

SCS Unit Hydrograph Parameters

hours0.268Time of Concentration 
(Composite)

hours0.036Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s2.34Unit peak, qp

hours0.179Unit peak time, Tp

hours0.714Unit receding limb, Tr

hours0.893Total unit time, Tb
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Storm Event:  100 yearLabel:  POST-2
Return Event:  100 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

100 yearStorm Event

years100Return Event

hours24.000Duration

in5.7Depth

hours0.268Time of Concentration 
(Composite)

acres0.554Area (User Defined)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.006.850
0.000.000.000.000.006.933
0.000.000.000.000.007.017
0.000.000.000.000.007.100
0.000.000.000.000.007.183
0.000.000.000.000.007.267
0.000.000.000.000.007.350
0.000.000.000.000.007.433
0.010.000.000.000.007.517
0.010.010.010.010.017.600
0.010.010.010.010.017.683
0.010.010.010.010.017.767
0.010.010.010.010.017.850
0.010.010.010.010.017.933
0.010.010.010.010.018.017
0.010.010.010.010.018.100
0.010.010.010.010.018.183
0.010.010.010.010.018.267
0.010.010.010.010.018.350
0.010.010.010.010.018.433
0.010.010.010.010.018.517
0.010.010.010.010.018.600
0.020.010.010.010.018.683
0.020.020.020.020.028.767
0.020.020.020.020.028.850
0.020.020.020.020.028.933
0.020.020.020.020.029.017
0.020.020.020.020.029.100
0.020.020.020.020.029.183
0.020.020.020.020.029.267
0.020.020.020.020.029.350
0.020.020.020.020.029.433
0.030.030.030.030.039.517
0.030.030.030.030.039.600
0.030.030.030.030.039.683
0.030.030.030.030.039.767
0.030.030.030.030.039.850
0.030.030.030.030.039.933
0.040.040.040.040.0310.017
0.040.040.040.040.0410.100
0.040.040.040.040.0410.183
0.040.040.040.040.0410.267
0.050.050.050.050.0510.350
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Storm Event:  100 yearLabel:  POST-2
Return Event:  100 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.050.050.050.050.0510.433
0.060.050.050.050.0510.517
0.060.060.060.060.0610.600
0.060.060.060.060.0610.683
0.070.070.070.070.0710.767
0.080.070.070.070.0710.850
0.080.080.080.080.0810.933
0.090.090.090.080.0811.017
0.100.100.090.090.0911.100
0.110.110.100.100.1011.183
0.120.120.120.110.1111.267
0.140.130.130.130.1211.350
0.150.150.150.140.1411.433
0.190.180.170.160.1611.517
0.290.260.240.220.2011.600
0.510.460.400.360.3211.683
0.880.790.710.640.5711.767
1.501.361.221.100.9811.850
2.132.021.921.781.6411.933
2.192.242.252.242.1912.017
1.631.761.892.012.1112.100
1.031.141.241.371.4912.183
0.700.750.810.870.9512.267
0.520.550.580.610.6512.350
0.410.430.450.470.4912.433
0.330.350.360.370.3912.517
0.280.290.300.310.3212.600
0.240.250.260.260.2712.683
0.220.220.230.230.2412.767
0.210.210.210.210.2212.850
0.190.200.200.200.2012.933
0.180.180.190.190.1913.017
0.170.170.170.180.1813.100
0.160.160.170.170.1713.183
0.160.160.160.160.1613.267
0.150.150.150.150.1513.350
0.140.140.140.150.1513.433
0.140.140.140.140.1413.517
0.130.130.130.130.1313.600
0.130.130.130.130.1313.683
0.120.120.120.120.1213.767
0.120.120.120.120.1213.850
0.110.110.110.110.1213.933
0.110.110.110.110.1114.017
0.100.100.100.110.1114.100
0.100.100.100.100.1014.183
0.100.100.100.100.1014.267
0.100.100.100.100.1014.350
0.100.100.100.100.1014.433
0.090.090.090.090.0914.517
0.090.090.090.090.0914.600
0.090.090.090.090.0914.683
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Storm Event:  100 yearLabel:  POST-2
Return Event:  100 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.090.090.090.090.0914.767
0.090.090.090.090.0914.850
0.090.090.090.090.0914.933
0.080.080.080.090.0915.017
0.080.080.080.080.0815.100
0.080.080.080.080.0815.183
0.080.080.080.080.0815.267
0.080.080.080.080.0815.350
0.080.080.080.080.0815.433
0.080.080.080.080.0815.517
0.070.070.070.070.0715.600
0.070.070.070.070.0715.683
0.070.070.070.070.0715.767
0.070.070.070.070.0715.850
0.070.070.070.070.0715.933
0.070.070.070.070.0716.017
0.060.060.060.070.0716.100
0.060.060.060.060.0616.183
0.060.060.060.060.0616.267
0.060.060.060.060.0616.350
0.060.060.060.060.0616.433
0.060.060.060.060.0616.517
0.060.060.060.060.0616.600
0.060.060.060.060.0616.683
0.060.060.060.060.0616.767
0.060.060.060.060.0616.850
0.060.060.060.060.0616.933
0.060.060.060.060.0617.017
0.060.060.060.060.0617.100
0.060.060.060.060.0617.183
0.060.060.060.060.0617.267
0.060.060.060.060.0617.350
0.050.050.050.060.0617.433
0.050.050.050.050.0517.517
0.050.050.050.050.0517.600
0.050.050.050.050.0517.683
0.050.050.050.050.0517.767
0.050.050.050.050.0517.850
0.050.050.050.050.0517.933
0.050.050.050.050.0518.017
0.050.050.050.050.0518.100
0.050.050.050.050.0518.183
0.050.050.050.050.0518.267
0.050.050.050.050.0518.350
0.050.050.050.050.0518.433
0.050.050.050.050.0518.517
0.050.050.050.050.0518.600
0.050.050.050.050.0518.683
0.050.050.050.050.0518.767
0.050.050.050.050.0518.850
0.040.040.040.040.0518.933
0.040.040.040.040.0419.017
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Storm Event:  100 yearLabel:  POST-2
Return Event:  100 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.040.040.040.040.0419.100
0.040.040.040.040.0419.183
0.040.040.040.040.0419.267
0.040.040.040.040.0419.350
0.040.040.040.040.0419.433
0.040.040.040.040.0419.517
0.040.040.040.040.0419.600
0.040.040.040.040.0419.683
0.040.040.040.040.0419.767
0.040.040.040.040.0419.850
0.040.040.040.040.0419.933
0.040.040.040.040.0420.017
0.040.040.040.040.0420.100
0.040.040.040.040.0420.183
0.040.040.040.040.0420.267
0.040.040.040.040.0420.350
0.040.040.040.040.0420.433
0.040.040.040.040.0420.517
0.040.040.040.040.0420.600
0.040.040.040.040.0420.683
0.040.040.040.040.0420.767
0.040.040.040.040.0420.850
0.040.040.040.040.0420.933
0.040.040.040.040.0421.017
0.040.040.040.040.0421.100
0.030.030.040.040.0421.183
0.030.030.030.030.0321.267
0.030.030.030.030.0321.350
0.030.030.030.030.0321.433
0.030.030.030.030.0321.517
0.030.030.030.030.0321.600
0.030.030.030.030.0321.683
0.030.030.030.030.0321.767
0.030.030.030.030.0321.850
0.030.030.030.030.0321.933
0.030.030.030.030.0322.017
0.030.030.030.030.0322.100
0.030.030.030.030.0322.183
0.030.030.030.030.0322.267
0.030.030.030.030.0322.350
0.030.030.030.030.0322.433
0.030.030.030.030.0322.517
0.030.030.030.030.0322.600
0.030.030.030.030.0322.683
0.030.030.030.030.0322.767
0.030.030.030.030.0322.850
0.030.030.030.030.0322.933
0.030.030.030.030.0323.017
0.030.030.030.030.0323.100
0.030.030.030.030.0323.183
0.030.030.030.030.0323.267
0.030.030.030.030.0323.350

Page 70 of 13427 Siemon Company Drive Suite 200 W  Watertown, CT 
06795 USA  +1-203-755-1666

1/19/2017

Bentley PondPack V8i
[08.11.01.56]Bentley Systems, Inc.  Haestad Methods Solution CenterNPTT8_TS5a.ppc



Storm Event:  100 yearLabel:  POST-2
Return Event:  100 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.030.030.030.030.0323.433
0.030.030.030.030.0323.517
0.030.030.030.030.0323.600
0.030.030.030.030.0323.683
0.030.030.030.030.0323.767
0.030.030.030.030.0323.850
0.030.030.030.030.0323.933
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Storm Event:  100 yearLabel:  POST-2
Return Event:  100 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.

Fl
ow

 (
To

ta
l)

 (
ft

³/
s)

2.25

2.00

1.75

1.50

1.25

1.00

0.75

0.50

0.25

0.00

Time (hours)
20.00015.00010.0005.0000.000
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Storm Event:  2 yearLabel:  PRE-1
Return Event:  2 yearsSubsection:  Unit Hydrograph Summary

2 yearStorm Event

years2Return Event

hours24.000Duration

in2.4Depth

hours0.271Time of Concentration 
(Composite)

acres1.233Area (User Defined)

hours0.036Computational Time 
Increment

hours12.084Time to Peak (Computed)

ft³/s0.54Flow (Peak, Computed)

hours0.017Output Increment

hours12.083Time to Flow (Peak 
Interpolated Output)

ft³/s0.54Flow (Peak Interpolated 
Output)

Drainage Area

72.000SCS CN (Composite)

acres1.233Area (User Defined)

in3.9Maximum Retention 
(Pervious)

in0.8Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in0.5Cumulative Runoff Depth 
(Pervious)

ac-ft0.047Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ac-ft0.046Volume

SCS Unit Hydrograph Parameters

hours0.271Time of Concentration 
(Composite)

hours0.036Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s5.15Unit peak, qp

hours0.181Unit peak time, Tp

hours0.724Unit receding limb, Tr

hours0.905Total unit time, Tb
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Storm Event:  2 yearLabel:  PRE-1
Return Event:  2 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

2 yearStorm Event

years2Return Event

hours24.000Duration

in2.4Depth

hours0.271Time of Concentration 
(Composite)

acres1.233Area (User Defined)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.010.010.000.000.0011.700
0.060.040.030.020.0111.783
0.230.190.150.120.0811.867
0.450.410.370.320.2811.950
0.540.540.530.520.4912.033
0.430.460.480.510.5312.117
0.290.320.340.370.4012.200
0.220.230.240.260.2712.283
0.170.180.190.200.2112.367
0.140.150.150.160.1712.450
0.120.130.130.130.1412.533
0.100.110.110.110.1212.617
0.090.100.100.100.1012.700
0.090.090.090.090.0912.783
0.080.080.080.080.0912.867
0.080.080.080.080.0812.950
0.070.070.070.080.0813.033
0.070.070.070.070.0713.117
0.070.070.070.070.0713.200
0.060.060.070.070.0713.283
0.060.060.060.060.0613.367
0.060.060.060.060.0613.450
0.060.060.060.060.0613.533
0.060.060.060.060.0613.617
0.050.050.050.050.0513.700
0.050.050.050.050.0513.783
0.050.050.050.050.0513.867
0.050.050.050.050.0513.950
0.050.050.050.050.0514.033
0.040.050.050.050.0514.117
0.040.040.040.040.0414.200
0.040.040.040.040.0414.283
0.040.040.040.040.0414.367
0.040.040.040.040.0414.450
0.040.040.040.040.0414.533
0.040.040.040.040.0414.617
0.040.040.040.040.0414.700
0.040.040.040.040.0414.783
0.040.040.040.040.0414.867
0.040.040.040.040.0414.950
0.040.040.040.040.0415.033
0.040.040.040.040.0415.117
0.040.040.040.040.0415.200
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Storm Event:  2 yearLabel:  PRE-1
Return Event:  2 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.040.040.040.040.0415.283
0.040.040.040.040.0415.367
0.030.030.040.040.0415.450
0.030.030.030.030.0315.533
0.030.030.030.030.0315.617
0.030.030.030.030.0315.700
0.030.030.030.030.0315.783
0.030.030.030.030.0315.867
0.030.030.030.030.0315.950
0.030.030.030.030.0316.033
0.030.030.030.030.0316.117
0.030.030.030.030.0316.200
0.030.030.030.030.0316.283
0.030.030.030.030.0316.367
0.030.030.030.030.0316.450
0.030.030.030.030.0316.533
0.030.030.030.030.0316.617
0.030.030.030.030.0316.700
0.030.030.030.030.0316.783
0.030.030.030.030.0316.867
0.030.030.030.030.0316.950
0.030.030.030.030.0317.033
0.030.030.030.030.0317.117
0.030.030.030.030.0317.200
0.030.030.030.030.0317.283
0.030.030.030.030.0317.367
0.030.030.030.030.0317.450
0.030.030.030.030.0317.533
0.030.030.030.030.0317.617
0.030.030.030.030.0317.700
0.030.030.030.030.0317.783
0.020.020.020.020.0317.867
0.020.020.020.020.0217.950
0.020.020.020.020.0218.033
0.020.020.020.020.0218.117
0.020.020.020.020.0218.200
0.020.020.020.020.0218.283
0.020.020.020.020.0218.367
0.020.020.020.020.0218.450
0.020.020.020.020.0218.533
0.020.020.020.020.0218.617
0.020.020.020.020.0218.700
0.020.020.020.020.0218.783
0.020.020.020.020.0218.867
0.020.020.020.020.0218.950
0.020.020.020.020.0219.033
0.020.020.020.020.0219.117
0.020.020.020.020.0219.200
0.020.020.020.020.0219.283
0.020.020.020.020.0219.367
0.020.020.020.020.0219.450
0.020.020.020.020.0219.533
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Storm Event:  2 yearLabel:  PRE-1
Return Event:  2 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.020.020.020.020.0219.617
0.020.020.020.020.0219.700
0.020.020.020.020.0219.783
0.020.020.020.020.0219.867
0.020.020.020.020.0219.950
0.020.020.020.020.0220.033
0.020.020.020.020.0220.117
0.020.020.020.020.0220.200
0.020.020.020.020.0220.283
0.020.020.020.020.0220.367
0.020.020.020.020.0220.450
0.020.020.020.020.0220.533
0.020.020.020.020.0220.617
0.020.020.020.020.0220.700
0.020.020.020.020.0220.783
0.020.020.020.020.0220.867
0.020.020.020.020.0220.950
0.020.020.020.020.0221.033
0.020.020.020.020.0221.117
0.020.020.020.020.0221.200
0.020.020.020.020.0221.283
0.020.020.020.020.0221.367
0.020.020.020.020.0221.450
0.020.020.020.020.0221.533
0.020.020.020.020.0221.617
0.020.020.020.020.0221.700
0.020.020.020.020.0221.783
0.020.020.020.020.0221.867
0.020.020.020.020.0221.950
0.020.020.020.020.0222.033
0.020.020.020.020.0222.117
0.020.020.020.020.0222.200
0.020.020.020.020.0222.283
0.020.020.020.020.0222.367
0.020.020.020.020.0222.450
0.020.020.020.020.0222.533
0.020.020.020.020.0222.617
0.020.020.020.020.0222.700
0.020.020.020.020.0222.783
0.020.020.020.020.0222.867
0.020.020.020.020.0222.950
0.020.020.020.020.0223.033
0.020.020.020.020.0223.117
0.020.020.020.020.0223.200
0.020.020.020.020.0223.283
0.020.020.020.020.0223.367
0.020.020.020.020.0223.450
0.020.020.020.020.0223.533
0.020.020.020.020.0223.617
0.020.020.020.020.0223.700
0.020.020.020.020.0223.783
0.020.020.020.020.0223.867
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Storm Event:  2 yearLabel:  PRE-1
Return Event:  2 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
(N/A)0.020.020.020.0223.950
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Storm Event:  2 yearLabel:  PRE-1
Return Event:  2 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.

Fl
ow

 (
To

ta
l)

 (
ft

³/
s)

0.63

0.56

0.50

0.44

0.38

0.31

0.25

0.19

0.13

0.06

0.00

Time (hours)
20.00015.00010.0005.0000.000
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Storm Event:  10 yearLabel:  PRE-1
Return Event:  10 yearsSubsection:  Unit Hydrograph Summary

10 yearStorm Event

years10Return Event

hours24.000Duration

in3.4Depth

hours0.271Time of Concentration 
(Composite)

acres1.233Area (User Defined)

hours0.036Computational Time 
Increment

hours12.048Time to Peak (Computed)

ft³/s2.00Flow (Peak, Computed)

hours0.017Output Increment

hours12.050Time to Flow (Peak 
Interpolated Output)

ft³/s2.00Flow (Peak Interpolated 
Output)

Drainage Area

72.000SCS CN (Composite)

acres1.233Area (User Defined)

in3.9Maximum Retention 
(Pervious)

in0.8Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in1.4Cumulative Runoff Depth 
(Pervious)

ac-ft0.144Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ac-ft0.143Volume

SCS Unit Hydrograph Parameters

hours0.271Time of Concentration 
(Composite)

hours0.036Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s5.15Unit peak, qp

hours0.181Unit peak time, Tp

hours0.724Unit receding limb, Tr

hours0.905Total unit time, Tb
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Storm Event:  10 yearLabel:  PRE-1
Return Event:  10 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

10 yearStorm Event

years10Return Event

hours24.000Duration

in3.4Depth

hours0.271Time of Concentration 
(Composite)

acres1.233Area (User Defined)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.009.900
0.000.000.000.000.009.983
0.000.000.000.000.0010.067
0.010.010.000.000.0010.150
0.010.010.010.010.0110.233
0.010.010.010.010.0110.317
0.010.010.010.010.0110.400
0.010.010.010.010.0110.483
0.020.020.010.010.0110.567
0.020.020.020.020.0210.650
0.020.020.020.020.0210.733
0.030.020.020.020.0210.817
0.030.030.030.030.0310.900
0.030.030.030.030.0310.983
0.040.040.040.040.0311.067
0.050.040.040.040.0411.150
0.050.050.050.050.0511.233
0.060.060.060.060.0611.317
0.070.070.070.070.0711.400
0.090.090.080.080.0811.483
0.140.120.110.100.1011.567
0.250.220.190.170.1511.650
0.480.430.370.330.2911.733
0.920.800.710.620.5511.817
1.581.451.311.171.0411.900
2.001.951.891.811.7011.983
1.751.851.921.981.9912.067
1.191.301.411.531.6412.150
0.790.850.921.001.0912.233
0.580.610.650.690.7412.317
0.450.470.490.520.5512.400
0.370.380.400.410.4312.483
0.310.320.330.340.3512.567
0.260.270.280.290.3012.650
0.240.240.250.250.2612.733
0.220.220.220.230.2312.817
0.200.210.210.210.2212.900
0.190.190.200.200.2012.983
0.180.180.190.190.1913.067
0.170.170.180.180.1813.150
0.160.170.170.170.1713.233
0.160.160.160.160.1613.317
0.150.150.150.160.1613.400
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Storm Event:  10 yearLabel:  PRE-1
Return Event:  10 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.150.150.150.150.1513.483
0.140.140.140.140.1413.567
0.130.140.140.140.1413.650
0.130.130.130.130.1313.733
0.120.130.130.130.1313.817
0.120.120.120.120.1213.900
0.120.120.120.120.1213.983
0.110.110.110.110.1114.067
0.110.110.110.110.1114.150
0.110.110.110.110.1114.233
0.100.100.100.100.1014.317
0.100.100.100.100.1014.400
0.100.100.100.100.1014.483
0.100.100.100.100.1014.567
0.100.100.100.100.1014.650
0.100.100.100.100.1014.733
0.090.090.090.090.1014.817
0.090.090.090.090.0914.900
0.090.090.090.090.0914.983
0.090.090.090.090.0915.067
0.090.090.090.090.0915.150
0.090.090.090.090.0915.233
0.080.080.090.090.0915.317
0.080.080.080.080.0815.400
0.080.080.080.080.0815.483
0.080.080.080.080.0815.567
0.080.080.080.080.0815.650
0.080.080.080.080.0815.733
0.070.080.080.080.0815.817
0.070.070.070.070.0715.900
0.070.070.070.070.0715.983
0.070.070.070.070.0716.067
0.070.070.070.070.0716.150
0.070.070.070.070.0716.233
0.070.070.070.070.0716.317
0.070.070.070.070.0716.400
0.070.070.070.070.0716.483
0.070.070.070.070.0716.567
0.060.070.070.070.0716.650
0.060.060.060.060.0616.733
0.060.060.060.060.0616.817
0.060.060.060.060.0616.900
0.060.060.060.060.0616.983
0.060.060.060.060.0617.067
0.060.060.060.060.0617.150
0.060.060.060.060.0617.233
0.060.060.060.060.0617.317
0.060.060.060.060.0617.400
0.060.060.060.060.0617.483
0.060.060.060.060.0617.567
0.060.060.060.060.0617.650
0.060.060.060.060.0617.733
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Storm Event:  10 yearLabel:  PRE-1
Return Event:  10 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.060.060.060.060.0617.817
0.060.060.060.060.0617.900
0.060.060.060.060.0617.983
0.060.060.060.060.0618.067
0.050.050.050.050.0518.150
0.050.050.050.050.0518.233
0.050.050.050.050.0518.317
0.050.050.050.050.0518.400
0.050.050.050.050.0518.483
0.050.050.050.050.0518.567
0.050.050.050.050.0518.650
0.050.050.050.050.0518.733
0.050.050.050.050.0518.817
0.050.050.050.050.0518.900
0.050.050.050.050.0518.983
0.050.050.050.050.0519.067
0.050.050.050.050.0519.150
0.050.050.050.050.0519.233
0.050.050.050.050.0519.317
0.050.050.050.050.0519.400
0.040.050.050.050.0519.483
0.040.040.040.040.0419.567
0.040.040.040.040.0419.650
0.040.040.040.040.0419.733
0.040.040.040.040.0419.817
0.040.040.040.040.0419.900
0.040.040.040.040.0419.983
0.040.040.040.040.0420.067
0.040.040.040.040.0420.150
0.040.040.040.040.0420.233
0.040.040.040.040.0420.317
0.040.040.040.040.0420.400
0.040.040.040.040.0420.483
0.040.040.040.040.0420.567
0.040.040.040.040.0420.650
0.040.040.040.040.0420.733
0.040.040.040.040.0420.817
0.040.040.040.040.0420.900
0.040.040.040.040.0420.983
0.040.040.040.040.0421.067
0.040.040.040.040.0421.150
0.040.040.040.040.0421.233
0.040.040.040.040.0421.317
0.040.040.040.040.0421.400
0.040.040.040.040.0421.483
0.040.040.040.040.0421.567
0.040.040.040.040.0421.650
0.040.040.040.040.0421.733
0.040.040.040.040.0421.817
0.040.040.040.040.0421.900
0.040.040.040.040.0421.983
0.040.040.040.040.0422.067
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Storm Event:  10 yearLabel:  PRE-1
Return Event:  10 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.040.040.040.040.0422.150
0.040.040.040.040.0422.233
0.040.040.040.040.0422.317
0.040.040.040.040.0422.400
0.040.040.040.040.0422.483
0.040.040.040.040.0422.567
0.040.040.040.040.0422.650
0.040.040.040.040.0422.733
0.040.040.040.040.0422.817
0.040.040.040.040.0422.900
0.040.040.040.040.0422.983
0.040.040.040.040.0423.067
0.040.040.040.040.0423.150
0.040.040.040.040.0423.233
0.040.040.040.040.0423.317
0.040.040.040.040.0423.400
0.040.040.040.040.0423.483
0.040.040.040.040.0423.567
0.040.040.040.040.0423.650
0.040.040.040.040.0423.733
0.030.030.040.040.0423.817
0.030.030.030.030.0323.900

(N/A)(N/A)(N/A)0.030.0323.983
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Storm Event:  10 yearLabel:  PRE-1
Return Event:  10 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.

Fl
ow

 (
To

ta
l)

 (
ft

³/
s)

2.00

1.75

1.50

1.25

1.00

0.75

0.50

0.25

0.00

Time (hours)
20.00015.00010.0005.0000.000
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Storm Event:  50 yearLabel:  PRE-1
Return Event:  50 yearsSubsection:  Unit Hydrograph Summary

50 yearStorm Event

years50Return Event

hours24.000Duration

in4.8Depth

hours0.271Time of Concentration 
(Composite)

acres1.233Area (User Defined)

hours0.036Computational Time 
Increment

hours12.048Time to Peak (Computed)

ft³/s3.73Flow (Peak, Computed)

hours0.017Output Increment

hours12.050Time to Flow (Peak 
Interpolated Output)

ft³/s3.73Flow (Peak Interpolated 
Output)

Drainage Area

72.000SCS CN (Composite)

acres1.233Area (User Defined)

in3.9Maximum Retention 
(Pervious)

in0.8Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in2.6Cumulative Runoff Depth 
(Pervious)

ac-ft0.265Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ac-ft0.264Volume

SCS Unit Hydrograph Parameters

hours0.271Time of Concentration 
(Composite)

hours0.036Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s5.15Unit peak, qp

hours0.181Unit peak time, Tp

hours0.724Unit receding limb, Tr

hours0.905Total unit time, Tb
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Storm Event:  50 yearLabel:  PRE-1
Return Event:  50 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

50 yearStorm Event

years50Return Event

hours24.000Duration

in4.8Depth

hours0.271Time of Concentration 
(Composite)

acres1.233Area (User Defined)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.008.133
0.000.000.000.000.008.217
0.000.000.000.000.008.300
0.000.000.000.000.008.383
0.010.010.010.000.008.467
0.010.010.010.010.018.550
0.010.010.010.010.018.633
0.010.010.010.010.018.717
0.010.010.010.010.018.800
0.010.010.010.010.018.883
0.010.010.010.010.018.967
0.020.020.020.020.019.050
0.020.020.020.020.029.133
0.020.020.020.020.029.217
0.020.020.020.020.029.300
0.020.020.020.020.029.383
0.020.020.020.020.029.467
0.030.030.030.020.029.550
0.030.030.030.030.039.633
0.030.030.030.030.039.717
0.030.030.030.030.039.800
0.040.030.030.030.039.883
0.040.040.040.040.049.967
0.040.040.040.040.0410.050
0.050.040.040.040.0410.133
0.050.050.050.050.0510.217
0.050.050.050.050.0510.300
0.060.060.060.060.0610.383
0.060.060.060.060.0610.467
0.070.070.070.070.0710.550
0.080.080.070.070.0710.633
0.080.080.080.080.0810.717
0.090.090.090.090.0910.800
0.100.100.100.100.0910.883
0.110.110.110.110.1010.967
0.120.120.120.120.1111.050
0.140.130.130.130.1311.133
0.160.150.150.140.1411.217
0.180.170.170.160.1611.300
0.200.190.190.190.1811.383
0.230.220.210.210.2011.467
0.310.290.270.250.2411.550
0.530.470.420.380.3411.633
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Storm Event:  50 yearLabel:  PRE-1
Return Event:  50 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.950.850.760.670.6011.717
1.681.511.341.201.0711.800
2.842.612.362.121.9011.883
3.663.593.453.283.0811.967
3.383.523.663.693.7312.050
2.342.552.772.983.1912.133
1.521.641.801.962.1512.217
1.071.141.221.301.4012.300
0.820.860.910.961.0112.383
0.660.680.720.750.7812.467
0.540.560.580.610.6312.550
0.460.480.490.510.5212.633
0.410.420.430.440.4512.717
0.380.380.390.390.4012.800
0.350.360.360.370.3712.883
0.330.330.340.340.3512.967
0.310.310.320.320.3313.050
0.290.300.300.300.3113.133
0.280.280.290.290.2913.217
0.270.270.270.280.2813.300
0.260.260.260.260.2713.383
0.250.250.250.250.2513.467
0.240.240.240.240.2413.550
0.230.230.230.230.2313.633
0.220.220.220.220.2213.717
0.210.210.210.210.2213.800
0.200.200.200.210.2113.883
0.190.200.200.200.2013.967
0.190.190.190.190.1914.050
0.180.180.180.180.1914.133
0.180.180.180.180.1814.217
0.170.170.170.170.1814.300
0.170.170.170.170.1714.383
0.170.170.170.170.1714.467
0.160.170.170.170.1714.550
0.160.160.160.160.1614.633
0.160.160.160.160.1614.717
0.160.160.160.160.1614.800
0.150.150.150.160.1614.883
0.150.150.150.150.1514.967
0.150.150.150.150.1515.050
0.150.150.150.150.1515.133
0.140.140.140.140.1515.217
0.140.140.140.140.1415.300
0.140.140.140.140.1415.383
0.130.140.140.140.1415.467
0.130.130.130.130.1315.550
0.130.130.130.130.1315.633
0.130.130.130.130.1315.717
0.120.120.130.130.1315.800
0.120.120.120.120.1215.883
0.120.120.120.120.1215.967
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Storm Event:  50 yearLabel:  PRE-1
Return Event:  50 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.120.120.120.120.1216.050
0.110.110.110.120.1216.133
0.110.110.110.110.1116.217
0.110.110.110.110.1116.300
0.110.110.110.110.1116.383
0.110.110.110.110.1116.467
0.110.110.110.110.1116.550
0.110.110.110.110.1116.633
0.110.110.110.110.1116.717
0.110.110.110.110.1116.800
0.100.100.100.100.1016.883
0.100.100.100.100.1016.967
0.100.100.100.100.1017.050
0.100.100.100.100.1017.133
0.100.100.100.100.1017.217
0.100.100.100.100.1017.300
0.100.100.100.100.1017.383
0.100.100.100.100.1017.467
0.100.100.100.100.1017.550
0.100.100.100.100.1017.633
0.090.090.090.090.1017.717
0.090.090.090.090.0917.800
0.090.090.090.090.0917.883
0.090.090.090.090.0917.967
0.090.090.090.090.0918.050
0.090.090.090.090.0918.133
0.090.090.090.090.0918.217
0.090.090.090.090.0918.300
0.090.090.090.090.0918.383
0.090.090.090.090.0918.467
0.080.080.080.090.0918.550
0.080.080.080.080.0818.633
0.080.080.080.080.0818.717
0.080.080.080.080.0818.800
0.080.080.080.080.0818.883
0.080.080.080.080.0818.967
0.080.080.080.080.0819.050
0.080.080.080.080.0819.133
0.080.080.080.080.0819.217
0.080.080.080.080.0819.300
0.070.070.070.070.0819.383
0.070.070.070.070.0719.467
0.070.070.070.070.0719.550
0.070.070.070.070.0719.633
0.070.070.070.070.0719.717
0.070.070.070.070.0719.800
0.070.070.070.070.0719.883
0.070.070.070.070.0719.967
0.070.070.070.070.0720.050
0.070.070.070.070.0720.133
0.070.070.070.070.0720.217
0.060.060.060.060.0720.300
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Storm Event:  50 yearLabel:  PRE-1
Return Event:  50 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.060.060.060.060.0620.383
0.060.060.060.060.0620.467
0.060.060.060.060.0620.550
0.060.060.060.060.0620.633
0.060.060.060.060.0620.717
0.060.060.060.060.0620.800
0.060.060.060.060.0620.883
0.060.060.060.060.0620.967
0.060.060.060.060.0621.050
0.060.060.060.060.0621.133
0.060.060.060.060.0621.217
0.060.060.060.060.0621.300
0.060.060.060.060.0621.383
0.060.060.060.060.0621.467
0.060.060.060.060.0621.550
0.060.060.060.060.0621.633
0.060.060.060.060.0621.717
0.060.060.060.060.0621.800
0.060.060.060.060.0621.883
0.060.060.060.060.0621.967
0.060.060.060.060.0622.050
0.060.060.060.060.0622.133
0.060.060.060.060.0622.217
0.060.060.060.060.0622.300
0.060.060.060.060.0622.383
0.060.060.060.060.0622.467
0.060.060.060.060.0622.550
0.060.060.060.060.0622.633
0.060.060.060.060.0622.717
0.060.060.060.060.0622.800
0.060.060.060.060.0622.883
0.060.060.060.060.0622.967
0.060.060.060.060.0623.050
0.060.060.060.060.0623.133
0.060.060.060.060.0623.217
0.060.060.060.060.0623.300
0.060.060.060.060.0623.383
0.060.060.060.060.0623.467
0.060.060.060.060.0623.550
0.060.060.060.060.0623.633
0.060.060.060.060.0623.717
0.060.060.060.060.0623.800
0.060.060.060.060.0623.883

(N/A)(N/A)0.060.060.0623.967
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Storm Event:  50 yearLabel:  PRE-1
Return Event:  50 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.

Fl
ow

 (
To

ta
l)

 (
ft

³/
s)

4.00

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00

Time (hours)
20.00015.00010.0005.0000.000
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Storm Event:  100 yearLabel:  PRE-1
Return Event:  100 yearsSubsection:  Unit Hydrograph Summary

100 yearStorm Event

years100Return Event

hours24.000Duration

in5.7Depth

hours0.271Time of Concentration 
(Composite)

acres1.233Area (User Defined)

hours0.036Computational Time 
Increment

hours12.048Time to Peak (Computed)

ft³/s3.91Flow (Peak, Computed)

hours0.017Output Increment

hours12.050Time to Flow (Peak 
Interpolated Output)

ft³/s3.91Flow (Peak Interpolated 
Output)

Drainage Area

72.000SCS CN (Composite)

acres1.233Area (User Defined)

in3.9Maximum Retention 
(Pervious)

in0.8Maximum Retention 
(Pervious, 20 percent)

Cumulative Runoff

in2.7Cumulative Runoff Depth 
(Pervious)

ac-ft0.278Runoff Volume (Pervious)

Hydrograph Volume (Area under Hydrograph curve)

ac-ft0.277Volume

SCS Unit Hydrograph Parameters

hours0.271Time of Concentration 
(Composite)

hours0.036Computational Time 
Increment

483.432Unit Hydrograph Shape 
Factor

0.749K Factor

1.670Receding/Rising, Tr/Tp

ft³/s5.15Unit peak, qp

hours0.181Unit peak time, Tp

hours0.724Unit receding limb, Tr

hours0.905Total unit time, Tb
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Storm Event:  100 yearLabel:  PRE-1
Return Event:  100 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

100 yearStorm Event

years100Return Event

hours24.000Duration

in5.7Depth

hours0.271Time of Concentration 
(Composite)

acres1.233Area (User Defined)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.008.917
0.000.000.000.000.009.000
0.000.000.000.000.009.083
0.010.010.010.010.019.167
0.010.010.010.010.019.250
0.010.010.010.010.019.333
0.010.010.010.010.019.417
0.010.010.010.010.019.500
0.010.010.010.010.019.583
0.020.020.020.020.019.667
0.020.020.020.020.029.750
0.020.020.020.020.029.833
0.020.020.020.020.029.917
0.030.030.030.030.0210.000
0.030.030.030.030.0310.083
0.030.030.030.030.0310.167
0.040.040.040.040.0310.250
0.040.040.040.040.0410.333
0.050.050.040.040.0410.417
0.050.050.050.050.0510.500
0.060.060.060.050.0510.583
0.060.060.060.060.0610.667
0.070.070.070.070.0710.750
0.080.080.080.080.0710.833
0.090.090.090.080.0810.917
0.100.100.100.090.0911.000
0.110.110.110.100.1011.083
0.130.120.120.120.1111.167
0.150.140.140.130.1311.250
0.170.160.160.150.1511.333
0.190.190.180.180.1711.417
0.230.220.210.200.2011.500
0.360.320.290.270.2511.583
0.650.570.510.450.4011.667
1.181.050.930.830.7311.750
2.151.911.681.511.3311.833
3.393.172.922.672.4011.917
3.883.913.833.743.5812.000
3.163.373.573.713.8512.083
2.092.292.492.712.9412.167
1.401.491.621.751.9212.250
1.031.091.151.221.3012.333
0.810.840.880.930.9812.417
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Storm Event:  100 yearLabel:  PRE-1
Return Event:  100 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.660.680.710.740.7712.500
0.550.570.590.610.6312.583
0.480.490.500.520.5312.667
0.430.440.450.460.4712.750
0.400.400.410.420.4212.833
0.370.380.380.390.3912.917
0.350.360.360.360.3713.000
0.330.340.340.340.3513.083
0.320.320.320.320.3313.167
0.300.300.310.310.3113.250
0.290.290.290.300.3013.333
0.280.280.280.280.2913.417
0.270.270.270.270.2713.500
0.250.260.260.260.2613.583
0.240.250.250.250.2513.667
0.240.240.240.240.2413.750
0.230.230.230.230.2313.833
0.220.220.220.220.2213.917
0.210.210.210.210.2214.000
0.200.200.210.210.2114.083
0.200.200.200.200.2014.167
0.190.190.190.190.2014.250
0.190.190.190.190.1914.333
0.190.190.190.190.1914.417
0.180.180.180.180.1914.500
0.180.180.180.180.1814.583
0.180.180.180.180.1814.667
0.170.170.180.180.1814.750
0.170.170.170.170.1714.833
0.170.170.170.170.1714.917
0.170.170.170.170.1715.000
0.160.160.160.160.1615.083
0.160.160.160.160.1615.167
0.160.160.160.160.1615.250
0.150.150.150.160.1615.333
0.150.150.150.150.1515.417
0.150.150.150.150.1515.500
0.140.150.150.150.1515.583
0.140.140.140.140.1415.667
0.140.140.140.140.1415.750
0.140.140.140.140.1415.833
0.130.130.130.130.1415.917
0.130.130.130.130.1316.000
0.130.130.130.130.1316.083
0.120.130.130.130.1316.167
0.120.120.120.120.1216.250
0.120.120.120.120.1216.333
0.120.120.120.120.1216.417
0.120.120.120.120.1216.500
0.120.120.120.120.1216.583
0.120.120.120.120.1216.667
0.120.120.120.120.1216.750
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Storm Event:  100 yearLabel:  PRE-1
Return Event:  100 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.120.120.120.120.1216.833
0.110.110.120.120.1216.917
0.110.110.110.110.1117.000
0.110.110.110.110.1117.083
0.110.110.110.110.1117.167
0.110.110.110.110.1117.250
0.110.110.110.110.1117.333
0.110.110.110.110.1117.417
0.110.110.110.110.1117.500
0.110.110.110.110.1117.583
0.110.110.110.110.1117.667
0.100.100.100.100.1017.750
0.100.100.100.100.1017.833
0.100.100.100.100.1017.917
0.100.100.100.100.1018.000
0.100.100.100.100.1018.083
0.100.100.100.100.1018.167
0.100.100.100.100.1018.250
0.100.100.100.100.1018.333
0.100.100.100.100.1018.417
0.090.090.090.090.1018.500
0.090.090.090.090.0918.583
0.090.090.090.090.0918.667
0.090.090.090.090.0918.750
0.090.090.090.090.0918.833
0.090.090.090.090.0918.917
0.090.090.090.090.0919.000
0.090.090.090.090.0919.083
0.090.090.090.090.0919.167
0.080.080.080.080.0919.250
0.080.080.080.080.0819.333
0.080.080.080.080.0819.417
0.080.080.080.080.0819.500
0.080.080.080.080.0819.583
0.080.080.080.080.0819.667
0.080.080.080.080.0819.750
0.080.080.080.080.0819.833
0.080.080.080.080.0819.917
0.070.070.070.070.0820.000
0.070.070.070.070.0720.083
0.070.070.070.070.0720.167
0.070.070.070.070.0720.250
0.070.070.070.070.0720.333
0.070.070.070.070.0720.417
0.070.070.070.070.0720.500
0.070.070.070.070.0720.583
0.070.070.070.070.0720.667
0.070.070.070.070.0720.750
0.070.070.070.070.0720.833
0.070.070.070.070.0720.917
0.070.070.070.070.0721.000
0.070.070.070.070.0721.083
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Storm Event:  100 yearLabel:  PRE-1
Return Event:  100 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.070.070.070.070.0721.167
0.070.070.070.070.0721.250
0.070.070.070.070.0721.333
0.070.070.070.070.0721.417
0.070.070.070.070.0721.500
0.070.070.070.070.0721.583
0.070.070.070.070.0721.667
0.070.070.070.070.0721.750
0.070.070.070.070.0721.833
0.070.070.070.070.0721.917
0.070.070.070.070.0722.000
0.070.070.070.070.0722.083
0.070.070.070.070.0722.167
0.070.070.070.070.0722.250
0.070.070.070.070.0722.333
0.070.070.070.070.0722.417
0.070.070.070.070.0722.500
0.070.070.070.070.0722.583
0.070.070.070.070.0722.667
0.070.070.070.070.0722.750
0.070.070.070.070.0722.833
0.070.070.070.070.0722.917
0.070.070.070.070.0723.000
0.060.060.060.060.0623.083
0.060.060.060.060.0623.167
0.060.060.060.060.0623.250
0.060.060.060.060.0623.333
0.060.060.060.060.0623.417
0.060.060.060.060.0623.500
0.060.060.060.060.0623.583
0.060.060.060.060.0623.667
0.060.060.060.060.0623.750
0.060.060.060.060.0623.833
0.060.060.060.060.0623.917

(N/A)(N/A)(N/A)(N/A)0.0624.000
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Storm Event:  100 yearLabel:  PRE-1
Return Event:  100 yearsSubsection:  Unit Hydrograph (Hydrograph Table)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.

Fl
ow

 (
To

ta
l)

 (
ft

³/
s)

4.00

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00

Time (hours)
20.00015.00010.0005.0000.000
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Storm Event:  2 yearLabel:  O-1 (POST)
Return Event:  2 yearsSubsection:  Addition Summary

Summary for Hydrograph Addition at 'O-1 (POST)'

Upstream NodeUpstream Link
DB-1Outlet-1
POST-2<Catchment to Outflow Node>

Node Inflows

Flow (Peak)
(ft³/s)

Time to Peak
(hours)

Volume
(ac-ft)

ElementInflow Type

0.0513.9000.043Outlet-1Flow (From)
0.5012.0670.036POST-2Flow (From)
0.5312.0670.079O-1 (POST)Flow (In)
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Storm Event:  10 yearLabel:  O-1 (POST)
Return Event:  10 yearsSubsection:  Addition Summary

Summary for Hydrograph Addition at 'O-1 (POST)'

Upstream NodeUpstream Link
DB-1Outlet-1
POST-2<Catchment to Outflow Node>

Node Inflows

Flow (Peak)
(ft³/s)

Time to Peak
(hours)

Volume
(ac-ft)

ElementInflow Type

0.5512.2330.084Outlet-1Flow (From)
1.0012.0670.071POST-2Flow (From)
1.3212.1170.155O-1 (POST)Flow (In)
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Storm Event:  50 yearLabel:  O-1 (POST)
Return Event:  50 yearsSubsection:  Addition Summary

Summary for Hydrograph Addition at 'O-1 (POST)'

Upstream NodeUpstream Link
DB-1Outlet-1
POST-2<Catchment to Outflow Node>

Node Inflows

Flow (Peak)
(ft³/s)

Time to Peak
(hours)

Volume
(ac-ft)

ElementInflow Type

1.2212.1830.152Outlet-1Flow (From)
1.7912.0500.127POST-2Flow (From)
2.8712.0670.279O-1 (POST)Flow (In)
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Storm Event:  100 yearLabel:  O-1 (POST)
Return Event:  100 yearsSubsection:  Addition Summary

Summary for Hydrograph Addition at 'O-1 (POST)'

Upstream NodeUpstream Link
DB-1Outlet-1
POST-2<Catchment to Outflow Node>

Node Inflows

Flow (Peak)
(ft³/s)

Time to Peak
(hours)

Volume
(ac-ft)

ElementInflow Type

1.4712.1830.192Outlet-1Flow (From)
2.2512.0500.160POST-2Flow (From)
3.5812.0670.352O-1 (POST)Flow (In)
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Storm Event:  2 yearLabel:  O-1 (PRE)
Return Event:  2 yearsSubsection:  Addition Summary

Summary for Hydrograph Addition at 'O-1 (PRE)'

Upstream NodeUpstream Link
PRE-1<Catchment to Outflow Node>

Node Inflows

Flow (Peak)
(ft³/s)

Time to Peak
(hours)

Volume
(ac-ft)

ElementInflow Type

0.5412.0830.046PRE-1Flow (From)
0.5412.0830.046O-1 (PRE)Flow (In)

Page 101 of 13427 Siemon Company Drive Suite 200 W  Watertown, CT 
06795 USA  +1-203-755-1666

1/19/2017

Bentley PondPack V8i
[08.11.01.56]Bentley Systems, Inc.  Haestad Methods Solution CenterNPTT8_TS5a.ppc



Storm Event:  10 yearLabel:  O-1 (PRE)
Return Event:  10 yearsSubsection:  Addition Summary

Summary for Hydrograph Addition at 'O-1 (PRE)'

Upstream NodeUpstream Link
PRE-1<Catchment to Outflow Node>

Node Inflows

Flow (Peak)
(ft³/s)

Time to Peak
(hours)

Volume
(ac-ft)

ElementInflow Type

2.0012.0500.143PRE-1Flow (From)
2.0012.0500.143O-1 (PRE)Flow (In)
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Storm Event:  50 yearLabel:  O-1 (PRE)
Return Event:  50 yearsSubsection:  Addition Summary

Summary for Hydrograph Addition at 'O-1 (PRE)'

Upstream NodeUpstream Link
PRE-1<Catchment to Outflow Node>

Node Inflows

Flow (Peak)
(ft³/s)

Time to Peak
(hours)

Volume
(ac-ft)

ElementInflow Type

3.7312.0500.264PRE-1Flow (From)
3.7312.0500.264O-1 (PRE)Flow (In)
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Storm Event:  100 yearLabel:  O-1 (PRE)
Return Event:  100 yearsSubsection:  Addition Summary

Summary for Hydrograph Addition at 'O-1 (PRE)'

Upstream NodeUpstream Link
PRE-1<Catchment to Outflow Node>

Node Inflows

Flow (Peak)
(ft³/s)

Time to Peak
(hours)

Volume
(ac-ft)

ElementInflow Type

3.9112.0500.277PRE-1Flow (From)
3.9112.0500.277O-1 (PRE)Flow (In)
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Storm Event:  2 yearLabel:  DB-1
Return Event:  2 yearsSubsection:  Elevation-Area Volume Curve

Volume (Total)
(ac-ft)

Volume
(ac-ft)

A1+A2+sqr
(A1*A2)
(acres)

Area
(acres)

Planimeter
(ft²)

Elevation
(ft)

0.0000.0000.0000.0190.01,076.00
0.0220.0220.0660.0250.01,077.00
0.0540.0320.0950.0390.01,078.00
0.0970.0430.1290.0470.01,079.00
0.1490.0520.1560.0570.01,080.00
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Storm Event:  2 yearLabel:  Composite Outlet Structure - 1
Return Event:  2 yearsSubsection:  Outlet Input Data

Requested Pond Water Surface Elevations

ft1,076.00Minimum (Headwater)

ft0.50Increment (Headwater)

ft1,080.00Maximum (Headwater)

Outlet Connectivity

E2
(ft)

E1
(ft)

OutfallDirectionOutlet IDStructure Type

1,080.001,077.40TWForwardOrifice - 2Orifice-Circular
1,080.001,078.75TWForwardRiser - 1Inlet Box
1,080.001,076.00TWForwardOrifice - 1Orifice-Circular

(N/A)(N/A)TailwaterTailwater Settings
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Storm Event:  2 yearLabel:  Composite Outlet Structure - 1
Return Event:  2 yearsSubsection:  Outlet Input Data

Structure ID:  Riser - 1
Structure Type:  Inlet Box

1Number of Openings

ft1,078.75Elevation

ft²16.0Orifice Area

0.600Orifice Coefficient

ft4.00Weir Length

(ft^0.5)/s2.80Weir Coefficient

1.000K Reverse

0.000Manning's n

0.000Kev, Charged Riser

FalseWeir Submergence

TrueOrifice H to crest

Structure ID:  Orifice - 1
Structure Type:  Orifice-Circular

1Number of Openings

ft1,076.00Elevation

in1.3Orifice Diameter

0.600Orifice Coefficient

Structure ID:  Orifice - 2
Structure Type:  Orifice-Circular

2Number of Openings

ft1,077.40Elevation

in5.0Orifice Diameter

0.600Orifice Coefficient

Structure ID:  TW
Structure Type:  TW Setup, DS Channel

Free OutfallTailwater Type

Convergence Tolerances

30Maximum Iterations

ft0.01Tailwater Tolerance 
(Minimum)

ft0.50Tailwater Tolerance 
(Maximum)

ft0.01Headwater Tolerance 
(Minimum)

ft0.50Headwater Tolerance 
(Maximum)

ft³/s0.001Flow Tolerance (Minimum)

ft³/s10.000Flow Tolerance (Maximum)
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Storm Event:  2 yearLabel:  DB-1 (IN)
Return Event:  2 yearsSubsection:  Level Pool Pond Routing Summary

Infiltration

No InfiltrationInfiltration Method 
(Computed)

Initial Conditions

ft1,076.00Elevation (Water Surface, 
Initial)

ac-ft0.000Volume (Initial)

ft³/s0.00Flow (Initial Outlet)

ft³/s0.00Flow (Initial Infiltration)

ft³/s0.00Flow (Initial, Total)

hours0.017Time Increment

Inflow/Outflow Hydrograph Summary

ft³/s0.94Flow (Peak In) hours12.017Time to Peak (Flow, In)
ft³/s0.05Flow (Peak Outlet) hours13.900Time to Peak (Flow, Outlet)

ft1,077.40Elevation (Water Surface, 
Peak)

ac-ft0.033Volume (Peak)

Mass Balance (ac-ft)

ac-ft0.000Volume (Initial)

ac-ft0.060Volume (Total Inflow)

ac-ft0.000Volume (Total Infiltration)

ac-ft0.043Volume (Total Outlet 
Outflow)

ac-ft0.016Volume (Retained)

ac-ft0.000Volume (Unrouted)

%0.4Error (Mass Balance)
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Storm Event:  10 yearLabel:  DB-1 (IN)
Return Event:  10 yearsSubsection:  Level Pool Pond Routing Summary

Infiltration

No InfiltrationInfiltration Method 
(Computed)

Initial Conditions

ft1,076.00Elevation (Water Surface, 
Initial)

ac-ft0.000Volume (Initial)

ft³/s0.00Flow (Initial Outlet)

ft³/s0.00Flow (Initial Infiltration)

ft³/s0.00Flow (Initial, Total)

hours0.017Time Increment

Inflow/Outflow Hydrograph Summary

ft³/s1.68Flow (Peak In) hours12.017Time to Peak (Flow, In)
ft³/s0.55Flow (Peak Outlet) hours12.233Time to Peak (Flow, Outlet)

ft1,077.79Elevation (Water Surface, 
Peak)

ac-ft0.046Volume (Peak)

Mass Balance (ac-ft)

ac-ft0.000Volume (Initial)

ac-ft0.107Volume (Total Inflow)

ac-ft0.000Volume (Total Infiltration)

ac-ft0.084Volume (Total Outlet 
Outflow)

ac-ft0.023Volume (Retained)

ac-ft0.000Volume (Unrouted)

%0.2Error (Mass Balance)
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Storm Event:  50 yearLabel:  DB-1 (IN)
Return Event:  50 yearsSubsection:  Level Pool Pond Routing Summary

Infiltration

No InfiltrationInfiltration Method 
(Computed)

Initial Conditions

ft1,076.00Elevation (Water Surface, 
Initial)

ac-ft0.000Volume (Initial)

ft³/s0.00Flow (Initial Outlet)

ft³/s0.00Flow (Initial Infiltration)

ft³/s0.00Flow (Initial, Total)

hours0.017Time Increment

Inflow/Outflow Hydrograph Summary

ft³/s2.81Flow (Peak In) hours12.000Time to Peak (Flow, In)
ft³/s1.22Flow (Peak Outlet) hours12.183Time to Peak (Flow, Outlet)

ft1,078.40Elevation (Water Surface, 
Peak)

ac-ft0.070Volume (Peak)

Mass Balance (ac-ft)

ac-ft0.000Volume (Initial)

ac-ft0.182Volume (Total Inflow)

ac-ft0.000Volume (Total Infiltration)

ac-ft0.152Volume (Total Outlet 
Outflow)

ac-ft0.029Volume (Retained)

ac-ft0.000Volume (Unrouted)

%0.2Error (Mass Balance)
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Storm Event:  100 yearLabel:  DB-1 (IN)
Return Event:  100 yearsSubsection:  Level Pool Pond Routing Summary

Infiltration

No InfiltrationInfiltration Method 
(Computed)

Initial Conditions

ft1,076.00Elevation (Water Surface, 
Initial)

ac-ft0.000Volume (Initial)

ft³/s0.00Flow (Initial Outlet)

ft³/s0.00Flow (Initial Infiltration)

ft³/s0.00Flow (Initial, Total)

hours0.017Time Increment

Inflow/Outflow Hydrograph Summary

ft³/s3.44Flow (Peak In) hours12.000Time to Peak (Flow, In)
ft³/s1.47Flow (Peak Outlet) hours12.183Time to Peak (Flow, Outlet)

ft1,078.74Elevation (Water Surface, 
Peak)

ac-ft0.085Volume (Peak)

Mass Balance (ac-ft)

ac-ft0.000Volume (Initial)

ac-ft0.224Volume (Total Inflow)

ac-ft0.000Volume (Total Infiltration)

ac-ft0.192Volume (Total Outlet 
Outflow)

ac-ft0.032Volume (Retained)

ac-ft0.000Volume (Unrouted)

%0.1Error (Mass Balance)
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Storm Event:  2 yearLabel:  DB-1 (OUT)
Return Event:  2 yearsSubsection:  Pond Routed Hydrograph (total out)

ft³/s0.05Peak Discharge

hours13.900Time to Peak

ac-ft0.043Hydrograph Volume

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.0010.583
0.000.000.000.000.0010.667
0.000.000.000.000.0010.750
0.000.000.000.000.0010.833
0.000.000.000.000.0010.917
0.000.000.000.000.0011.000
0.000.000.000.000.0011.083
0.000.000.000.000.0011.167
0.000.000.000.000.0011.250
0.000.000.000.000.0011.333
0.000.000.000.000.0011.417
0.010.010.010.010.0011.500
0.010.010.010.010.0111.583
0.010.010.010.010.0111.667
0.010.010.010.010.0111.750
0.020.020.020.020.0111.833
0.030.030.030.030.0211.917
0.040.040.030.030.0312.000
0.040.040.040.040.0412.083
0.040.040.040.040.0412.167
0.040.040.040.040.0412.250
0.040.040.040.040.0412.333
0.050.050.050.050.0412.417
0.050.050.050.050.0512.500
0.050.050.050.050.0512.583
0.050.050.050.050.0512.667
0.050.050.050.050.0512.750
0.050.050.050.050.0512.833
0.050.050.050.050.0512.917
0.050.050.050.050.0513.000
0.050.050.050.050.0513.083
0.050.050.050.050.0513.167
0.050.050.050.050.0513.250
0.050.050.050.050.0513.333
0.050.050.050.050.0513.417
0.050.050.050.050.0513.500
0.050.050.050.050.0513.583
0.050.050.050.050.0513.667
0.050.050.050.050.0513.750
0.050.050.050.050.0513.833
0.050.050.050.050.0513.917
0.050.050.050.050.0514.000
0.050.050.050.050.0514.083
0.050.050.050.050.0514.167
0.050.050.050.050.0514.250
0.050.050.050.050.0514.333
0.050.050.050.050.0514.417
0.050.050.050.050.0514.500
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Storm Event:  2 yearLabel:  DB-1 (OUT)
Return Event:  2 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.050.050.050.050.0514.583
0.050.050.050.050.0514.667
0.050.050.050.050.0514.750
0.050.050.050.050.0514.833
0.050.050.050.050.0514.917
0.050.050.050.050.0515.000
0.050.050.050.050.0515.083
0.050.050.050.050.0515.167
0.050.050.050.050.0515.250
0.050.050.050.050.0515.333
0.050.050.050.050.0515.417
0.050.050.050.050.0515.500
0.050.050.050.050.0515.583
0.050.050.050.050.0515.667
0.050.050.050.050.0515.750
0.050.050.050.050.0515.833
0.050.050.050.050.0515.917
0.050.050.050.050.0516.000
0.050.050.050.050.0516.083
0.050.050.050.050.0516.167
0.050.050.050.050.0516.250
0.050.050.050.050.0516.333
0.050.050.050.050.0516.417
0.050.050.050.050.0516.500
0.050.050.050.050.0516.583
0.050.050.050.050.0516.667
0.050.050.050.050.0516.750
0.050.050.050.050.0516.833
0.050.050.050.050.0516.917
0.050.050.050.050.0517.000
0.050.050.050.050.0517.083
0.050.050.050.050.0517.167
0.040.040.050.050.0517.250
0.040.040.040.040.0417.333
0.040.040.040.040.0417.417
0.040.040.040.040.0417.500
0.040.040.040.040.0417.583
0.040.040.040.040.0417.667
0.040.040.040.040.0417.750
0.040.040.040.040.0417.833
0.040.040.040.040.0417.917
0.040.040.040.040.0418.000
0.040.040.040.040.0418.083
0.040.040.040.040.0418.167
0.040.040.040.040.0418.250
0.040.040.040.040.0418.333
0.040.040.040.040.0418.417
0.040.040.040.040.0418.500
0.040.040.040.040.0418.583
0.040.040.040.040.0418.667
0.040.040.040.040.0418.750
0.040.040.040.040.0418.833
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Storm Event:  2 yearLabel:  DB-1 (OUT)
Return Event:  2 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.040.040.040.040.0418.917
0.040.040.040.040.0419.000
0.040.040.040.040.0419.083
0.040.040.040.040.0419.167
0.040.040.040.040.0419.250
0.040.040.040.040.0419.333
0.040.040.040.040.0419.417
0.040.040.040.040.0419.500
0.040.040.040.040.0419.583
0.040.040.040.040.0419.667
0.040.040.040.040.0419.750
0.040.040.040.040.0419.833
0.040.040.040.040.0419.917
0.040.040.040.040.0420.000
0.040.040.040.040.0420.083
0.040.040.040.040.0420.167
0.040.040.040.040.0420.250
0.040.040.040.040.0420.333
0.040.040.040.040.0420.417
0.040.040.040.040.0420.500
0.040.040.040.040.0420.583
0.040.040.040.040.0420.667
0.040.040.040.040.0420.750
0.040.040.040.040.0420.833
0.040.040.040.040.0420.917
0.040.040.040.040.0421.000
0.040.040.040.040.0421.083
0.040.040.040.040.0421.167
0.040.040.040.040.0421.250
0.040.040.040.040.0421.333
0.040.040.040.040.0421.417
0.040.040.040.040.0421.500
0.040.040.040.040.0421.583
0.040.040.040.040.0421.667
0.040.040.040.040.0421.750
0.040.040.040.040.0421.833
0.040.040.040.040.0421.917
0.040.040.040.040.0422.000
0.040.040.040.040.0422.083
0.040.040.040.040.0422.167
0.040.040.040.040.0422.250
0.040.040.040.040.0422.333
0.040.040.040.040.0422.417
0.040.040.040.040.0422.500
0.040.040.040.040.0422.583
0.040.040.040.040.0422.667
0.040.040.040.040.0422.750
0.040.040.040.040.0422.833
0.040.040.040.040.0422.917
0.040.040.040.040.0423.000
0.040.040.040.040.0423.083
0.040.040.040.040.0423.167
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Storm Event:  2 yearLabel:  DB-1 (OUT)
Return Event:  2 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.040.040.040.040.0423.250
0.040.040.040.040.0423.333
0.040.040.040.040.0423.417
0.030.030.040.040.0423.500
0.030.030.030.030.0323.583
0.030.030.030.030.0323.667
0.030.030.030.030.0323.750
0.030.030.030.030.0323.833
0.030.030.030.030.0323.917

(N/A)(N/A)(N/A)(N/A)0.0324.000
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Storm Event:  2 yearLabel:  DB-1 (OUT)
Return Event:  2 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.

Fl
ow

 (
O

ut
le

t)
 (

ft
³/

s)

0.05

0.05

0.04

0.04

0.03

0.03

0.02

0.02

0.01

0.01

0.00

Time (hours)
20.00015.00010.0005.0000.000
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Storm Event:  10 yearLabel:  DB-1 (OUT)
Return Event:  10 yearsSubsection:  Pond Routed Hydrograph (total out)

ft³/s0.55Peak Discharge

hours12.233Time to Peak

ac-ft0.084Hydrograph Volume

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.008.933
0.000.000.000.000.009.017
0.000.000.000.000.009.100
0.000.000.000.000.009.183
0.000.000.000.000.009.267
0.000.000.000.000.009.350
0.000.000.000.000.009.433
0.000.000.000.000.009.517
0.000.000.000.000.009.600
0.000.000.000.000.009.683
0.000.000.000.000.009.767
0.000.000.000.000.009.850
0.000.000.000.000.009.933
0.000.000.000.000.0010.017
0.000.000.000.000.0010.100
0.000.000.000.000.0010.183
0.000.000.000.000.0010.267
0.010.010.010.010.0110.350
0.010.010.010.010.0110.433
0.010.010.010.010.0110.517
0.010.010.010.010.0110.600
0.010.010.010.010.0110.683
0.010.010.010.010.0110.767
0.010.010.010.010.0110.850
0.010.010.010.010.0110.933
0.010.010.010.010.0111.017
0.010.010.010.010.0111.100
0.010.010.010.010.0111.183
0.010.010.010.010.0111.267
0.010.010.010.010.0111.350
0.020.020.020.020.0111.433
0.020.020.020.020.0211.517
0.020.020.020.020.0211.600
0.030.020.020.020.0211.683
0.030.030.030.030.0311.767
0.040.040.030.030.0311.850
0.050.040.040.040.0411.933
0.290.210.130.070.0512.017
0.510.490.450.410.3612.100
0.550.550.550.540.5312.183
0.510.520.530.540.5412.267
0.460.470.480.490.5012.350
0.410.420.430.440.4512.433
0.350.360.370.380.3912.517
0.310.320.330.330.3412.600
0.270.280.280.290.3012.683
0.240.240.250.260.2612.767
0.210.220.220.230.2312.850
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Storm Event:  10 yearLabel:  DB-1 (OUT)
Return Event:  10 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.190.190.200.200.2112.933
0.170.180.180.180.1913.017
0.160.160.160.170.1713.100
0.150.150.150.150.1613.183
0.140.140.140.140.1413.267
0.130.130.130.130.1313.350
0.120.120.120.120.1313.433
0.110.110.120.120.1213.517
0.110.110.110.110.1113.600
0.100.100.100.100.1113.683
0.100.100.100.100.1013.767
0.090.090.090.100.1013.850
0.090.090.090.090.0913.933
0.090.090.090.090.0914.017
0.090.090.090.090.0914.100
0.090.090.090.090.0914.183
0.080.080.080.090.0914.267
0.080.080.080.080.0814.350
0.080.080.080.080.0814.433
0.080.080.080.080.0814.517
0.080.080.080.080.0814.600
0.080.080.080.080.0814.683
0.080.080.080.080.0814.767
0.070.070.070.070.0814.850
0.070.070.070.070.0714.933
0.070.070.070.070.0715.017
0.070.070.070.070.0715.100
0.070.070.070.070.0715.183
0.070.070.070.070.0715.267
0.070.070.070.070.0715.350
0.070.070.070.070.0715.433
0.060.060.060.060.0715.517
0.060.060.060.060.0615.600
0.060.060.060.060.0615.683
0.060.060.060.060.0615.767
0.060.060.060.060.0615.850
0.060.060.060.060.0615.933
0.060.060.060.060.0616.017
0.060.060.060.060.0616.100
0.050.060.060.060.0616.183
0.050.050.050.050.0516.267
0.050.050.050.050.0516.350
0.050.050.050.050.0516.433
0.050.050.050.050.0516.517
0.050.050.050.050.0516.600
0.050.050.050.050.0516.683
0.050.050.050.050.0516.767
0.050.050.050.050.0516.850
0.050.050.050.050.0516.933
0.050.050.050.050.0517.017
0.050.050.050.050.0517.100
0.050.050.050.050.0517.183
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Storm Event:  10 yearLabel:  DB-1 (OUT)
Return Event:  10 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.050.050.050.050.0517.267
0.050.050.050.050.0517.350
0.050.050.050.050.0517.433
0.050.050.050.050.0517.517
0.050.050.050.050.0517.600
0.050.050.050.050.0517.683
0.050.050.050.050.0517.767
0.050.050.050.050.0517.850
0.050.050.050.050.0517.933
0.050.050.050.050.0518.017
0.050.050.050.050.0518.100
0.050.050.050.050.0518.183
0.050.050.050.050.0518.267
0.050.050.050.050.0518.350
0.050.050.050.050.0518.433
0.050.050.050.050.0518.517
0.050.050.050.050.0518.600
0.050.050.050.050.0518.683
0.050.050.050.050.0518.767
0.050.050.050.050.0518.850
0.050.050.050.050.0518.933
0.050.050.050.050.0519.017
0.050.050.050.050.0519.100
0.050.050.050.050.0519.183
0.050.050.050.050.0519.267
0.050.050.050.050.0519.350
0.050.050.050.050.0519.433
0.050.050.050.050.0519.517
0.050.050.050.050.0519.600
0.050.050.050.050.0519.683
0.050.050.050.050.0519.767
0.050.050.050.050.0519.850
0.050.050.050.050.0519.933
0.050.050.050.050.0520.017
0.050.050.050.050.0520.100
0.050.050.050.050.0520.183
0.040.040.050.050.0520.267
0.040.040.040.040.0420.350
0.040.040.040.040.0420.433
0.040.040.040.040.0420.517
0.040.040.040.040.0420.600
0.040.040.040.040.0420.683
0.040.040.040.040.0420.767
0.040.040.040.040.0420.850
0.040.040.040.040.0420.933
0.040.040.040.040.0421.017
0.040.040.040.040.0421.100
0.040.040.040.040.0421.183
0.040.040.040.040.0421.267
0.040.040.040.040.0421.350
0.040.040.040.040.0421.433
0.040.040.040.040.0421.517
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Storm Event:  10 yearLabel:  DB-1 (OUT)
Return Event:  10 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.040.040.040.040.0421.600
0.040.040.040.040.0421.683
0.040.040.040.040.0421.767
0.040.040.040.040.0421.850
0.040.040.040.040.0421.933
0.040.040.040.040.0422.017
0.040.040.040.040.0422.100
0.040.040.040.040.0422.183
0.040.040.040.040.0422.267
0.040.040.040.040.0422.350
0.040.040.040.040.0422.433
0.040.040.040.040.0422.517
0.040.040.040.040.0422.600
0.040.040.040.040.0422.683
0.040.040.040.040.0422.767
0.040.040.040.040.0422.850
0.040.040.040.040.0422.933
0.040.040.040.040.0423.017
0.040.040.040.040.0423.100
0.040.040.040.040.0423.183
0.040.040.040.040.0423.267
0.040.040.040.040.0423.350
0.040.040.040.040.0423.433
0.040.040.040.040.0423.517
0.040.040.040.040.0423.600
0.040.040.040.040.0423.683
0.040.040.040.040.0423.767
0.040.040.040.040.0423.850
0.040.040.040.040.0423.933
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Storm Event:  10 yearLabel:  DB-1 (OUT)
Return Event:  10 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.

Fl
ow

 (
O

ut
le

t)
 (

ft
³/

s)

0.63

0.56

0.50

0.44

0.38

0.31

0.25

0.19

0.13

0.06

0.00

Time (hours)
20.00015.00010.0005.0000.000
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Storm Event:  50 yearLabel:  DB-1 (OUT)
Return Event:  50 yearsSubsection:  Pond Routed Hydrograph (total out)

ft³/s1.22Peak Discharge

hours12.183Time to Peak

ac-ft0.152Hydrograph Volume

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.007.083
0.000.000.000.000.007.167
0.000.000.000.000.007.250
0.000.000.000.000.007.333
0.000.000.000.000.007.417
0.000.000.000.000.007.500
0.000.000.000.000.007.583
0.000.000.000.000.007.667
0.000.000.000.000.007.750
0.000.000.000.000.007.833
0.000.000.000.000.007.917
0.000.000.000.000.008.000
0.000.000.000.000.008.083
0.000.000.000.000.008.167
0.000.000.000.000.008.250
0.000.000.000.000.008.333
0.000.000.000.000.008.417
0.000.000.000.000.008.500
0.010.000.000.000.008.583
0.010.010.010.010.018.667
0.010.010.010.010.018.750
0.010.010.010.010.018.833
0.010.010.010.010.018.917
0.010.010.010.010.019.000
0.010.010.010.010.019.083
0.010.010.010.010.019.167
0.010.010.010.010.019.250
0.010.010.010.010.019.333
0.010.010.010.010.019.417
0.010.010.010.010.019.500
0.010.010.010.010.019.583
0.010.010.010.010.019.667
0.010.010.010.010.019.750
0.010.010.010.010.019.833
0.010.010.010.010.019.917
0.010.010.010.010.0110.000
0.010.010.010.010.0110.083
0.010.010.010.010.0110.167
0.020.020.020.020.0110.250
0.020.020.020.020.0210.333
0.020.020.020.020.0210.417
0.020.020.020.020.0210.500
0.020.020.020.020.0210.583
0.020.020.020.020.0210.667
0.020.020.020.020.0210.750
0.020.020.020.020.0210.833
0.020.020.020.020.0210.917
0.030.030.030.030.0311.000
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Storm Event:  50 yearLabel:  DB-1 (OUT)
Return Event:  50 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.030.030.030.030.0311.083
0.030.030.030.030.0311.167
0.030.030.030.030.0311.250
0.030.030.030.030.0311.333
0.030.030.030.030.0311.417
0.030.030.030.030.0311.500
0.030.030.030.030.0311.583
0.040.040.040.040.0411.667
0.040.040.040.040.0411.750
0.140.070.050.050.0411.833
0.750.630.500.380.2511.917
1.081.030.980.930.8712.000
1.211.201.181.151.1212.083
1.201.211.221.221.2212.167
1.141.151.171.181.1912.250
1.061.071.091.111.1212.333
0.970.991.011.021.0412.417
0.890.910.920.940.9612.500
0.740.770.800.830.8712.583
0.610.640.660.690.7112.667
0.510.530.550.570.5912.750
0.440.450.470.480.5012.833
0.380.390.400.410.4212.917
0.330.340.350.360.3713.000
0.290.300.310.310.3213.083
0.260.270.270.280.2913.167
0.240.240.250.250.2613.250
0.220.220.230.230.2313.333
0.200.200.210.210.2113.417
0.190.190.190.200.2013.500
0.180.180.180.180.1813.583
0.170.170.170.170.1713.667
0.160.160.160.160.1613.750
0.150.150.150.150.1513.833
0.140.140.140.150.1513.917
0.140.140.140.140.1414.000
0.130.130.130.130.1314.083
0.120.130.130.130.1314.167
0.120.120.120.120.1214.250
0.120.120.120.120.1214.333
0.110.110.110.110.1214.417
0.110.110.110.110.1114.500
0.110.110.110.110.1114.583
0.110.110.110.110.1114.667
0.100.100.100.100.1014.750
0.100.100.100.100.1014.833
0.100.100.100.100.1014.917
0.100.100.100.100.1015.000
0.100.100.100.100.1015.083
0.090.090.090.090.1015.167
0.090.090.090.090.0915.250
0.090.090.090.090.0915.333
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Storm Event:  50 yearLabel:  DB-1 (OUT)
Return Event:  50 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.090.090.090.090.0915.417
0.090.090.090.090.0915.500
0.090.090.090.090.0915.583
0.090.090.090.090.0915.667
0.090.090.090.090.0915.750
0.090.090.090.090.0915.833
0.080.080.080.090.0915.917
0.080.080.080.080.0816.000
0.080.080.080.080.0816.083
0.080.080.080.080.0816.167
0.080.080.080.080.0816.250
0.080.080.080.080.0816.333
0.080.080.080.080.0816.417
0.080.080.080.080.0816.500
0.080.080.080.080.0816.583
0.070.070.070.070.0816.667
0.070.070.070.070.0716.750
0.070.070.070.070.0716.833
0.070.070.070.070.0716.917
0.070.070.070.070.0717.000
0.070.070.070.070.0717.083
0.070.070.070.070.0717.167
0.070.070.070.070.0717.250
0.070.070.070.070.0717.333
0.070.070.070.070.0717.417
0.070.070.070.070.0717.500
0.070.070.070.070.0717.583
0.060.060.070.070.0717.667
0.060.060.060.060.0617.750
0.060.060.060.060.0617.833
0.060.060.060.060.0617.917
0.060.060.060.060.0618.000
0.060.060.060.060.0618.083
0.060.060.060.060.0618.167
0.060.060.060.060.0618.250
0.060.060.060.060.0618.333
0.060.060.060.060.0618.417
0.060.060.060.060.0618.500
0.060.060.060.060.0618.583
0.060.060.060.060.0618.667
0.060.060.060.060.0618.750
0.060.060.060.060.0618.833
0.050.050.050.060.0618.917
0.050.050.050.050.0519.000
0.050.050.050.050.0519.083
0.050.050.050.050.0519.167
0.050.050.050.050.0519.250
0.050.050.050.050.0519.333
0.050.050.050.050.0519.417
0.050.050.050.050.0519.500
0.050.050.050.050.0519.583
0.050.050.050.050.0519.667
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Storm Event:  50 yearLabel:  DB-1 (OUT)
Return Event:  50 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.050.050.050.050.0519.750
0.050.050.050.050.0519.833
0.050.050.050.050.0519.917
0.050.050.050.050.0520.000
0.050.050.050.050.0520.083
0.050.050.050.050.0520.167
0.050.050.050.050.0520.250
0.050.050.050.050.0520.333
0.050.050.050.050.0520.417
0.050.050.050.050.0520.500
0.050.050.050.050.0520.583
0.050.050.050.050.0520.667
0.050.050.050.050.0520.750
0.050.050.050.050.0520.833
0.050.050.050.050.0520.917
0.050.050.050.050.0521.000
0.050.050.050.050.0521.083
0.050.050.050.050.0521.167
0.050.050.050.050.0521.250
0.050.050.050.050.0521.333
0.050.050.050.050.0521.417
0.050.050.050.050.0521.500
0.050.050.050.050.0521.583
0.050.050.050.050.0521.667
0.050.050.050.050.0521.750
0.050.050.050.050.0521.833
0.050.050.050.050.0521.917
0.050.050.050.050.0522.000
0.050.050.050.050.0522.083
0.050.050.050.050.0522.167
0.050.050.050.050.0522.250
0.050.050.050.050.0522.333
0.050.050.050.050.0522.417
0.050.050.050.050.0522.500
0.050.050.050.050.0522.583
0.050.050.050.050.0522.667
0.050.050.050.050.0522.750
0.050.050.050.050.0522.833
0.050.050.050.050.0522.917
0.050.050.050.050.0523.000
0.050.050.050.050.0523.083
0.050.050.050.050.0523.167
0.050.050.050.050.0523.250
0.050.050.050.050.0523.333
0.050.050.050.050.0523.417
0.050.050.050.050.0523.500
0.050.050.050.050.0523.583
0.050.050.050.050.0523.667
0.050.050.050.050.0523.750
0.050.050.050.050.0523.833
0.050.050.050.050.0523.917

(N/A)(N/A)(N/A)(N/A)0.0524.000
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Storm Event:  50 yearLabel:  DB-1 (OUT)
Return Event:  50 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.

Fl
ow

 (
O

ut
le

t)
 (

ft
³/

s)

1.25

1.13

1.00

0.88

0.75

0.63

0.50

0.38

0.25

0.13

0.00

Time (hours)
20.00015.00010.0005.0000.000
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Storm Event:  100 yearLabel:  DB-1 (OUT)
Return Event:  100 yearsSubsection:  Pond Routed Hydrograph (total out)

ft³/s1.47Peak Discharge

hours12.183Time to Peak

ac-ft0.192Hydrograph Volume

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.006.350
0.000.000.000.000.006.433
0.000.000.000.000.006.517
0.000.000.000.000.006.600
0.000.000.000.000.006.683
0.000.000.000.000.006.767
0.000.000.000.000.006.850
0.000.000.000.000.006.933
0.000.000.000.000.007.017
0.000.000.000.000.007.100
0.000.000.000.000.007.183
0.000.000.000.000.007.267
0.000.000.000.000.007.350
0.000.000.000.000.007.433
0.000.000.000.000.007.517
0.000.000.000.000.007.600
0.000.000.000.000.007.683
0.010.000.000.000.007.767
0.010.010.010.010.017.850
0.010.010.010.010.017.933
0.010.010.010.010.018.017
0.010.010.010.010.018.100
0.010.010.010.010.018.183
0.010.010.010.010.018.267
0.010.010.010.010.018.350
0.010.010.010.010.018.433
0.010.010.010.010.018.517
0.010.010.010.010.018.600
0.010.010.010.010.018.683
0.010.010.010.010.018.767
0.010.010.010.010.018.850
0.010.010.010.010.018.933
0.010.010.010.010.019.017
0.010.010.010.010.019.100
0.010.010.010.010.019.183
0.010.010.010.010.019.267
0.010.010.010.010.019.350
0.010.010.010.010.019.433
0.020.020.020.020.019.517
0.020.020.020.020.029.600
0.020.020.020.020.029.683
0.020.020.020.020.029.767
0.020.020.020.020.029.850
0.020.020.020.020.029.933
0.020.020.020.020.0210.017
0.020.020.020.020.0210.100
0.020.020.020.020.0210.183
0.020.020.020.020.0210.267
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Storm Event:  100 yearLabel:  DB-1 (OUT)
Return Event:  100 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.020.020.020.020.0210.350
0.030.030.030.020.0210.433
0.030.030.030.030.0310.517
0.030.030.030.030.0310.600
0.030.030.030.030.0310.683
0.030.030.030.030.0310.767
0.030.030.030.030.0310.850
0.030.030.030.030.0310.933
0.030.030.030.030.0311.017
0.030.030.030.030.0311.100
0.030.030.030.030.0311.183
0.030.030.030.030.0311.267
0.040.040.040.040.0411.350
0.040.040.040.040.0411.433
0.040.040.040.040.0411.517
0.040.040.040.040.0411.600
0.040.040.040.040.0411.683
0.160.090.060.050.0511.767
0.700.580.460.360.2611.850
1.111.050.980.920.8311.933
1.381.341.301.241.1812.017
1.461.461.441.431.4012.100
1.451.451.461.471.4712.183
1.381.401.411.421.4312.267
1.311.321.341.351.3712.350
1.201.221.241.261.2812.433
1.091.111.131.151.1812.517
0.991.011.031.051.0712.600
0.900.920.940.950.9712.683
0.760.790.820.850.8812.767
0.630.650.670.700.7312.850
0.530.540.560.580.6012.933
0.450.460.480.490.5113.017
0.390.400.410.420.4413.100
0.340.350.360.370.3813.183
0.300.310.320.330.3313.267
0.280.280.290.290.3013.350
0.250.260.260.270.2713.433
0.230.240.240.240.2513.517
0.220.220.220.220.2313.600
0.200.200.210.210.2113.683
0.190.190.190.200.2013.767
0.180.180.180.190.1913.850
0.170.170.170.180.1813.933
0.160.160.170.170.1714.017
0.150.160.160.160.1614.100
0.150.150.150.150.1514.183
0.140.140.140.150.1514.267
0.140.140.140.140.1414.350
0.130.140.140.140.1414.433
0.130.130.130.130.1314.517
0.130.130.130.130.1314.600
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Storm Event:  100 yearLabel:  DB-1 (OUT)
Return Event:  100 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.130.130.130.130.1314.683
0.120.120.120.120.1214.767
0.120.120.120.120.1214.850
0.120.120.120.120.1214.933
0.120.120.120.120.1215.017
0.110.110.110.110.1215.100
0.110.110.110.110.1115.183
0.110.110.110.110.1115.267
0.110.110.110.110.1115.350
0.110.110.110.110.1115.433
0.100.100.100.100.1015.517
0.100.100.100.100.1015.600
0.100.100.100.100.1015.683
0.100.100.100.100.1015.767
0.090.100.100.100.1015.850
0.090.090.090.090.0915.933
0.090.090.090.090.0916.017
0.090.090.090.090.0916.100
0.090.090.090.090.0916.183
0.090.090.090.090.0916.267
0.090.090.090.090.0916.350
0.090.090.090.090.0916.433
0.090.090.090.090.0916.517
0.090.090.090.090.0916.600
0.080.090.090.090.0916.683
0.080.080.080.080.0816.767
0.080.080.080.080.0816.850
0.080.080.080.080.0816.933
0.080.080.080.080.0817.017
0.080.080.080.080.0817.100
0.080.080.080.080.0817.183
0.080.080.080.080.0817.267
0.080.080.080.080.0817.350
0.080.080.080.080.0817.433
0.080.080.080.080.0817.517
0.080.080.080.080.0817.600
0.080.080.080.080.0817.683
0.080.080.080.080.0817.767
0.070.070.070.070.0817.850
0.070.070.070.070.0717.933
0.070.070.070.070.0718.017
0.070.070.070.070.0718.100
0.070.070.070.070.0718.183
0.070.070.070.070.0718.267
0.070.070.070.070.0718.350
0.070.070.070.070.0718.433
0.070.070.070.070.0718.517
0.070.070.070.070.0718.600
0.070.070.070.070.0718.683
0.070.070.070.070.0718.767
0.070.070.070.070.0718.850
0.060.060.070.070.0718.933
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Storm Event:  100 yearLabel:  DB-1 (OUT)
Return Event:  100 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.060.060.060.060.0619.017
0.060.060.060.060.0619.100
0.060.060.060.060.0619.183
0.060.060.060.060.0619.267
0.060.060.060.060.0619.350
0.060.060.060.060.0619.433
0.060.060.060.060.0619.517
0.060.060.060.060.0619.600
0.060.060.060.060.0619.683
0.060.060.060.060.0619.767
0.060.060.060.060.0619.850
0.060.060.060.060.0619.933
0.060.060.060.060.0620.017
0.050.050.050.050.0620.100
0.050.050.050.050.0520.183
0.050.050.050.050.0520.267
0.050.050.050.050.0520.350
0.050.050.050.050.0520.433
0.050.050.050.050.0520.517
0.050.050.050.050.0520.600
0.050.050.050.050.0520.683
0.050.050.050.050.0520.767
0.050.050.050.050.0520.850
0.050.050.050.050.0520.933
0.050.050.050.050.0521.017
0.050.050.050.050.0521.100
0.050.050.050.050.0521.183
0.050.050.050.050.0521.267
0.050.050.050.050.0521.350
0.050.050.050.050.0521.433
0.050.050.050.050.0521.517
0.050.050.050.050.0521.600
0.050.050.050.050.0521.683
0.050.050.050.050.0521.767
0.050.050.050.050.0521.850
0.050.050.050.050.0521.933
0.050.050.050.050.0522.017
0.050.050.050.050.0522.100
0.050.050.050.050.0522.183
0.050.050.050.050.0522.267
0.050.050.050.050.0522.350
0.050.050.050.050.0522.433
0.050.050.050.050.0522.517
0.050.050.050.050.0522.600
0.050.050.050.050.0522.683
0.050.050.050.050.0522.767
0.050.050.050.050.0522.850
0.050.050.050.050.0522.933
0.050.050.050.050.0523.017
0.050.050.050.050.0523.100
0.050.050.050.050.0523.183
0.050.050.050.050.0523.267
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Storm Event:  100 yearLabel:  DB-1 (OUT)
Return Event:  100 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)
0.050.050.050.050.0523.350
0.050.050.050.050.0523.433
0.050.050.050.050.0523.517
0.050.050.050.050.0523.600
0.050.050.050.050.0523.683
0.050.050.050.050.0523.767
0.050.050.050.050.0523.850
0.050.050.050.050.0523.933
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Storm Event:  100 yearLabel:  DB-1 (OUT)
Return Event:  100 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.017 hours

Time on left represents time for first value in each row.

Fl
ow

 (
O

ut
le

t)
 (

ft
³/

s)

1.50

1.38

1.25

1.13

1.00

0.88

0.75

0.63

0.50

0.38

0.25

0.13

0.00

Time (hours)
20.00015.00010.0005.0000.000
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POST-2 (Runoff CN-Area, 2 years)...20

POST-1 (Unit Hydrograph Summary, 50 years)...34

POST-1 (Unit Hydrograph Summary, 2 years)...22

POST-1 (Unit Hydrograph Summary, 100 years)...41
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.012

Channel Slope 0.02500 ft/ft

Diameter 1.00 ft

Discharge 1.68 ft³/s

Results

Normal Depth 0.36 ft

Flow Area 0.25 ft²

Wetted Perimeter 1.28 ft

Hydraulic Radius 0.20 ft

Top Width 0.96 ft

Critical Depth 0.55 ft

Percent Full 35.9 %

Critical Slope 0.00549 ft/ft

Velocity 6.63 ft/s

Velocity Head 0.68 ft

Specific Energy 1.04 ft

Froude Number 2.28

Maximum Discharge 6.56 ft³/s

Discharge Full 6.10 ft³/s

Slope Full 0.00189 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 35.87 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.36 ft

Critical Depth 0.55 ft

Channel Slope 0.02500 ft/ft

Critical Slope 0.00549 ft/ft
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.012

Channel Slope 0.02500 ft/ft

Diameter 1.00 ft

Discharge 2.27 ft³/s

Results

Normal Depth 0.42 ft

Flow Area 0.32 ft²

Wetted Perimeter 1.42 ft

Hydraulic Radius 0.22 ft

Top Width 0.99 ft

Critical Depth 0.64 ft

Percent Full 42.3 %

Critical Slope 0.00619 ft/ft

Velocity 7.19 ft/s

Velocity Head 0.80 ft

Specific Energy 1.23 ft

Froude Number 2.24

Maximum Discharge 6.56 ft³/s

Discharge Full 6.10 ft³/s

Slope Full 0.00346 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 42.26 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.42 ft

Critical Depth 0.64 ft

Channel Slope 0.02500 ft/ft

Critical Slope 0.00619 ft/ft
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.012

Channel Slope 0.02500 ft/ft

Diameter 1.00 ft

Discharge 3.44 ft³/s

Results

Normal Depth 0.54 ft

Flow Area 0.43 ft²

Wetted Perimeter 1.65 ft

Hydraulic Radius 0.26 ft

Top Width 1.00 ft

Critical Depth 0.79 ft

Percent Full 53.7 %

Critical Slope 0.00846 ft/ft

Velocity 8.00 ft/s

Velocity Head 1.00 ft

Specific Energy 1.53 ft

Froude Number 2.15

Maximum Discharge 6.56 ft³/s

Discharge Full 6.10 ft³/s

Slope Full 0.00794 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 53.72 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.54 ft

Critical Depth 0.79 ft

Channel Slope 0.02500 ft/ft

Critical Slope 0.00846 ft/ft

Worksheet for Drainage Line P1_100YR

1/18/2017 1:06:05 PM

Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page

Burns McDonnell



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.010

Channel Slope 0.04000 ft/ft

Diameter 0.17 ft

Discharge 0.07 ft³/s

Results

Normal Depth 0.12 ft

Flow Area 0.02 ft²

Wetted Perimeter 0.33 ft

Hydraulic Radius 0.05 ft

Top Width 0.15 ft

Critical Depth 0.16 ft

Percent Full 69.5 %

Critical Slope 0.02382 ft/ft

Velocity 4.00 ft/s

Velocity Head 0.25 ft

Specific Energy 0.36 ft

Froude Number 2.17

Maximum Discharge 0.08 ft³/s

Discharge Full 0.08 ft³/s

Slope Full 0.02754 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 69.54 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.12 ft

Critical Depth 0.16 ft

Channel Slope 0.04000 ft/ft

Critical Slope 0.02382 ft/ft
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.012

Channel Slope 0.04400 ft/ft

Diameter 1.00 ft

Discharge 1.68 ft³/s

Results

Normal Depth 0.31 ft

Flow Area 0.21 ft²

Wetted Perimeter 1.18 ft

Hydraulic Radius 0.18 ft

Top Width 0.92 ft

Critical Depth 0.55 ft

Percent Full 30.9 %

Critical Slope 0.00549 ft/ft

Velocity 8.13 ft/s

Velocity Head 1.03 ft

Specific Energy 1.34 ft

Froude Number 3.03

Maximum Discharge 8.71 ft³/s

Discharge Full 8.10 ft³/s

Slope Full 0.00189 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 30.91 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.31 ft

Critical Depth 0.55 ft

Channel Slope 0.04400 ft/ft

Critical Slope 0.00549 ft/ft
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.012

Channel Slope 0.04400 ft/ft

Diameter 1.00 ft

Discharge 2.27 ft³/s

Results

Normal Depth 0.36 ft

Flow Area 0.26 ft²

Wetted Perimeter 1.29 ft

Hydraulic Radius 0.20 ft

Top Width 0.96 ft

Critical Depth 0.64 ft

Percent Full 36.2 %

Critical Slope 0.00619 ft/ft

Velocity 8.84 ft/s

Velocity Head 1.22 ft

Specific Energy 1.58 ft

Froude Number 3.02

Maximum Discharge 8.71 ft³/s

Discharge Full 8.10 ft³/s

Slope Full 0.00346 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 36.23 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.36 ft

Critical Depth 0.64 ft

Channel Slope 0.04400 ft/ft

Critical Slope 0.00619 ft/ft
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.012

Channel Slope 0.04400 ft/ft

Diameter 1.00 ft

Discharge 3.44 ft³/s

Results

Normal Depth 0.45 ft

Flow Area 0.35 ft²

Wetted Perimeter 1.48 ft

Hydraulic Radius 0.23 ft

Top Width 1.00 ft

Critical Depth 0.79 ft

Percent Full 45.5 %

Critical Slope 0.00846 ft/ft

Velocity 9.89 ft/s

Velocity Head 1.52 ft

Specific Energy 1.98 ft

Froude Number 2.95

Maximum Discharge 8.71 ft³/s

Discharge Full 8.10 ft³/s

Slope Full 0.00794 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 45.49 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.45 ft

Critical Depth 0.79 ft

Channel Slope 0.04400 ft/ft

Critical Slope 0.00846 ft/ft
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.010

Channel Slope 0.04600 ft/ft

Diameter 0.67 ft

Discharge 0.07 ft³/s

Results

Normal Depth 0.06 ft

Flow Area 0.02 ft²

Wetted Perimeter 0.42 ft

Hydraulic Radius 0.04 ft

Top Width 0.39 ft

Critical Depth 0.12 ft

Percent Full 9.7 %

Critical Slope 0.00399 ft/ft

Velocity 3.77 ft/s

Velocity Head 0.22 ft

Specific Energy 0.28 ft

Froude Number 3.17

Maximum Discharge 3.63 ft³/s

Discharge Full 3.37 ft³/s

Slope Full 0.00002 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 9.65 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.06 ft

Critical Depth 0.12 ft

Channel Slope 0.04600 ft/ft

Critical Slope 0.00399 ft/ft
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.012

Channel Slope 0.02500 ft/ft

Diameter 1.00 ft

Discharge 1.68 ft³/s

Results

Normal Depth 0.36 ft

Flow Area 0.25 ft²

Wetted Perimeter 1.28 ft

Hydraulic Radius 0.20 ft

Top Width 0.96 ft

Critical Depth 0.55 ft

Percent Full 35.9 %

Critical Slope 0.00549 ft/ft

Velocity 6.63 ft/s

Velocity Head 0.68 ft

Specific Energy 1.04 ft

Froude Number 2.28

Maximum Discharge 6.56 ft³/s

Discharge Full 6.10 ft³/s

Slope Full 0.00189 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 35.87 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.36 ft

Critical Depth 0.55 ft

Channel Slope 0.02500 ft/ft

Critical Slope 0.00549 ft/ft

Worksheet for Drainage Line P5_10YR

1/18/2017 1:10:09 PM

Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page

Burns McDonnell



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.012

Channel Slope 0.02500 ft/ft

Diameter 1.00 ft

Discharge 2.27 ft³/s

Results

Normal Depth 0.42 ft

Flow Area 0.32 ft²

Wetted Perimeter 1.42 ft

Hydraulic Radius 0.22 ft

Top Width 0.99 ft

Critical Depth 0.64 ft

Percent Full 42.3 %

Critical Slope 0.00619 ft/ft

Velocity 7.19 ft/s

Velocity Head 0.80 ft

Specific Energy 1.23 ft

Froude Number 2.24

Maximum Discharge 6.56 ft³/s

Discharge Full 6.10 ft³/s

Slope Full 0.00346 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 42.26 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.42 ft

Critical Depth 0.64 ft

Channel Slope 0.02500 ft/ft

Critical Slope 0.00619 ft/ft
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.012

Channel Slope 0.02500 ft/ft

Diameter 1.00 ft

Discharge 3.44 ft³/s

Results

Normal Depth 0.54 ft

Flow Area 0.43 ft²

Wetted Perimeter 1.65 ft

Hydraulic Radius 0.26 ft

Top Width 1.00 ft

Critical Depth 0.79 ft

Percent Full 53.7 %

Critical Slope 0.00846 ft/ft

Velocity 8.00 ft/s

Velocity Head 1.00 ft

Specific Energy 1.53 ft

Froude Number 2.15

Maximum Discharge 6.56 ft³/s

Discharge Full 6.10 ft³/s

Slope Full 0.00794 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 53.72 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.54 ft

Critical Depth 0.79 ft

Channel Slope 0.02500 ft/ft

Critical Slope 0.00846 ft/ft
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.05000 ft/ft

Diameter 1.00 ft

Discharge 0.57 ft³/s

Results

Normal Depth 0.18 ft

Flow Area 0.10 ft²

Wetted Perimeter 0.88 ft

Hydraulic Radius 0.11 ft

Top Width 0.77 ft

Critical Depth 0.31 ft

Percent Full 18.1 %

Critical Slope 0.00563 ft/ft

Velocity 5.88 ft/s

Velocity Head 0.54 ft

Specific Energy 0.72 ft

Froude Number 2.92

Maximum Discharge 8.57 ft³/s

Discharge Full 7.97 ft³/s

Slope Full 0.00026 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 18.11 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.18 ft

Critical Depth 0.31 ft

Channel Slope 0.05000 ft/ft

Critical Slope 0.00563 ft/ft
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.05000 ft/ft

Diameter 1.00 ft

Discharge 1.09 ft³/s

Results

Normal Depth 0.25 ft

Flow Area 0.15 ft²

Wetted Perimeter 1.05 ft

Hydraulic Radius 0.15 ft

Top Width 0.87 ft

Critical Depth 0.44 ft

Percent Full 25.0 %

Critical Slope 0.00586 ft/ft

Velocity 7.10 ft/s

Velocity Head 0.78 ft

Specific Energy 1.03 ft

Froude Number 2.98

Maximum Discharge 8.57 ft³/s

Discharge Full 7.97 ft³/s

Slope Full 0.00094 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 24.99 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.25 ft

Critical Depth 0.44 ft

Channel Slope 0.05000 ft/ft

Critical Slope 0.00586 ft/ft
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.05000 ft/ft

Diameter 1.00 ft

Discharge 1.75 ft³/s

Results

Normal Depth 0.32 ft

Flow Area 0.22 ft²

Wetted Perimeter 1.20 ft

Hydraulic Radius 0.18 ft

Top Width 0.93 ft

Critical Depth 0.56 ft

Percent Full 31.8 %

Critical Slope 0.00654 ft/ft

Velocity 8.13 ft/s

Velocity Head 1.03 ft

Specific Energy 1.35 ft

Froude Number 2.98

Maximum Discharge 8.57 ft³/s

Discharge Full 7.97 ft³/s

Slope Full 0.00241 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 31.85 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.32 ft

Critical Depth 0.56 ft

Channel Slope 0.05000 ft/ft

Critical Slope 0.00654 ft/ft
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.05000 ft/ft

Diameter 1.00 ft

Discharge 0.57 ft³/s

Results

Normal Depth 0.18 ft

Flow Area 0.10 ft²

Wetted Perimeter 0.88 ft

Hydraulic Radius 0.11 ft

Top Width 0.77 ft

Critical Depth 0.31 ft

Percent Full 18.1 %

Critical Slope 0.00563 ft/ft

Velocity 5.88 ft/s

Velocity Head 0.54 ft

Specific Energy 0.72 ft

Froude Number 2.92

Maximum Discharge 8.57 ft³/s

Discharge Full 7.97 ft³/s

Slope Full 0.00026 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 18.11 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.18 ft

Critical Depth 0.31 ft

Channel Slope 0.05000 ft/ft

Critical Slope 0.00563 ft/ft
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.05000 ft/ft

Diameter 1.00 ft

Discharge 1.09 ft³/s

Results

Normal Depth 0.25 ft

Flow Area 0.15 ft²

Wetted Perimeter 1.05 ft

Hydraulic Radius 0.15 ft

Top Width 0.87 ft

Critical Depth 0.44 ft

Percent Full 25.0 %

Critical Slope 0.00586 ft/ft

Velocity 7.10 ft/s

Velocity Head 0.78 ft

Specific Energy 1.03 ft

Froude Number 2.98

Maximum Discharge 8.57 ft³/s

Discharge Full 7.97 ft³/s

Slope Full 0.00094 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 24.99 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.25 ft

Critical Depth 0.44 ft

Channel Slope 0.05000 ft/ft

Critical Slope 0.00586 ft/ft
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.05000 ft/ft

Diameter 1.00 ft

Discharge 1.75 ft³/s

Results

Normal Depth 0.32 ft

Flow Area 0.22 ft²

Wetted Perimeter 1.20 ft

Hydraulic Radius 0.18 ft

Top Width 0.93 ft

Critical Depth 0.56 ft

Percent Full 31.8 %

Critical Slope 0.00654 ft/ft

Velocity 8.13 ft/s

Velocity Head 1.03 ft

Specific Energy 1.35 ft

Froude Number 2.98

Maximum Discharge 8.57 ft³/s

Discharge Full 7.97 ft³/s

Slope Full 0.00241 ft/ft

Flow Type SuperCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 31.85 %

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.32 ft

Critical Depth 0.56 ft

Channel Slope 0.05000 ft/ft

Critical Slope 0.00654 ft/ft

Worksheet for Drainage Line P7_100YR

1/18/2017 10:51:43 AM

Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page

Burns McDonnell





Project Description

Solve For Headwater Elevation

Input Data

Discharge 1.47 ft³/s

Crest Elevation 1079.00 ft

Tailwater Elevation 0.00 ft

Crest Surface Type Gravel

Crest Breadth 6.00 ft

Crest Length 5.00 ft

Results

Headwater Elevation 1079.23 ft

Headwater Height Above Crest 0.23 ft

Tailwater Height Above Crest -1079.00 ft

Weir Coefficient 2.60 US

Submergence Factor 1.00

Adjusted Weir Coefficient 2.60 US

Flow Area 1.17 ft²

Velocity 1.26 ft/s

Wetted Perimeter 5.47 ft

Top Width 5.00 ft

Worksheet for Emergency Spillway Weir-100YR

1/19/2017 10:31:25 AM

Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page

Burns McDonnell



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.078

Channel Slope 0.50000 ft/ft

Left Side Slope 3.00 ft/ft (H:V)

Right Side Slope 3.00 ft/ft (H:V)

Bottom Width 5.00 ft

Discharge 1.47 ft³/s

Results

Normal Depth 0.10 ft

Flow Area 0.53 ft²

Wetted Perimeter 5.63 ft

Hydraulic Radius 0.09 ft

Top Width 5.60 ft

Critical Depth 0.14 ft

Critical Slope 0.17866 ft/ft

Velocity 2.79 ft/s

Velocity Head 0.12 ft

Specific Energy 0.22 ft

Froude Number 1.60

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.10 ft

Critical Depth 0.14 ft

Channel Slope 0.50000 ft/ft

Critical Slope 0.17866 ft/ft

Worksheet for Emergency Spillway Channel-100YR

1/19/2017 10:30:45 AM

Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page

Burns McDonnell



Client Page of
Project Date Made By

Checked By
Preliminary Final

Shear Stress Calculation for Basin Spillway

Basin

DB‐1 

* Values taken from Flowmaster Results ‐ 100 year storm event used for detention basins
** Shear stress = 62.4 lb/cf x (flow depth) x (channel slope) 
*** Allowable shear Stress are taken from table 2.3 of FHA HEC 15, Third Edition

3.121.47 0.5 12" RipRap 4.80.1

* 100 100‐YR
 FlowYear

Flow (cfs) depth (ft)
Channel 

Slope (ft/ft)
Channel
Lining

Allowable
Shear

Stress (lb/ft)

Northern Pass 01/19/17 C. Kane
Bethlehem - TS#5a

Eversource 1

Calculated**
Shear

Stress (lb/ft)

xBasin Spillway Shear Stress

Z:\Clients\TND\NUSC\58466_NPT\Design\Substation\801-Transition_Station-5a\Engr\Stormwater\Stormwater Management Study\01 
Calculations\Sheer Flow Calculation\NPTT8-Spillway Shear Stress_20170119.xlsx 1/19/2017 10:35 AM
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Apron Length
Source:

Apron Width at Outlet:  Width = 3 x Pipe Dia. (or width of channel)

Apron Length: Length= (1.8 x Q) / (Dia. ^1.5) + 7 x Dia. if Tw depth is < 1/2 dia.
Length= (3.0 x Q) / (Dia. ^1.5) + 7 x Dia. if Tw depth is >= 1/2 dia.

Apron Width at End: Width = 3 x Dia + Apron Length if Tw depth is < 1/2 dia.
Width = 3 x Dia + 0.4 x Apron Length if Tw depth is >= 1/2 dia.
or apron width = channel width if a well defined channel exists

Rock Riprap: Median Diameter = (0.2 x Q ^4/3) / Tw x Dia
Depth = 18" or 1.5 x largest stone dia.

Design Element
Design Storm (YR)

Defined Channel (yes/no)
Channel Width (ft)

Pipe Dia (in)
Tail Water (ft)

Flow (Q), cfs
Apron Width (outlet) ft
Apron Length, ft
Apron Width (end) ft
Apron Width, (channel), ft

Median Stone dia. (D50), inches

Apron Depth, inches

Bethlehem - TS#5a
Outlet Protection - Riprap Sizing

Eversource 1
Northern Pass 10/17/16 R. Reed

FES‐1
25‐YR

N/A
12

0.88

No

TW>=0.5D

2.27

3
13.81
8.52

TW<0.5D

1.09

3
8.96
11.96

FES‐2

25‐YR

N/A
12

0.22

No

18 18

N/A
6

N/A
6

New Hampshire Stormwater Manual, Volume 2  
Post‐Construction Best Management Practices 
Selection & Design, Dec 2008, Section 4.6.6

Apron
Width
at End

Apron
Width at 
Outlet

Apron
Depth

Z:\Clients\TND\NUSC\58466_NPT\Design\Substation\801-Transition_Station-5a\Engr\Stormwater\Stormwater Management Study\01 
Calculations\Outlet Protection\NPTT8 TS5a Riprap Sizing.xlsx 1/19/2017 10:49 AM



 

 

APPENDIX D – NH DES WORKSHEETS  





Type/Node Name:
Enter the type of filtration practice (e.g., bioretention system) and the node name in the drainage analysis, if applicable

Yes Have you reviewed the restrictions on unlined systems outlined in Env-Wq 1508.06(b)?

0.68         ac A = Area draining to the practice1

0.05         ac AI = Impervious area draining to the practice

0.07         decimal I = percent impervious area draining to the practice, in decimal form
0.12         unitless Rv = Runoff coefficient = 0.05 + (0.9 x I)
0.08         ac-in WQV= 1” x Rv x A
287          cf WQV conversion (ac-in x 43,560 sf/ac x 1ft/12”)

72            cf 25% x WQV (check calc for sediment forebay volume)
215          cf 75% x WQV (check calc for surface sand filter volume)

Method of Pretreatment? (not required for clean or roof runoff)
262          cf VSED = sediment forebay volume, if used for pretreatment   > 25%WQV

85            sf ASA = surface area of the practice

1.75         iph IDESIGN = design infiltration rate2

Yes Yes/No If IDESIGN is < 0.50 iph, has an underdrain been provided?

23.3         hours TDRAIN = drain time = V / (ASA * IDESIGN)  < 72-hrs

1,087.65  feet EFC = elevation of the bottom of the filter course material

1,086.65  feet EUD = invert elevation of the underdrain (UD), if applicable

1,086.65  feet EBTM = elevation of the bottom of the practice (i.e., bottom of the stone reservoir).

1,082.50  feet ESHWT = elevation of SHWT (if none found, enter the lowest elevation of the test pit)

1,063.50  feet EROCK = elevation of bedrock (if none found, enter the lowest elevation of the test pit)

1.00         feet DFC to UD = depth to UD from the bottom of the filter course3  > 1'

24.15       feet DFC to ROCK = depth to bedrock from the bottom of the filter course
3  > 1'

5.15         feet DFC to SHWT = depth to SHWT from the bottom of the filter course3  > 1'

4.15         feet DBTM to SHWT = depth to SHWT from the bottom of the practice3  > 2'

1,091.75  ft Peak elevation of the 10-year storm event (infiltration can be used in analysis)
1,093.65  ft Elevation of the top of the practice

YES 10 peak elevation < Elevation of the top of the practice  yes

If a surface sand filter is proposed:

YES ac Drainage Area check.  < 10 ac

cf V = volume of storage4, 5 (attach a stage-storage table)   > 75%WQV

inches DFC = filter course thickness  18"

Sheet Note what sheet in the plan set contains the filter course specification
Yes/No Access grate provided?  yes

The filter shall not be covered in grass.  What is covering the filter?
If an underground sand filter is proposed:

YES ac Drainage Area check.  < 10 ac

477          cf V = volume of storage4, 5 (attach a stage-storage table)   > 75%WQV

24.0         inches DFC = filter course thickness  24"

Sheet Note what sheet in the plan set contains the filter course specification
Yes Yes/No Access grate provided?  yes

FILTRATION PRACTICE DESIGN CRITERIA (Env-Wq 1508.06)

Deep Sump Catch Basin

Underground Sand Filter SF-1



If a bioretention area is proposed:

YES ac Drainage Area no larger than 5 ac?  yes

cf V = volume of storage4, 5 (attach a stage-storage table)  > WQV

inches DFC = filter course thickness  18"

Sheet Note what sheet in the plan set contains the filter course specification
:1 Pond side slopes  >2:1

Sheet Note what sheet in the plan set contains the planting plans and surface cover

If porous pavement is proposed:

Type of pavement proposed (concrete? Asphalt? Pavers? Etc)
acres ASA = surface area of the pervious pavement

- :1 ratio of the contributing area to the pervious surface area  5:1

3.0           inches DFC = filter course thickness  12"

Sheet Note what sheet in the plan set contains the filter course spec.  304.1 sand

1. If the practice is a tree box filter, the drainage area shall be < 0.1 acre

Designer's Notes:

4.  Volume without depending on infiltration.  The storage above the filter media shall not include the volume 
above the outlet structure, if any.
5.  The volume includes the storage above the filter but below the invert of the outlet structure (if any), the 
filter media voids, and the pretreatment area.

1. Assumed the limiting layer is the sand layer which has a permeability rate (K) of 3.5 ft/day (1.75 in/hr).

Last Revised: August 2013

NHDES Alteration of Terrain

3.  If not within a GPA or WSIPA: SHWT/Bedrock must be at least 1 foot below the filter course material (or 
an underdrain must drain the SHWT to at least one foot below the filter course material).  If within a GPA or 
WSIPA: SHWT must be at least two feet below the bottom of the practice OR the filter course material must 
be at least twice as thick as required and the SHWT must be at least one foot below the filter course material.

2. Rate of the limiting layer (either the filter course or the underlying soil). See Vol. 2 of the NH Stormwater 
Manual, Ch. 2-4, for guidance on determining the infiltration rate.

2. A waterproof coating will be applied to the exterior walls of the concrete chamber.
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BMP: Underground Sand Filter
AI = Impervious area draining to the practice = 0.05 ac

(Contributing watersheds: Post‐Area 1)

0.01 ac Station (roof tops and concrete foundation)
0.02 ac Asphalt Pavement
0.02 ac Retaining Wall

0.05 ac TOTAL Impervious Area Contributing to BMP: Underground Sand Filter

Eversource 1
Northern Pass  
Transition Station #5
Impervious Area Summary

Z:\Clients\TND\NUSC\58466_NPT\Design\Substation\801-Transition_Station-5a\Engr\Stormwater\Stormwater Management Study\01 
Calculations\NH DES Worksheet\NPT-TS5_BMP_Imp_Summary.xlsx 8/5/2016 2:41 PM



-       ac Area of HSG A soil that was replaced by impervious cover 0.40"
(0.04)    ac Area of HSG B soil that was replaced by impervious cover 0.25"

 ac Area of HSG C soil that was replaced by impervious cover 0.10"
0.02      ac Area of HSG D soil or impervious cover that was replaced by impervious cover 0.0"
0.40 inches Rd = weighted groundwater recharge depth

-0.01 ac-in GRV = AI * Rd 
(36)      cf GRV conversion (ac-in x 43,560 sf/ac x 1ft/12”)

Groundwater Recharge Volume (GRV) Calculation

Groundwater Recharge is not required

NHDES Alteration of Terrain
Last Revised: August 2013

Provide calculations below showing that the project meets the groundwater recharge requirements (Env-
Wq 1507.04):



(optional worksheet)

Water Quality Volume (WQV)
0.68         ac A = Area draining to the practice
0.05         ac AI = Impervious area draining to the practice
0.07         decimal I = percent impervious area draining to the practice, in decimal form
0.12         unitless Rv = Runoff coefficient = 0.05 + (0.9 x I)
0.08         ac-in WQV= 1” x Rv x A
287          cf WQV conversion (ac-in x 43,560 sf/ac x 1ft/12”)

Water Quality Flow (WQF)
1              inches P = amount of rainfall.  For WQF in NH, P = 1".  

0.12         inches Q = water quality depth.  Q = WQV/A
82            unitless CN = unit peak discharge curve number. CN =1000/(10+5P+10Q–10*[Q2 + 1.25*Q*P] 0.5)

2.2           inches S = potential maximum retention.  S = (1000/CN)  - 10
0.436       inches Ia = initial abstraction.  Ia = 0.2S
12.1         minutes Tc = Time of Concentration

525.0       cfs/mi2/in qu is the unit peak discharge.  Obtain this value from TR-55 exhibits 4-II and 4-III
0.065       cfs WQF = qu x WQV.  Conversion: to convert "cfs/mi2/in * ac-in" to "cfs" multiply by 1mi2/640ac

NHDES Alteration of Terrain
Last Revised: August 2013

General Calculations - WQV and WQF

Designer's Notes:

This worksheet may be useful when designing a BMP that does not fit into one of the specific worksheets 
already provided.  For example, if proposing a new technology, which is not a stormwater wetland, infiltration 
practice, etc., then this worksheet may be useful.



Technical Release 55
Urban Hydrology for Small Watersheds

Graphical Peak Dischage MethodChapter 4

4–6 (210-VI-TR-55, Second Ed., June 1986)
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Stage/Storage Table
Volume Within Filter Bed

* 0.4 = Void factor of filter material

Volume Above filter bed

WQV =  287 CF

Volume provided in filter chamber =  CF + CF = CF > 75% WQV (215.25 CF)

Volume provided in Sediment Chamber

Volume in Sediment Chamber is   > 25% of WQV (71.75 CF)

Total Volume Provided in Sand filter =  CF +  CF =  CF  SAY CF

Bethlehem - Transition Station 5a

Sand Filter - Stage-Storage Tables x

ELEV

(FT.)

AREA

(S.F.)

DIFFERENCE IN

ELEVATION (FT.)

Eversource

Northern Pass 08/28/15 L. Guerin

INCREMENTAL TOTAL (CF) Total Ac‐Ft

1086.65 84.5 0 0 0

0.000

1088 84.5 1 84.50 45.63 0.001

1087 84.5 0.35 29.57 11.83

0.9 76.05 109.85 0.003

1089 84.5 1 84.50 79.43

ELEV

(FT.)

AREA

(S.F.)

AREA

(Ac)

DIFFERENCE IN

ELEVATION (FT.)
STORAGE VOLUME (Conic Method)

INCREMENTAL TOTAL (CF) Total Ac‐Ft

STORAGE VOLUME (Conic Method)

x 0.40 *

0.002 33.80

0.002 30.42

AREA

(Ac)

0

11.83

33.80

0.002

0.002

0.002
0.002

1089.9 84.5

0

1091 84.5 0.002 1 84.50 92.95 0.002

1089.9 84.5 0.002 0 0 0

1090 84.5 0.002 0.1 8.45 8.45 0.000

ELEV

(FT.)

AREA

(S.F.)

AREA

(Ac)

DIFFERENCE IN

ELEVATION (FT.)

STORAGE VOLUME (Conic Method)

INCREMENTAL TOTAL (CF) Total Ac‐Ft

0.0021091.15 84.5 0.002 0.15 12.68 105.63

109.85 105.63 215.48

0

1087 65 0.001 0.35 22.75 22.75 0.001

1086.65 65 0.001 0 0

0.002

1088.65 65 0.001 0.65 42.25 130.00 0.003

1088 65 0.001 1 65.00 87.75

0.003

1090 52 0.001 1 52.00 202.43 0.005

1089 52 0.001 0.35 20.43 150.43

1091 52 0.001 1 52.00 254.43 0.006

262.23

215.48 262.23 477.71 477.00

0.0061091.15 52 0.001 0.15 7.80 262.23



Transition Station #5a

Underground Sand Filter Caculations

August 18, 2015

By: L. Guerin

Checked:_              _

Preliminary 

Dimensions

Design 

Dimensions
Units Notes

Water Quality Flow WQF 0.065 0.07 cfs Design flow is based on 2" PVC inflow capacity

Water Quality Volume WQV 287 287 cf

Total Area A 0.68 0.68 ac Total area draining to practice

Impervious Area Ai 0.05 0.05 ac Total impervious area draining to practice

Sand Bed Depth (including top layer of gravel) df 27 27 inches Sand Bed is 24 inches. Top layer is 3 inches

Depth pea gravel + underdrain dg 12 12 inches Underdrain is 6" topped with 6" of gravel.

Total Filter Bed Depth dm 39 39 inches df + dg

Average ponding depth on the filter h 0.63 0.63 ft

h = (4.5 - dm )/2 . Assume a maximum depth of 4.5 ft (54") from the 

bottom of the structure to the overflow elevation.

Maximum possible ponding depth 2h 1.25 1.25 ft distance between discharge from overflow to top of the filter

Permeability coefficient for sand bed k 3.5 3.5 (ft/day)

Time for flow to pass through filter bed t 24.2 23.3 hours

Sand and gravel media porosity n 40% 40%

Surface area on the sand filter media Af 63.64 84.50 ft^2 (WQV*df)/[k*(h+df)*t]

Width of filter bed Wf 5.64 6.50 ft  sqrt(Af/2)

Length of filter bed Lf 11.28 13.00 ft 2*Wf

Max available storage volume on the surface 

of the filter
VTf 79.6 105.6 cf Af *2h

Storage volume in the void space of gravel and 

sand media
Vv 82.74 109.85 cf n x Af x dm

Volume of inflow that passes through the filter 

media while the total WQV is accumulating in 

the BMP

VQ 9.50 12.61 cf [k*Af(df+h)]/df

TOTAL FILTER VOLUME* Vtotal 171.79 228.08 cf VTf + VV + VQ    (Required 75% WQV = 215.25)

Volume of water that must be stored awaiting 

filtration in the sedimentation chamber

Vst 115.21 71.75 cf WQV - VTf - VV - VQ  (Required 25% WQV = 71.75)

Permanent Pool Length Lp 17.00 9.00 ft Vst / (2h x Wf) - rounded up to the nearest foot

Sedimentation Chamber Length Ls 9.00 8.00 ft (0.2 x WQV)/(2h x Wf) - rounded up to the nearest foot

Underground Sand Filter Design: TS-4

Filter Volume

Sedimentation Chamber

*Minimum total volume required for the filter is equal to 75% of WQV (215.25 cf). Design dimensions adjust the surface area, length and width of the filter bed (while 

maininting the filter media depth calculations), to provide a total filter volume greater than or equal to the minimum total volume required. 

Filter Parameters



Transition Station #5a

Underground Sand Filter Caculations

August 18, 2015

By: L. Guerin

Checked:_              _

Filter Bed Length, Lf 

(ft)

Filter Bed Width, 

Wf (ft)

Total Filter Bed 

Depth, dm (ft)

Sedimentation 

Chamber Length, LS 

(ft)

Permanent Pool 

Length, LP (ft)*

13.00 6.50 3.25 8.00 10.00

According to the VDOT BMP Design Manual, if the computed length of the permanent pool is less 

than the length of the sedimentation chamber plus 2 feet, the permanty pool lenth should be 

increased to dimentions of Ls plus 2 feet.

TS4 Underground Sand Filter Dimensions Summary
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Calculate Weir Height and Orifice Size for By‐Pass Structure

Known Data: Reference:
Water Quality Peak Flow  NH DES

WQF = cfs BMP Worksheet

WQF = Water Quality Flow to be diverted trough a diversion structure
Size the Low flow orifice to pass the Water Quality Peak Flow

Orifice Flow: Q = CA(2gh)^1/2
where: C=

A= orifice area ft
g= acceleration due to gravity = 32.2 ft/sec^2
h= head ft

Let H = ft (The height of the bypass/overflow orifice)

solve for the area of the orifice (A)
A= Q/ C (2gh)^1/2
A= 0.065cfs/ (0.6 x (2x 32.2 ft/sec^2 x0.5ft) ^ 1/2

A= SF
Solve for the Diameter of the Orifice

D= (4xA/3.14)^1/2
D= (4 x 0.019sf /3.14)^1/2
D= ft
D= inch ‐‐‐>   Say 2 Inches

Let D = inches

Calculate Capacity of 2 inch Orifice
A= πD^2 / 4

A= (3.14 x  (2in /12 in/ft)^ 2)/ 4
A= SF
Q = CA(2gh)^1/2

Q= (0.6) x (2 SF ) x 2 x 32.2 ft/sec^2 x 0.5ft ) ^ 1/2
Q= CFS

Transition Station 5a
Water Quality Bypass x

Eversource 1
Northern Pass 08/18/15 L. Guerin

2.0

0.022

0.07

0.065

0.6

0.16
1.87

0.5

0.019

Z:\Clients\TND\NUSC\58466_NPT\Design\Substation\801-Transition_Station-5a\Engr\Stormwater\Stormwater Management Study\01 
Calculations\Sand Filter and WQ Bypass Calculations\WQ-Bypass.xlsx 10/1/2015 10:59 AM
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Transition Station #5 – Stormwater System Operations and Maintenance Plan October 2015 

Eversource Page 1 of 4  

Northern Pass Transmission Project 
Transition Station #5 
 
Stormwater System Operations and Maintenance Plan 
 
General Overview 
Eversource has established an operations and maintenance (O&M) plan for the station post-
construction stormwater management system in accordance with the New Hampshire Department of 
Environmental Services Stormwater Manual (2008) and will be implemented upon completion of 
construction as outlined below. Any required post construction stormwater management permits will 
be obtained and implemented by Eversource. 
 
The station is located on Eversource owned property on Main Street (US Highway 302), Bethlehem, 
NH 03574 
 
Purpose & Goals 
The purpose of this O&M Plan is to provide guidance for the implementation and documentation 
process of the station site stormwater management system to help conform with the corresponding 
regulatory agency approvals and permits.  The guidance provided herein is the minimum required.  
The primary goal is to inform all the property managers about how the system operates and what 
maintenance items are necessary to protect the downstream storm drain system and waters.  The 
secondary goal is to provide a practical, efficient means of maintenance planning and record keeping 
to verify permit compliance. 
 
Responsible Parties 
Eversource will be responsible for implementing the O&M Plan. 
 
Eversource 
13 Legends Drive 
Hooksett, NH 03106 
 
Maintenance Logs and Checklists 
Eversource will keep a record of all maintenance procedures performed, date of inspection/ 
cleanings, etc.  Copies of inspection reports and maintenance records shall be kept on site. 
 
Forms 
The following forms will be developed for annual maintenance.  Copies of the forms will be kept on-
site as part of the Post-Construction Stormwater Management Plan.   
 

 Annual Checklist 
 Quarterly Checklist 
 Monthly Checklist 

 
  



Transition Station #5 – Stormwater System Operations and Maintenance Plan October 2015 

Eversource Page 2 of 4  

Training 
Responsible operations and maintenance workers and contractors will be trained with a basic 
description of the purpose and function of the onsite stormwater management system as well as 
safety protocol and procedures, with annual up-dates, to provide that the workers tasked with 
maintaining the station site do so in accordance with the approved permit conditions.  All workers 
that have maintenance duties will be adequately informed of their responsibilities.  All sub-
contractors (Vactor, landscaping, snowplowing, etc.) will be informed of special requirements and 
responsibilities. 
 
Stormwater Management System 
The onsite stormwater management system has several components that are shown on the Site 
Development Plans and they perform various functions in conveying and treating stormwater runoff. 
Refer to the Site Development Plans for locations and details for each of the stormwater system 
components. Regular operations and maintenance is critical to the long term success of the 
stormwater management system components. The stormwater system components are: 
 
Storm Drainage System: 
Onsite storm drainage system including conveyance pipes and flared end sections convey 
stormwater. The following is recommended for regular maintenance twice annually unless otherwise 
noted: 
 

 Remove any accumulated sediment or debris at the outfalls. 
 Inspect and repair any damage and deterioration to the conveyance pipes, catch basins, 

and riprap outlet protection. 
 
Outfalls: 
Storm drainage outfalls are the point stormwater discharges from pipe outlets and consist of a flared 
end section and riprap outlet protection. The following is recommended for regular maintenance 
twice annually unless otherwise noted: 
 

 Remove any accumulated sediment or debris at the outfalls. 
 Inspect and repair any damage and deterioration to riprap outlet protection. 

 
 
 
Detention Basin: 
The detention basin attenuates stormwater, and consists of numerous components including an outlet 
control structure, trash rack, outlet pipe, emergency spillway, anti-seep collar, etc.  The following is 
recommended for regular maintenance twice annually unless otherwise noted: 
 

 Remove any trash and debris. 
 Periodic mowing of embankments. 
 Removal of woody vegetation from embankments. 
 Removal of debris from outlet structures. Removal of accumulated sediment. 
 Inspection and repair of embankments, outlet structures, and appurtenances. 
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 Inspect for erosion, sediment accumulation, vegetation loss, and presence of invasive 
species 

 Inspection of pretreatment measures at least twice annually and removal of 
accumulated sediment as warranted by inspection, but no less than once annually. 

 
Underground Sand Filter: 
The underground sand filter provides water quality and consists of numerous components including 
a flow splitter, sedimentation chamber, filter chamber, filter media, underdrains etc. The following is 
recommended for regular maintenance twice annually unless otherwise noted: 
 

 Remove any trash or debris from any pretreatment devices, flow splitter and 
sedimentation chamber and filter chamber. 

 Sand filter media and or devices should be cleaned or repaired  when drawdown times 
within the chamber exceed 72 hours. Repair may include replacement of the filter 
material with new materials conforming to the original specifications. 

 Sediment should be removed from the sedimentation chamber when it accumulates to a 
depth of six inches. Material may be removed by a vacuum pump and disposed of at an 
approved permitted site. 

 Oil on the surface should be removed separately and disposed of properly in accordance 
with local, state and federal regulations.  

 Structural components shall be checked for deterioration and evidence of spalling or 
cracking of concrete.  

 Outlets shall be checked for evidence of clogging, downstream erosion and piping 
failure.  

 
Station Yard Stone: 
The station yard stone within the station yard can become compacted and eroded over time. The 
following is recommended for regular maintenance twice annually unless otherwise noted: 

 
 Inspect for and repair any erosion in the yard, on access roads, and at the perimeter of 

the gravel areas. 
 As the gravel areas become compacted, scrape off top layer to subgrade elevation and 

install new gravel surfacing layer at design elevation and pitch. 
 
Spill Control 
Eversource will have a spill control program.  That program will be updated annually and 
incorporated into the employee-training program.   
 
Disposal: 
For all removed sediment, debris, trash, etc. from the stormwater management system during 
operations and maintenance shall be disposed of properly and legally by a New Hampshire Licensed 
hauler.  Road sand may be reused for winter sanding, but may not be stored on-site.  
 
Pesticides: 
Northern Pass anticipates that vegetation management activities will be performed by Eversource.  
Work will be performed in accordance with Eversource’s vegetation management program, which 
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currently employs only mechanical means for controlling vegetation within the Eversource rights of 
way.  Eversource does not currently plan to use herbicides as part of its vegetation management 
program, and as indicated in the Northern Pass application for a Presidential Permit (at page 52), all 
vegetation management and maintenance will be carried out in accordance with the New Hampshire 
Division of Forest and Lands Best Management Practice for utility maintenance.  Herbicides will not 
be used before or during construction of the Northern Pass. 
 

* * * * * 
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Hydrologic Soil Group

Hydrologic Soil Group— Summary by Map Unit — Grafton County, New Hampshire (NH009)

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

59B Waumbek loamy sand, 3
to 8 percent slopes,
very stony

B 0.4 19.7%

255B Monadnock and Hermon
soils, 3 to 8 percent,
very stony

B 0.5 24.1%

255E Monadnock and Hermon
soils, 25 to 35 percent
slopes, very stony

B 1.1 50.6%

731 Peacham and ossipee
soils, very stony

A/D 0.1 5.6%

Totals for Area of Interest 2.1 100.0%
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Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
natural condition are in group D are assigned to dual classes.

Rating Options

Aggregation Method:  Dominant Condition

Component Percent Cutoff:   None Specified

Tie-break Rule:  Higher
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1.0 Introduction 

Normandeau Associates, Inc.  (Normandeau) has reviewed and mapped the soils at an area 

under consideration for a proposed Transition Station (LL 3140) located in Bethlehem, NH 

(Figure 1) associated with the Northern Pass Transmission (NPT) Project. This report 
summarizes the soil survey completed at this site located at 1071 Main St. in Bethlehem, NH.   

This site was previously surveyed for wetlands by a Normandeau wetland scientist this year.  
Information obtained during the soil surveys indicates that wetland boundaries were consistent 

with hydric soil boundaries. 
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2.0 Purpose 

The purpose of the soil survey is to provide a soil map of each site showing limitations to 

development, including hydric soil boundaries where observed, for inclusion in an Alteration of 

Terrain Permit application that is anticipated to be filed for the Project.  This survey is 
appropriate for use in planning site design for stormwater runoff and erosion control.  

Information is also provided regarding limitations to the potential for site development 

including roads, shallow excavations, and stormwater detention.  It is important to note that 
soils considered appropriate (non-limiting) for one use may be considered limiting for another 

use.  Soil map units described in this report have been influenced by the intended use of the soil 

map; consequently, the information provided may not be adequate for uses other than for those 
for which the soil map was originally developed. 

This soil narrative and accompanying soil survey map have been completed in accordance with 
the Site Specific Standards for New Hampshire and Vermont (SSSNNE 2011).  No other warranty, 

expressed or implied, is made. This map product is within the technical standards of the 

National Cooperative Soil Survey.  It is a special purpose product, intended for the assessment 
of site limitations to development of the site.  It was produced by professional soil scientists, 

and is not the product of the USDA Natural Resources Conservation Service (NRCS).  There are 

maps for each site that accompany this report. 

Data provided on soil series are based on interpretation of published information by the NRCS.  

Due to the complexity of the glaciated landscape in New Hampshire, variations in subsurface 
conditions may exist that were not evident during the Project review.  Should significant 

variations in subsurface conditions become evident during site development, re-evaluation of 

site conditions may be warranted based on the present findings of this report. 

3.0 Methodology 

3.1 Field Procedures 

Certified Soil Scientists conducted the field reviews at the various sites.  Ian Broadwater, a 

Maine-Certified Soil Scientist, with reciprocity to practice in New Hampshire, completed the 
fieldwork.   Field observations were made using borings advanced by hand with a Dutch auger 

and test pits dug with an excavator.  Soil observations were made to 60 inches, where feasible.   

The general field procedures used to make this soil map follow those of the National 

Cooperative Soil Survey (Schoeneberger et al. 1998).  The soils mapped are either established 

soil series used in the State of New Hampshire by the NRCS (USDA NRCS 2011) or are 
classified according to the NRCS classification system described in the Disturbed Soil Mapping 

Unit Supplement for New Hampshire, DES AoT Site Specific Soil Maps (SSSNNE 2011).   Map unit 

descriptions are provided in Appendix A. 

Soil test pit logs were completed for each test pit excavation and are provided in Appendix B.  

Test pits were located with a Trimble® GPS, which is capable of submeter accuracy.  Soil map 
unit boundaries are approximate, as their placement is based on a combination of field 

observations and surveyed site topography. 
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3.2 Soil Map Units 

The soil map units used for this survey are either consociations or complexes.  Consociations are 

dominated by a single soil series and similar soils.  Complexes consist of two or more dissimilar 
components that cannot be mapped separately and the named components are sufficiently 

different in either morphology or behavior that the unit cannot be considered a consociation. 

Map unit symbols in this survey are from the State Numerical Legend along with the soil series 
name. Slope phases are designated as a letter in the map unit symbol - A, B, C, D, and E - refers 

to slope class (Table 3-1). 

Table 3-1. Slope Class 

Slope 

Symbol Standard Range 

A 0-3% 

B 3-8% 

C 8-15% 

D 15-25% 

E 25-50% 

 

The soil interpretations provided are based on information in the soil series descriptions and 

technical information provided by the NRCS web soil survey (Soil Survey Staff 2014a).  All 
limitations and constraints invoked by the NRCS for such interpretations also apply to this soil 

survey. 

The map units observed are described in Appendix A.  These descriptions are within the NRCS 

range for each official Soil Series Description; however, they provide more detail as they are 

based on site-specific observations. Each map unit description includes information on soil 
taxonomic classification, general description, morphology, physical characteristics, inclusions, 

use, and management.  The taxonomic classification follows Keys to Soil Taxonomy (Soil Survey 

Staff 2014a).  Information on soil morphology and physical characteristics were obtained from 
the NRCS (Soil Survey Staff 2014b).  It should be noted that Ossipee and Peacham soils are 

mapped together in New Hampshire as one map unit because management and limitations of 

these soils are similar.  

Disturbed soil map units were classified according to the New Hampshire State-Wide 

Numerical Soils Legend (USDA NRCS 2011).  Additional information on each map unit is 
provided according to criteria outlined in the disturbed soil supplement created by SSSNNE 

(2011), which utilizes the definition of disturbed land, including excavated and filled land, as 

defined by RSA 485 485-A:6, VIII; RSA 485-A: 17; and NHDES Env-Wq 1500. The map symbol 
for disturbed soil consists of two parts separated by a forward slash (/).  The first part consists of 

the NRCS Disturbed Map Unit symbol (NRCS 2011) and a capital letter designating slope.  The 

second part consists of symbols of the Disturbed Soil Supplement (SSSNNE 2011) and is 
composed of 5 lower case letters, which describe drainage class, parent material, 

restrictive/impervious layers, estimated Ksat, and estimated hydrologic soil group.   

Consociation map units, in accordance with the standards, will have a minimum of 75% of the 

named soil or similar soils within that unit.  The named soil will be the most common of all 
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similar soils.  The total number of dissimilar soils in any one mapping unit for either 

consociations or complexes should not exceed 25% of the map unit of which no more than 15% 
is limiting.  Similar soils are alike in most properties and share similar limitations such as depth 

to water table or content of organic matter.  Dissimilar soils do not share limits of some 

important diagnostic properties of the named soil and may have different use or management 
requirements for a particular land use.  It is important to note that some dissimilar soils are 

more limiting in their use than the named soil.  For instance, an inclusion of somewhat poorly 

drained soils can occur within a well-drained soil map unit. A summary of potential inclusions 
of similar and dissimilar soils is provided for each map unit. 

The hydrologic group identifies soils having the same runoff potential under similar storm 
conditions.  Soil properties that influence runoff are those that influence the minimum rate of 

infiltration for a bare soil after prolonged wetting and when not frozen.  Infiltration rate is the 

rate at which water enters the soil at the surface and is controlled by surface conditions.  
Transmission rate is the rate at which water moves in the soil and is controlled by soil 

properties. 

Saturated hydraulic conductivity (Ksat) refers to the ease with which pores in a saturated soil 

transmit water. Ksat values are based on soil characteristics in the field, particularly structure, 

consistence, porosity and texture (SSSNNE 2009).  The Ksat values provided are from the 
typical pedon from the county that best reflected the soil and/or had the most acres of that soil.  

The data represents the range within the B and C horizons (SSSNNE 2009). 

3.3 Hydric Soils 

Hydric soils refer to those soil series the NRCS considers to be either poorly or very poorly 
drained.  The NRCS (Soil Survey Staff, 2014b) defines hydric soil as "a soil that is saturated, 

flooded, or ponded long enough during the growing season to develop anaerobic conditions in 

the upper part".  The hydric soil boundary corresponds with the wetland boundary in the areas 
observed for this Project.  The hydric soil boundary was located with a Trimble® GPS unit and 

post processed for submeter accuracy.  Impacts to wetlands come under the jurisdiction of the 

U.S. Army Corps of Engineers and New Hampshire Department of Environmental Services. 

4.0 Summary of Findings 

The following summarizes the results of the soil surveys at the Bethlehem transition station site 

(T-5a).  Soil map unit descriptions are provided in Appendix A; representative soil logs in 
Appendix B; NRCS soil series descriptions in Appendix C, and soil maps in Appendix D.   

4.1 Bethlehem LL 3140 

Overview 

The proposed Bethlehem transition station site (T-5a) is located off Route 302 aka Main St. in 

Bethlehem, NH.  A majority of the site is a developed residential lot with a house and detached 

garage with woods along the perimeter.  West of the site is an existing electrical transmission 
right-of-way (ROW).     



SOIL SURVEY REPORT FOR NORTHERN PASS  

 

8/17/15  6 Normandeau Associates, Inc. 

The site slopes from the high points along Route 302 to the north. Slopes range from moderately 

steep (15% to 25%) to nearly level in front and behind the house.  No bedrock was noted in any 
of the explorations within 48 inches from the soil surface.  Wetlands were noted in the northern 

half of the parcel beginning at the base of a topographic slope.    

Soil Mapping Results 

Normandeau conducted a field review of the Bethlehem site on May 12, 2015 and May 21, 2015.  

The final survey area was 0.92 acres.  Two soil type map units were identified within the site.  
Both the natural soils mapped on site have glacial-fluvial parent material.  Table 4-1 

summarizes the map units and their physical characteristics that were identified within the 

Project site.  Slope phases are not provided in Table 4-1 but are included in the site-specific soil 
maps in Appendix D.   

A total of 4 test pits were distributed across the site and located with a Trimble® GPS.    The 
wetland boundary had been previously flagged and located in the field by Normandeau 

Associates, Inc. 

Table 4-1. Bethlehem Transition Site - Summary of Soil Physical Characteristics 

Map Unit 

Hydrologic 

Group 

Seasonal Water Table 

(SWT) Depth1 (Inches) 

Depth to 

Bedrock 

(Inches) 

Drainage 

Class2 

Ksat 

(in/hr)5 Limitations 

549-Peacham, very 

stony mucky peat  

D 0 >60 VP 0.6-2.0 Hydric soil4   

123B-Telos, very stony C <15 >60 SP 0.6-2.0 Seasonal high 

water  <15” inches 

below ground 

surface4  

299-Udorthents, 

smoothed 

A/B 

(Variable) 

16-40+ >60 SE, W, 

MW 

NM/NR Seasonal high 

water  17” and 42” 

inches below 

ground surface in 

MW drained 

condition4  

1. Seasonal water table ranges are provided from the NRCS.  On-site conditions are expected to fall within 

these ranges based on test pit observations. 

2. Drainage Classes: 

P- poorly drained; SP- somewhat poorly drained;  MW- moderately well drained 

W- well drained; SE- somewhat excessively drained. 

3. NM-not measured; NR-not reported. 

4. See the summary at the end of this section for additional information. 

5. As reported for the B horizon. 

 

Peacham and Ossipee soils, and Telos units mapped on-site were derived from glacio-fluvial 

deposits.   Peacham and Ossipee mucky peat is very poorly drained soil and was found north of 
the Udorthent unit that makes up the area around the house.   Telos was found north of the 

Peacham map unit in the northwest corner of the parcel. 

A majority of the lawn area of the parcel as well as the associated driveway were mapped as a 

sandy Udorthent in a moderately well to well drained condition.  A fill layer measuring up to 



SOIL SURVEY REPORT FOR NORTHERN PASS  

 

8/17/15  7 Normandeau Associates, Inc. 

19 inches over native soil was observed on the west side of the house.  On the east side, it 

appears that some of the native soil was removed and/or reworked.  Depths of fill were 
shallower on the east side, measuring 16 inches at the maximum depth observed.   The soil 

adjacent and north of the house, also mapped as a Udorthent, smoothed, consisted of excavated 

soil resulting from the house construction.   

The Udorthent map unit characteristics on the parcel are summarized in Table 4-1A. 

Table 4-1A. Bethlehem Transition Station Site – Characteristics Summary of Disturbed 

Soil Map Units (Estimated Physical Characteristics1) 

Characteristic 299B/dbcde and 299C/dbcde 

Drainage Class 

d- estimated to be moderately 

well drained (or drier). 

Parent Material b-glacial-fluvial deposits 

Restrictive/Impervious layer 

c- mineral restrictive layer 

present in the soil profile less 

than 40 inches 

Estimated ksat d- not determined  

Hydrologic Group e- not determined (Likely A/B) 

1. Society of Soil Scientists of Northern New England. 2011.  

 

Beyond the northern edge of the Udorthent Map Unit, there is a steep topographic drop of 

approximately 2 to 4 feet.  At the base of the drop is a Peacham and Ossipee Soils Map Unit that 
was observed in the wetland in this location.  These soils are both organic in nature, very poorly 

drained, and rated as hydric.   Organic matter up to 18 inches was observed in this map unit.  

The rise in topography along the northern boundary of the parcel contains Telos soils in a 
somewhat poorly drained condition.   

Summary 

Limitations to development within the site consist of moderately steep slope leading to a 

wetland to the north of the house.  Course fragments within the C horizon can make the upland 

soils (the Udorthent) difficult to excavate without a properly sized machine.  Hydric soils, 
consistent with wetlands, mapped as Peacham mucky peat, are also present on the north half of 

the parcel and present constraints to development.  Filling these soils likely requires a permit 

from the New Hampshire Department of Environmental Services and the U.S. Army Corps of 
Engineers.   Fill soils may need to be removed for proper foundation construction. 
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Appendix A 

Map Unit Descriptions 
  



731A-Peacham and Ossipee soils, very stony 

 

These very deep, very poorly drained soils are on level to nearly level glaciated 

uplands. The Peacham soils typically are in depressions and along drainageways. The 

Ossipee soils typically are in ponded depressions. The areas of the unit are irregular in 

shape and range from 5 to 75 acres in size. Slopes range from 0 to 2 percent. Stones on 

the Peacham soils are generally 5 to 30 feet apart and cover from less than 1 percent to 3 

percent of the surface. Some areas of the unit are dominantly Peacham soils, some areas 

are dominantly Ossipee soils, and some are both soils. The Peacham and Ossipee soils 

were mapped together because they have no major differences in use and management. 

The total acreage of the unit is about 40 percent Peacham soils, 40 percent Ossipee soils, 

and 20 percent other soils. 

 

The typical sequence, depth, and composition of the layers of the Peacham soil are as 

follows— 

 

Surface layer: 

0 to 7 inches, very dark grayish brown muck 

 

Subsoil: 

7 to 15 inches, dark grayish brown gravelly fine sandy loam 

15 to 30 inches, dark grayish brown gravelly sandy loam 

 

Substratum: 

30 to 65 inches, dark grayish brown, firm sandy loam 

 

The typical sequence, depth, and composition of the layers of the Ossipee soil are as 

follows— 

 

Surface layer: 

0 to 6 inches, black slightly decomposed herbaceous and woody materials 

 

Subsurface layer: 

6 to 25 inches, dark reddish brown partially decomposed herbaceous and woody 

materials 

25 to 41 inches, black partially decomposed herbaceous and woody materials  

 

Substratum: 

41 to 46 inches, dark grayish brown silt loam 

46 to 65 inches, greenish gray silt loam 



Telos-see Appendix D for official NRCS description 

 

Disturbed Soil Map Units1 

  299- Udorthents, smoothed 

 

299- Udorthents, smoothed: land that has been cut and filled to create large level or 

nearly level areas such as building lots and roads.  Soil material making up this area are 

generally from the surrounding area.  

 

                                                           
1 USDA Natural Resources Conservation Service. 2011.  New Hampshire State-Wide Numerical Soils Legend. Issue 
#10. Durham, NH. 
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Soil Observation Logs 

Abbreviations 

  Abbreviation Soil Texture Consistence Miscellaneous 

S Sandy     

FS Fine Sand      

FSL Fine Sandy Loam     

VFSL 

Very Fine Sandy 

Loam     

CS Coarse Sand     

GRY Gravelly     

L Loam     

SL Sandy Loam     

FR   Friable   

EOE     

Extent of 

Excavation 
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Soil Survey Map 
 



!A

!A

!A

!A

1080

1090

1085

1095

1100

1075

1100

1095

1100

TP-2

TP-1

TP-4

TP-3

731A

123B

299B/dbcde

299C/dbcde

299C/dbcde

#*

TS5a SOIL SURVEY 
OVERVIEW

Index Map 0 50 10025
Feet

¤ Bethlehem, NH 

Data Provided By: Cornerstone Energy Inc. 
& GRANIT

G:
\P

roj
ec

ts\
GI

S_
Pr

oje
cts

_2
01

5\N
PA

SS
\S

oil
s\T

5a
\M

XD
\N

P_
T5

a_
08

13
15

.m
xd

1 inch = 45 feet

0 10 205
Meters

Site Features
!A Test Pits

Soil Boundaries
Building
Parcel Boundary

1. This deta iled Site-Sp ecific Soil Ma p  co n fo rms
 to the sta n da rds of SSSNNE Publica tio n  No . 3,
a s a men ded, “Site-Sp ecific Soil Ma p p in g Sta n da rds
fo r NH a n d VT”. 
2. This ma p  ha s been  p rep a red to  co mp ly with
soil ma p p in g requiremen ts o f RSA 485 A: 17 a n d 
NHDES En v-Wq 1500, Altera tio n  of Terra in . 
3. See a ccomp a n yin g n a rra tive rep o rt fo r
metho do lo gy, ma p  symbol legen d, a n d 
in terp reta tio n s. 

NOTES

Map Symbol Name Slope (%) Hydrologic 
Group

123B Telo s silt lo a m 3-8 C
299B/dbcde Udo rthen ts, smo o thed 3-8 A/B
299C/dbcde Udo rthen ts, smo o thed 8-15 C/A/D
731A Pea cha m a n d Ossip ee mucky p ea t 0-3 D

!

SHED

HOUSE



 

 

APPENDIX H – GEOTECHNICAL REPORT (BY OTHERS) 
 

 





 

Geotechnical Engineering Report 
 

Transition Station #5 Project 
Northern Pass Transmission Line 

Bethlehem, New Hampshire 
  

 

December 23, 2016 
QS Project No. 16004 

 
 

Prepared for: 
PAR Electrical Contractors, Inc. 

60 Fuller Road 
Chicopee, Massachusetts 01020 

 
Prepared by: 

Quanta Subsurface 
307 W. Main Street 

Radford, Virginia 24141 



307 W. Main Street • Radford, VA 24141 • P 866.278.9782 

December 23, 2016 

PAR Electrical Contractors, Inc. 
60 Fuller Road 
Chicopee, Massachusetts 01020 

Attention: Ms. Stephanie Labbe 
Project Manager 

Re: Geotechnical Engineering Report 
Transition Station #5 Project – Northern Pass Transmission Line 
Bethlehem, New Hampshire 
QS Project No. 16004 

Dear Ms. Labbe, 

The purpose of this report is to present the results of the subsurface exploration program and 
geotechnical engineering analyses undertaken by Quanta Subsurface (QS) associated with the 
above referenced project.  Our services were provided in general accordance with QS’s proposal 
dated August 22, 2016 as approved by PAR Electrical Contractors’ (PAR) Limited Notice to 
Proceed (LNTP) #4 dated August 26, 2016.  The attached report presents our understanding of 
the project, the findings of the subsurface exploration program, and our geotechnical conclusions 
and recommendations. 

Sincerely, 

Quanta Subsurface 

Sean Kearney, P.G. J.T. McGinnis, P.E. 
Project Engineering Geologist Geotechnical Department Manager 

12/23/16
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EXECUTIVE SUMMARY 

This Executive Summary is provided as a brief overview of our geotechnical engineering 
conclusions and recommendations for the project and is not intended to replace more detailed 
information contained elsewhere in this report. As an overview, this summary inherently omits 
details that could be very important to the proper application of the provided geotechnical design 
recommendations. This report should be read in its entirety. 

 
• QS’s geotechnical field exploration program consisted of eight (8) Standard Penetration 

Test (SPT) borings, drilled to a maximum depth of approximately 52 feet. 

• Two infiltration (INF) test borings were conducted to characterize the subsurface 
conditions to a depth of approximately 2 to 6 feet below the planned basin bottom.  
Following completion of each INF test boring, field infiltration tests were performed at 
each location. 

• The subsurface conditions encountered at the site generally included a layer of topsoil, 
meltwater channel deposits, and till. 

• Bedrock was not encountered in the test borings. 

• Groundwater is anticipated to exist at a depth of about 13 feet in the area of borings  
BH 801 and BH 802 and within 5 feet of the existing ground surface at all other locations.  
It should be noted that borings BH 803 through BH 806 (including INF 801 and INF 802) 
were located in a low lying area of the site where wetland conditions existed at the 
surface (including areas of standing water).   

• In general, the subsurface conditions encountered at the site are suitable for the 
proposed construction with considerations presented herein. 

• Due to encountering very dense/hard channel deposits and till containing boulders and 
cobbles at relatively shallow depths in the area of the planned structures, drilled shafts 
are recommended for support of the bus support/pole structures. 

• Controlled structural fill and/or the onsite soils (meltwater channel deposits) will provide 
suitable support for the transformer pad designed to transmit an approximate uniform 
bearing pressure of up to 500 psf and structures supported by shallow foundation 
designed with a maximum allowable bearing pressure of 3,000 psf. 

• The onsite soils will generally have a low shrink-swell potential. Accordingly, no design 
modifications relative to the potential for shrink-swell soils are recommended.  

• Frost depth should be anticipated to be 4 feet below the lowest adjacent grade.   

• A Seismic Site Class Definition of “D” is recommended for design. 

• Laboratory corrosivity testing performed on samples collected from the site indicated 
that onsite soils will exhibit “aggressive” corrosion potential. 

• We anticipate that the retaining walls planned to develop planned finished grades will 
consist of a mechanically stabilized earth (MSE) walls.  Subgrade conditions at the site 
are suitable to support MSE walls.    
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1.0 PROJECT INFORMATION 

The Northern Pass project consists of a 192-mile long transmission line that will convey 1,090 
megawatts of energy from hydroelectric facilities in Canada to New England via a corridor than 
traverses north-to-south through New Hampshire (see Site Vicinity Map – Figure 1).  In addition 
to construction of new transmission line, the project also includes the construction of three (3) 
new substations and six (6) new transition stations along the corridor.  In general, the new 
transition stations (designated Transition Stations #1 through #6) are located along the northern 
and central portions of the corridor while the three new substations (designated Franklin 
Converter Station, Deerfield Substation, and Scobie Pond Substation) are located along the 
southern portion of the corridor.  The information presented herein is for the Transition Station #5 
located approximately 1 mile west of Bethlehem, New Hampshire (see Site Location Map -  
Figure 2). 
 
The Transition Station #5 site is partially developed (existing residential dwelling) and partially 
wooded.   Within the transition station pad footprint, existing ground surface elevations range from 
approximately 1078 feet to 1101 feet.  Placement of up to 21 feet of fill will be required to develop 
the planned finished grade elevations of 1098 feet to 1100 feet.  Development will include a 
detention basin to the north of the transition station that will be constructed with cut and fill slopes 
less than 5 feet in height and a gravel-covered access road that will provide access to the station 
from Highway 302.  An approximate 600-foot long retaining wall with a maximum height of about 
21 feet is planned along the east, west, and north perimeter of the transition station pad.  Due to 
the height and length of the planned wall, QS has assumed that a Mechanically Stabilized Earth 
(MSE) retaining wall system will be utilized for design and construction of the wall. 
 
New structures within the transition station footprint are anticipated to consist of a transformer 
pad, a bus support structure, an MSE retaining wall, and possibly single-story structures designed 
to house electrical equipment.  Quanta Subsurface (QS) has assumed the following regarding 
loading and foundation support of the new structures: 1) the bus structure will require deep 
foundation support to resist shear and overturning loads, 2) the transformer pad will consist of 
slab-on-grade support designed for a maximum bearing pressure of 500 psf, 3) the MSE retaining 
wall will utilize shallow foundation support, and 4) single-story structures designed to house 
equipment will be lightly loaded with shallow foundation support. 

2.0 PROVIDED DOCUMENTS AND PREVIOUS EXPLORATION DATA 

Multiple documents were provided to QS by PAR Electrical Contractors (PAR) for consideration 
during our geotechnical exploration and engineering evaluation.  The provided geotechnical report 
documents were developed by others and presented information at various locations along the 
transmission line corridor.   Upon review of the provided data, one document provided GIS 
information containing general surficial and bedrock geology information in the area of the 
Transition Station #5 site.  The specific document included as reference by QS herein is listed 
below.   
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• Terracon Consultants, Inc.; Report of Expected Geotechnical Conditions: Northern 
Pass Project; July 10, 2015. 

Although data from this report was not specifically used in development of the recommendations 
presented in Section 6.0 of this report, selected information was used as reference in support of 
the site specific data obtained by QS.  Specific citations are noted below. 

3.0 PURPOSE AND SCOPE OF SERVICE 

QS’s scope of work was developed based on information provided by PAR that included 
requested field investigations for civil works from Burns & McDonnell (Subsurface Exploration and 
Geotechnical Engineering Report: Technical Guidelines; Northern Pass Transmission Stations, 
New Hampshire, provided to QS on July 11, 2016) as well as requested investigations for planned 
structures from others.  The purposes of our involvement on Transition Station #5 phase of the 
project were as follows: 1) provide general descriptions of the subsurface conditions encountered 
at the transition station site; 2) provide geotechnical design parameters for use by others in 
analysis and design of site grading and permanent slopes; 3) provide geotechnical foundation 
design recommendations for support of the transition station structures; and 4) comment on 
geotechnical aspects of the proposed construction.  In order to accomplish the above objectives, 
QS undertook the following scope of services: 
 

1) reviewed available subsurface and geologic information relative to the project site; 

2) supervised a subsurface exploration program consisting of eight (8) geotechnical 
borings within the area of the proposed transition station;   

3) performed field infiltration testing services at two (2) locations within the proposed 
basin area; 

4) supervised a laboratory testing program on selected soil samples obtained during the 
drilling program; 

5) evaluated the findings of the test borings and laboratory tests relative to foundation 
support of planned structures and other geotechnical aspects of the project;  

6) and prepared this written report summarizing our services for the project, providing 
descriptions of the subsurface conditions encountered, laboratory test results, and 
design recommendations, as well as geotechnical considerations for construction.  
Copies of the boring logs, laboratory test results, infiltration test results, and summary 
of geotechnical design parameters are provided in Appendices A through D. 

QS’s scope of services did not include a survey of boring locations and elevations, quantity 
estimates, preparation of plans or specifications, pavement design, infiltration/retention basin 
design, blasting recommendations, identification of environmental impacts or aspects related to 
the project and/or site, or other services not specified above. 
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4.0 EXPLORATION AND TESTING PROCEDURES 

4.1 SUBSURFACE EXPLORATION 

QS’s geotechnical field exploration program consisted of eight (8) Standard Penetration Test 
(SPT) borings performed at the approximate locations shown on the attached Boring Location 
Plan (see Figure 3) and summarized in Table 1 below.   The test boring locations were staked in 
the field by others using surveying methods; ground surface elevations at the boring locations 
were derived from topographic data included within an ACAD site plan document (labeled 
NPTT804-C101-Geotech.dwg) using latitude and longitude data provided by PAR. 

Table 1 - As-Drilled SPT Borehole Depths and Coordinates 

Boring 
Designation 

Total  
Depth  

(ft) 

Ground  
Surface 

Elevation 
(ft) 

Latitude Longitude 

BH 801 50.9 1101.1 44.28227222 -71.72596944 

BH 802 40.8 1100.0 44.28209722 -71.72533056 

BH 803 50.4 1083.2 44.28241389 -71.72576111 

BH 804 52 1079.1 44.28261667 -71.72582778 

BH 805 51 1082.5 44.28248333 -71.72518611 

BH 806 51.4 1077.5 44.28264722 -71.72545833 

INF 801 10 1080.1 44.28257222 -71.72543611 

INF 802 8 1082.0 44.28256111 -71.72530556 
Note: Elevation information is NAVD88 
   

Test borings were performed by S.W. Cole Engineering, Inc. (S.W. Cole) utilizing a CME 850 drill 
rig equipped with a 140-lb automatic drop hammer falling 30 inches.  The drilling methods utilized 
for this investigation consisted of solid stem augers, hollow stem augers, and rotary drive and 
wash (wet rotary).  Standard penetration testing was performed in general accordance with  
ASTM D1586 and at approximate 2-foot intervals to a depth of 10 feet and at 5-foot intervals 
thereafter.  The number of hammer blows required to advance the sample for successive 6-inch 
intervals is recorded, and the total number of blows required to drive the sampler from 6 to 18 
inches is referred to as the SPT “N-value”.  The N-value provides a general indication of in-situ 
soil density/consistency and has been correlated with certain engineering properties of soils.  Soil 
samples were collected with a standard split-spoon sampler (2-in OD) and in bulk samples from 
auger cuttings for laboratory testing. 
 
In some soils it is not always practical to drive a split-spoon sampler the full four consecutive  
6-inch increments.  Whenever more than 50 blows are required to drive the sampler over a 6-inch 
increment, or the sampler is observed not to penetrate after 50 blows, the condition is referred to 
as split-spoon refusal.  The SPT N-value for split-spoon refusal conditions is typically estimated 
as greater than 100 blows per foot (bpf).  Where the sampler is observed not to penetrate after 
50 blows, the N-value is reported as 50/0.  Otherwise, the depth of penetration after 50 blows is 
reported in inches (i.e. 50/5, 50/2, etc.).  The test borings were extended to the planned 
termination depth or auger refusal, whichever was encountered first. 
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The subsurface materials encountered at each boring location were visually classified by QS 
personnel in the field.  Soil samples were visually classified in accordance with ASTM D2488.   In 
addition to visual classification of the materials in the field, the boring logs incorporate both driller 
and field inspector observations and comments as well as modifications based on laboratory test 
results.  QS’s boring logs are presented in Appendix A.  SPT samples were collected in Ziploc 
bags and bulk samples were collected in 5-gallon buckets. 

4.2 LABORATORY TESTING 

QS selected various bulk and SPT samples for laboratory testing.  Laboratory testing on soil 
samples was performed by S.W. Cole in their Londonderry and Manchester (New Hampshire) 
laboratories or via subcontract with Absolute Resource Associates (sulfate and chloride testing).  
Table 2 provides a summary of the laboratory testing performed for the Transition Station #5 site.  
A summary of the laboratory testing results and accompanying laboratory test data reports are 
provided in Appendix B. 

Table 2 – Laboratory Test Summary 

Test ASTM/AASHTO 
No. of Test 
Performed 

Moisture Content D2216 17 

Sieve Analysis D422 2 

Percent Passing No. 200 Sieve D1140 8 

Atterberg Limits D4318 1 

Modified Proctor D1557 1 

pH of Soil G51 1 

Soluble Chloride -- 1 

Soluble Sulfate -- 1 

Resistivity T188 1 

4.3 FIELD INFILTRATION TESTING 

Two infiltration (INF) test borings were conducted (designated INF 801 and INF 802) to 
characterize the subsurface conditions to a depth of approximately 2 to 6 feet below the planned 
basin bottom.   Each boring was sampled continuously (every 2 feet) from ground surface to its 
termination depth.  Following completion of each INF test boring, an offset borehole was drilled 
and PVC casing was installed to the approximate planned bottom of the basin for field infiltration 
testing.  At some time following completion of drilling, field infiltration tests were performed by 
Quanta Subsurface.  The results of the field infiltration tests are provided in Appendix C.  The 
installation, preparation, and testing procedures followed were in general accordance with Table 
2-3 of the New Hampshire Department of Environmental Services Stormwater Manual, Volume 2 
(2008).   
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5.0 GEOLOGY AND SUBSURFACE CONDITIONS 

5.1 GENERAL 

The overburden soils at the project site are derived from several episodes of advancing and 
retreating glacial ice.  Subsurface materials encountered within the borings are consistent with 
the geologic setting of the area. The following sections describe the regional geology and site 
specific subsurface conditions. 

5.2 REGIONAL GEOLOGY 

The surficial geology of the White Mountains in New Hampshire is derived from the erosional and 
depositional processes of the continental and mountain glaciers of the Wisconsin Glacial Episode 
during the late Pleistocene Epoch.  The dominant glacial soils that are found in this region are 
glacial till, glaciofluvial/outwash deposits, and glacio-lacustrine deposits. Younger post glacial 
deposits formed from the numerous rivers, streams, and lakes that dominate the landscape; these 
include alluvium and stream terrace deposits.  The surficial soil in the area of the Transition  
Station #5 site is mapped as till as shown in Figure 4 (Surficial Geologic Map) with alluvial 
materials shown in the immediate vicinity. 
 
Bedrock in the White Mountains are comprised of folded and faulted Paleozoic sedimentary and 
volcanic rocks that have been regionally metamorphosed and intruded by large and small bodies 
of plutonic rocks.  The grade of metamorphism ranges from the chlorite zone at one extreme to 
the sillimanite zone at the other (Billings, 1980).  The majority of the rocks mapped in this region 
consist of schist, phyllites, limestone, and quartzite.  Based on Terracon Exhibit A2-2 (Bedrock 
Geology Map), the bedrock underlying the Transition Station #5 site is mapped as granite.   

5.3 SITE SUBSURFACE CONDITIONS 

The subsurface conditions encountered in the test borings generally included a layer of topsoil, 
channel deposits/alluvium, and till.  A summary of the subsurface materials encountered in the 
exploration described herein is provided below and in Table 3, and specific data are shown on 
the boring logs provided in Appendix A. 
 
Topsoil 
Material described as topsoil was encountered at the ground surface in each of the test borings.  
The thickness of the topsoil ranged from 0.5 to 2.5 feet.  The sampled topsoil was described as 
SILT with sand (ML), sandy SILT (ML), or silty SAND (SM) with trace amounts of organic.   
Laboratory testing was not performed to determine the organic content or horticultural properties 
of the topsoil.  Therefore, the term “topsoil” is not intended to indicate suitability for landscaping 
and/or other purposes.  
 
Meltwater Channel Deposits/Alluvium 
Channel deposits are alluvial material formed by intermittent episodes of meltwater from glacial 
ice travelling through drainage channels in a high energy environment.  The channel deposits   
are often variable in both particle size and layer thickness.  Channel deposits were encountered 
in each test boring and were generally described as poorly graded SAND with silt (SP-SM), silty 
SAND (SM), or sandy SILT (ML) with varying amounts of gravel.  Boulders and cobbles are 
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commonly present within channel deposits.  The thickness of this unit ranged from 4 to 17 feet. 
Field N-values ranged from 5 bpf to 50 blows per 2 inches of penetration with a typical N-value of 
greater than 15 bpf.  
 
Glacial Till 
Glacial till was encountered below channel deposits at six (6) of the boring locations: BH 801,  
BH 802, BH 803, BH 804, BH 805, and BH 806.  Glacial till was not encountered in the two (2) 
infiltration test borings due their shallow termination depth (i.e. 10 feet).  Glacial till deposits 
consist of material that has been transported and deposited by glacial ice. The glacial till 
encountered was characterized as ablation till (melt-out till) indicating the material was carried on 
or near the surface of the glacier.  Boulders of varying size are common within till deposits.  
Sampled till was generally described as poorly graded SAND with silt (SP-SM), silty SAND (SM), 
or sandy SILT (ML) with varying amounts of gravel.   Field N-values obtained within the till material 
ranged from 40 bpf to 50 blows per 3 inches of penetration with a typical N-value of greater than 
50 bpf.   
 
Groundwater 
Groundwater levels were measured using a tape measure in each boring.  With the exception of 
borings BH 802, BH 806, and INF 801, groundwater was encountered in each of the borings.  
Where encountered, groundwater depths ranged from 0 (i.e. at the ground surface) to 13 feet 
below the existing ground surface.  Due to the presence of existing wetland and a nearby pond 
(approximately 100 feet away from the site), the groundwater table is expected to be within 5 feet 
of the existing ground surface in the vicinity of borings BH 803 through 806.   Fluctuations in water 
levels and soil moisture should be anticipated with changes in precipitation, run-off, and moisture.  
 

Table 3 – Encountered Subsurface Conditions Summary 

Boring 
No. 

Ground 
Elevation 

(ft) 

Depth to 
Groundwater1 

(ft) 

Boring 
Termination 
Condition 

Depth 
(ft) 

Material 
Origin 

Encountered 
Material 

Field 
N-Value2 

BH 801 1101.1 13.0 BT 

0 - 1.5 Topsoil ML 3 

1.5 - 6 Channel 
Deposits 

SM 15 - 22 
6 - 8 SM 67 

8 - 50.9 Till SM 78 - 50/4” 

BH 802 1100.0 N.E. BT 

0 - 1.5 Topsoil ML 4 

1.5 - 6 
Channel 
Deposits 

SM 18 - 21 

6 - 40.8 Till SM 50/6” - 50/3” 

BH 803 1083.2 0.0 BT 

0 - 2.5 Topsoil ML 1 

2.5 - 19 
Channel 
Deposits 

SM, ML 19 - 35 

19 - 50.4 Till SM, ML 46 - 50/5” 

 
 
 
 
 



 

 
  
16004 – TS #5 307 W. Main Street Page 7 
 Radford, Virginia 24141 

Table 3 – Encountered Subsurface Conditions Summary (cont) 

BH 804 1079.1 1.5 BT 

0 - 1.5 Topsoil ML 11 

1.5 - 6 Channel 
Deposits 

SM, ML 12 - 30 

6 - 8 SM 56 

8 - 25 

Till 

SM 50/6” 

25 - 35 SM 45 - 60 

35 - 52 SM, SP-SM 71 - 50/3” 

BH 805 1082.5 0.5 BT 

0 - 1 Topsoil ML - 

1 - 2 Channel 
Deposits 

SP-SM, SM 6 

2 - 13 SM 24 - 48 

13 - 51 Till SM 60 - 50/4” 

BH 806 1077.5 N.E. BT 

0 - 1 Topsoil ML - 

1 - 2 Channel 
Deposits 

SM 5 

2 - 10 SM 32 - 81 

10 - 51.4 Till SM 40 - 50/5” 

INF 801 1080.1 N.E. BT 

0 - 1.5 Topsoil ML 7 

1.5 - 6 
Channel 
Deposits 

SM, ML 18 - 37 

6 - 8 SM 50/2” 

8 - 10 SM 31 

INF 802 1082.0 7.8 BT 
0 - 1.5 Topsoil SM 2 

1.5 - 8 
Channel 
Deposits 

SM, ML, SP-
SM 

14 - 25 

1  Reported groundwater levels were measured at the time of drilling. 
2  Field N-Value is an uncorrected blow count value measured in the field. 
BT = Boring Termination (at or near the planned depth) 

6.0 DESIGN AND CONSTRUCTION RECOMMENDATIONS 

6.1 GENERAL 

The following sections present our geotechnical recommendations for design and construction of 
the transition station. In general, the subsurface conditions encountered at the site are suitable 
for the proposed construction with considerations presented in the following subsections. 

6.2 SITE PREPARATION 

Before proceeding with construction, any topsoil, roots, foundation remnants, pavements, and 
any other deleterious non-soil materials should be stripped or removed from the proposed 
construction area.  During the clearing and stripping operations, positive surface drainage should 
be maintained to prevent the accumulation of water.  It should be noted that areas of standing 
surface water and small streams of flowing water were observed at the surface in multiple areas 
within the project site.   
 
After stripping, areas intended to support new fill, gravel roadways, slabs, and foundations should 
be carefully evaluated by an experienced geotechnical engineer or engineering geologist.  Based 
on the boring data across the project site, the top 2 feet of existing material (topsoil and loose 
soil) should be removed and replaced with controlled structural fill prior to at-grade construction.  
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Where noted on the borings logs and where located within 3 to 4 feet of new fill, roadways, slabs, 
and foundations, soils that exhibit SPT N-values of 6 bpf or less should be removed and replaced 
with controlled structural fill placed in accordance with recommendations presented in  
Section 6.3.  The geotechnical engineer/geologist may also require scarification and compaction 
(per Section 6.3) of the upper 6 inches of the exposed surface and/or proofrolling of the subgrade 
with a 20- to 30-ton loaded dump truck or other pneumatic tired vehicle of similar size and weight.  
Proofrolling should be performed during a time of good weather and not while the site is wet, 
frozen, or severely desiccated.  The purpose of the proofrolling is to locate soft, weak, or 
excessively wet soils present at the time of construction and provide an opportunity for the 
geotechnical engineer/geologist to locate inconsistencies intermediate of the boring locations.   
 
Depending on how the near surface materials respond during proofrolling operations, some in-
place densification, undercutting, or in-place stabilization may be required. The extent of 
densification, undercutting and/or in-place stabilization required across the site can best be 
determined by a geotechnical engineer/geologist at the time of construction.  Once the site has 
been properly prepared, at-grade construction may proceed. 

6.3 CONTROLLED STRUCTURAL FILL 

Where required, controlled structural fill may consist of the non-organic, on-site soils (including 
channel deposits).  However, development of the project site will predominately require fill to 
achieve the planned finished grades.  Therefore, structural fill material originating from an offsite 
source is expected.   Based on laboratory testing on bulk samples obtained from other transition 
station and substation sites along the transmission line corridor, we anticipate that off-site borrow 
material will consist of  sandy silt, silty sand, or sand with a USCS classification of ML, SM, or SP.  
Other materials may be suitable for use as controlled structural fill and should be individually 
evaluated by the geotechnical engineer; in general, the structural fill should have a USCS 
classification of CL, ML, SM, or SC.  Backfill requirements specific to MSE retaining walls 
expected on the project are provided in Section 6.9.  Controlled structural fill should be free of 
boulders, organic matter, debris, or other deleterious materials and should have a maximum 
particle size no greater than 3 inches. 
 
Fill materials should be placed in horizontal lifts with a maximum height of 8 inches loose measure. 
New fill should be adequately keyed into stripped and scarified subgrade soils and should, where 
applicable, be benched into the existing slopes.  During fill operations, positive surface drainage 
should be maintained to prevent the accumulation of water.  We recommend that structural fill 
(soil and crushed stone) be compacted to a minimum of 95 percent of the maximum dry density 
and within two (2) percentage points of the optimum moisture content determined by the modified 
Proctor density test (ASTM D1557).  In confined areas such as utility trenches, portable 
compaction equipment and thin lifts of 3 to 4 inches may be required to achieve specified degrees 
of compaction.  Each lift of fill should be tested in order to confirm that the recommended degree 
of compaction is attained. 
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6.4 SLOPE STABILITY 

6.4.1 General 

We recommend that cut and fill slopes have a minimum factor of safety of 1.3 for global stability.  
Proposed structures on the Transition Station #5 site should be located a minimum distance of 
10 feet and 15 feet from the crest and toe of slopes, respectively.  In addition, we recommend 
that roadways be designed with a minimum setback of 5 feet from both the crest and toe of slopes.   
 
Drainage from nearby structures and/or surface runoff should be directed away from the crest 
and toe of both planned cut and fill slopes.  We note that diversion of surface water away from 
the slope crest and face is critical to reducing the potential of surface erosion and shallow failures.  
For erosion protection, a protective cover of grass or other vegetation should be established on 
permanent soil slopes as soon as possible.  

6.4.2 New Slope Stability 

The planned finished grade of the transition station pad will be developed using retaining walls; 
new slopes on the project will be limited to those required to construct the planned detention 
basin.  New detention basin slopes will predominately consist of cut slopes with a configuration 
of 3(H) to 1(V).  A small fill slope with a 2(H) to 1(V) configuration and a rip-rap face is planned 
as part of the basin as well.  All slopes will be less than 5 feet in height.  We anticipate that the 
planned cut and fill slopes will exhibit a factor of safety (FoS) of 1.3 or greater for global stability 
if constructed in accordance with the recommendations presented herein. 
 
We recommend that protective rip-rap layers have a minimum thickness of 1.5 feet, be underlain 
by a separation geotextile to minimum soil intrusion into the rip-rap, and be keyed into the 
subgrade at the slope’s toe a minimum of 1.5 feet.  The separation geotextile fabric used should 
have an equivalent opening size of equal to or greater than the US No 50 sieve, a minimum tensile 
strength at 20 percent strain of 30 pounds/linear inch, and a minimum puncture strength of 80 
pounds. 

6.5 GROUNDWATER CONDITIONS 

6.5.1 General 

Based on the data obtained during our exploration program and the site’s proximity to a nearby 
pond, we anticipate that groundwater will be encountered during expected earthwork at the site.   
Considering the groundwater depths encountered and reported in the test borings, we anticipate 
that groundwater will exist at a depth of about 13 feet in the area of borings BH 801 and BH 802 
and within 5 feet of the existing ground surface at all other locations.  It should be noted that 
borings BH 803 through BH 806 (including INF 801 and INF 802) were located in a low lying area 
of the site where wetland conditions existed at the surface (including areas of standing water).  
Fluctuation of the groundwater surface due to seasonal precipitation and immediately after 
precipitation events should be expected. 
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6.5.2 Basin Estimated Seasonal High Water Table (ESHWT) 

Borings INF 801 and INF 802 were performed to characterize the subsurface conditions to a depth 
of approximately 2 to 6 feet below the planned basin bottom and provide information necessary 
to estimate the seasonal high water table within the basin footprint.  Subsurface data recorded in 
the infiltration test borings are shown on the respective logs included in Appendix A, and the 
results of infiltration tests performed immediately adjacent to each boring are provided in 
Appendix C.  Table 4 below presents a summary of the interpreted ESHWT at each boring location 
as well as pertinent information required for design of the basins.   
 

Table 4 – Infiltration Basin Summary Information 

Description 
Boring 

INF 
801 

Boring 
INF 
802 

Infiltration Planned Bottom Elev. (ft) 1076 1076 

Encountered Very Dense/Very Hard Soil Elev. (ft) N.E. N.E. 

Encountered Bedrock Elev. (ft) N.E. N.E. 

Encountered Groundwater Elev. (ft) N.E. 1074 

Highest Elevation of Observed Redox Features N.E. 1078 

USDA Textural Class (with 5 ft of Basin Bottom) Loam Loam 

Estimated Seasonal High Water Table (ESHWT) Elev. (ft) 1078 1078 

Infiltration Test Elevation (ft) 1074 1078 

Average Infiltration Rate at Test Elevation (in/hr) 0.0 0.0 

Notes: 
1) Borings generally extended below the planned depth of the basin unless where refusal and/or 

bedrock was encountered. 
2) N.E. = Not Encountered 
3) Very Dense/Very Hard Soil is defined as material exhibiting an SPT N-Value of greater than 50 

blows per foot (bpf). 
4) Very dense material encountered in INF 801 at 6.5 feet was due to cobbles and thus not reported 

on the table. 
5) Noted elevations are estimates and should be considered approximate. 
6) The average infiltration rate presented is based on field measurements; a factor of safety has not 

been applied. 
7) Drilling contractor flushed the infiltration test boreholes with water following test casing 

installation.  The water level measurements obtained at INF 801 and INF 802 at the time of the 
infiltration testing is not anticipated to represent the stabilized groundwater level.  See the INF 801 
and 802 boring logs for the appropriate groundwater level. 
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6.6 GEOTECHNICAL DESIGN STRENGTH PARAMETERS 

Recommended geotechnical strength parameters are provided for the subsurface conditions 
encountered in each test boring (not including infiltration test borings) in Appendix D.  The 
recommended soil strength parameters were developed with consideration of lab test results and 
established correlations with SPT data.  Bedrock was not encountered at the site.  

6.7 BUS SUPPORT STRUCTURE/POLE FOUNDATION DESIGN AND CONSTRUCTION 

6.7.1 General 

Foundation support for the bus support structure (including ancillary pole structures) is anticipated 
to require deep foundations to resist shear and overturning loads.  Driven pile, helical pile, and 
drilled shaft foundation options were considered for support of the bus structure.  We anticipate 
that very dense/hard channel deposits and till containing boulders and cobbles will be 
encountered within 10 feet of the planned finished grade in areas within the substation pad.  
Therefore, some amount of pre-drilling would be expected to facilitate installation of driven and 
helical piles.  We recommend that support for the bus support/pole structures consist of drilled 
shafts at the Transition Station #5 site. 

6.7.2 Drilled Shaft Foundations 

Based on the subsurface conditions encountered in the area of borings BH 801 and BH 803, a 
top of finished grade elevation of about 1100 feet, and the general site preparation 
recommendations presented in previous sections of this report, we recommend the allowable 
axial values and the associated LPILE (lateral) parameters shown in Tables 5 through 8 be used 
for design of drilled shaft foundations.  Tables 5 and 6 are applicable to foundations on the north 
side of the bus structure (where deep controlled fill will be placed to develop the planned finished 
grade) and Tables 7 and 8 are applicable to foundations on the south side where less than 5 feet 
of new controlled fill is expected.  Total settlement of drilled shaft foundations designed per the 
recommendations provided below is estimated to be less than 1 inch. 
 

Table 5 – Recommended Drilled Shaft Axial Design Parameters (North Side–BH 803) 

Sublayer 
Description 

Sublayer 
Depth 

(ft) 
Material 
USCS 

Description 

Allowable 
Skin 

Friction 
(Comp.) 

(psf) 

Allowable 
Skin 

Friction 
(Uplift) 
(psf) 

Allowable 
End 

Bearing 
(psf) Top Bottom 

Structural 
Fill 

0 5 SM/ML IGNORE 

5 20 SM/ML 250 210 - 

Channel 
Deposits 

20 24 SM 850 700 7,500 

24 26 ML 600 500 7,500 

26 43 SM 1,200 1,000 17,500 

Till 43+ - SM 2,300 1,925 20,000 

Notes:  
1) Approximately 18 feet of fill soil will be added in the area of BH 803.  Including the recommended 2 feet of undercut 

and replace of existing topsoil/loose material, the total new fill depth was estimated to be about 20 feet. 
2) Ultimate skin friction and end bearing capacities determined per methods prescribed in FHWA GEC 10: Drilled 

Shaft: Construction Procedures and LRFD Design Methods (2010).  
3) Allowable capacities for skin (comp), skin (uplift), and end-bearing determined by applying a factor of safety of 

2.5, 3.0 and 3.0, respectively. 
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Table 6 – Recommended Drilled Shaft Lateral (LPILE) Design Parameters (North Side–BH 803) 

Sublayer 
Description 

Sublayer 
Depth 

(ft) 
Material 
USCS 

Description 

Effective 
Unit 

Weight 
(pcf) 

Effective 
Friction 
Angle 
(deg) 

Soil 
Modulus 
Constant 

(k) 
(pci) 

Unconfined 
Comp. 

Strength 
(psi) 

mi 
Poisson’s 

Ratio 

Geologic 
Strength 

Index 
(GSI) 

Rock 
Mass 

Modulus 
(psi) Top Bot. 

Structural 
Fill 

0 20 SM/ML 125 30 48 - - - - - 

Channel 
Deposits 

20 24 SM 63 35 86 - - - - - 

24 26 ML 53 29 24 - - - - - 

26 43 SM 63 37 108 - - - - - 

Till 43+ - SM 78 43 192 - - - - - 

Note:  
1) Use of the Reese (Sand) constitutive model is recommended for each sublayer. 

 
Table 7 – Recommended Drilled Shaft Axial Design Parameters (South Side–BH 801) 

Sublayer 
Description 

Sublayer 
Depth 

(ft) 
Material 
USCS 

Description 

Allowable 
Skin 

Friction 
(Comp.) 

(psf) 

Allowable 
Skin 

Friction 
(Uplift) 
(psf) 

Allowable 
End 

Bearing 
(psf) Top Bottom 

Structural 
Fill 

0 5 SM/ML IGNORE 

5 7 SM/ML 250 210 - 

Channel 
Deposits 

7 11 SM 490 400 - 

11 13 SM 1,450 1,200 20,000 

Till 
13 18 SM 1,750 1,450 20,000 

18+ - SM 1,900 1,575 20,000 

Notes:  
1) Approximately 5 feet of fill soil will be added in the south portion of the bus structure (approximate area of BH 

801).  Including the recommended 2 feet of undercut and replace of existing topsoil/loose material, the total new 
fill depth was estimated to be about 7 feet. 

2) Ultimate skin friction and end bearing capacities determined per methods prescribed in FHWA GEC 10: Drilled 
Shaft: Construction Procedures and LRFD Design Methods (2010).  

3) Allowable capacities for skin (comp), skin (uplift), and end-bearing determined by applying a factor of safety of 
2.5, 3.0 and 3.0, respectively. 

 
Table 8 – Recommended Drilled Shaft Lateral (LPILE) Design Parameters (South Side–BH 801) 

Sublayer 
Description 

Sublayer 
Depth 

(ft) 
Material 
USCS 

Description 

Effective 
Unit 

Weight 
(pcf) 

Effective 
Friction 
Angle 
(deg) 

Soil 
Modulus 
Constant 

(k) 
(pci) 

Unconfined 
Comp. 

Strength 
(psi) 

mi 
Poisson’s 

Ratio 

Geologic 
Strength 

Index 
(GSI) 

Rock 
Mass 

Modulus 
(psi) Top Bot. 

Structural 
Fill 

0 7 SM/ML 125 30 48 - - - - - 

Channel 
Deposits 

7 11 SM 120 33 102 - - - - - 

11 13 SM 135 42 310 - - - - - 

Till 
13 18 SM 140 43 338 - - - - - 

18+ - SM 78 43 192 - - - - - 

Note:  
2) Use of the Reese (Sand) constitutive model is recommended for each sublayer. 
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Additional Drilled Shaft Design Recommendations 

• Due to strain incompatibilities, drilled shaft design based entirely on skin friction or end 
bearing is recommended.  

• A minimum shaft length (below the ground surface) of 20 feet is recommended to 
adequately resist uplift created due to adfreeze forces within the frost zone. 

• A minimum shaft diameter of 30 inches is recommended. 
• Should multiple shaft foundations be required, the minimum center-to-center spacing 

should be three (3) times the shaft diameter. 
• Based on groundwater depths encountered and reported in QS test borings, we anticipate 

that groundwater will exist near the bottom of the new fill and existing ground surface 
interface. 

6.7.3 Drilled Shaft Construction 

Temporary wall support through the use of temporary casing may be required to prevent loss of 
sidewall support.   The use of slurry for side wall support is not recommended.  We recommend 
that the proposed drilled shaft construction equipment, methods, procedures, and planned quality 
control testing and inspection during construction be reviewed by a qualified geotechnical 
engineer prior to the start of shaft construction. 
 
The ability of a drilled shaft to provide the end bearing resistances and associated settlements 
described herein is directly related to the construction methods and procedures used to provide 
a clean shaft bottom condition.   Drilled shaft excavation and clean out methods shall result in 
bases/bottoms that are free of loose, soft, or disturbed material.  Cleaning of the shaft excavations 
shall result in a maximum of 1 inch of loose, soft, or disturbed material on the shaft bottom at the 
time of concrete placement.   Should concrete placement within the shaft not occur immediately 
following excavation and clean out, the condition of the excavation bottom shall be verified to 
confirm that no more than 1 inch of loose, soft, or disturbed material is present in the bottom of 
the excavation prior to concrete placement.  Inspection of the installation methods and materials 
by an individual qualified and experienced in drilled shaft construction is recommended. 
 
Placement of concrete via free-fall methods is acceptable assuming placement is directed 
vertically downward avoiding impact with reinforcement and that the height of groundwater on the 
bottom of the shaft does not exceed 3 inches at the time of placement.   Should the level of water 
at the bottom of the excavation not be maintained at less than 3 inches, concrete placement via 
tremmie methods will be required. 

6.8 SHALLOW FOUNDATION DESIGN AND CONSTRUCTION 

6.8.1 Transformer Pad 

Where planned (vicinity of BH 803), we anticipate 18 to 20 feet of fill will be required to develop 
the planned finished grade in the area of the transformer pad.  Therefore, we expect the 
transformer pad to be supported on newly placed, controlled structural fill.  The source of the new 
fill was unknown at the time this report was prepared; however, testing on materials from other 
transition/substation locations indicate that the fill material will likely consist of sandy silt, silty 
sand, and/or sand with a USCS classification of ML, SM, or SP.  Support on these materials 
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placed in accordance with recommendations provided herein is acceptable if the transformer pad 
is not susceptible to frost action.  If the transformer equipment and ancillary connections are 
susceptible to vertical movement resulting from frost action, then the material 4 feet below the 
transformer pad (and to a distance of 2 feet laterally beyond the pad edges) should be removed 
and replaced with a clean sand or gravel meeting the requirements of NHDOT Standard 
Specification Section 209. 
 
Controlled structural fill material placed in accordance with recommendations provided in herein 
will provide suitable support for transformer pads designed to impart an approximate uniform 
bearing pressure of up to 500 pounds per square foot (psf).  The soils encountered at the site 
should react elastically to structure loads; settlements induced by foundation loads should occur 
soon after the load is applied.  Maximum total settlement induced by the transformer slab loads 
are anticipated to be about ½ inch. 

6.8.2 Single-Story Equipment Structures 

Should single-story buildings be required to house equipment operated at the transition station, 
they may be supported on shallow foundations bearing on approved channel deposit silty sands 
or newly placed controlled structural fill material placed in accordance with recommendations 
provided herein.  We recommend that building foundations be designed for a maximum allowable 
bearing pressure of 3,000 psf for foundations bearing on approved subgrades.  To reduce the 
possibility of localized shear failures, spread and strip footings should be a minimum of 3 feet and 
1.5 feet wide, respectively.   
 
For single-story structures designed for a maximum allowable bearing pressure of 3,000 psf on 
approved channel deposit soils or newly controlled structural fill, total settlements of about ½ inch 
with differential settlements of 1/2 to 2/3 the total estimated settlement are anticipated.  As stated 
previously, settlements induced by foundation loads should occur soon after the load is applied.  

6.8.3 Shrink-Swell and Frost Depth Considerations 

Based on the soil materials observed in the test boring samples and the laboratory test results, 
the on-site soils will generally have a low shrink-swell potential. Accordingly, we do not 
recommend any foundation design modifications relative to the potential for shrink-swell soils.   
 
Frost depth should be anticipated to be 4 feet below the lowest adjacent grade.  Therefore, utilities 
that are susceptible to frost action and building foundations should bear a minimum of 4 feet below 
adjacent grades. 

6.8.4 Shallow Foundation Construction 

All foundation subgrades should be observed, evaluated, and verified for the design bearing 
pressure by a representative of the geotechnical engineer after excavation and prior to 
reinforcement steel placement.  If low density/consistency soils are encountered at the foundation 
subgrade during construction, localized undercutting and/or in-place stabilization of foundation 
subgrades may be required. The actual need for, and extent of, undercutting or in-place 
stabilization should be based on field observations made by a representative of the geotechnical 
engineer at the time of construction.   
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Excavations for footings should be made in such a way as to provide bearing surfaces that are 
firm and free of loose, soft, wet, or otherwise disturbed soils. Foundation concrete should not be 
placed on frozen or saturated subgrades. If such materials are allowed to remain below 
foundations, settlements will increase.  Foundation excavations should be concreted as soon as 
practical after they are excavated.  If an excavation is left open for an extended period, a thin mat 
of lean concrete should be placed over the bottom of the excavation to minimize damage to the 
bearing surface from weather or construction activities.  Water should not be allowed to pond in 
any excavation. 

6.9 MECHANICALLY STABILIZED EARTH RETAINING WALLS 

Mechanically Stabilized Earth (MSE) walls typically consist of alternating horizontal layers of 
tensile reinforcement and compacted fill material creating a “block” of stabilized earth.  Several 
types of reinforcement have been historically used in MSE wall construction; however, 
synthetically manufactured geogrids are common in current practice.  The reinforcement is 
commonly fixed to a modular block facing or other type of permanent wall facing. 
 
Assuming a maximum height of about 20 feet, we anticipate that the walls will exert a maximum 
bearing pressure of approximately 2500 psf on the underlying subgrade.  Considering the 
conditions encountered in the test borings, subgrades consisting of controlled structural fill and/or 
undisturbed channel deposits prepared in accordance with recommendations presented herein 
will provide suitable MSE wall bearing support (with an FoS of 3 against bearing failure).   We 
estimate that total settlement of the underlying subgrade along the MSE wall will be less than 1 
inch, with differential settlements of less than ½ inch in 100 feet of wall.   
 
As stated in Section 6.2 (Site Preparation), we recommend that the top 2 feet of existing material 
(topsoil and loose soil) be removed and replaced with controlled structural fill across the project 
site and prior to commencement of MSE wall construction.  Structural fill (soil and/or crushed 
stone) used within and behind the reinforced zone of the wall shall be placed in horizontal lifts 
with a maximum height of 8 inches loose measure; the fill shall be compacted to a minimum of 95 
percent of the maximum dry density and within two (2) percentage points of the optimum moisture 
content determined by the modified Proctor density test (ASTM D1557).  Heavy equipment should 
not be operated within 3 feet of the MSE wall facing.  Lighter compaction equipment and thinner 
lifts (i.e. 3 to 4 inches thick) shall be used adjacent to the wall face to prevent buildup of high 
lateral pressures on the wall facing material. 
 
The source of backfill material planned for use in the reinforced zone of the MSE walls was not 
known at the time this report was prepared.  We recommend that a granular fill material 
conforming to the requirements presented in Table 9 be used within the reinforced zone of the 
MSE walls.  The granular fill should be well graded in accordance with the UCSC in ASTM D2487 
and free of organic matter and deleterious substances/materials.  A geotechnical engineer 
experienced in MSE wall design should review and approve the material planned for use in the 
reinforced zone.  Following review and approval of the reinforced zone backfill material, 
appropriate strength properties can be selected for design of the wall’s reinforced zone.  
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Depending on the source and type of granular material selected, additional laboratory testing 
(such as direct shear testing – ASTM D3080 and other physical property testing) may be required 
to establish the appropriate strength properties for use in design.  Additional recommendations 
for MSE wall design and construction are provided following Table 9.   

 
Table 9 – MSE Wall Granular Reinforced Fill Requirements 

Gradation U.S. Sieve Size Percent Passing 

2 in (50.8 mm) 100 

No. 40 (0.425 mm) 0 – 60 

No. 200 (0.075 mm) 0 – 15 

Plasticity Index (PI) PI ≤ 6 

Electrochemical Property Criteria 

Resistivity >3000 ohm-cm 

pH > 5 and <10 

Chlorides < 100 ppm 

Sulfates < 200 ppm 

 
Additional MSE Wall Design and Construction Recommendations 

• The following strength and unit weight properties of the retained backfill (i.e. unreinforced 
fill material behind the reinforced zone) shall be assumed: friction angle = 30 degrees; and 
effective unit weight = 125 pcf.  

• For design calculations of resistance to wall sliding, a value of 0.58 should be used as the 
ultimate coefficient of friction at the interface of the reinforced zone and the underlying 
subgrade. 

• Backfill material used to construct the reinforced zone of the wall shall extend a minimum 
of 1 foot beyond the reinforcement length. 

• A functioning drainage system shall be installed to prevent buildup of hydrostatic 
pressures within the wall system.   

• Hydrostatic pressures should be incorporated into the wall design where an adjacent 
detention basin is planned.  The water level assumed in the design should correspond to 
the maximum level for which the basin is design to hold. 

• The reinforcing within the reinforced zone shall not be penetrated by foundations and/or 
utilities. 

• Design and construction of MSE walls shall be in general accordance with 
recommendations provided in FHWA-NHI-10-024: Design and Construction of 
Mechanically Stabilized Earth Walls and Reinforced Slopes (2009). 
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6.10 EARTHQUAKE CONSIDERATIONS 

6.10.1 Seismic Site Class Definition 

The following recommendations are based Chapter 20 of the ASCE 7-10.  ASCE 7-10 provides 
a methodology for interpretation of SPT resistance values (N-values) to determine a Site Class 
Definition; however, this method requires averaging N-values over the top 100 feet of the 
subsurface profile.  We note that the test borings for this project were extended to a maximum 
depth of about 50 feet below existing site grades. 
 
The available subsurface data from our exploration indicates an N-value range of about 3 to 
greater than 100 bpf within the upper 50 feet below existing site grades.  In general accordance 
with ASCE 7-10 and considering the boring data and planned grading, we recommend that a Site 
Class Definition “D” be used for design. 

6.10.2 Liquefaction 

Liquefaction of saturated, loose to medium dense, fine grained sands, and silty sands is not 
anticipated to be a design concern for the Transition Station #5 site.   

6.11 KARST GEOLOGY 

Karst topography occurs from the dissolution of soluble bedrock (such as limestone, dolomite, or 
gypsum) which creates karst features (sinkholes and caves) within the subsurface. Karst 
conditions were not encountered during the exploration reported herein.  Karst 
features/conditions are not anticipated to be a design or construction concern for the Transition 
Station #5 site. 

6.12 CORROSION CONSIDERATIONS 

A bulk sample obtained in boring INF 802 was tested in the laboratory to determine pH, water 
soluble sulfate and chloride, and resistivity.  The results of the lab tests are summarized in Table 
7 below. 
 

Table 7 – Laboratory Corrosivity Test Results 

Boring 
No. 

Sample 
Type & Depth 

(ft) 
pH 

Chloride 
(ug/g) 

Sulfate 
(ug/g) 

Electrical 
Resistivity 
(ohm-cm) 

INF 802 BULK (1 - 6) 5.9 140 < 6.3 1,500 

 
Based on the results of the laboratory tests on material collected from INF 802, the soils at the 
Transition Station #5 site should be considered as having “aggressive” corrosion potential.  As a 
result, we recommend that cut material originating from the INF 802 area should be used in 
locations onsite or on the transition corridor where underground utilities, foundations, and walls 
are not planned.  New fill used to develop the transition station finished grades (originating offsite) 
should be tested prior to placement to confirm that they exhibit “non-aggressive” corrosion 
potential as defined by FWHA.  
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7.0 LIMITATIONS 

This report has been prepared for the exclusive use of PAR Electrical Contractors, Inc. or their 
agent, for specific application to the Transition Station #5 project near Bethlehem, New 
Hampshire.  The conclusions and recommendations presented herein are based on design 
information furnished to us, the data obtained from the previously described subsurface 
exploration programs, and generally accepted geotechnical engineering practice.  The 
conclusions and recommendations do not reflect variations in subsurface conditions which could 
exist intermediate of the boring locations or in unexplored areas of the site.   Should such 
variations become apparent during construction, it will be necessary to re-evaluate our 
conclusions and recommendations based upon on-site observations of the conditions. 
 
The soil and rock descriptions/classifications and the strata breaks shown on the boring logs 
attached to this report are based primarily on visual observation and should be considered 
approximate.  Regardless of the thoroughness of a subsurface exploration, there is the possibility 
that conditions between borings will differ from those at the boring locations, that conditions are 
not as anticipated by the designers, or that the construction process has altered the soil 
conditions.  Therefore, experienced geotechnical engineers or engineering geologists should 
evaluate earthwork and foundation construction to verify that the conditions anticipated in design 
actually exist. 
 
In the event that changes are made in the design or location of the project, the recommendations 
presented in the report shall not be considered valid unless the changes are reviewed by Quanta 
Subsurface and conclusions of this report modified and/or verified in writing.  If this report is copied 
or transmitted to a third party, it must be copied or transmitted in its entirety, including text, 
attachments, and enclosures.  Interpretations based on only a part of this report may not be valid. 
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1-2-1-9
(3)

7-7-8-9
(15)

4-7-15-23
(22)

24-28-39-
37

(67)

50/6"

18-36-42-
34

(78)

50/5"

TOPSOIL: SILT with sand (ML), trace organics,
moderate brown, moist, soft, fine grained sand

CHANNEL DEPOSITS: Silty SAND with gravel
(SM), moderate yellowish brown, moist, medium
dense, fine to coarse grained gravel, fine to
medium grained sand, subangular

- very dense from 6 to 8 feet

TILL: Silty SAND with gravel (SM), moderate
yellowish brown, moist, medium dense, fine to
coarse grained gravel, fine to medium grained
sand, subangular

- boulders and cobbles were encountered from 8 to
10 feet

- wet from 15 to 23 feet

- cobbles were encountered from 20 to 20.4 feet

5.2

10.7

43.7

Boulder
encountered at 8
feet.  Boring offset
2 feet and
continued drilling
using wet rotary
(roller bit) below
10 feet.

54

63

67

71

73

71

67

SPT
1

SPT
2

SPT
3

SPT
4

SPT
5

SPT
6

SPT
7

NOTES

LOGGED BY S. Laing

DRILLING CONTRACTOR SW Cole

CHECKED BY J.T. McGinnis

DATE STARTED 11/18/16 COMPLETED 11/18/16 GROUND ELEVATION 1101.1 ft

DRILLING EQUIPMENT CME 850 SPT HAMMER AutomaticDRILLING METHOD Solid Stem Auger/Wet Rotary

HOLE SIZE 6"

GROUND WATER LEVEL:

AT TIME OF DRILLING 13.0ft / Elev 1088.1ft

LATITUDE 44.28227222 LONGITUDE -71.72596944
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36-50/6"

50/4"

50/6"

25-42-
50/6"

TILL: Silty SAND with gravel (SM), moderate
yellowish brown, moist, medium dense, fine to
coarse grained gravel, fine to medium grained
sand, subangular (continued)

Silty SAND (SM), trace fine gravel, light olive gray,
moist, very dense, fine grained sand, subangular

Silty SAND with gravel (SM), light olive gray, moist,
very dense, fine to coarse grained gravel, fine
grained sand, subangular

- a boulder was encountered from 30.5 to 34.5 feet

Silty SAND (SM), little fine gravel, light olive gray,
moist, very dense, fine grained sand, subangular

92

100

68

95

SPT
8

SPT
9

SPT
10

SPT
11
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21-42-
50/6"

33-50/5"

Silty SAND (SM), little fine gravel, light olive gray,
moist, very dense, fine grained sand, subangular
(continued)

Silty SAND with gravel (SM), light olive gray, moist,
very dense, fine to coarse grained gravel, fine
grained sand, subangular

Bottom of Borehole at 50.9 feet
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1-1-3-13
(4)

9-10-11-21
(21)

4-6-12-15
(18)

17-50/5"

21-50/5"

44-50/4"

50/6"

TOPSOIL: Sandy SILT (ML), trace organics,
moderate brown, moist, soft, fine grained sand

CHANNEL DEPOSITS: Silty SAND with gravel
(SM), pale yellowish brown, moist, medium dense,
fine to coarse grained gravel, fine to medium
grained sand, subangular

TILL: Silty SAND with gravel (SM), pale yellowish 
brown, moist, very dense, fine to coarse grained 
gravel, fine to medium grained sand, subangular, 
-zones of oxidation, light olive gray from 28 to 
40.8 feet

- wet from 13 to 40.8 feet

- dusky yellow from 18 to 28 feet

6.9

7.5

26.4

A bulk sample was
obtained from 1 to
6 feet.

50

63

0

0

0

60

85

SPT
1

SPT
2

SPT
3

SPT
4

SPT
5

SPT
6

SPT
7

NOTES

LOGGED BY S. Laing

DRILLING CONTRACTOR SW Cole

CHECKED BY J.T. McGinnis

DATE STARTED 11/18/16 COMPLETED 11/18/16 GROUND ELEVATION 1100.0 ft

DRILLING EQUIPMENT CME 850 SPT HAMMER AutomaticDRILLING METHOD Solid Stem Auger/Wet Rotary

HOLE SIZE 6"

GROUND WATER LEVEL:

AT TIME OF DRILLING Not encountered

LATITUDE 44.28209722 LONGITUDE -71.72533056
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29-50/5"

16-42-
50/5"

27-50/3"

45-50/4"

TILL: Silty SAND with gravel (SM), pale yellowish
brown, wet, very dense, fine to coarse grained
gravel, fine to medium grained sand, subangular, -
zones of oxidation, light olive gray from 28 to 40.8
feet (continued)

- light olive gray from 28 to 40.8 feet

Bottom of Borehole at 40.8 feet
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0-0-1-1
(1)

9-15-13-11
(28)

11-10-9-6
(19)

7-7-8-10
(15)

12-16-19-
19

(35)

TOPSOIL: Sandy SILT (ML), moderate brown, wet,
soft, fine grained sand

CHANNEL DEPOSITS: Silty SAND (SM), moderate
yellowish brown, wet, medium dense, fine to
medium grained sand, subangular

Sandy SILT (ML), little fine to coarse gravel,
moderate yellowish brown, wet, stiff, fine grained
sand, subangular

Silty SAND (SM), little fine to coarse gravel,
moderate yellowish brown, dense, fine grained
sand, subangular

- boulders were encountered from 13 to 19 feet

TILL: Silty SAND (SM), little fine to coarse gravel,
light olive gray, wet, very dense, fine grained sand,
subangular

12.7

15.9 58.8

Wet rotary (roller
bit) drilling method
used below 10
feet.  Roller bit
refusal was
encountered at 17
feet on a boulder;
rock coring used
from 17 to 22 feet.
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58

50
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NOTES Boring performed within a wetland area.

LOGGED BY S. Laing

DRILLING CONTRACTOR SW Cole

CHECKED BY J.T. McGinnis

DATE STARTED 11/18/16 COMPLETED 11/18/16 GROUND ELEVATION 1083.2 ft

DRILLING EQUIPMENT CME 850 SPT HAMMER AutomaticDRILLING METHOD Solid Stem Auger/Wet Rotary

HOLE SIZE 6"

GROUND WATER LEVEL:

AT TIME OF DRILLING 0.0ft / Elev 1083.2ft

LATITUDE 44.28241389 LONGITUDE -71.72576111
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26-50/6"

24-50/6"

12-18-28-
43

(46)

18-42-
50/6"

TILL: Silty SAND (SM), little fine to coarse gravel,
light olive gray, wet, very dense, fine grained sand,
subangular (continued)
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30-50/5"

50/5"

TILL: Silty SAND (SM), little fine to coarse gravel,
light olive gray, wet, very dense, fine grained sand,
subangular (continued)

Bottom of Borehole at 50.4 feet
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1-1-10-4
(11)

11-20-10-8
(30)

4-5-7-11
(12)

15-22-34-
27

(56)

13-39-
50/6"

50/6"

25-41-

TOPSOIL: Sandy SILT (ML), little organics, moderate brown, wet,
medium stiff, fine grained sand

CHANNEL DEPOSITS: Silty SAND with gravel (SM), dark yellowish
orange, wet, medium dense, fine to coarse grained gravel, fine grained
sand

SILT (ML), little fine sand, dark yellowish orange, wet, stiff

Silty SAND with gravel (SM), moderate yellowish brown, wet, very
dense, fine to coarse grained gravel, fine grained sand

TILL: Silty SAND with gravel (SM), light olive gray, wet, very dense, fine
to coarse grained gravel, fine grained sand

27.3 94.6

17
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SPT

NOTES

LOGGED BY S. Laing

DRILLING CONTRACTOR SW Cole

CHECKED BY J.T. McGinnis

DATE STARTED 11/18/16 COMPLETED 11/18/16 GROUND ELEVATION 1079.1 ft

DRILLING EQUIPMENT CME 850 SPT HAMMER AutomaticDRILLING METHOD Solid Stem Auger/Wet Rotary

HOLE SIZE 6"

GROUND WATER LEVEL:

AT TIME OF DRILLING 1.5ft / Elev 1077.6ft

LATITUDE 44.28261667 LONGITUDE -71.72582778
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50/6"

14-21-24-
30

(45)

13-20-40-
32

(60)

50/5"

50/4"

TILL: Silty SAND with gravel (SM), light olive gray, wet, very dense, fine
to coarse grained gravel, fine grained sand (continued)

Poorly Graded SAND with silt and gravel (SP-SM), light olive gray, wet,
very dense, fine to coarse grained gravel, fine to medium grained sand
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43-50-
50/3"

18-31-40-
46

(71)

Poorly Graded SAND with silt and gravel (SP-SM), light olive gray, wet,
very dense, fine to coarse grained gravel, fine to medium grained sand
(continued)

Bottom of Borehole at 52.0 feet
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6-2-3-4
(5)

8-10-16-20
(26)

12-12-12-
11

(24)

14-16-19-
21

(35)

23-24-24-
39

(48)

23-41-
50/4"

TOPSOIL: SILT with sand (ML), little organics,
moderate brown, wet, medium stiff, fine grained
sand
CHANNEL DEPOSITS: Poorly Graded SAND with
silt and gravel (SP-SM), dark yellowish orange,
wet, loose to medium dense, fine grained gravel,
fine grained sand, subangular

Silty SAND with gravel (SM), dusky yellow, wet,
medium dense to dense, fine to coarse grained
gravel, fine grained sand, subrounded

TILL: Silty SAND with gravel (SM), dusky yellow,
wet, very dense, fine to coarse grained gravel, fine
grained sand, subrounded

- cobbles were encountered from 16 to 19 feet

- a boulder was encountered from 19 to 21 feet

15.3

10.1 45.8

Wet rotary (roller
bit) drilling method
used below 10
feet.  Roller bit
refusal was
encountered at 17
feet on a boulder;
rock coring used
from 19 to 24 feet.
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NOTES

LOGGED BY S. Laing

DRILLING CONTRACTOR SW Cole

CHECKED BY J.T. McGinnis

DATE STARTED 11/18/16 COMPLETED 11/18/16 GROUND ELEVATION 1082.5 ft

DRILLING EQUIPMENT CME 850 SPT HAMMER AutomaticDRILLING METHOD Solid Stem Auger/Wet Rotary

HOLE SIZE 6"

GROUND WATER LEVEL:

AT TIME OF DRILLING 0.5ft / Elev 1082.0ft

LATITUDE 44.28248333 LONGITUDE -71.72518611
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12-23-37-
40

(60)

13-28-35-
36

(63)

37-50/5"

23-31-50
(81)

TILL: Silty SAND with gravel (SM), dusky yellow,
wet, very dense, fine to coarse grained gravel, fine
grained sand, subrounded (continued)

Silty SAND with gravel (SM), pale yellowish brown
and light olive gray, wet, very dense, fine to coarse
grained gravel, fine to medium grained sand,
subangular
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27-50/5"

32-50/6"

Silty SAND with gravel (SM), pale yellowish brown
and light olive gray, wet, very dense, fine to coarse
grained gravel, fine to medium grained sand,
subangular (continued)

Bottom of Borehole at 51.0 feet
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1-2-3-28
(5)

11-20-32-
19

(52)

10-17-15-
17

(32)

10-39-42-
40

(81)

11-20-50
(70)

15-21-19-
26

(40)

10-20-22-

TOPSOIL: SILT with sand (ML), trace organics, moderate brown, moist,
soft, fine grained sand

CHANNEL DEPOSITS: Silty SAND with gravel (SM), moderate
yellowish brown, moist to wet, dense, fine to coarse grained gravel, fine
grained sand, subrounded, with cobbles

- no cobbles enountered from 3.5 to 6 feet

- very dense from 6 to 18 feet and cobbles from 6 to 13 feet

TILL: Silty SAND with gravel (SM), moderate yellowish brown, moist,
dense, fine to coarse grained gravel, fine grained sand, subrounded

10.0

10.8

10.2

37.9

49.9

58

67

100

67

94

75

SPT
1

SPT
2

SPT
3

SPT
4

SPT
5

SPT
6

SPT

NOTES

LOGGED BY S. Laing

DRILLING CONTRACTOR SW Cole

CHECKED BY J.T. McGinnis

DATE STARTED 11/18/16 COMPLETED 11/18/16 GROUND ELEVATION 1077.5 ft

DRILLING EQUIPMENT CME 850 SPT HAMMER AutomaticDRILLING METHOD Solid Stem Auger/Wet Rotary

HOLE SIZE 6"

GROUND WATER LEVEL:

LATITUDE 44.28264722 LONGITUDE -71.72545833
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AT END OF DRILLING Not Encountered



25
(42)

12-20-22-
21

(42)

19-28-38-
49

(66)

41-43-32-
50

(75)

30-50/5"

TILL: Silty SAND with gravel (SM), moderate yellowish brown, moist,
dense, fine to coarse grained gravel, fine grained sand, subrounded
(continued)

Silty SAND with gravel (SM), light olive gray, wet, very dense, fine
grained sand, subrounded
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PROJECT NAME Northern Pass TL - Transition Station #5

PROJECT LOCATION Bethlehem, New Hampshire

CLIENT PAR Electrical Contractors

PROJECT NUMBER 16004
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31-39-50
(89)

20-32-
50/5"

Silty SAND with gravel (SM), light olive gray, wet, very dense, fine
grained sand, subrounded (continued)

Bottom of Borehole at 51.4 feet
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PROJECT NAME Northern Pass TL - Transition Station #5

PROJECT LOCATION Bethlehem, New Hampshire

CLIENT PAR Electrical Contractors
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1-5-2-2
(7)

8-8-10-8
(18)

6-7-30-24
(37)

14-50/2"

11-15-16-
31

(31)

TOPSOIL: SILT with sand (ML), trace organics,
moderate brown, moist, medium stiff, fine grained
sand

CHANNEL DEPOSITS: Silty SAND with gravel
(SM), moderate yellowish brown, wet, medium
dense, fine grained gravel, fine grained sand,
subrounded
Sandy SILT (ML), trace fine gravel, moderate
yellowish brown, wet, very stiff to hard, fine grained
sand, subrounded, laminations of sand and silt

Silty SAND with gravel (SM), moderate yellowish
brown, very dense, fine grained gravel, fine grained
sand, subrounded, with cobbles

Silty SAND with gravel (SM), moderate yellowish
brown, wet, dense, fine grained gravel, fine grained
sand, subrounded, laminations of sand and silt

Bottom of Borehole at 10.0 feet

13.7 65.4

Infiltration test
casing installed in
an adjacent
borehole to a
depth of
approximately 6
feet.

The ESHWT is at
an approximate
depth of 2 feet

33

75

83

63

71

SPT
1

SPT
2

SPT
3

SPT
4

SPT
5

NOTES

LOGGED BY S. Laing

DRILLING CONTRACTOR SW Cole

CHECKED BY J.T. McGinnis

DATE STARTED 11/18/16 COMPLETED 11/18/16 GROUND ELEVATION 1080.1 ft

DRILLING EQUIPMENT CME 850 SPT HAMMER AutomaticDRILLING METHOD Hollow Stem Auger

HOLE SIZE 6"

AT END OF DRILLING Not Encountered

GROUND WATER LEVEL:

LATITUDE 44.28257222 LONGITUDE -71.72543611
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PROJECT LOCATION Bethlehem, New Hampshire

CLIENT PAR Electrical Contractors

PROJECT NUMBER 16004

G
E

O
T

E
C

H
 B

H
 C

O
LU

M
N

S
 -

 D
F

 S
T

D
 U

S
 L

A
B

 E
-M

.G
D

T
 -

 1
2/

22
/1

6 
09

:3
1 

- 
C

:\U
S

E
R

S
\M

R
U

N
IO

N
\D

O
C

U
M

E
N

T
S

\1
60

04
\1

60
04

 N
O

R
T

H
E

R
N

 P
A

S
S

 T
R

A
N

S
IT

IO
N

 5
.G

P
J

Quanta Subsurface

G
R

A
P

H
IC

L
O

G

P
O

C
K

E
T

 P
E

N
.

(t
sf

)

B
L

O
W

C
O

U
N

T
S

(N
 V

A
L

U
E

)

MATERIAL DESCRIPTION

LI
Q

U
ID

LI
M

IT

ATTERBERG
LIMITS

P
L

A
S

T
IC

IT
Y

IN
D

E
X

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

 (
%

)

F
IN

E
S

 C
O

N
T

E
N

T
(%

)

REMARKS

D
E

P
T

H
(f

t)

0

5

10

R
E

C
O

V
E

R
Y

 %
(R

Q
D

)

S
A

M
P

L
E

 T
Y

P
E

N
U

M
B

E
R



1-1-1-2
(2)

7-5-9-9
(14)

8-8-9-10
(17)

12-14-11-
16

(25)

TOPSOIL: Silty SAND (SM), trace organics,
moderate brown, moist, very loose, fine grained
sand

CHANNEL DEPOSITS: Silty SAND with gravel
(SM), moderate yellowish brown, wet, medium
dense, coarse grained gravel, fine grained sand,
subangular
- cobbles encountered at 3 feet

Sandy SILT (ML), little fine gravel, moderate
yellowish brown, wet, very stiff, fine grained sand,
subangular, laminations of oxidation

Poorly Graded SAND with silt and gravel (SP-SM),
moderate yellowish brown, wet, medium dense,
fine grained gravel, fine to medium grained sand,
subangular

Bottom of Borehole at 8.0 feet

15.0 59.5

Infiltration test
casing installed in
an adjacent
borehole to a
depth of
approximately 4
feet.

A bulk sample was
obtained from 1 to
6 feet.
w% = 10.8%
LL = NP; PI = NP
% fines = 33.4%
Resistivity = 1,500
ohm-cm
pH = 5.9

The ESHWT is at
an approximate
depth of 4 feet

50

46

25

54

SPT
1

SPT
2

SPT
3

SPT
4

NOTES Boring offset about 6.5 feet to SW of staked location.

LOGGED BY S. Laing

DRILLING CONTRACTOR SW Cole

CHECKED BY J.T. McGinnis

DATE STARTED 11/18/16 COMPLETED 11/18/16 GROUND ELEVATION 1082.0 ft

DRILLING EQUIPMENT CME 850 SPT HAMMER AutomaticDRILLING METHOD Hollow Stem Auger

HOLE SIZE 6"

AT END OF DRILLING 7.8ft / Elev 1074.2ft

GROUND WATER LEVEL:

LATITUDE 44.28256111 LONGITUDE -71.72530556
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Laboratory Test Results 

 
 



SUMMARY OF LAB TESTING RESULTS
NORTHERN PASS TRANSMISSION LINE PROJECT
TRANSITION STATION #5
PROJECT NO.: 16004

SAMPLE INFORMATION

Sieve Analysis (ASTM D422)

%
Gravel

%
Sand

%
Silt

%
Clay LL PL PI

Max. Dry 
Density

(pcf)

Optimum 
Moisture 
Content

(%)

SO4

(ASTM D516)
CHLORIDE

(ASTM D512)
pH

(ASTM G51)

RESISTIVITY
(AASHTO T288)

(ohm-cm)

BH 801 S3 4-6 43.7

BH 801 S4 6-8 5.2

BH 801 S6 15-17 10.7

BH 802 S2 2-4 6.9 26.4

BH 802 S3 4-6 7.5

BH 803 S2 2-4 12.7

BH 803 S4 6-8 15.9 58.8

BH 804 S3 4-6 27.3 94.6

BH 805 S2 2-4 15.3

BH 805 S4 6-8 10.1 45.8

BH 805 S7 25-27 9.7

BH 806 S2 2-4 10.0 37.9

BH 806 S4 6-8 10.8

BH 806 S6 15-17 10.2 49.9

BH 806 S8 25-27 9.6

INF 801 S3 4-6 13.7 4.0 30.6 34.1 31.3

INF 802 BULK 1-6 10.8 33.4 NP NP NP 130.6C 8.7C < 6.3A 140.0A 5.9A 1,500A

INF 802 S3 4-6 15.0 3.4 37.2 47.9 11.6

NOTES:
General - Testing performed by S.W. Cole unless otherwise noted.
A - Testing performed by Absolute Resource Associates as a subcontractor to S.W. Cole.
B - Testing performed by GeoTesting.
C - Reported maximum dry density and optimum moisture based on corrected values. 

SOIL CHEMISTRY

LAB TEST RESULTS

BOREHOLE
No.

FIELD SAMPLE
ID

DEPTH (ft)
MOISTURE CONTENT

(ASTM D2216)
(%)

ORGANIC CONTENT
OF SOIL

(ASTM D2794)
(%)

% PASSING NO. 200 
SEIVE

(ASTM D1140)

ATTERBERG LIMITS
(ASTM D4318)

MODIFIED PROCTOR
(ASTM D1557) UNCONFINED 

COMPRESSIVE 
STRENGTH OF ROCK

(ASTM D7102)
(psi)



Northern Pass Project Number:  16-0600

Various, NH Lab ID:  Multiple

Quanta Subsurface Date Received:  11/22/16

Various Date Completed:  11/28/16

Transition Station #5 Tested By:  MRB

Lab ID

Nominal 
Maximum 
Aggregate 

Size

Moisture Content

1641M ⅜" 5.2%

1642M ⅜" 10.7%

1643M ⅜" 6.9%

1644M ⅜" 7.5%

1645M ⅜" 12.7%

1646M ⅜" 15.9%

1647M ⅜" 27.3%

1648M ⅜" 15.3%

1649M ⅜" 10.1%

1650M ⅜" 9.7%

Comments:

Reviewed By:  

.

BH-803, S4, 6'-8'

BH-803, S2, 2'-4'

BH-802, S3, 4'-6'

BH-802, S2, 2'-4'

BH-804, S3, 4'-6'

BH-805, S4, 6'-8'

BH-805, S2, 2'-4'

    Geotechnical Engineering           Construction Materials Testing           GeoEnvironmental Services           Ecological Services    

    150 Zachary Road, Suite 6, Manchester, NH 03109-5614  ●  P: (603) 716.2111  ●  F: (603) 716.2112  ●  E: infomanchester@swcole.com  

BH-805, S7, 25'-27'

Report of Moisture Content
of Soil and Rock

ASTM D2216-10

BH-801, S6, 15'-17'

BH-801, S4, 6'-8'

Material Description

Project Location:

Project Name:

Material Source:

Material Description:

Client:

           CBM



Northern Pass Project Number:  16-0600

Various, NH Lab ID:  Multiple

Quanta Subsurface Date Received:  11/22/16

Various, NH Date Completed:  11/28/16

Transition Station #5 Tested By:  MRB

Lab ID

Nominal 
Maximum 
Aggregate 

Size

Moisture Content

1651M ⅜" 10.0%

1652M ⅜" 10.8%

1653M ⅜" 10.2%

1654M ⅜" 9.6%

1655M ⅜" 13.7%

1657M ⅜" 15.0%

1656M ⅜" 10.8%

Comments:

Reviewed By:  

.

B-806, S4, 6'-8'

B-806, S2, 2'-4'

Material Description

Project Location:

Project Name:

Material Source:

Material Description:

Client:

Report of Moisture Content
of Soil and Rock

ASTM D2216-10

INF-802, BULK 1'-6'

    Geotechnical Engineering           Construction Materials Testing           GeoEnvironmental Services           Ecological Services    

    150 Zachary Road, Suite 6, Manchester, NH 03109-5614  ●  P: (603) 716.2111  ●  F: (603) 716.2112  ●  E: infomanchester@swcole.com  

INF-802, S3, 4'-6'

INF-801, S3, 4'-6'

B806, S8, 25'-27'

B-806, S6, 15-17'

           CBM



Percent Finer than No. 200 ASTM D1140

Northern Pass Transmission - Transition Station #5

Sample Source:
Client Sample Description:

Sample Source:
Client Sample Description:

Sample Source:
Client Sample Description:

Sample Source:
Client Sample Description:

Sample Source:
Client Sample Description:

% Passing # 200: 37.9

SM

Sample ID: 1647M
BH-804, S3, 4'-6'

ML

Sample ID: 1649M
BH-805, S4, 6'-8'

SM

% Passing # 200: 94.6

% Passing # 200: 26.4

Sample ID: 1646M
BH-803, S4, 6'-8'

ML

Sample ID: 1643M
BH-802, S-2, 2'-4'

SM

Sample ID: 1651M
BH-806, S2, 2'-4'

% Passing # 200: 45.8

Project Number:
Project Name:

16-0600

% Passing # 200: 58.8



Percent Finer than No. 200 ASTM D1140

Northern Pass Transmission - Transition Station #5

Sample Source:
Client Sample Description:

Sample Source:
Client Sample Description:

Sample Source:
Client Sample Description:

% Passing # 200: 33.4

ML

% Passing # 200: 49.9

Sample ID: 1656M
INF-802, BULK, 1'-6'

SM

% Passing # 200: 43.7

Sample ID: 1653M
BH-806, S6, 15'-17'

Sample ID: 15371
BH-801, S3, 4-6'

SM

Project Number: 16-0600
Project Name:



Report of Hydrometer

Project Name: Northern Pass Project Number:  
Project Location: Transition Station #5 Lab ID:  
Client: Quanta Subsurface Date Received:  
Material Description: ML Date Completed:  
Material Source: INF-801, S3, 4'-6' Tested By:  

Specification

(name)
3" 76 100 0.05092 60.3
2" 50 100 0.03752 56.7

1½" 38.1 100 0.02739 52.9
1" 25 100 0.02739 52.9
¾" 19 100 0.01996 49.1
½" 12.5 100 0.01475 44.2
¼" 6.3 97 0.01111 40.9

No. 4 4.75 96 0.00805 36.2
No. 10 2 88 0.00575 34.4
No. 20 0.85 84 0.00427 27.2
No. 40 0.425 81 0.00312 22.4
No. 60 0.25 77 0.00225 19.6

No. 100 0.15 73 0.00130 15.6
No. 200 0.075 65.4

Gravel (3" - No. 4) 4.0% Fines (0.074 -0.005) 34.1%
Sand (No. 4 - No. 200) 30.6% Clay  (<0.005) 31.3%

Comments:

.
    Geotechnical Engineering           Construction Materials Testing           GeoEnvironmental Services           Ecological Services    

    13 Delta Drive, Unit 8, Londonderry, NH 03053  ●  P: (603) 716.2111  ●  F: (603) 716.2112  ●  E: infomanchester@swcole.com  

        

CRW
11/29/2016

Amount 
Passing (%)

Standard 
Designation 

(mm)

Reviewed By

Amount   Passing 
(%)

Particle Size 
(mm)

ASTM D422-63 (07)

Sieve Analysis Hydrometer Analysis

Particle Distribution:

Sieve Size

11/22/2016
1655M
16-0600
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Report of Hydrometer

Project Name: Northern Pass Project Number:  
Project Location: Transition Station #5 Lab ID:  
Client: Quanta Subsurface Date Received:  
Material Description: ML Date Completed:  
Material Source: INF-802, S3, 4'-6' Tested By:  

Specification

(name)
3" 76 100 0.05995 50.0
2" 50 100 0.04410 44.0

1½" 38.1 100 0.03192 40.1
1" 25 100 0.03192 40.1
¾" 19 100 0.02338 32.8
½" 12.5 100 0.01688 29.0
¼" 6.3 99 0.01262 23.4

No. 4 4.75 97 0.00920 18.2
No. 10 2 91 0.00655 15.2
No. 20 0.85 86 0.00471 10.7
No. 40 0.425 81 0.00340 8.2
No. 60 0.25 77 0.00241 6.2

No. 100 0.15 72 0.00136 5.4
No. 200 0.075 59.5

Gravel (3" - No. 4) 3.4% Fines (0.074 -0.005) 47.9%
Sand (No. 4 - No. 200) 37.2% Clay  (<0.005) 11.6%

Comments:

.

ASTM D422-63 (07)

Sieve Analysis Hydrometer Analysis

Particle Distribution:

Sieve Size

11/22/2016
1657M
16-0600

CRW
11/29/2016

Amount 
Passing (%)

Standard 
Designation 

(mm)

Reviewed By

Amount   Passing 
(%)

Particle Size 
(mm)

    Geotechnical Engineering           Construction Materials Testing           GeoEnvironmental Services           Ecological Services    

    13 Delta Drive, Unit 8, Londonderry, NH 03053  ●  P: (603) 716.2111  ●  F: (603) 716.2112  ●  E: infomanchester@swcole.com  
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Project Name VARIOUS NH - NORTHERN PASS TRANSMISSION LINE - 
LABORATORY TESTING SERVICES

Project Number 16-0600
Lab ID 1656M

Material Type
Material Source INF-802, BULK, 1'-6'

Date Completed 12/2/2016
Tested By MARK BENNETT

Date Received 11/22/2016

Procedure AMethod ASTM D-1557 MODIFIED

Client SWCOLE EXPLORATIONS, LLC

Report of Moisture-Density

Maximum Dry Density (pcf) 129.5

Optimum Moisture Content (%) 9

Percent Oversized 4.7%

Corrected Dry Density (pcf) 130.6

Corrected Moisture Content (%) 8.7

Moisture-Density Relationship Curve
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.

Comments

13 Delta Drive, Unit 8, Londonderry, NH 03053-2329 • Tel (603) 716-2111 • Fax (603) 716-2112 • www.swcole.com

ML

           CBM



Report of Atterberg Limits
ASTM D4318-10 - Method A

Project Name: Northern Pass Transmission Line Project Number:  16-0600

Project Location: Various, NH Lab ID:  15372S

Client: SWCOLE Explorations, LLC Date Received:  11/22/16

Material Description: ML Date Completed:  12/12/16

Material Source: INF-802, BULK, 1-6' Tested By:  BLG

Liquid Limit

Plastic Limit

Plasticity Index Non-Plastic

Material Retained On the No. 40 Sieve:

As-received Moisture Content: N/A

Comments:

Reviewed By:  

.
    Geotechnical Engineering           Construction Materials Testing           GeoEnvironmental Services           Ecological Services    

    10 Centre Road, Somersworth, NH 03878-2926  ●  P: (603) 692.0088  ●  F: (603) 692.0044  ●  E: infosomersworth@swcole.com    
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Report of Soil Resistivity

AASHTO T288

Project Name: Northern Pass Transmission Line Project Number:  16-0600

Project Location: Various, NH Lab ID:  15372S

Client: SWCOLE Explorations, LLC Date Received:  11/22/16

Material Description: ML Date Completed:  12/12/16

Material Source: INF-802, BULK, 1-6' Tested By:  BLG

     

Minimum Soil Resistivity 1,500 ohm-cm

Soil Temperature 20.5 °C

Comments:

Reviewed By:  

.
    Geotechnical Engineering           Construction Materials Testing  and Special Inspections          GeoEnvironmental Services    

    10 Centre Road, Somersworth, NH 03878-2926  ●  P: (603) 692.0088  ●  F: (603) 692.0044  ●  E: infosomersworth@swcole.com    
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Project: None  

38616Job ID:

PO Number: None

11/22/16Date Received:

Chad Michaud

10 Centre Road

S.W. Cole Engineering Inc.

Somersworth, NH 03878-2926

Unless otherwise noted in the attached report, the analyses performed met the requirements of Absolute 
Resource Associates' Quality Assurance Plan.  The Standard Operating Procedures are based upon 
USEPA SW-846, USEPA Methods for Chemical Analysis of Water and Wastewater, Standard Methods 
for the Examination of Water and Wastewater and other recognized methodologies.  The results 
contained in this report pertain only to the samples as indicated on the chain of custody. 

Absolute Resource Associates maintains certification with the agencies listed below.  

We appreciate the opportunity to provide laboratory services.  If you have any questions regarding the 
enclosed report, please contact the laboratory and we will be glad to assist you.  

Total number of pages:

Date of Approval:

Sincerely,
Absolute Resource Associates

Attached please find results for the analysis of the samples received on the date referenced above.

12/8/2016

3

Sue Sylvester

Principal, General Manager

124 Heritage Avenue Portsmouth NH 03801

Laboratory Report

124 Heritage Avenue  | Portsmouth, NH 03801 | 603-436-2001 | absoluteresourceassociates.com

Absolute Resource Associates Certifications

New Hampshire
Maine NH903

1732 Massachusetts M-NH902

Page 1 of 3



NoneProject ID:

38616Job ID:

BH-105, Bulk, 1-6'

Solid

Sample ID:

Matrix:

Parameter Result

Analysis
Date Time

Sample#:

Reporting
Limit Reference

11/22/16 9:30Sampled:

38616-001

Analyst
Instr Dil'n

FactorUnits

Prep
Date Batch

Percent Dry: 73.6% Results expressed on a dry weight basis.

Chloride 12/2/16< 6.8 6.8 E300.0A1 18:13ug/g JZL 1603363

Sulfate 12/2/16< 6.8 6.8 E300.0A1 18:13ug/g JZL 1603363

pH 11/29/165.8 SW9045C1 4:35pH APA 1603274

INF-802, Bulk, 1-6'

Solid

Sample ID:

Matrix:

Parameter Result

Analysis
Date Time

Sample#:

Reporting
Limit Reference

11/22/16 9:30Sampled:

38616-002

Analyst
Instr Dil'n

FactorUnits

Prep
Date Batch

Percent Dry: 79.5% Results expressed on a dry weight basis.

Chloride 12/2/16140 6.3 E300.0A1 18:29ug/g JZL 1603363

Sulfate 12/2/16< 6.3 6.3 E300.0A1 18:29ug/g JZL 1603363

pH 11/29/165.9 SW9045C1 4:40pH APA 1603274

Page 2 of 3
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Appendix C 
Infiltration Field Test Results 

 



FIELD INFILTRATION TEST RESULTS

Project Name: Northern Pass TL - Transition Station #5 Test Date: 11/19-11/20/2016
Project Number: 16004 Tested By: L. Gschwind
Client: PAR Electrical Contractors Reviewed By: J.T. McGinnis
Test Location: Infiltration Boring INF 801

FIELD TEST DATA

Run #1
Date: 11/19 Time: 

07:41 Run #2
Date: 11/19 Time: 

08:45 Run #3
Date: 11/20 Time: 

12:45 Run #4
Date: 11/20 Time: 

13:50
Time Elapsed 

(min)
Depth to Water 

(ft)
Time Elapsed 

(min)
Depth to Water 

(ft)
Time Elapsed 

(min)
Depth to Water 

(ft)
Time Elapsed 

(min)
Depth to Water 

(ft)
0 0.76 0 0.76 0 0.77 0 0.77
1 0.76 1 0.76 1 0.77 1 0.77
2 0.76 2 0.76 2 0.77 2 0.77
3 0.76 3 0.76 3 3
4 0.76 4 0.76 4 4
5 0.76 5 0.76 5 5
6 0.76 6 6 6
7 0.76 7 7 7
8 0.76 8 8 8
9 0.76 9 9 9

10 0.76 10 10 10
15 0.76 15 0.76 15 15
20 0.76 20 20 20
25 0.76 25 25 25
30 0.76 30 0.76 30 0.77 30 0.77
45 0.76 45 45 45
60 0.76 60 0.76 60 0.77 60 0.77

(ft/hr) 0.00 (ft/hr) 0.00 (ft/hr) 0.00 (ft/hr) 0.00

(in/hr) 0.00 (in/hr) 0.00 (in/hr) 0.00 (in/hr) 0.00

TEST SUMMARY
0.00

7.6
1.6
2.7 (See Notes 3 and 4 below)

Notes:
1)  Testing was performed in accordance with guidelines presented in the New Hampshire Stormwater Manual (Vol 2; Table 2-3).
2)  The Average Infiltration Rate (in/hr) presented is based on field measurements obtained; a safety factor has not been applied.
3)  The high water level measurement resulted from the drill crew flushing hole out immediately following casing installation; see the INF 801 boring log 
     for the appropriate groundwater level. 
4)  Surface water was running adjacent to test hole casing.

Average Infiltration Rate (in/hr)

Hole Depth from Top of Casing (ft)
Casing Stickup from Ground Surface (ft)
Pre-Infiltration Test Water Depth from Top of Casing (ft)

Pre-Soak Performed on 11/18/2016 at 09:31



FIELD INFILTRATION TEST RESULTS

Project Name: Northern Pass TL - Transition Station #5 Test Date: 11/19-11/20/2016
Project Number: 16004 Tested By: L. Gschwind
Client: PAR Electrical Contractors Reviewed By: J.T. McGinnis
Test Location: Infiltration Boring INF 802

FIELD TEST DATA

Run #1
Date: 11/19 Time: 

07:41 Run #2
Date: 11/19 Time: 

08:45 Run #3
Date: 11/20 Time: 

12:45 Run #4
Date: 11/20 Time: 

13:50
Time Elapsed 

(min)
Depth to Water 

(ft)
Time Elapsed 

(min) 0.08
Time Elapsed 

(min)
Depth to Water 

(ft)
Time Elapsed 

(min)
Depth to Water 

(ft)
0 0.08 0 0.08 0 .10 0 .10
1 0.08 1 0.08 1 .10 1 .10
2 0.08 2 0.08 2 .10 2 .10
3 0.08 3 0.08 3 3
4 0.08 4 0.08 4 4
5 0.08 5 0.08 5 5
6 0.08 6 6 6
7 0.08 7 7 7
8 0.08 8 8 8
9 0.08 9 9 9

10 0.08 10 10 10
15 0.08 15 0.08 15 15
20 0.08 20 20 20
25 0.08 25 25 25
30 0.08 30 0.08 30 .10 30 .10
45 0.08 45 0.08 45 .10 45
60 0.08 60 0.08 60 .10 60 .10

(ft/hr) 0.00 (ft/hr) 0.00 (ft/hr) 0.00 (ft/hr) 0.00

(in/hr) 0.00 (in/hr) 0.00 (in/hr) 0.00 (in/hr) 0.00

TEST SUMMARY
0.00

5.4
1.4
0.1 (See Note 3 below)

Notes:
1)  Testing was performed in accordance with guidelines presented in the New Hampshire Stormwater Manual (Vol 2; Table 2-3).
2)  The Average Infiltration Rate (in/hr) presented is based on field measurements obtained; a safety factor has not been applied.
3)  The high water level measurement resulted from the drill crew flushing hole out immediately following casing installation; see the INF 802 boring log 
     for the appropriate groundwater level. 

Average Infiltration Rate (in/hr)

Hole Depth from Top of Casing (ft)
Casing Stickup from Ground Surface (ft)
Pre-Infiltration Test Water Depth from Top of Casing (ft)

Pre-Soak Performed on 11/18/2016 at 09:31



 

 
  
16004 – TS #5 307 W. Main Street Appendix D 
 Radford, Virginia 24141 

 
 
 
 
 
 
 
 

Appendix D 
Summary of Geotechnical Design Parameters 
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Summary of Geotechnical Design Parameters 
Transition Station #5 

 

Boring BH 801 

Sublayer 
Description 

Sublayer 
Depth 

(ft) Material 
Description 

Average 
N60 

Effective 
Unit 

Weight 
(pcf) 

Soil 
Friction 
Angle 
(deg) 

Soil 
Undrained 
Strength 

(psf) 

Bedrock 
(Rock Mass Equivalent  

Mohr-Coulomb Fit) 

Top Bot. 
Friction 
Angle 
(deg) 

Cohesion 
(psf) 

Topsoil 0 2 REMOVE AND REPLACE WITH CONTROLLED STRUCTURAL FILL 

Channel 
Deposits 

2 6 SM 24 120 33 - - - 

6 8 SM 84 135 42 - - - 

Till 
8 13 SM 100+ 140 43 - - - 

13 51 SM 100+ 78 43 - - - 

 

Boring BH 802 

Sublayer 
Description 

Sublayer 
Depth 

(ft) Material 
Description 

Average 
N60 

Effective 
Unit 

Weight 
(pcf) 

Soil 
Friction 
Angle 
(deg) 

Soil 
Undrained 
Strength 

(psf) 

Bedrock 
(Rock Mass Equivalent  

Mohr-Coulomb Fit) 

Top Bot. 
Friction 
Angle 
(deg) 

Cohesion 
(psf) 

Topsoil 0 2 REMOVE AND REPLACE WITH CONTROLLED STRUCTURAL FILL 

Channel 
Deposits 

2 6 SM 25 120 33 - - - 

Till 
6 12 SM 100+ 140 43 - - - 

12 13 SM 100+ 78 43 - - - 

 
Boring BH 803 

Sublayer 
Description 

Sublayer 
Depth 

(ft) Material 
Description 

Average 
N60 

Effective 
Unit 

Weight 
(pcf) 

Soil 
Friction 
Angle 
(deg) 

Soil 
Undrained 
Strength 

(psf) 

Bedrock 
(Rock Mass Equivalent  

Mohr-Coulomb Fit) 

Top Bot. 
Friction 
Angle 
(deg) 

Cohesion 
(psf) 

Topsoil 0 2 REMOVE AND REPLACE WITH CONTROLLED STRUCTURAL FILL 

Channel 
Deposits 

2 6 SM 30 63 35 - - - 

6 8 ML 19 53 29 - - - 

8 25 SM 44 63 37 - - - 

Till 25 50 SM 100+ 78 43 - - - 
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Summary of Geotechnical Design Parameters (cont) 
Transition Station #5 

 

Boring BH 804 

Sublayer 
Description 

Sublayer 
Depth 

(ft) Material 
Description 

Average 
N60 

Effective 
Unit 

Weight 
(pcf) 

Soil 
Friction 
Angle 
(deg) 

Soil 
Undrained 
Strength 

(psf) 

Bedrock 
(Rock Mass Equivalent  

Mohr-Coulomb Fit) 

Top Bot. 
Friction 
Angle 
(deg) 

Cohesion 
(psf) 

Topsoil 0 2 REMOVE AND REPLACE WITH CONTROLLED STRUCTURAL FILL 

Channel 
Deposits 

2 4 SM 38 63 36 - - - 

4 6 ML 15 48 28 - - - 

6 8 SM 70 73 42 - - - 

Till 8 52 SM/SP-SM 100+ 78 43 - - - 

 
Boring BH 805 

Sublayer 
Description 

Sublayer 
Depth 

(ft) Material 
Description 

Average 
N60 

Effective 
Unit 

Weight 
(pcf) 

Soil 
Friction 
Angle 
(deg) 

Soil 
Undrained 
Strength 

(psf) 

Bedrock 
(Rock Mass Equivalent  

Mohr-Coulomb Fit) 

Top Bot. 
Friction 
Angle 
(deg) 

Cohesion 
(psf) 

Topsoil 0 1 
REMOVE AND REPLACE WITH CONTROLLED STRUCTURAL FILL 

Channel 
Deposits 

1 2 

2 6 SP-SM/SM 36 63 36 - - - 

6 13 SM 52 68 38 - - - 

Till 
13 33 SM 85 73 42 - - - 

33 51 SM 100+ 78 43 - - - 

 
Boring BH 806 

Sublayer 
Description 

Sublayer 
Depth 

(ft) Material 
Description 

Average 
N60 

Effective 
Unit 

Weight 
(pcf) 

Soil 
Friction 
Angle 
(deg) 

Soil 
Undrained 
Strength 

(psf) 

Bedrock 
(Rock Mass Equivalent  

Mohr-Coulomb Fit) 

Top Bot. 
Friction 
Angle 
(deg) 

Cohesion 
(psf) 

Topsoil 0 1 
REMOVE AND REPLACE WITH CONTROLLED STRUCTURAL FILL 

Channel 
Deposits 

1 2 

2 6 SM 53 68 39 - - - 

6 18 SM 100+ 78 43 - - - 

Till 
18 30 SM 52 68 38 - - - 

35 51 SM 95 78 43 - - - 
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Summary of Geotechnical Design Parameters (cont) 

Transition Station #5 
 
Controlled Structural Fill 

Sublayer 
Description 

Sublayer 
Depth 

(ft) Material 
Description 

Average 
N60 

Effective 
Unit 

Weight 
(pcf) 

Friction 
Angle 
(deg) 

Undrained 
Strength 

(psf) 

Bedrock 
(Rock Mass Equivalent  

Mohr-Coulomb Fit) 

Top Bot. 
Friction 
Angle 
(deg) 

Cohesion 
(psf) 

Structural 
Fill 

- - SM/ML - 125 30 - - - 

 



 

 

APPENDIX I – WETLAND DELINEATION REPORT (BY OTHERS)





WETLANDS REPORT INFORMATION INCLUDED UNDER SEPARATE COVER 





 

 

APPENDIX J – POLLUTANT LOADING CALCULATIONS 
 

 

 

 

 





Bethlehem TS#5a Simple Method_01122017.xls
Pre-Dev_Sub Area Wksht

1/12/2017

Condition

Point of 
Analysis 

(PoA) 
Number

Sub-Area Number Area Description Land Use BMP

Is the Impervious Area 
Disconnected in 

accordance with Chapter 
6, Volume 1 of the NH 

Stormwater Manual or is 
the BMP an Infiltration 

BMP designed in 
accordance with Alteration 
of Terrain regulations (Env-

Wq 1500)?

Pervious 
Undisturbed 
(i.e, forest, 

meadow, etc.)

Pervious 
Disturbed (i.e. 
lawn or other 

area that will be 
fertilized 
regularly)

Pervious 
Pavement that 

filters and 
infiltrates all 

stormwater (no 
underdrains)

Pervious 
Disturbed 

Other

Description of 
Pervious Disturbed 

Other
Pervious Total 

Pervious 
Pavement that 
filters but does 
not infiltrate all 

stormwater (has 
underdrains)

Impervious 
Roof

Impervious 
Road

Impervious 
Parking and 

Drives

Impervious 
Sidewalks

Impervious 
Surface 
Water

Impervious 
Other

Description of 
Impervious Other

Impervious 
Total (prior to 
Disconnection 
or Infiltration 
BMP Credit)

Total Area

 Composite % 
Impervious 

(without 
disconnection 
or Infiltration 

credit)

 Composite % 
Impervious 

(with 
disconnection 
or Infiltration 

credit)

Acres Acres Acres Acres Acres Acres Acres Acres Acres Acres Acres Acres Acres Acres

Pre-Development Pre-1 Pre-1 Pre-Dev Watershed Map Area 1
Residential 
(general)

NO 0.33 0.63 0.00 0.00 0.96 0.00 0.06 0.13 0.07 0.00 0.00 0.02 shed, walk, wall, pad 0.27 1.23 22.01% 22.01%

Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00%
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00%
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00%
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00%
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pre-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00



Bethlehem TS#5a Simple Method_01122017.xls
Post-Dev_Sub Area Wksht

1/12/2017

Condition

Point of 
Analysis 

(PoA) 
Number

Sub-Area Number Area Description Land Use BMP

Is the Impervious Area 
Disconnected in accordance 
with Chapter 6, Volume 1 of 

the NH Stormwater Manual or 
is the BMP an Infiltration BMP 
designed in accordance with 

Alteration of Terrain 
regulations (Env-Wq 1500)?

Pervious 
Undisturbed 
(i.e, forest, 

meadow, etc.)

Pervious 
Disturbed (i.e. 
lawn or other 

area that will be 
fertilized 
annually)

Pervious 
Pavement that 

filters and 
infiltrates all 

stormwater (no 
underdrains)

Pervious 
Disturbed 

Other

Description of 
Pervious Disturbed 

Other
Pervious Total 

Pervious 
Pavement that 
filters but does 
not infiltrate all 

stormwater (has 
underdrains)

Impervious 
Roof

Impervious 
Road

Impervious 
Parking and 

Drives

Impervious 
Sidewalks

Impervious 
Surface 
Water

Impervious 
Other

Description of 
Impervious Other

Impervious 
Total (Prior to 
Disconnection 
or Infiltration 
BMP Credit)

Total Area

 Composite 
% 

Impervious 
(without 

disconnectio
n or 

Infiltration 
credit)

 Composite 
% 

Impervious 
(with 

disconnectio
n or 

Infiltration 
credit)

Percent that is 
Pervious Disturbed 
(i.e. lawn or other 
area that will be 

fertilized annually)

Acres Acres Acres Acres Acres Acres Acres Acres Acres Acres Acres Acres Acres Acres %

Post-Development Post-1 Post-1 Post-Dev Watershed Map Area 1
Residential 
(general)

Underground Sand 
Filter with Underdrain

NO 0.00 0.00 0.55 0.08 grass, not fertilized 0.64 0.00 0.01 0.02 0.00 0.00 0.00 0.02 Retaining Wall 0.05 0.68 7.02% 7.02% 0.0%

Post-Development Post-2 Post-2 Post-Dev Watershed Map Area 2
Residential 
(general)

NO 0.07 0.00 0.02 0.24 grass, not fertilized 0.33 0.00 0.00 0.17 0.00 0.00 0.05 0.00 0.22 0.55 40.00% 40.00% 0.0%

Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00% 0.0%
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00% 0.0%
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00% 0.0%
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00% 0.0%
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00% 0.0%
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00% 0.0%
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00% 0.0%
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00% 0.0%
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00% 0.0%
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00% 0.0%
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00% 0.0%
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00% 0.0%
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00% 0.0%
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00% 0.0%
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00% 0.0%
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00% 0.0%
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00% 0.0%
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00% 100.00% 0.0%
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Post-Development NO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00



Date (MM/DD/YYYY): 1/12/2017

Project Name: 

Town/City:

Impacted Surface Waters:

Applicant:

DES File #:

Average Annual Precipitation P 45.90 inches ONLY INPUT VALUES IN BLUE SHADED CELLS

Fraction of Annual Runoff events that produce runoff 0.90 (usually 0.9)

Credit for Using Low Nutrient Fertilizer:  If there are managed turf areas under post development conditions that are to be fertilized annually, reductions in post development nutrient (TP and TN) loadings can be realized by

by providing enforceable documents (i.e., deed restrictions) requiring land owners to use low nutrient fertilizer. To get low nutrient fertilizer pollutant reductions input the proposed reduced fertilizer application rates for post development 
development for TP and TN in the table below. Low nutrient fertilizers must have application rates less than the standard fertilizer application rate shown in the table.  Then input the percent of each land use in each post development
sub-area that is managed turf that is fertilzed annually.

TP TN

STANDARD FERTILIZER APPLICATION RATE (lbs/acre/year) 15.0 150.0
PROPOSED REDUCED FERTILIZER APPLICATION RATES FOR POST-DEVELOPMENT (lbs/acre/year) 0.0 44.0
INITIAL PERCENT REDUCTION 100.0% 70.7%
PERCENT OF CITIZENS THAT WILL COMPLY WITH REDUCED APPLICATION RATES 50% 50%
PERCENT OF APPLIED FERTILIZER THAT IS LOST TO RUNOFF OR PERCOLATION 10% 10%
FINAL PERCENT FERTILIZER REDUCTION WITH COMPLIANCE AND RUNOFF RATES APPLIED (%FR) 5.0% 3.5% Used to reduce EMCs for Post TP and Post TN  
MINIMUM ASSUMED EMC =  EMCMIN (mg/L) 0.11 1.74 for each land use in each Sub Area depending on percent 

of area that is managed turf that is fertilized annually
                  PRE-DEVELOPMENT CONDITIONS               POST-DEVELOPMENT CONDITIONS

Area Impervious Area Area Impervious Area
Area Fertilized 

Annually

Total Area (All Sub-Areas) (acres) 1.23 0.27 1.23 0.27 0.00

Insert information for 1st sub-area below

Sub_Area_ID Pre-1 Sub_Area_ID Post-1
Point of Analysis (PoA) Number Pre-1 Point of Analysis (PoA) Number Post-1
Total Area for Sub-Area (acres) 1.23 0.27 Total Area in Sub-Area (acres) 0.68 0.05 0.00

Land Use Area Ia Land Use
Total Area for each 

Land Use
Ia

Percent of Area that 
is managed turf (i.e., 
fertilized annually)

Post-TP EMC
Post-TN 

EMC

(acres) (% Impervious) (acres) (% Impervious) % mg/L mg/L
From HWG From HWG

Residential Roof 0.00 0.00% Residential Roof 0.00 0.00% 0.0% 0.11 1.50
Commercial Roof 0.00 0.00% Commercial Roof 0.00 0.00% 0.0% 0.14 2.10

Commercial/Res Parking 0.00 0.00% Commercial/Res Parking 0.00 0.00% 0.0% 0.15 1.90
Residential Street 0.00 0.00% Residential Street 0.00 0.00% 0.0% 0.55 1.40

Urban Highway 0.00 0.00% Urban Highway 0.00 0.00% 0.0% 0.32 3.00
Lawns 0.00 0.00% Lawns 0.00 0.00% 0.0% 2.10 9.10

Driveway 0.00 0.00% Driveway 0.00 0.00% 0.0% 0.56 2.10
Residential (general) 1.23 22.01% Residential (general) 0.68 7.02% 0.0% 0.40 2.20

Commercial (general) 0.00 0.00% Commercial (general) 0.00 0.00% 0.0% 0.20 2.00
Industrial (general) 0.00 0.00% Industrial (general) 0.00 0.00% 0.0% 0.40 2.50

From CDM From CDM
Agriculture and Pasture 0.00 0.00% Agriculture and Pasture 0.00 0.00% 0.0% 0.37 5.98

Commercial 0.00 0.00% Commercial 0.00 0.00% 0.0% 0.33 2.97
Forest/Rural Open 0.00 0.00% Forest/Rural Open 0.00 0.00% 0.0% 0.11 1.74

Highway 0.00 0.00% Highway 0.00 0.00% 0.0% 0.43 2.65
Industrial 0.00 0.00% Industrial 0.00 0.00% 0.0% 0.32 3.97

Medium Density Residential 0.00 0.00% Medium Density Residential 0.00 0.00% 0.0% 0.52 5.15
Urban Open 0.00 0.00% Urban Open 0.00 0.00% 0.0% 0.11 1.74

Water/Wetland 0.00 0.00% Water/Wetland 0.00 0.00% 0.0% 0.08 1.38

Bethlehem Substation

Bethlehem, Grafton County

Bakers Brook/Upper Connecticut River

Northern Pass Transmission, LLC.

Fertilizer Reduction Calculator



Insert information for 2nd sub-area below

Sub_Area_ID Sub_Area_ID Post-2
Point of Analysis (PoA) Number Point of Analysis (PoA) Number Post-2
Total Area for Sub-Area (acres) 0.00 0.00 Total Area in Sub-Area (acres) 0.55 0.22 0.00

Land Use Area Ia Land Use Area Ia

Percent of Area that 
is managed turf (i.e., 
fertilized annually)

Post-TP EMC
Post-TN 

EMC

(acres) (% Impervious) (acres) (% Impervious) % mg/L mg/L
From HWG From HWG

Residential Roof 0.00 0.00% Residential Roof 0.00 0.00% 0.0% 0.11 1.50
Commercial Roof 0.00 0.00% Commercial Roof 0.00 0.00% 0.0% 0.14 2.10

Commercial/Res Parking 0.00 0.00% Commercial/Res Parking 0.00 0.00% 0.0% 0.15 1.90
Residential Street 0.00 0.00% Residential Street 0.00 0.00% 0.0% 0.55 1.40

Urban Highway 0.00 0.00% Urban Highway 0.00 0.00% 0.0% 0.32 3.00
Lawns 0.00 0.00% Lawns 0.00 0.00% 0.0% 2.10 9.10

Driveway 0.00 0.00% Driveway 0.00 0.00% 0.0% 0.56 2.10
Residential (general) 0.00 0.00% Residential (general) 0.55 40.00% 0.0% 0.40 2.20

Commercial (general) 0.00 0.00% Commercial (general) 0.00 0.00% 0.0% 0.20 2.00
Industrial (general) 0.00 0.00% Industrial (general) 0.00 0.00% 0.0% 0.40 2.50

From CDM From CDM
Agriculture and Pasture 0.00 0.00% Agriculture and Pasture 0.00 0.00% 0.0% 0.37 5.98

Commercial 0.00 0.00% Commercial 0.00 0.00% 0.0% 0.33 2.97
Forest/Rural Open 0.00 100.00% Forest/Rural Open 0.00 0.00% 0.0% 0.11 1.74

Highway 0.00 0.00% Highway 0.00 0.00% 0.0% 0.43 2.65
Industrial 0.00 0.00% Industrial 0.00 0.00% 0.0% 0.32 3.97

Medium Density Residential 0.00 0.00% Medium Density Residential 0.00 0.00% 0.0% 0.52 5.15
Urban Open 0.00 0.00% Urban Open 0.00 0.00% 0.0% 0.11 1.74

Water/Wetland 0.00 0.00% Water/Wetland 0.00 0.00% 0.0% 0.08 1.38

Insert information for 3rd sub-area below

Sub_Area_ID Sub_Area_ID
Point of Analysis (PoA) Number Post-- Point of Analysis (PoA) Number 
Total Area for Sub-Area (acres) 0.00 0.00 Total Area in Sub-Area (acres) 0.00 0.00 0.00

Land Use Area Ia Land Use Area Ia

Percent of Area that 
is managed turf (i.e., 
fertilized annually)

Post-TP EMC
Post-TN 

EMC

(acres) (% Impervious) (acres) (% Impervious) % mg/L mg/L
From HWG From HWG

Residential Roof 0.00 0.00% Residential Roof 0.00 0.00% 0.0% 0.11 1.50
Commercial Roof 0.00 0.00% Commercial Roof 0.00 0.00% 0.0% 0.14 2.10

Commercial/Res Parking 0.00 0.00% Commercial/Res Parking 0.00 0.00% 0.0% 0.15 1.90
Residential Street 0.00 0.00% Residential Street 0.00 0.00% 0.0% 0.55 1.40

Urban Highway 0.00 0.00% Urban Highway 0.00 0.00% 0.0% 0.32 3.00
Lawns 0.00 0.00% Lawns 0.00 0.00% 0.0% 2.10 9.10

Driveway 0.00 0.00% Driveway 0.00 0.00% 0.0% 0.56 2.10
Residential (general) 0.00 0.00% Residential (general) 0.00 0.00% 0.0% 0.40 2.20

Commercial (general) 0.00 0.00% Commercial (general) 0.00 0.00% 0.0% 0.20 2.00
Industrial (general) 0.00 0.00% Industrial (general) 0.00 0.00% 0.0% 0.40 2.50

From CDM From CDM
Agriculture and Pasture 0.00 0.00% Agriculture and Pasture 0.00 0.00% 0.0% 0.37 5.98

Commercial 0.00 0.00% Commercial 0.00 0.00% 0.0% 0.33 2.97
Forest/Rural Open 0.00 0.00% Forest/Rural Open 0.00 100.00% 0.0% 0.11 1.74

Highway 0.00 0.00% Highway 0.00 0.00% 0.0% 0.43 2.65
Industrial 0.00 0.00% Industrial 0.00 0.00% 0.0% 0.32 3.97

Medium Density Residential 0.00 0.00% Medium Density Residential 0.00 0.00% 0.0% 0.52 5.15
Urban Open 0.00 0.00% Urban Open 0.00 0.00% 0.0% 0.11 1.74

Water/Wetland 0.00 0.00% Water/Wetland 0.00 0.00% 0.0% 0.08 1.38



Bethlehem TS#5a Simple Method_01122017.xls
Input BMPs

1/12/2017

Date (MM/DD/YYYY): 1/12/2017

Project Name: Bethlehem Substation ONLY CHANGE VALUES SHADED IN BLUE

Town/City: Bethlehem, Grafton County
Impacted Surface Waters: Bakers Brook/Upper Connecticut River
Applicant: Northern Pass Transmission, LLC.
DES File #:

PRE DEVELOPMENT INPUT BMP DESCRIPTIONS INPUT OVERALL REMOVAL EFFICIENCIES (%) FOR POLLUTANTS OF CONCERN
Sub-Area TSS TP TN

Pre-1 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%

POST DEVELOPMENT INPUT BMP DESCRIPTIONS INPUT OVERALL REMOVAL EFFICIENCIES (%) FOR POLLUTANTS OF CONCERN
Sub-Area TSS TP TN

Post-1 Underground Sand Filter with Underdrain 51% 33% 10%
Post-2 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
0.00 0% 0% 0%
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Bethlehem TS#5a Simple Method_01122017.xls
OVERALL SUMMARY

1/12/2017

Date (MM/DD/YYYY): 1/12/2017
Project Name: Bethlehem Substation
Town/City: Bethlehem, Grafton County
Impacted Surface Waters: Bakers Brook/Upper Connecticut River
Applicant: Northern Pass Transmission, LLC.
DES File #:

TOTAL PRE -DEVELOPMENT (PRE-DEV) AREA   (ACRES) = 1.23
TOTAL PRE-DEV EFFECTIVE IMPERVIOUS  AREA (ACRES) = 0.27
TOTAL PRE-DEV PERCENT EFFECTIVE IMPERVIOUS (%) = 22.0%

TOTAL POST DEVELOPMENT (POST-DEV) AREA (ACRES) = 1.23
TOTAL POST-DEV EFFECTIVE IMPERVIOUS  AREA (ACRES) = 0.27
TOTAL POST-DEV PERCENT EFFECTIVE IMPERVIOUS (%) = 21.7%
TOTAL POST-DEV  AREA THAT IS FERTILIZED ANNUALLY (ACRES) = 0.00
TOTAL POST-DEV PERCENT OF AREA THAT IS FERTILIZED ANNUALLY (%) = 0.0%

TSS TP TN
(LBS/YR) (LBS/YR) (LBS/YR)

PRE DEVELOPMENT LOADS (NO BMPS) 285.2 1.1 6.3
PRE DEVELOPMENT LOADS (WITH BMPS) 285.2 1.1 6.3
PRE DEVELOPMENT LOAD REDUCTION DUE TO BMPS 0.0 0.0 0.0

PROPOSED PERCENT REDUCTION IN FERTILIZER APPLICATION RATE NA 5.0% 3.5%
POST DEVELOPMENT LOADS (NO BMPS) 282.8 1.1 6.2
POST DEVELOPMENT LOADS (WITH BMPS) 245.9 1.0 6.1
POST DEVELOPMENT LOAD REDUCTION DUE TO BMPS 36.9 0.1 0.2

POST DEVELOPMENT - PRE DEVELOPMENT (SHOULD BE 0 OR NEGATIVE) -39.2 -0.1 -0.2
% DIFFERENCE FROM PRE DEVELOMENT LOADS (SHOULD BE 0 OR NEGATIVE) -13.8% -9.2% -3.4%

TOTAL REMOVAL EFFICIENCY NEEDED TO MEET PRE-DEVELOPMENT LOAD -0.8% -0.8% -0.8%



Bethlehem TS#5a Simple Method_01122017.xls
TSS SUB_AREA SUMMARY

1/12/2017

Date (MM/DD/YYYY): 1/12/2017
Project Name: Bethlehem Substation
Town/City: Bethlehem, Grafton County
Impacted Surface Waters: Bakers Brook/Upper Connecticut River
Applicant: Northern Pass Transmission, LLC.
DES File #:

TOTAL POST DEVELOPMENT - PRE DEVELOPMENT (SHOULD BE 0 OR NEGATIVE)  (lbs/yr) -39.2
% DIFFERENCE FROM PRE DEVELOMENT LOADS (SHOULD BE 0 OR NEGATIVE) -13.8%

TOTAL REMOVAL EFFICIENCY NEEDED TO MEET PRE-DEVELOPMENT LOAD -0.8%
CURRENTLY PROPOSED REMOVAL EFFICIENCY  13.0%
REMAINING REMOVAL EFFICIENCY NECESSARY TO MEET PRE-DEVELOPMENT LOAD -13.9%

PRE-DEVELOPMENT

PRE OR 
POST - DEV

SUB-AREA
POINT OF 
ANALYSIS 
NUMBER

AREA (acres)
Effective 

Impervious Area 
(acres)

Area Fertilized 
Annually (acres)

POLLUTANT

PERCENT 
REDUCTION IN 

FERTILIZER 
APPLICATION RATE

BMPS
LOAD (NO BMPS) 

(lbs/yr)
LOAD (WITH BMPS) 

(lbs/yr)
LOAD REDUCTION 

DUE TO BMPS (lbs/yr)
PERCENT 
REMOVAL

PRE Pre-1 Pre-1 1.23 0.27 NA TSS NA 285.2 285.2 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 Post-- 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%

TOTAL 1.23 0.27 TOTAL 285.2 285.2 0.0 0.0%



Bethlehem TS#5a Simple Method_01122017.xls
TSS SUB_AREA SUMMARY

1/12/2017

Date (MM/DD/YYYY): 1/12/2017
Project Name: Bethlehem Substation
Town/City: Bethlehem, Grafton County
Impacted Surface Waters: Bakers Brook/Upper Connecticut River
Applicant: Northern Pass Transmission, LLC.
DES File #:

TOTAL POST DEVELOPMENT - PRE DEVELOPMENT (SHOULD BE 0 OR NEGATIVE)  (lbs/yr) -39.2
% DIFFERENCE FROM PRE DEVELOMENT LOADS (SHOULD BE 0 OR NEGATIVE) -13.8%

TOTAL REMOVAL EFFICIENCY NEEDED TO MEET PRE-DEVELOPMENT LOAD -0.8%
CURRENTLY PROPOSED REMOVAL EFFICIENCY  13.0%
REMAINING REMOVAL EFFICIENCY NECESSARY TO MEET PRE-DEVELOPMENT LOAD -13.9%

POST-DEVELOPMENT

PRE OR 
POST - DEV

SUB-AREA
POINT OF 
ANALYSIS 
NUMBER

AREA (acres)
Effective 

Impervious Area 
(acres)

Area Fertilized 
Annually (acres)

POLLUTANT

PERCENT 
REDUCTION IN 

FERTILIZER 
APPLICATION RATE

BMPS
LOAD (NO BMPS) 

(lbs/yr)
LOAD (WITH BMPS) 

(lbs/yr)
LOAD REDUCTION 

DUE TO BMPS (lbs/yr)
PERCENT 
REMOVAL

POST Post-1 Post-1 0.68 0.05 0.00 TSS NA Underground Sand Filter with Underdrain 72.3 35.4 36.9 51.0%
POST Post-2 Post-2 0.55 0.22 0.00 TSS NA 210.5 210.5 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%

TOTAL 1.23 0.27 0.00 TOTAL 282.8 245.9 36.9 13.0%
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TP SUB_AREA SUMMARY

1/12/2017

Date (MM/DD/YYYY): 1/12/2017
Project Name: Bethlehem Substation
Town/City: Bethlehem, Grafton County
Impacted Surface Waters: Bakers Brook/Upper Connecticut River
Applicant: Northern Pass Transmission, LLC.
DES File #:

TOTAL POST DEVELOPMENT - PRE DEVELOPMENT (SHOULD BE 0 OR NEGATIVE)  (lbs/yr) -0.1
% DIFFERENCE FROM PRE DEVELOMENT LOADS (SHOULD BE 0 OR NEGATIVE) -9.2%

TOTAL REMOVAL EFFICIENCY NEEDED TO MEET PRE-DEVELOPMENT LOAD -0.8%
CURRENTLY PROPOSED REMOVAL EFFICIENCY  8.4%
REMAINING REMOVAL EFFICIENCY NECESSARY TO MEET PRE-DEVELOPMENT LOAD -9.3%

PRE-DEVELOPMENT

PRE OR 
POST - DEV

SUB-AREA
POINT OF 
ANALYSIS 
NUMBER

AREA (acres)
Effective 

Impervious Area 
(acres)

Area Fertilized 
Annually (acres)

POLLUTANT

PERCENT 
REDUCTION IN 

FERTILIZER 
APPLICATION RATE

BMPS
LOAD (NO BMPS) 

(lbs/yr)
LOAD (WITH BMPS) 

(lbs/yr)
LOAD REDUCTION 

DUE TO BMPS (lbs/yr)
PERCENT 
REMOVAL

PRE Pre-1 Pre-1 1.23 0.27 NA TP NA 1.1 1.1 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 Post-- 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%

TOTAL 1.23 0.27 TOTAL 1.1 1.1 0.0 0.0%



Bethlehem TS#5a Simple Method_01122017.xls
TP SUB_AREA SUMMARY

1/12/2017

Date (MM/DD/YYYY): 1/12/2017
Project Name: Bethlehem Substation
Town/City: Bethlehem, Grafton County
Impacted Surface Waters: Bakers Brook/Upper Connecticut River
Applicant: Northern Pass Transmission, LLC.
DES File #:

POST-DEVELOPMENT

PRE OR 
POST - DEV

SUB-AREA
POINT OF 
ANALYSIS 
NUMBER

AREA (acres)
Effective 

Impervious Area 
(acres)

Area Fertilized 
Annually (acres)

POLLUTANT

PERCENT 
REDUCTION IN 

FERTILIZER 
APPLICATION RATE

BMPS
LOAD (NO BMPS) 

(lbs/yr)
LOAD (WITH BMPS) 

(lbs/yr)
LOAD REDUCTION 

DUE TO BMPS (lbs/yr)
PERCENT 
REMOVAL

POST Post-1 Post-1 0.68 0.05 0.00 TP 5.0% Underground Sand Filter with Underdrain 0.3 0.2 0.1 33.0%
POST Post-2 Post-2 0.55 0.22 0.00 TP 5.0% 0.8 0.8 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TP 5.0% 0.0 0.0 0.0 0.0%

TOTAL 1.23 0.27 0.00 TOTAL 1.1 1.0 0.1 8.4%
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TN SUB_AREA SUMMARY

1/12/2017

Date (MM/DD/YYYY): 1/12/2017
Project Name: Bethlehem Substation
Town/City: Bethlehem, Grafton County
Impacted Surface Waters: Bakers Brook/Upper Connecticut River
Applicant: Northern Pass Transmission, LLC.
DES File #:

TOTAL POST DEVELOPMENT - PRE DEVELOPMENT (SHOULD BE 0 OR NEGATIVE)  (lbs/yr) -0.2
% DIFFERENCE FROM PRE DEVELOMENT LOADS (SHOULD BE 0 OR NEGATIVE) -3.4%

TOTAL REMOVAL EFFICIENCY NEEDED TO MEET PRE-DEVELOPMENT LOAD -0.8%
CURRENTLY PROPOSED REMOVAL EFFICIENCY  2.6%
REMAINING REMOVAL EFFICIENCY NECESSARY TO MEET PRE-DEVELOPMENT LOAD -3.4%

PRE-DEVELOPMENT

PRE OR 
POST - DEV

SUB-AREA
POINT OF 
ANALYSIS 
NUMBER

AREA (acres)
Effective 

Impervious Area 
(acres)

Area Fertilized 
Annually (acres)

POLLUTANT

PERCENT 
REDUCTION IN 

FERTILIZER 
APPLICATION 

RATE

BMPS
LOAD (NO BMPS) 

(lbs/yr)
LOAD (WITH BMPS) 

(lbs/yr)
LOAD REDUCTION 

DUE TO BMPS (lbs/yr)
PERCENT 
REMOVAL

PRE Pre-1 Pre-1 1.23 0.27 NA TN NA 6.3 6.3 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 Post-- 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 0.00 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%

TOTAL 1.23 0.27 TOTAL 6.3 6.3 0.0 0.0%



Bethlehem TS#5a Simple Method_01122017.xls
TN SUB_AREA SUMMARY

1/12/2017

Date (MM/DD/YYYY): 1/12/2017
Project Name: Bethlehem Substation
Town/City: Bethlehem, Grafton County
Impacted Surface Waters: Bakers Brook/Upper Connecticut River
Applicant: Northern Pass Transmission, LLC.
DES File #:

POST-DEVELOPMENT

PRE OR 
POST - DEV

SUB-AREA
POINT OF 
ANALYSIS 
NUMBER

AREA (acres)
Effective 

Impervious Area 
(acres)

Area Fertilized 
Annually (acres)

POLLUTANT

PERCENT 
REDUCTION IN 

FERTILIZER 
APPLICATION 

RATE

BMPS
LOAD (NO BMPS) 

(lbs/yr)
LOAD (WITH BMPS) 

(lbs/yr)
LOAD REDUCTION 

DUE TO BMPS (lbs/yr)
PERCENT 
REMOVAL

POST Post-1 Post-1 0.68 0.05 0.00 TN 3.5% Underground Sand Filter with Underdrain 1.6 1.4 0.2 10.0%
POST Post-2 Post-2 0.55 0.22 0.00 TN 3.5% 4.6 4.6 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%
POST 0.00 0.00 0.00 0.00 TN 3.5% 0.0 0.0 0.0 0.0%

TOTAL 1.23 0.27 0.00 TOTAL 6.2 6.1 0.2 2.6%
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