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NHDES-W-07-003 

phone (603) 271-2457 
fax (603) 271-7894 

PO Box 95, Concord, NH 03302-0095 
www.des.nh.gov 

2015-09-29   ` Page 2 of 3 

Please provide an individual response to each bullet, below. If applicable information is contained in 
the application materials, please provide a reference to the specific section in the application 
materials that will represent the response to the individual bullets below. 
(See Enclosed Narrative)
• Type of activity (e.g., construction, operation, other action such as water withdrawal) and the

start and end dates of the activity.
• The characteristics of the activity: Whether the activity is associated with a discharge and/or

water withdrawal and whether the discharge and/or withdrawal is proposed or occurring.
• The characteristics of the discharge and/or withdrawal

o Flow rate (cfs)
o Potential chemical, physical, biological constituents
o Frequency (e.g., daily, hourly,)
o Duration
o Temperature (Celsius)
o Latitude and longitude (dd:mm:ss)

• The existing and designated use(s) that are potentially affected by the proposed activities.
(Designated Uses are listed in the NHDES Consolidated Assessment and Listing Methodology).

• The provision(s) of surface water quality standards (Env-Wq 1700) that are applicable to the
designated uses affected by the proposed activities.

• A pollutant loading analysis to show the difference between predevelopment and post-
development pollutant loads for a typical year. The objective of the loading analysis is to show
post-development pollutant loads do not exceed pre-development pollutant loads. Loading
analysis guidance and a simple spreadsheet model will be provided by NHDES. The loading
analysis will be used to determine appropriate stormwater management measures, which must
be effectively designed, installed, and maintained to ensure compliance with surface water
quality standards.

• A description of any other aspect of associated with construction and operation of the activity
that would affect the chemical composition, temperature, flow, or physical aquatic habitat of the
surface water.

• An original or color copy/reproduction of a United States Geological Survey Quadrangle Map that
clearly shows the location of the activity and all potential discharge points.

• A copy of the final complete federal permit application or federal license application, including
the federal permit, license, or project number.

• A copy of the NHDES wetlands permit (RSA 482-A:3), if necessary.
• A copy of the NHDES alteration of terrain permit (RSA 485-A:17), if necessary.
• The name(s) and address(es) of adjoining riparian or littoral abutters.
• A plan showing the proposed activities to scale including:

o The location(s) and boundaries of the activities;
o The location(s), dimension(s), and type(s) of any existing and/or proposed structures; and
o The location(s), name(s), identification number(s), and extent of all potentially affected

surface water bodies, including wetlands.
• For projects that involve a new surface water withdrawal, provide the following:



http://des.nh.gov/organization/divisions/water/dwgb/water_conservation/index.htm
http://des.nh.gov/organization/divisions/water/wmb/rivers/desigriv.htm
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 Introduction – 1 

 

 

1.0 Introduction 
On behalf of the New Hampshire Department of Transportation (“the Applicant” or 
NHDOT), VHB has prepared this 401 Water Quality Certificate application pursuant 
to the New Hampshire Revised Statutes Annotated (RSA) Chapter 485-A:8 and NH 
Code of Administrative Regulations and surface water quality standards contained 
in Env-Ws 1700.   A 401 Water Quality Certificate (“WQC”) is required because the 
proposed project that involves reconstruction of a portion of NH 16 in Dummer, NH 
will impact more than 3.0 acres of wetland area, which triggers an individual 
wetland permit review and approval by the US Army Corps of Engineers (“Corps”) 
under Section 404 of the Clean Water Act.   
 
The following provides a description of the proposed project location, existing and 
proposed drainage conditions, information pertaining to the proposed stormwater 
treatment measures and pollutant loading analysis as well as other relevant wetland 
and water resource information. 

2.0 Project Description 
The proposed project involves realigning of a portion of NH 16 that is adjacent to the 
Androscoggin River from Muzzy Hill Road (NH 110A) to Dummer Pond Road. This 
portion of NH 16 is in poor condition with extensive pavement cracking due to 
reoccurring frost heaves during the winter months. Erosion of roadway slopes 
adjacent to the Androscoggin River is also becoming a problem in some locations. 
Realigning the roadway to the west, away from the Androscoggin River, would 
minimize the need for ongoing slope stabilization and limit impacts to the river itself. 
 
The total length of the project is approximately 7,200 feet, with approximately 5,000 
feet of roadway is proposed to shift approximately 50 feet to the west of the existing 
road alignment. The roadway will gradually shift to the west after the Robbins Brook 
crossing and then will merge back on to the existing alignment prior to Dummer 
Pond Road. This portion of the roadway will be raised approximately 3 feet. The 
proposed project will require full box reconstruction along the roadway. The new 
alignment will have two 11-foot wide travel lanes with 4-foot shoulders. 
 
The new roadway alignment will be constructed first, with current vehicle traffic 
traveling along the existing segment of NH 16. During the merging of the new 
segment with the existing roadway, one lane of the roadway will be closed during 
the day while the other will be open to allow through traffic. Daytime flagging 
operations will be in place throughout the duration of this phase of the project. 
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 Supplemental Narrative – 2 

 

 Supplemental Application 
Narrative  

The following provides a detailed response for each of the fourteen (14) questions contained on the 
401 WQC Application Form. Additional information is also contained in enclosed Appendices.  

 
1. Type of activity (e.g., construction, operation, other action such as water withdrawal) and the start 

and end dates of the activity. 
 

The proposed project involves relocating and reconstructing a 1.3 mile stretch of Route 16 in the 
Town of Dummer, NH (See Appendix A - Project Location Map). Approximately 5,000 feet of the 
roadway will be shifted farther away from the Androscoggin River, which has slowly and 
incrementally moved closer to the roadway.   The Androscoggin River represents the primary water 
body within or adjacent to the project area.  This section of the river is within Assessment Unit 
(NHRIV400010603-04) and has no listed Category 4 or 5 water quality impairments, aside from 
mercury, which is as a Category 4A impairment common to all freshwater streams and ponds 
throughout the state. The mercury impairment relates to fish consumption and is addressed in the 
Northeast Regional Mercury TMDL study. Rollins Brook is also located within the project area as 
well as one or two smaller, unnamed tributaries (See Appendix A). These streams are part of 
Assessment Unit (NHRIV400010603-05) and, also, have no listed Category 4 or 5 water quality 
impairments, except for mercury.  Extensive wetland areas are also located along the toe-of-slope 
within this roadway section.  As noted in Item 9 below – separate state Wetland and Shoreland 
Permit Applications have been submitted associated with this project.  

 
2. The characteristics of the activity: Whether the activity is associated with a discharge and/or water 

withdrawal and whether the discharge and/or withdrawal is proposed or occurring. 
 
The activity does not involve any point source discharges or withdrawals.  Stormwater runoff during 
storm events represents the only discharge from the roadway.  Under existing conditions, stormwater 
runoff sheet flows off both sides of the roadway into existing wetland or upland areas that drain to 
the nearby Androscoggin River. There are no existing stormwater treatment measures.  The existing 
roadway consists of two, 11-foot travel lanes and a 1-foot shoulder. The proposed roadway will also 
have two, 11-foot travel lanes, but the shoulder will be widened by 3 feet on either side for safety 
purposes. The shoulder widening will increase the impervious area by approximately 32,920 square 
feet or 0.76 acres along the 1.3-mile long corridor. As discussed further below, a vegetated, roadside 
buffer will be constructed along much of the new roadway within the footprint of the existing 
roadway to provide stormwater treatment and to minimize any potential pollutant load increase as 
result of the proposed roadway improvement (See Roadway Design Plans in Appendix B).  

 
3. The characteristics of the discharge and/or withdrawal. 

 
During construction, appropriate erosion and sediment control measures will be installed in 
accordance with the NH Stormwater Manual to avoid and minimize any movement and discharge of 
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 Supplemental Narrative – 3 

 

sediment. The project will be subject to EPA’s Construction General Permit (CGP) and will require 
the preparation of Construction Stormwater Pollution Prevention Plan (SWPPP). 
 
A complete drainage analysis has been completed to assess potential changes in pre- and post-
construction stormwater flow rates associated with the proposed project (See Appendix C - Drainage 
Report). The results of the drainage analysis reveal minimal change (i.e., ~ 1 cfs or less) in the 
estimated overall stormwater flow rates from the project area for the 2, 10 and 50-year storm events.  
Given the relatively flat roadway profile, runoff will continue to sheet flow off the pavement into 
extensive wetland areas along either side of the roadway.  Existing drainage patterns will be retained.   
 
As discussed in Item 6 below, the realignment of the road allows for a vegetated roadside buffer to be 
constructed along much of the east side of the relocated roadway within the existing roadway 
footprint. The vegetated buffer will be constructed in accordance with the design guidance contained 
in the NH Stormwater Manual to treat roadway runoff and minimize any increase in pollutant loads.  
The first 20 feet of the buffer will consist of a 4:1 slope or less and the remaining buffer length will 
have a uniform slope of 15% or less and a minimum length of 50 feet. In some sections, the buffer 
length will be 10 to 15 feet longer.  Approximately 3,900 feet or 59% of the improved roadway will 
drain toward this vegetated buffer. Approximately 2,540 feet of the roadway draining to the 
vegetated buffer will consist of one travel lane while the remaining 1,350 feet of road draining to the 
buffer will consist of two lanes due to curvatures in the road and associated road banking or what is 
referred to as super-elevations in the curved sections.  As mentioned above, the minimum buffer 
width will be 50 feet for the one travel lane sections and will vary between 50 to 65 feet in length for 
the two-lane sections.  The anticipated pollutant removal efficiencies for the two-lane sections have 
been prorated based on the available vegetated buffer length relative to the recommended 80-foot 
buffer length for two-lane roads (See Pollutant Loading Details described in Item 6 below and 
presented in Appendix D). 
 
For the roadway runoff draining to the west side of the road (away from the buffer), much of this 
runoff will be collected and conveyed within a grassed roadside swale that will be constructed with a 
6:1 side slopes. The runoff within these swales will be conveyed to cross-culverts that flow beneath 
the road and drain towards the Androscoggin River.  
 
The project will not involve any water withdrawals or transfer of flow between watersheds.   

 
4. The existing and designated use(s) that are potentially affected by the proposed activities. 

(Designated Uses are listed in the NHDES Consolidated Assessment and Listing Methodology). 
 

The principal water bodies within the project area consists of the Androscoggin River and 
Rollins Brook (see Appendix A - Project Map).  

 
5. The provision(s) of surface water quality standards (Env-Wq 1700) that are applicable to the 

designated uses affected by the proposed activities. 
 

Since the proposed project could result in the discharge of additional pollutants or increased flow 
due to an increase in impervious area, the proposed project is subject to the antidegradation 
provisions of the surface water quality standards (Env-Wq 1708). Based on pollutant loading and 
stormwater drainage analyses, discussed below, the project is not anticipated to adversely affect the 
existing and designated uses of the Androscoggin River.  
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6. A pollutant loading analysis should be conducted to show the difference between pre- and post-
development pollutant loads for a typical year. The objective of the loading analysis is to show 
post-development pollutant loads do not exceed pre-development pollutant loads. Loading 
analysis guidance and a simple spreadsheet model will be provided by NHDES. The loading 
analysis will be used to determine appropriate stormwater management measures, which must 
be effectively designed, installed, and maintained to ensure compliance with surface water 
quality standards. 

As discussed above, a pollutant loading analysis was conducted using NHDES’ guidance and 
simple spreadsheet model to estimate the potential pollutant change and estimate the treatment 
effects of the proposed vegetated buffer.  See Appendix D that contains copies of the relevant 
pollutant loading model spreadsheets, figures and a summary memo dated December 19, 2017 
prepared by VHB for the NH Department of Transportation that presents pollutant loading results 
and a detailed description of the assumptions and methods used in completing this analysis.  
Table 1 below presents the results of the pollutant loading analysis.   
 
Table 1. Preliminary Pollutant Loading Results for NH Route 16 Road Project using a Vegetated Buffer.  

 
The results of this analysis indicate the predicted post-construction total suspended solids (TSS) load 
would be approximately 7.5% or 312 lbs/year less than the predicted pre-development load due to the 
proposed treatment with a vegetated buffer. The predicted post-construction TP and TN loads, 
however, are predicted to increase by approximately 3% and 5% or by 0.4 and 3.9 lbs/year above the 
estimated pre-development load, respectively. Total phosphorus represents the pollutant of greater 
concerns since it is the more limited nutrient in freshwater water bodies and, thus, increased loads 
could potentially stimulate algal growth. Given the size of the Androscoggin River watershed, 
however, the predicted change of 0.4 lbs/year or 3% above the pre-development load is not likely to 
cause an observable or measurable change in water quality.  The magnitude of this predicted increase 
is also likely to be well within the margin of error of this modeling procedure. Given limited upland 
area, extending the buffer length or constructing additional treatment measures would likely result in 
additional wetland impact or would impact existing vegetation within the protected shoreland zone.   
Given that the buffer length in Segments B and D (~2,500 ft of road) will be longer than 50 feet by 10 
to 15 feet, the additional treatment for this one travel lane, which was not accounted for in this 
analysis, could partially or fully offset the estimated increase in phosphorus. 
 

    TSS TP TN 
    (LBS/YR) (LBS/YR) (LBS/YR) 
PRE DEVELOPMENT LOADS (NO BMPS)   4141.3 12.6 77.8 
PRE DEVELOPMENT LOADS (WITH BMPS)   4141.3 12.6 77.8 
PRE DEVELOPMENT LOAD REDUCTION DUE TO BMPS   0.0 0.0 0.0 
POST DEVELOPMENT LOADS (NO BMPS)   4964.1 15.1 93.3 
POST DEVELOPMENT LOADS (WITH BMPS)   3829.3 13.0 81.7 
POST DEVELOPMENT LOAD REDUCTION DUE TO BMPS   1145.7 2.1 11.8 
POST DEVELOPMENT - PRE DEVELOPMENT (SHOULD BE 0 OR 
NEGATIVE)   -312.0 0.4 3.9 
% DIFFERENCE FROM PRE DEVELOMENT LOADS (SHOULD BE 0 
OR NEGATIVE) -7.5% 3% 5.0% 
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7. A description of any other aspect of associated with construction and operation of the activity that 
would affect the chemical composition, temperature, flow, or physical aquatic habitat of the 
surface water. 

Other than minor culvert extensions and channel realignments to accommodate the culver 
extensions, no other chemical or physical water quality or habitat changes are expected to occur in 
surface waters as a result of the proposed project. Since the travel lanes are essentially the same, the 
proposed roadway improvement will not require additional deicing chemical applications.  In fact, 
the improved roadway substrate and drainage improvements will likely reduce the extent and 
magnitude of frost heaves within the roadway, which will improve the effectiveness of plowing for 
snow removal and limit refreezing of moisture on the road surface.  

8. An original or color copy/reproduction of a United States Geological Survey Quadrangle Map that 
clearly shows the location of the activity and all potential discharge points 

 
  See attached Project Location Map in Appendix A.  

 
9. A copy of the final complete federal permit application or federal license application, including 

the federal permit, license, or project number. 
 

See Copy of USACE Wetlands Permit Application in Appendix E. 

10. A copy of the NHDES wetlands permit (RSA 482-A:3), if necessary. 
 
A separate Wetlands Permit Application has been submitted (see Copy in Appendix E). 

 
11. A copy of the NHDES alteration of terrain permit (RSA 485-A:17), if necessary. 

 
An Alteration of Terrain permit is not required by the project per the MOU between NHDOT and 
NHDES.  

 
12. The name(s) and address(es) of adjoining riparian or littoral abutters. 

 
See abutter’s list in the Wetland’s Permit Application (see Appendix E).  

 
13. A plan showing the proposed activities to scale including: 

a. The location(s) and boundaries of the activities; 
b. The location(s), dimension(s), and type(s) of any existing and/or proposed structures; and 
c. The location(s), name(s), identification number(s), and extent of all potentially affected 

surface water bodies, including wetlands. 
 
See Project Roadway Design Plans in Appendix B.  

 
14. For projects that involve a new surface water withdrawal, provide the following: 

Not Applicable  
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 Appendices A through E 
 

Appendix A ................................................. Project Location and Watershed Map 
Appendix B .......................... Project Wetland Impact and Erosion Control Plans 
Appendix C ........................................................................... Draft Drainage Report 
Appendix D .................................................................. Pollutant Loading Analysis  
Appendix E ...................................... Wetland and Shoreland Permit Application 
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Introduction 

The following report has been prepared by Vanasse Hangen Brustlin, Inc. (VHB) to provide a 

brief description of existing and proposed drainage areas, design methodology, soil 

characteristics, and a summary of peak discharge rates for the 16304 Route 16 project. 

Contract A is the first of 5 contracts that will reconstruct NH 16 along the Androscoggin 

River. The overall contract begins in Dummer, NH and stretches North, approximately 17.5 

miles, to the NH 16/NH 26 intersection. 

 

The project area is located along NH 16 in the town of Dummer, NH (see Figure 1). This 

report focuses on the portion of the project containing approximately 1.3 miles of NH 16.  

The corridor extends from 100 feet North of NH Route 110A to 680 feet North of Dummer 

Pond Road.  The project area is located within the surface watershed of the Androscoggin 

River. 

 

NH 16 currently contains two 11-foot wide lanes with 1-foot wide shoulders.  Under existing 

conditions, untreated stormwater runoff sheet flows in two directions. Runoff flowing West is 

collected in adjacent open ditches or wetlands prior to discharging into the Androscoggin. 

This runoff is conveyed to the river via 15 roadway culverts. Runoff flowing East sheet flows 

directly into the Androscoggin River. 

 

The proposed roadway widening of NH 16 contains 11-foot wide lanes with 4-foot wide 

shoulders. Approximately 5000 feet of proposed roadway is realigned to the West. This 

realignment is intended to reduce erosion along the roadway and western bank of the 

Androscoggin River. Along with the realignment, the roadway profile will be raised so that 

the roadway subbase is at or above the existing groundwater table which is within 7’ of the 

existing ground surface. 

 

A HydroCAD model, using TR-20 methodology, Excel spreadsheets utilizing the USGS 

Regression and Rational method along with FHWA Hy8 were implemented to evaluate the 

existing and proposed drainage conditions on the project. The results of the analyses indicate 

that there is a slight increase in peak discharge rates between the pre- and post-development 

conditions for the 2-, 10-, and 50-year storm events for the overall project as a result of the 

minor increase in impervious pavement.  The pre- and post-development peak discharge 

values are presented in the Stormwater Management Impacts Section of this report. 
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Existing Conditions 

Description of Contributing Areas 

The study area for the roadway project is within the Androscoggin River watershed (see 

Figure 3, Existing Conditions: Drainage Area Map - roll plans 1 and 2). The overall existing 

drainage area for the project is approximately 1316 acres in size. The area is mountainous, 

ranging in elevation from 1130 to 1400 feet.  The area is currently undeveloped and ground 

cover consists of a paved highway and adjacent forest with dense vegetation. 

 

The study area has been divided into 20 subcatchment areas. Three of these subcatchments 

flow to the South of the project and will not be impacted by the proposed widening.  The 

remaining seventeen subcatchments flow toward the Androscoggin River and comprise the 

remaining 1,281 acres within project study.  

 

 

Table 1 summarizes the study area and its characteristics.  
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Table 1 
Existing Conditions:  Drainage Area Characteristics Summary 

 

Exit Point Subcatchment Area(s) Area 

(Acres) 

Tc 

(Min.) 

CN 

       

# Description # Description    

1 

 

 

 

 

 

 

 

 

 

 

 

 

Androscoggin 
River 

 

 

 

 

 

 

 

 

 

 

 

4 

5 

 

6 

7 

8 

9 

10 

11 

 

12 

 

13 

14 

15 

16 

17 

18 

 

 

19 

 

 

20 

Outlet = 1004+05, 15” CMP 

Robbin’s Brook. Outlet = 1010+23 

60” CMP 

Outlet = 1013+23, 15” CMP 

Outlet = 1020+73, 15” RCP 

Outlet = 1023+33, 15” CMP 

Outlet = 1027+00, 15” CMP 

Outlet = 1030+73, 12” CMP 

Outlet = 1032+51, 18” RCP to 

24” RCP 

Unknown Stream. Outlet 

1040+00, 18” RCP 

Outlet = 1044+36, 18” RCP 

Outlet = 1048+16, 15” RCP 

Outlet = 1050+45, 15” RCP 

Outlet = 1052+58, 18” RCP 

Outlet = 1055+05, 15” RCP 

Dummer Pond Road Culvert,  

1069+29, 18” SPP. Outlet to  

Area 20 Culvert 

Dummer Pond Road Culvert, 

1069+58, 36” SPP. Outlet to 

Area 20 Culvert 

Outlet = 1069+69, 36” CMP 

2.85 

884.55 

 

15.15 

29.60 

2.85 

23.20 

1.04 

43.05 

 

43.70 

 

38.71 

21.78 

16.09 

39.58 

48.07 

3.58 

 

 

66.54 

 

 

0.15 

37.2 

237.1 

 

86.5 

88.1 

28.1 

75.5 

19.5 

82.6 

 

78.5 

 

74.9 

71.7 

60.8 

70.7 

59.6 

27.6 

 

 

72.9 

 

 

5.0 

52 

70 

 

70 

70 

69 

70 

75 

70 

 

69 

 

67 

68 

68 

67 

68 

71 

 

 

68 

 

 

68 

Total   1280.48 n/a     n/a 
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Soil Conditions 

The study area is comprised of several different soil types as defined by the Soil Conservation 

Service (SCS), Soils Survey of Coos County, New Hampshire. Table 2, Soil Types, lists the 

designations, names, and groups of the soils located within the study area.  Figure 2 depicts 

the various soil types within the study area. 

 

Table 2 
Soil Types 
 

Soil Designation Soil Name Soil Group 
   

701D 

828B 

143D 

633A 

559C 

647C 

415B 

79B 

57C 

647B 

549A 

559B 

995A 

825B 

36B 

57B 

79C 

79D 

59B 

77C 

77D 

670D 

59C 

 

Becket-Skerry 

Skerry-Peru 

Monadnock fine sandy loam 

Pemi silt loam 

Skerry fine sandy loam, 8 - 15 percent 

Pillbury fine sandy loam 8 - 15 percent 

Moosilauke loam 

Peru fine sandy loam, 0 - 8 percent 

Becket fine sandy loam, 8 - 15 percent 

Pillbury fine sandy loam, 0 - 8 percent 

Peacham mucky peat 

Skerry fine sandy loam, 0 - 8 percent 

Wonsqueak muck 

Pillsbury-Peacham-Peru 

Adams loamy sand 

Becket fine sandy loam, 0 - 8 percent 

Peru fine sandy loam, 8 - 15 percent 

Peru fine sandy loam, 15 - 25 percent 

Waumbek sandy loam, 3 - 8 percent 

Marlow fine sandy loam, 8 - 15 percent 

Marlow fine sandy loam,15 - 25 percent 

Tunbridge-Berkshire-Lyman 

Waumbek sandy loam, 8 - 15 percent 

 

C 

C 

B 

C/D 

C/D 

D 

A/D 

C/D 

C 

D 

D 

C/D 

B/D 

D 

A 

C 

C/D 

C/D 

A 

C 

C 

B 

A 

 

   
   

Source:  SCS Soil Survey for Coos County, New Hampshire 
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Existing Hydrologic Flow Patterns 

The majority of the stormwater runoff from the existing study area flows from offsite, 

undeveloped, heavily forested areas to the West of NH 16 through culverts discharging into 

the Androscoggin River. The remaining portion of the study area sheet flows off NH 16, 

either directly into the Androscoggin River, or into roadside ditches that convey the 

stormwater to the Androscoggin River via roadway culverts. 

 

The following describes the existing stormwater flow patterns for each of the subcatchment 

areas within the project limits. 

 

� Subcatchment EX-4 is an offsite partially developed area that sheet flows over land into 

roadside ditches. The ditches converge at the intersection of NH 16 and NH 110A. The 

runoff then flows through a 15” roadway culvert beneath NH 16. From the outlet of the 

culvert, the runoff flows to the Androscoggin River.    

 

� Subcatchment EX-5 is a large offsite area that consists of undeveloped land.  The runoff 

sheet flows to an existing wetland West of NH 16. From this wetland, Robbin’s Brook 

flows Easterly towards the project site. A 60” roadway culvert conveys the brook beneath 

NH 16. Once the runoff has exited the culvert, the stormwater then continues down 

Robbin’s Brook where it outlets into the Androscoggin river. 

 

� Subcatchments EX-6 thru EX-11 consist of undeveloped land to the West of the project 

site. The runoff from these areas begins atop Bickford Hill. From there, the runoff flows 

over land through dense forest prior to reaching the roadside wetlands. These roadside 

wetlands divert flow to various roadway culverts, each subcatchment flows through its 

own respective culvert. Due to the nature of these wetland, runoff may be diverted to an 

adjacent culvert during peak flow periods. The roadway culvert for subcatchment EX-6 

outlets to downstream wetlands which convey runoff to the Androscoggin River. 

Subcatchments EX-7 thru EX-11 utilize roadway culverts that outlet directly into the 

Androscoggin River. 

 

� Subcatchment EX-12 is comprised of undeveloped forest similar to other areas, but the 

runoff forms unknown stream #1. This stream flows through a drive culvert prior to 

reaching the wetlands adjacent to the roadway. EX-12 runoff then flows through an 18” 

roadway culvert and outlets directly into the Androscoggin River. 

 

� Subcatchments EX-13 thru EX-16 consist of undeveloped land to the West of the project 

site. The runoff from these areas begins atop Bickford Hill. From there the runoff flows 

over land through dense forest prior to reaching the roadside wetlands. These roadside 

wetlands divert flow to various roadway culverts, each subcatchment flows through its 

own respective culvert. Subcatchments EX-13 thru EX-16 utilize roadway culverts that 

outlet directly into the Androscoggin River.  

 

� Subcatchment EX-17 is similar to EX-13 thru EX-16. Undeveloped, heavily forested land 

flows overland from West of the project site. Once this runoff nears the roadway, a 
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roadside ditch, likely created by erosion, directs the runoff towards a roadway culvert. 

Before reaching this culvert, the roadside ditch reaches a 6% grade. During our analysis 

of the existing condition, this steep grade, coupled with the lack of storage at the culverts 

inlet, was showing the roadway overtopping during the 50-year storm event. During 

numerous discussions with maintenance personnel from District 1, this culvert location 

does not have overtopping issues. With the infield knowledge in hand, VHB calibrated 

the calculated flows to the culvert to mimic the existing condition. For more information 

on the calibration, see Methodology and Design Criteria. 

 

� Subcatchments EX-18, EX-19 and EX-20 are all comprised of undeveloped forest. The 

runoff from these areas converges at the intersection of NH 16 and Dummer Pond Road. 

EX-18 flows over land into a roadside ditch. The ditch conveys runoff to an 18” roadway 

culvert under Dummer Pond Road. EX-19 runoff forms unknown stream #2. This stream 

flows through a 36” roadway culvert under Dummer Pond Road. The roadway culverts 

from Subcatchments EX-18 and EX-19 both outlet into EX-20. EX-20 is a small area 

formed by the intersection of NH 16 and Dummer Pond Road. The majority of 

subcatchment EX-20 consists of a rip-rap lined plunge pool where EX-18 and EX-19 

outlet. From there, the combined runoff flows under NH 16 via a 36” roadway culvert. 

The runoff outlets the roadway culvert onto a steep, forested slope and flows over land 

prior to discharging into the Androscoggin River.  
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Proposed Conditions 

Description of Contributing Areas 

The proposed work includes widening NH 16 to allow the construction of 4-foot wide 

shoulders, realignment to the West of the existing roadway, and raising the roadway profile. 

The profile modifications will allow the proposed subbase to remain largely above the high-

water table. The East side of the proposed roadway will utilize flat side slopes to create a 

roadway buffer. This roadway buffer will accept runoff via sheet flow from the proposed 

road. This will allow for a portion of the stormwater to be treated prior to reaching the 

Androscoggin River. See figure 4, Proposed Conditions:  Drainage Area - roll plans 3 and 4.   

 

The proposed conditions Subcatchment areas are approximately 1,274 acres in size. The flow 

patterns are very similar to the existing and the contributing areas have only changed slightly.  

The reduction in size is due to the realignment of the proposed roadway. The realignment to 

the West shifts the proposed roadway into the existing Subcatchment areas, reducing the 

erosion potential along the river as well as providing area for stormwater treatment. 

 

Table 3 summarizes the proposed Subcatchment areas and their characteristics within the 

project. 

 

3 
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Table 3 
Proposed Conditions:  Drainage Area Characteristics Summary 

Exit Point Subcatchment Area(s) Area 

(Acres) 

Tc 

(Min.) 

CN 

       

# Description # Description    

1 

 

 

 

 

 

 

 

 

 

 

 

 

Androscoggin 
River 

 

 

 

 

 

 

 

 

 

 

 

4 

5 

 

6 

7 

8 

9 

10 

11 

 

12 

 

13 

14 

15 

16 

17 

18 

 

 

19 

 

 

20 

Outlet = 1004+05, 15” CMP 

Robbin’s Brook. Outlet = 1010+23 

60” CMP 

Outlet = 1013+23, 15” CMP 

Outlet = 1020+73, 15” RCP 

Outlet = 1023+33, 15” CMP 

Outlet = 1027+00, 15” CMP 

Outlet = 1030+73, 12” CMP 

Outlet = 1032+51, 18” RCP to 

24” RCP 

Unknown Stream. Outlet 

1040+00, 18” RCP 

Outlet = 1044+36, 18” RCP 

Outlet = 1048+16, 15” RCP 

Outlet = 1050+45, 15” RCP 

Outlet = 1052+58, 18” RCP 

Outlet = 1055+05, 15” RCP 

Dummer Pond Road Culvert,  

1069+29, 18” SPP. Outlet to  

Area 20 Culvert 

Dummer Pond Road Culvert, 

1069+58, 36” SPP. Outlet to 

Area 20 Culvert 

Outlet = 1069+69, 36” CMP 

2.84 

884.53 

 

15.19 

28.84 

4.93 

21.21 

1.39 

11.75 

 

82.44 

 

22.26 

11.17 

30.39 

39.06 

45.24 

6.21 

 

 

66.54 

 

 

0.15 

37.2 

237.1 

 

86.5 

84.3 

26.5 

73.0 

39.9 

64.5 

 

79.3 

 

76.9 

71.5 

60.4 

71.0 

61.2 

36.2 

 

 

72.9 

 

 

5.0 

52 

70 

 

70 

70 

69 

70 

75 

70 

 

69 

 

67 

68 

68 

67 

68 

71 

 

 

68 

 

 

68 

Total   1274.14 n/a n/a 
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Proposed Hydrologic Flow Patterns 

 

The proposed drainage system has been designed to maintain the existing flow characteristics. 

The existing culverts will be replaced in a way that allows the proposed culverts to utilize the 

existing outlet channels, thereby minimizing impacts to the Androscoggin River.  

 

Subcatchments  P-4, P-5, P-19, and P-20 will continue to outlet through the existing culverts 

in the proposed condition. Subcatchment P-5 will receive an inlet extension of 14 feet. This 

extension will allow the proposed roadway to be constructed with flat slopes that eliminate 

the need for guardrail. 

 

Subcatchments P-6 thru P-10, P-16, and P-17 remain largely unchanged in the proposed 

condition. The slight change in area is due to the shifting of the roadway alignment as well as 

the proposed roadway superelevation. Each subcatchment will outlet to the Androscoggin 

River via roadway culverts. 

 

Subcatchments P-11 thru P-15 and P-18 contain the majority of changes in the proposed 

condition. The flow patterns remain similar to existing, while the amount of runoff directed to 

each culvert has increased/decreased respectively. The reason for the change in these 

Subcatchment area sizes and outlet locations is due to the proposed roadway profile 

modifications. In the proposed condition, better defined high and low point were designed. 

This will eliminate the lateral flow of runoff from one culvert to another in the adjacent 

roadside ditch, a condition that was present in the existing conditions. 

 

The proposed condition will increase the amount of impervious area from 3.80 acres to 4.57 

acres. The increase is due to the additional shoulder width throughout the project. This 

increase in stormwater will be mitigated with the use of a vegetated roadway buffer for 

treatment. The buffer will be along the right side of the proposed roadway from station 

1019+50 to station 1067+50. Stormwater runoff will sheet flow off the adjacent roadway and 

flow across the vegetated buffer prior to discharging into the Androscoggin River. 
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Methodology & Design Criteria 

VHB used three separate methodologies to evaluate the hydrologic and hydraulic impacts for 

the project. During the existing conditions analysis, VHB recognized that one method of 

analysis didn’t make sense for this project. With subcatchment areas ranging in size from less 

than an acre to almost 900 acres, as well as roadside wetland connectivity, the design 

methodologies needed to account for this. After discussions with NHDOT staff, the USGS 

Regression Method, HydroCAD SCS TR-20, and the Rational Method were decided upon. 

 

The existing conditions were analyzed using HydroCAD and the SCS TR-20 method, USGS 

Regression method, and the Rational Method. Subcatchments EX-6 thru EX-12 and EX-18 

thru EX-20 were evaluated using HydroCAD and the SCS TR-20 method due to the 

connectivity of the roadside wetlands/ditches. Subcatchment EX-5 was evaluated using the 

USGS Regression method due to its large size, while subcatchments EX-4 and EX-13 thru 

EX-17 were evaluated using the Rational Method due to their smaller areas. The runoff from 

these subcatchments was conveyed to the existing culverts in a more direct path. The flows 

developed from the USGS Regression and the Rational Method were then input into FHWA 

Hy8 in order to evaluate the existing culverts in relation to the existing roadway layout. 

 

Subcatchment EX-17 was analyzed using HydroCAD as well as the Rational Method for the 

existing conditions. Both methods produced 50-year storm event flows that the existing 15” 

culvert could not handle without overtopping the roadway. Utilizing the in-field knowledge of 

the District 1 maintenance personnel, VHB calibrated the flows for EX-17 to simulate 

existing conditions. The calibration allowed the runoff to pond to an elevation of 1150.32 feet. 

This elevation coincides with the elevation of the existing edge of pavement at the centerline 

of the existing 15” roadway culvert. The existing 15” culvert has an invert elevation of 

1146.75, giving a headwater depth of 3.57’ relative to the existing edge of pavement. Using 

this calculated headwater depth and the diameter of the existing culvert, a HW/D ratio, 2.86, 

to mimic existing conditions was calculated. With this ratio, the Rational Method Excel 

spreadsheets Culverts tab was used to back calculate a Q50 flow that creates a HW/D of 2.86. 

This flow was then compared to the Rational Method flow calculated. The flow to replicate 

the existing condition was 45% of the Rational Method flow. The flows for both the existing 

and proposed culvert analysis were reduced to 45%. VHB feels this calibration closely 

replicates the existing conditions. See calibration calculation in Appendix B: Culvert Design. 

 

For the proposed condition, VHB utilized three methodologies to analyze and design the 

proposed culverts. Subcatchment P-5 was  evaluated using the USGS Regression method due 

to the large size, while the remaining subcatchments were evaluated using the Rational 

Method. The flows for subcatchments P-4, P-5, P-12, and P-18 were input into FHWA Hy8 to 

analyze the proposed culverts in relation to the proposed roadway. For the remaining 

4 
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subcatchments, P-6 thru P-11 and P-13 thru P-17, the Rational Method flows were input into 

a HydroCAD model, rather than Hy8, in order to analyze the culverts with the addition of the 

catch basins. This is a changed from the previous submission due to the addition of catch 

basins at all culvert crossings, excluding stream crossings. VHB input the previous culvert 

design, from the Rational method and Hy8, into HydroCAD to check the effects of the catch 

basin. 

 

 

 

Design Storms 

VHB analyzed the proposed stormwater impacts for the 2, 10 and 50-year design storms.  

These rainfall events are based on a 24-hour storm duration using a Type II distribution curve.  

Appendix A-Hydrologic Calculations contains copies of the rainfall data charts used in the 

calculations. 

 

Curve Number 

VHB developed weighted curve numbers for each existing subcatchment area based on the 

different ground covers and hydrologic soil group types found within each area. Curve 

numbers were not developed for the proposed subcatchments because HydroCAD was not 

used during the proposed analysis. The curve numbers were based on the SCS TR-55 

methodology and are included in Appendix A:  Hydrologic Calculations.  

 

Time of Concentration 

VHB calculated the Time of Concentrations (Tc) for each of the individual subcatchment area 

using the hydraulically most distant point within each area.  A minimum time of 5 minutes 

was used in the calculations.  The Tc’s were calculated utilizing multiple methodologies and 

are included in Appendix A:  Hydrologic Calculations.   

Hydraulic Calculations  

 

Culverts 

VHB used both the USGS Regression method as well as the Rational Method to develop the 

flows used in the design of the proposed roadway culverts. These flows were then input into 

FHWA Hy8 to analyze the culvert hydraulics. The proposed culverts were sized based on a 

50-year design storm. VHB used the following design parameters and criteria to design the 

system: 
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 Minimum Pipe Size:  18 inches 

 RCP Pipe Coefficient of Friction:  0.012 

 CMP Pipe Coefficient of Friction: 0.024 

 Minimum Time of Concentration (Tc):  5 minutes 

 Design Software: FHWA Hy8 

 

The proposed culverts where designed to convey the 50-year design flow without overtopping 

the roadway. While the existing conditions utilized adjacent wetland/ditch interconnectivity, 

the proposed culverts were designed to convey the runoff from its respective subcatchment 

area. 

 

For further information, refer to Appendix B: Culvert Design. 

    

Stone Outlet Protection 

VHB sized the riprap outlet protection using Chapter 4, pp. 172 to 174, of the New Hampshire 

Stormwater Management Manual (December 2008), NHDES.  The following design 

parameters represent the minimum acceptable riprap apron dimensions used for design. See 

Appendix C:  Outlet Protection Calculations for more information. 

 

 Apron Width: ≥10 feet 

 Apron Length: ≥10 feet 

 Median Stone Diameter: 0.5 feet  

 Depth of Stone: 6 inches (minimum) 
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Stormwater Management 

Impacts/Conclusion 

Stormwater Quality Mitigation 

Under the proposed conditions, the peak flow rates were calculated for the 2, 10, and 50-year 

storm events.  The peak rates of runoff for the proposed conditions are anticipated to have an 

insignificant increase. While the proposed condition will add 6 feet of impervious width to the 

roadway, the vegetated roadway buffer will treat 60% of the runoff generated from the 

additional impervious area. Along with the vegetated buffer, the realignment of the proposed 

roadway will help reduce the erosion along the Androscoggin River. 

 

The following table summarizes the flow results for the project. 

 
   Table 4 

Peak Stormwater Runoff Rate Summary 

  Peak Flow for Given Storm 
(cfs) 

Watershed Condition  2-yr 10-yr 50-yr 
       

Androscoggin River Existing  140.00 248.52 388.69 

 Proposed  140.14 249.16 388.90 
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Conclusion 

This project implements standard stormwater management techniques to mitigate its impacts 

on peak stormwater runoff rates.  Furthermore, stormwater quality issues will be reduced 

through the proposed implementation of standard practices (i.e. vegetated roadway buffer) 

that are accepted by the NH Department of Environmental Services Water Supply and 

Pollution Control Division.  For more information concerning the overall pollutant removal 

efficiencies and their influence on the project, refer to Appendix D. 
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Appendix A 

Hydrologic Calculations 
 

 

� Hydrologic Calculations (Existing Conditions) 

 

� Hydrologic Calculations  (Proposed Conditions) 

 

� Rainfall/Support Data 

 

 

A 
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Hydrologic Calculations 

(Existing Conditions) 

 



VHB EXISTING CONDITIONS

Project: Prepared by: Seth Hill

PIN: Date:

Town: Checked by:

Date:

Revised by:

P2 (in/hr)

2.34

Area      ID Station Basin 

Length

Benson 

Slope
Sheet Flow 50-yr 

Velocity Concentrated (by Velocity method) Channel Basin Tc (min)

L (ft) ft/mi
L (ft) S (ft/ft) Rh (in) n

Velocity 

Meth

TR-55 KW 

approx

Kerby-Hath 

Meth KW2 KW10 KW50 KW100
v (ft/s) L (ft) S (ft/ft) Rh (in) n Tc v (ft/s) L (ft) S (ft/ft) Rh (ft) n Tc v (ft/s) Sum2 Sum10 Sum50 Sum100 Basin

EX-5 2220.000 0.135 100 0.0256 2.4 0.2 4.1 13.1 14.0 11.0 9.3 8.2 7.9 0.20 1602 0.041 2.4 0.200 52.2 0.5 11021 0.021 2.64 0.400 179.0 1.03 242.2 240.6 239.5 239.1 EX-5

EX-6 580.000 0.393 100 0.0745 2.4 0.2 2.4 8.5 10.9 7.4 6.4 5.7 5.5 0.29 2962 0.075 2.4 0.200 71.2 0.7 78.6 77.6 76.9 76.7 EX-6

EX-7 570.000 0.446 100 0.07 2.4 0.2 70.4 113.9 11.1 7.5 6.6 5.8 5.6 0.29 2942 0.081 2.4 0.200 67.8 0.7 406 0.032 12.00 0.095 0.5 14.68 75.8 89.1 88.3 88.1 EX-7

EX-8 130.000 0.433 100 0.082 2.4 0.2 65.1 106.9 10.7 7.1 6.2 5.5 5.3 0.30 586 0.082 2.4 0.200 13.4 0.7 20.5 19.6 18.9 18.7 EX-8

EX-9 570.000 0.528 100 0.1 2.4 0.2 58.9 98.8 10.2 6.6 5.8 5.2 5.0 0.32 2970 0.100 2.4 0.200 61.6 0.8 160 0.048 12.00 0.095 0.1 17.98 68.4 67.6 66.9 66.8 EX-9

EX-10 70.000 0.516 100 0.0978 2.4 0.2 59.6 99.6 10.2 6.7 5.8 5.2 5.0 0.32 270 0.098 2.4 0.200 5.7 0.8 12.3 11.5 10.9 10.7 EX-10

EX-11 810.000 0.792 100 0.15 2.4 0.2 48.1 84.0 9.3 5.7 5.0 4.5 4.3 0.37 4177 0.150 2.4 0.200 70.8 1.0 76.5 75.8 75.3 75.1 EX-11

EX-12 800.000 0.844 100 0.11 2.4 0.2 56.2 95.1 10.0 6.4 5.6 5.0 4.8 0.33 3971 0.160 2.4 0.200 65.1 1.0 155 0.070 12.00 0.095 0.1 21.71 71.7 70.9 70.3 70.1 EX-12

EX-13 800.000 0.929 100 0.12 2.4 0.2 53.8 91.8 9.8 6.2 5.4 4.9 4.7 0.34 4003 0.180 2.4 0.200 61.9 1.1 115 0.023 12.00 0.095 0.2 12.31 68.3 67.5 66.9 66.8 EX-13

EX-14 750.000 0.996 100 0.11 2.4 0.2 56.2 95.1 10.0 6.4 5.6 5.0 4.8 0.33 3876 0.189 2.4 0.200 58.5 1.1 64.9 64.1 63.5 63.3 EX-14

EX-15 640.000 0.971 100 0.184 2.4 0.2 43.4 77.4 8.8 5.3 4.7 4.2 4.1 0.40 3260 0.184 2.4 0.200 49.9 1.1 55.2 54.6 54.1 53.9 EX-15

EX-16 800.000 0.913 100 0.17 2.4 0.2 45.2 79.9 9.0 5.5 4.8 4.3 4.2 0.39 3891 0.186 2.4 0.200 59.2 1.1 224 0.033 12.0 0.095 0.3 14.91 64.9 64.3 63.8 63.6 EX-16

EX-17 590.000 0.763 100 0.144 2.4 0.2 49.1 85.4 9.3 5.8 5.1 4.6 4.4 0.37 2748 0.144 2.4 0.200 47.5 1.0 267 0.095 6.0 0.040 0.1 37.83 53.4 52.8 52.2 52.0 EX-17

EX-18 150.000 0.549 100 0.104 2.4 0.2 57.8 97.2 10.1 6.5 5.7 5.1 4.9 0.33 692 0.104 2.4 0.200 14.1 0.8 20.6 19.8 19.2 19.0 EX-18

EX-19 750.000 0.891 100 0.169 2.4 0.2 45.3 80.1 9.0 5.5 4.8 4.3 4.2 0.39 3860 0.169 2.4 0.200 61.6 1.0 67.1 66.5 65.9 65.8 EX-19

EX-20 770.000 0.871 0.200 EX-20

EX-4 220.000 0.092 100 0.0348 2.4 0.2 99.9 150.6 13.0 9.8 8.4 7.4 7.1 0.22 481 0.035 2.4 0.200 16.9 0.5 26.7 25.3 24.3 24.0 EX-4

T c  by Kinematic Wave (min)T c  by Other Methods (min)

Route 16 - Dummer

16304.00

Dummer

11-Oct-17
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VHB EXISTING CONDITIONS

Project: Prepared by: Seth Hill

PIN: Date: October-17

Town: Checked by:

Date:

Peak Flow Estimates by Rational Method
Revised by:

T = 2 yrs T = 10 yrs T = 50 yrs T = 100 yrs

Area      ID Station Area C Tc i2 Q2 Tc i10 Q10 Tc i50 Q50 Tc i100 Q100

ac min (in/hr) (ft3/s) min (in/hr) (ft3/s) min (in/hr) (ft3/s) min (in/hr) (ft3/s)

EX-6 15.2 0.20 78.6 0.740 2.24 77.6 1.080 3.27 76.9 1.560 4.73 76.7 1.830 5.54

EX-7 29.6 0.20 75.8 0.760 4.50 89.1 0.960 5.68 88.3 1.380 8.17 88.1 1.620 9.59

EX-8 2.9 0.20 20.5 1.860 1.06 19.6 2.560 1.46 18.9 3.570 2.03 18.7 4.100 2.34

EX-9 23.2 0.20 68.4 0.830 3.85 67.6 1.190 5.52 66.9 1.760 8.17 66.8 2.060 9.56

EX-10 1.0 0.20 12.3 2.420 0.50 11.5 3.380 0.70 10.9 4.750 0.99 10.7 5.410 1.13

EX-11 43.1 0.20 76.5 0.760 6.54 75.8 1.100 9.47 75.3 1.580 13.60 75.1 1.850 15.93

EX-12 43.7 0.20 71.7 0.810 7.08 70.9 1.150 10.05 70.3 1.670 14.60 70.1 1.960 17.13

EX-13 38.7 0.20 68.3 0.830 6.43 67.5 1.210 9.37 66.9 1.760 13.63 66.8 2.060 15.95

EX-14 21.8 0.20 64.9 0.860 3.75 64.1 1.250 5.45 63.5 1.830 7.97 63.3 2.150 9.37

EX-15 16.1 0.20 55.2 0.980 3.15 54.6 1.400 4.51 54.1 2.010 6.47 53.9 2.370 7.63

EX-16 39.6 0.20 64.9 0.860 6.81 64.3 1.250 9.90 63.8 1.830 14.49 63.6 2.150 17.02

EX-17 48.1 0.20 53.4 1.000 9.61 52.8 1.430 13.75 52.2 2.050 19.71 52.0 2.400 23.07

EX-18 3.6 0.20 20.6 1.860 1.33 19.8 2.560 1.83 19.2 3.480 2.49 19.0 3.990 2.86

EX-19 66.5 0.20 67.1 0.840 11.18 66.5 1.220 16.24 65.9 1.780 23.69 65.8 2.090 27.81

EX-20 0.2 0.20 *5.0 3.480 0.10 *5.0 4.610 0.14 *5.0 6.240 0.19 *5.0 7.160 0.21

EX-4 2.9 0.20 26.7 1.610 0.92 25.3 2.220 1.27 24.3 3.110 1.77 24.0 3.580 2.04

*Time of Concentration is direct entry of 5 minutes (minimum value)

Route 16 - Dummer

16304.00

Dummer
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VHB EXISTING CONDITIONS

Project: Prepared by: Seth Hill

Project Number: Date: 11-Oct-17

Town: USGS Quad: Coos County, NH

Culvert Entrance Treatment Checked by:

Note: Entrance 2 Generic Projecting Mitred Headwall Revised by:

Pipe sizing by Manning's equation and Concrete Hw/D 1.5 1 2 3 4 Culvert Orifice Equation

culvert under inlet control (simple orifice) Cd 0.53 0.6 0.53 0.58 0.64 (Hw/D) = c{Q/AD
0.5

}
2
 + Y

c 0.055 0.043 0.055 0.046 0.038 (no slope correction)

Y 0.54 0.5 0.54 0.75 0.69

a 0.622

Existing Pipe Notes

USGS Manning Inlet Hw/D Rational Manning Inlet Hw/D Size Rational Manning Orifice

Area      ID Station n S
Q50

Control
Q50

Control

D Hw/D QM QO 

EX-6 0.025 0.007 18.54 36 30 0.86 4.73 24 18 0.80 15 1.20 2.75 5.72 15" cmp

EX-7 0.013 0.022 31.26 24 30 1.44 8.17 18 18 1.33 15 2.50 9.56 5.72 15" rcp

EX-8 0.025 0.035 5.04 18 18 0.84 2.03 18 18 0.59 15 0.66 6.32 5.72 15" cmp

EX-9 0.025 0.037 25.85 30 30 1.15 8.17 18 18 1.33 15 2.50 6.42 5.72 15" cmp

EX-10 0.025 0.029 2.29 18 18 0.60 0.99 18 18 0.55 12 0.63 3.15 3.27 12" cmp

EX-11 0.013 0.026 41.87 30 36 1.19 13.60 18 24 1.06 21 1.55 25.44 13.26 18" rcp to 24" rcp

EX-12 0.013 0.017 42.37 30 36 1.20 14.60 24 24 1.14 18 3.05 13.65 9.02 18" rcp

EX-13 0.013 0.035 38.54 24 36 1.09 13.63 18 24 1.06 18 2.73 19.59 9.02 18" rcp

EX-14 0.013 0.036 24.61 24 30 1.10 7.97 18 18 1.29 15 2.41 12.29 5.72 15" rcp

EX-15 0.013 0.006 19.43 30 30 0.89 6.47 18 18 1.03 15 1.77 5.00 5.72 15" rcp

EX-16 0.013 0.016 39.22 30 36 1.11 14.49 24 24 1.13 18 3.02 13.37 9.02 18" rcp

EX-18 0.013 0.007 6.02 18 18 0.97 2.49 18 18 0.61 18 0.61 8.66 9.02 18" spp

EX-19 0.013 0.060 58.81 30 42 1.13 23.69 18 30 1.05 36 0.75 163.36 51.02 36" spp

EX-20 0.025 0.040 0.51 18 18 0.54 0.19 18 18 0.54 36 0.54 69.36 51.02 36" cmp

EX-4 0.025 0.033 5.04 18 18 0.84 1.77 18 18 0.58 15 0.63 6.14 5.72 15" cmp

15 2.85 15.35 5.72
15" rcp. Flows reduced to 45% to mimic existing 

conditions. See Attached calibration calculation.
36 1.31 8.87 18 18 1.47EX-17 0.013 0.057 45.64 24

Existing Capacity

Culvert

Route 16 - Dummer

16304.00

Dummer

Pipe Size (in) Pipe Size (in)

DRAINAGE STUDY

PEAK FLOW Q50 SUMMARY & PIPE SIZING
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EXISTING CN VALUES

Catchment Name Catchment Area (Acres) Hydro Group Land Cover CN AC CN Value Weight CN (Bold Values)

EX-10 1.0 C Developed, Low Intensity 0.584546264 46.17915483 44.36

Developed, Open Space 0.048901504 3.618711307 3.48

Forest 0.407639007 28.5347305 27.41

EX-10 Total 75.24

EX-11 43.0 C Developed, Low Intensity 0.971095543 76.71654793 1.78

Developed, Open Space 0.29020523 21.47518704 0.50

Forest 39.9518646 2796.630522 64.97

Scrub/Shrub 1.798474773 116.9008603 2.72

WATER Developed, Low Intensity 0.012775768 0 0.00

Developed, Open Space 0.022324953 0 0.00

EX-11 Total 69.96

EX-12 43.7 C Developed, Low Intensity 0.153264909 12.10792778 0.28

Forest 35.0931286 2456.519002 56.21

Scrub/Shrub 7.839398364 509.5608937 11.66

Wetland 0.61632978 43.14308461 0.99

EX-12 Total 69.13

EX-18 3.6 C Developed, Low Intensity 0.176691881 13.95865863 3.90

Developed, Medium Intensity 0.208455345 16.67642762 4.66

Forest 2.928269135 204.9788394 57.28

Grassland/Herbaceous 0.264939897 19.60555239 5.48

EX-18 Total 71.32

EX-19 66.5 C Bare Land 0.089732677 7.986208262 0.12

Developed, Low Intensity 0.170414526 13.46274753 0.20

Developed, Medium Intensity 0.975333191 78.02665527 1.17

Forest 28.57380692 2000.166484 30.06

Grassland/Herbaceous 4.074997307 301.5498007 4.53

Scrub/Shrub 32.65930024 2122.854515 31.90

EX-19 Total 67.99

EX-20 70.3 C Bare Land 0.089732677 7.986208262 0.11

Developed, Low Intensity 0.425920441 33.64771487 0.48

Developed, Medium Intensity 1.255991457 100.4793165 1.43

Developed, Open Space 3.60989E-05 0.002671317 0.00

Forest 31.50207606 2205.145324 31.38

Grassland/Herbaceous 4.339937204 321.1553531 4.57

Scrub/Shrub 32.65930024 2122.854515 30.21

EX-20 Total 68.18

EX-5 884.6 A Developed, Low Intensity 0.032316235 1.64812799 0.00

Forest 2.288626674 68.65880022 0.08

Scrub/Shrub 0.318426265 9.552787961 0.01

Wetland 0.614175006 18.42525018 0.02

B Bare Land 0.676544263 57.50626239 0.07

Developed, Low Intensity 0.546841017 37.18518914 0.04

Forest 8.770636408 482.3850024 0.55

Scrub/Shrub 2.834377812 136.050135 0.15

Wetland 0.637578674 35.06682708 0.04

C Bare Land 0.907350442 80.75418936 0.09

Developed, Low Intensity 2.883374218 227.7865632 0.26

Forest 753.998034 52779.86238 59.67

Grassland/Herbaceous 16.85812905 1247.501549 1.41

Scrub/Shrub 48.26884178 3137.474716 3.55

Unconsolidated Shore 0.100457045 7.031993159 0.01

Wetland 26.10385756 1827.270029 2.07

D Bare Land 0.195194415 17.7626918 0.02

Forest 9.61449467 740.3160896 0.84

Grassland/Herbaceous 0.172389923 13.79119383 0.02

Scrub/Shrub 1.216623583 88.81352156 0.10

Wetland 7.512987582 578.5000438 0.65

EX-5 Total 69.63

EX-6 15.1 C Developed, Low Intensity 0.297084477 23.46967369 1.55

Forest 14.5519546 1018.636822 67.24

Scrub/Shrub 0.270569115 17.58699247 1.16

Wetland 0.029846449 2.089251458 0.14

EX-6 Total 70.09

EX-7 29.6 C Developed, Low Intensity 0.613889081 48.49723739 1.64

Developed, Open Space 7.4247E-05 0.005494277 0.00

Forest 27.41007558 1918.705291 64.83

Scrub/Shrub 1.569872715 102.0417265 3.45

EX-7 Total 69.92

EX-8 2.8 C Developed, Low Intensity 0.250276757 19.77186384 6.95

Developed, Open Space 0.080277339 5.940523075 2.09

Forest 2.325113119 162.7579183 57.18

Scrub/Shrub 0.02430024 1.579515603 0.55

Wetland 0.107401021 7.51807147 2.64

WATER Developed, Low Intensity 0.010187673 0 0.00

Developed, Open Space 0.01082486 0 0.00

Forest 0.001036071 0 0.00

Wetland 0.034532301 0 0.00

EX-8 Total 69.41

EX-9 23.2 C Developed, Low Intensity 0.820425706 64.81363077 2.79

Forest 21.58391514 1510.87406 65.12

Scrub/Shrub 0.796413112 51.76685225 2.23

EX-9 Total 70.15



EX-10

EX-10 EX-11

EX-11

EX-12

EX-12

EX-18

EX-18

EX-19

EX-19

EX-20

EX-20

EX-5

EX-5

EX-6

EX-6

EX-7

EX-7

EX-8

EX-8

EX-9

EX-9

21R

Drive Pipe to Roadway

 Culvert
24R

roadside ditch

27R

roadside ditch

3P

sta. 1010+24

4P

sta. 1013+23

9P

sta. 1032+51

10P

sta. 1040+00
16P

sta. 1069+69

17P

sta. 1069+58

18P

sta. 1069+29

20P
CB

sta. 1139+10 Drive LT

23P

Combined

25P
CB

sta. 1020+78

26L

Androscoggin River

Routing Diagram for 16304A_Dummer_Existing
Prepared by VHB,  Printed 11/14/2017
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Subcat Reach Pond Link
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Area Listing (all nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

0.150 89 Gravel roads, HSG C  (EX-20)

1.000 75 SEE ATTACHED SPREADSHEET FOR CN VALUES  (EX-10)

965.900 70 SEE ATTACHED SPREADSHEET FOR CN VALUES  (EX-11, EX-5, EX-6, EX-9)

46.500 69 SEE ATTACHED SPREADSHEET FOR CN VALUES  (EX-12, EX-8)

3.600 71 SEE ATTACHED SPREADSHEET FOR CN VALUES  (EX-18)

66.500 68 SEE ATTACHED SPREADSHEET FOR CN VALUES  (EX-19)

29.600 70 See Notes  (EX-7)

1,113.250 70 TOTAL AREA
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Soil Listing (all nodes)

Area

(acres)

Soil

Group

Subcatchment

Numbers

0.000 HSG A

0.000 HSG B

0.150 HSG C EX-20

0.000 HSG D

1,113.100 Other EX-10, EX-11, EX-12, EX-18, EX-19, EX-5, EX-6, EX-7, EX-8, EX-9

1,113.250 TOTAL AREA
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Ground Covers (all nodes)

HSG-A

(acres)

HSG-B

(acres)

HSG-C

(acres)

HSG-D

(acres)

Other

(acres)

Total

(acres)

Ground

Cover

0.000 0.000 0.150 0.000 0.000 0.150 Gravel roads

0.000 0.000 0.000 0.000 1,083.500 1,083.500 SEE ATTACHED SPREADSHEET 

FOR CN VALUES

0.000 0.000 0.000 0.000 29.600 29.600 See Notes

0.000 0.000 0.150 0.000 1,113.100 1,113.250 TOTAL AREA
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Pipe Listing (all nodes)

Line# Node

Number

In-Invert

(feet)

Out-Invert

(feet)

Length

(feet)

Slope

(ft/ft)

n Diam/Width

(inches)

Height

(inches)

Inside-Fill

(inches)

1 3P 1,129.96 1,129.26 80.0 0.0088 0.025 60.0 0.0 0.0

2 4P 1,139.25 1,138.90 52.0 0.0067 0.025 15.0 0.0 0.0

3 9P 1,132.63 1,132.05 22.0 0.0264 0.013 24.0 0.0 0.0

4 9P 1,132.05 1,131.47 22.0 0.0264 0.013 18.0 0.0 0.0

5 10P 1,134.76 1,134.00 45.0 0.0169 0.013 18.0 0.0 0.0

6 10P 1,136.12 1,136.54 29.0 -0.0145 0.025 18.0 0.0 0.0

7 16P 1,197.00 1,194.48 63.0 0.0400 0.025 36.0 0.0 0.0

8 17P 1,203.99 1,201.53 41.0 0.0600 0.013 36.0 0.0 0.0

9 18P 1,202.42 1,202.14 41.0 0.0068 0.013 18.0 0.0 0.0

10 20P 1,143.18 1,140.70 37.0 0.0670 0.025 18.0 0.0 0.0

11 23P 1,130.93 1,129.16 50.0 0.0354 0.025 15.0 0.0 0.0

12 23P 1,131.57 1,129.82 48.0 0.0365 0.025 15.0 0.0 0.0

13 23P 1,134.22 1,133.06 40.0 0.0290 0.025 12.0 0.0 0.0

14 25P 1,134.12 1,133.20 42.0 0.0219 0.013 15.0 0.0 0.0
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Time span=0.00-48.00 hrs, dt=0.01 hrs, 4801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind method  -  Pond routing by Stor-Ind method

Runoff Area=1.000 ac   0.00% Impervious   Runoff Depth=0.56"Subcatchment EX-10: EX-10
   Flow Length=370'   Slope=0.0978 '/'   Tc=27.0 min   CN=75   Runoff=0.44 cfs  0.047 af

Runoff Area=43.000 ac   0.00% Impervious   Runoff Depth=0.38"Subcatchment EX-11: EX-11
   Flow Length=4,277'   Slope=0.1500 '/'   Tc=89.8 min   CN=70   Runoff=4.59 cfs  1.366 af

Runoff Area=43.700 ac   0.00% Impervious   Runoff Depth=0.35"Subcatchment EX-12: EX-12
   Flow Length=4,226'   Tc=87.9 min   CN=69   Runoff=4.20 cfs  1.275 af

Runoff Area=3.600 ac   0.00% Impervious   Runoff Depth=0.41"Subcatchment EX-18: EX-18
   Flow Length=792'   Slope=0.1040 '/'   Tc=35.0 min   CN=71   Runoff=0.85 cfs  0.124 af

Runoff Area=66.500 ac   0.00% Impervious   Runoff Depth=0.32"Subcatchment EX-19: EX-19
   Flow Length=3,960'   Slope=0.1690 '/'   Tc=79.6 min   CN=68   Runoff=6.04 cfs  1.776 af

Runoff Area=0.150 ac   0.00% Impervious   Runoff Depth=1.32"Subcatchment EX-20: EX-20
   Tc=5.0 min   CN=89   Runoff=0.36 cfs  0.016 af

Runoff Area=884.600 ac   0.00% Impervious   Runoff Depth=0.38"Subcatchment EX-5: EX-5
   Tc=242.0 min   CN=70   Runoff=49.03 cfs  28.099 af

Runoff Area=15.100 ac   0.00% Impervious   Runoff Depth=0.38"Subcatchment EX-6: EX-6
   Flow Length=3,062'   Slope=0.0745 '/'   Tc=95.9 min   CN=70   Runoff=1.54 cfs  0.480 af

Runoff Area=29.600 ac   0.00% Impervious   Runoff Depth=0.38"Subcatchment EX-7: EX-7
   Flow Length=3,042'   Tc=93.1 min   CN=70   Runoff=3.10 cfs  0.940 af

Runoff Area=2.800 ac   0.00% Impervious   Runoff Depth=0.35"Subcatchment EX-8: EX-8
   Flow Length=686'   Slope=0.0820 '/'   Tc=36.3 min   CN=69   Runoff=0.50 cfs  0.082 af

Runoff Area=23.200 ac   0.00% Impervious   Runoff Depth=0.38"Subcatchment EX-9: EX-9
   Flow Length=3,230'   Tc=84.3 min   CN=70   Runoff=2.60 cfs  0.737 af

Avg. Flow Depth=0.36'   Max Vel=3.21 fps   Inflow=4.20 cfs  1.275 afReach 21R: Drive Pipe to Roadway 
n=0.050   L=90.0'   S=0.0660 '/'   Capacity=30.64 cfs   Outflow=4.20 cfs  1.275 af

Avg. Flow Depth=0.57'   Max Vel=3.17 fps   Inflow=3.10 cfs  0.940 afReach 24R: roadside ditch
n=0.035   L=406.0'   S=0.0317 '/'   Capacity=48.32 cfs   Outflow=3.09 cfs  0.940 af

Avg. Flow Depth=0.00'   Max Vel=0.00 fps   Inflow=0.00 cfs  0.000 afReach 27R: roadside ditch
n=0.100   L=538.0'   S=0.0084 '/'   Capacity=12.91 cfs   Outflow=0.00 cfs  0.000 af

Peak Elev=1,132.91'  Storage=443 cf   Inflow=49.03 cfs  28.099 afPond 3P: sta. 1010+24
60.0"  Round Culvert  n=0.025  L=80.0'  S=0.0088 '/'   Outflow=49.03 cfs  28.099 af

Peak Elev=1,141.01'  Storage=0 cf   Inflow=1.54 cfs  0.480 afPond 4P: sta. 1013+23
   Primary=1.54 cfs  0.480 af   Secondary=0.00 cfs  0.000 af   Outflow=1.54 cfs  0.480 af



Type II 24-hr  2 year Rainfall=2.34"16304A_Dummer_Existing
  Printed  11/14/2017Prepared by VHB

Page 7HydroCAD® 10.00-19  s/n 01038  © 2016 HydroCAD Software Solutions LLC

Peak Elev=1,133.03'  Storage=1 cf   Inflow=4.59 cfs  1.366 afPond 9P: sta. 1032+51
   Outflow=4.59 cfs  1.366 af

Peak Elev=1,135.75'  Storage=51 cf   Inflow=4.20 cfs  1.275 afPond 10P: sta. 1040+00
   Primary=4.20 cfs  1.275 af   Secondary=0.00 cfs  0.000 af   Outflow=4.20 cfs  1.275 af

Peak Elev=1,198.03'  Storage=0 cf   Inflow=6.35 cfs  1.917 afPond 16P: sta. 1069+69
36.0"  Round Culvert  n=0.025  L=63.0'  S=0.0400 '/'   Outflow=6.35 cfs  1.917 af

Peak Elev=1,205.04'  Storage=0 cf   Inflow=6.04 cfs  1.776 afPond 17P: sta. 1069+58
36.0"  Round Culvert  n=0.013  L=41.0'  S=0.0600 '/'   Outflow=6.04 cfs  1.776 af

Peak Elev=1,203.01'  Storage=0 cf   Inflow=0.85 cfs  0.124 afPond 18P: sta. 1069+29
18.0"  Round Culvert  n=0.013  L=41.0'  S=0.0068 '/'   Outflow=0.85 cfs  0.124 af

Peak Elev=1,144.33'   Inflow=4.20 cfs  1.275 afPond 20P: sta. 1139+10 Drive LT
18.0"  Round Culvert  n=0.025  L=37.0'  S=0.0670 '/'   Outflow=4.20 cfs  1.275 af

Peak Elev=1,131.87'  Storage=89 cf   Inflow=2.89 cfs  0.865 afPond 23P: Combined
   Outflow=2.89 cfs  0.865 af

Peak Elev=1,135.03'   Inflow=3.09 cfs  0.940 afPond 25P: sta. 1020+78
   Primary=3.09 cfs  0.940 af   Secondary=0.00 cfs  0.000 af   Outflow=3.09 cfs  0.940 af

   Inflow=56.54 cfs  34.942 afLink 26L: Androscoggin River
   Primary=56.54 cfs  34.942 af

Total Runoff Area = 1,113.250 ac   Runoff Volume = 34.942 af   Average Runoff Depth = 0.38"
100.00% Pervious = 1,113.250 ac     0.00% Impervious = 0.000 ac



Type II 24-hr  2 year Rainfall=2.34"16304A_Dummer_Existing
  Printed  11/14/2017Prepared by VHB

Page 8HydroCAD® 10.00-19  s/n 01038  © 2016 HydroCAD Software Solutions LLC

Summary for Subcatchment EX-10: EX-10

Runoff = 0.44 cfs @ 12.24 hrs,  Volume= 0.047 af,  Depth= 0.56"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 year Rainfall=2.34"

Area (ac) CN Description

* 1.000 75 SEE ATTACHED SPREADSHEET FOR CN VALUES

1.000 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

21.2 100 0.0978 0.08 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

5.8 270 0.0978 0.78 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

27.0 370 Total

Subcatchment EX-10: EX-10

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

0.48

0.46

0.44

0.42

0.4

0.38

0.36

0.34

0.32

0.3

0.28

0.26

0.24

0.22

0.2

0.18

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

0

Type II 24-hr

2 year Rainfall=2.34"

Runoff Area=1.000 ac

Runoff Volume=0.047 af

Runoff Depth=0.56"

Flow Length=370'

Slope=0.0978 '/'

Tc=27.0 min

CN=75

0.44 cfs
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Summary for Subcatchment EX-11: EX-11

Runoff = 4.59 cfs @ 13.17 hrs,  Volume= 1.366 af,  Depth= 0.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 year Rainfall=2.34"

Area (ac) CN Description

* 43.000 70 SEE ATTACHED SPREADSHEET FOR CN VALUES

43.000 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

17.9 100 0.1500 0.09 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

71.9 4,177 0.1500 0.97 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

89.8 4,277 Total

Subcatchment EX-11: EX-11

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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lo

w
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Type II 24-hr

2 year Rainfall=2.34"

Runoff Area=43.000 ac

Runoff Volume=1.366 af

Runoff Depth=0.38"

Flow Length=4,277'

Slope=0.1500 '/'

Tc=89.8 min

CN=70

4.59 cfs
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Summary for Subcatchment EX-12: EX-12

Runoff = 4.20 cfs @ 13.19 hrs,  Volume= 1.275 af,  Depth= 0.35"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 year Rainfall=2.34"

Area (ac) CN Description

* 43.700 69 SEE ATTACHED SPREADSHEET FOR CN VALUES

43.700 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

20.2 100 0.1100 0.08 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

66.2 3,971 0.1600 1.00 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

1.5 155 0.0700 1.74 0.16 Trap/Vee/Rect Channel Flow, 
Bot.W=0.00'  D=0.25'  Z= 1.5 '/'  Top.W=0.75'
n= 0.050  Mountain streams w/large boulders

87.9 4,226 Total

Subcatchment EX-12: EX-12

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type II 24-hr

2 year Rainfall=2.34"

Runoff Area=43.700 ac

Runoff Volume=1.275 af

Runoff Depth=0.35"

Flow Length=4,226'

Tc=87.9 min

CN=69

4.20 cfs
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Summary for Subcatchment EX-18: EX-18

Runoff = 0.85 cfs @ 12.37 hrs,  Volume= 0.124 af,  Depth= 0.41"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 year Rainfall=2.34"

Area (ac) CN Description

* 3.600 71 SEE ATTACHED SPREADSHEET FOR CN VALUES

3.600 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

20.7 100 0.1040 0.08 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

14.3 692 0.1040 0.81 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

35.0 792 Total

Subcatchment EX-18: EX-18

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type II 24-hr

2 year Rainfall=2.34"

Runoff Area=3.600 ac

Runoff Volume=0.124 af

Runoff Depth=0.41"

Flow Length=792'

Slope=0.1040 '/'

Tc=35.0 min

CN=71

0.85 cfs
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Summary for Subcatchment EX-19: EX-19

Runoff = 6.04 cfs @ 13.09 hrs,  Volume= 1.776 af,  Depth= 0.32"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 year Rainfall=2.34"

Area (ac) CN Description

* 66.500 68 SEE ATTACHED SPREADSHEET FOR CN VALUES

66.500 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

17.0 100 0.1690 0.10 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

62.6 3,860 0.1690 1.03 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

79.6 3,960 Total

Subcatchment EX-19: EX-19

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type II 24-hr

2 year Rainfall=2.34"

Runoff Area=66.500 ac

Runoff Volume=1.776 af

Runoff Depth=0.32"

Flow Length=3,960'

Slope=0.1690 '/'

Tc=79.6 min

CN=68

6.04 cfs
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Summary for Subcatchment EX-20: EX-20

Runoff = 0.36 cfs @ 11.96 hrs,  Volume= 0.016 af,  Depth= 1.32"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 year Rainfall=2.34"

Area (ac) CN Description

0.150 89 Gravel roads, HSG C

0.150 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment EX-20: EX-20

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type II 24-hr

2 year Rainfall=2.34"

Runoff Area=0.150 ac

Runoff Volume=0.016 af

Runoff Depth=1.32"

Tc=5.0 min

CN=89

0.36 cfs
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Summary for Subcatchment EX-5: EX-5

Runoff = 49.03 cfs @ 15.60 hrs,  Volume= 28.099 af,  Depth= 0.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 year Rainfall=2.34"

Area (ac) CN Description

* 884.600 70 SEE ATTACHED SPREADSHEET FOR CN VALUES

884.600 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

242.0 Direct Entry, 

Subcatchment EX-5: EX-5

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type II 24-hr

2 year Rainfall=2.34"

Runoff Area=884.600 ac

Runoff Volume=28.099 af

Runoff Depth=0.38"

Tc=242.0 min

CN=70

49.03 cfs
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Summary for Subcatchment EX-6: EX-6

Runoff = 1.54 cfs @ 13.32 hrs,  Volume= 0.480 af,  Depth= 0.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 year Rainfall=2.34"

Area (ac) CN Description

* 15.100 70 SEE ATTACHED SPREADSHEET FOR CN VALUES

15.100 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

23.6 100 0.0745 0.07 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

72.3 2,962 0.0745 0.68 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

95.9 3,062 Total

Subcatchment EX-6: EX-6

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type II 24-hr

2 year Rainfall=2.34"

Runoff Area=15.100 ac

Runoff Volume=0.480 af

Runoff Depth=0.38"

Flow Length=3,062'

Slope=0.0745 '/'

Tc=95.9 min

CN=70

1.54 cfs
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Summary for Subcatchment EX-7: EX-7

Runoff = 3.10 cfs @ 13.24 hrs,  Volume= 0.940 af,  Depth= 0.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 year Rainfall=2.34"

Area (ac) CN Description

* 29.600 70 See Notes

29.600 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

24.2 100 0.0700 0.07 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

68.9 2,942 0.0810 0.71 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

93.1 3,042 Total

Subcatchment EX-7: EX-7

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type II 24-hr

2 year Rainfall=2.34"

Runoff Area=29.600 ac

Runoff Volume=0.940 af

Runoff Depth=0.38"

Flow Length=3,042'

Tc=93.1 min

CN=70

3.10 cfs
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Summary for Subcatchment EX-8: EX-8

Runoff = 0.50 cfs @ 12.42 hrs,  Volume= 0.082 af,  Depth= 0.35"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 year Rainfall=2.34"

Area (ac) CN Description

* 2.800 69 SEE ATTACHED SPREADSHEET FOR CN VALUES

2.800 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

22.7 100 0.0820 0.07 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

13.6 586 0.0820 0.72 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

36.3 686 Total

Subcatchment EX-8: EX-8

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type II 24-hr

2 year Rainfall=2.34"

Runoff Area=2.800 ac

Runoff Volume=0.082 af

Runoff Depth=0.35"

Flow Length=686'

Slope=0.0820 '/'

Tc=36.3 min

CN=69

0.50 cfs
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Summary for Subcatchment EX-9: EX-9

Runoff = 2.60 cfs @ 13.11 hrs,  Volume= 0.737 af,  Depth= 0.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  2 year Rainfall=2.34"

Area (ac) CN Description

* 23.200 70 SEE ATTACHED SPREADSHEET FOR CN VALUES

23.200 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

21.0 100 0.1000 0.08 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

62.6 2,970 0.1000 0.79 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

0.7 160 0.0480 3.56 2.67 Trap/Vee/Rect Channel Flow, 
Bot.W=0.00'  D=0.50'  Z= 3.0 '/'  Top.W=3.00'
n= 0.035  Earth, dense weeds

84.3 3,230 Total

Subcatchment EX-9: EX-9

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type II 24-hr

2 year Rainfall=2.34"

Runoff Area=23.200 ac

Runoff Volume=0.737 af

Runoff Depth=0.38"

Flow Length=3,230'

Tc=84.3 min

CN=70

2.60 cfs
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Summary for Reach 21R: Drive Pipe to Roadway Culvert

[79] Warning: Submerged Pond 20P Primary device # 1 OUTLET by 0.36'

Inflow Area = 43.700 ac, 0.00% Impervious,  Inflow Depth = 0.35"    for  2 year event
Inflow = 4.20 cfs @ 13.19 hrs,  Volume= 1.275 af
Outflow = 4.20 cfs @ 13.19 hrs,  Volume= 1.275 af,  Atten= 0%,  Lag= 0.3 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Max. Velocity= 3.21 fps,  Min. Travel Time= 0.5 min
Avg. Velocity = 1.68 fps,  Avg. Travel Time= 0.9 min

Peak Storage= 118 cf @ 13.19 hrs
Average Depth at Peak Storage= 0.36'
Bank-Full Depth= 1.00'  Flow Area= 5.5 sf,  Capacity= 30.64 cfs

2.50'  x  1.00'  deep channel,  n= 0.050  Mountain streams w/large boulders
Side Slope Z-value= 3.0 '/'   Top Width= 8.50'
Length= 90.0'   Slope= 0.0660 '/'
Inlet Invert= 1,140.70',  Outlet Invert= 1,134.76'

‡

Reach 21R: Drive Pipe to Roadway Culvert

Inflow
Outflow

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

4

3

2

1

0

Inflow Area=43.700 ac

Avg. Flow Depth=0.36'

Max Vel=3.21 fps

n=0.050

L=90.0'

S=0.0660 '/'

Capacity=30.64 cfs

4.20 cfs

4.20 cfs
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Summary for Reach 24R: roadside ditch

Inflow Area = 29.600 ac, 0.00% Impervious,  Inflow Depth = 0.38"    for  2 year event
Inflow = 3.10 cfs @ 13.24 hrs,  Volume= 0.940 af
Outflow = 3.09 cfs @ 13.26 hrs,  Volume= 0.940 af,  Atten= 0%,  Lag= 1.4 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.17 fps,  Min. Travel Time= 2.1 min
Avg. Velocity = 1.79 fps,  Avg. Travel Time= 3.8 min

Peak Storage= 397 cf @ 13.26 hrs
Average Depth at Peak Storage= 0.57'
Bank-Full Depth= 1.60'  Flow Area= 7.7 sf,  Capacity= 48.32 cfs

0.00'  x  1.60'  deep channel,  n= 0.035  Earth, dense weeds
Side Slope Z-value= 3.0 '/'   Top Width= 9.60'
Length= 406.0'   Slope= 0.0317 '/'
Inlet Invert= 1,147.00',  Outlet Invert= 1,134.12'

Reach 24R: roadside ditch

Inflow
Outflow

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Inflow Area=29.600 ac

Avg. Flow Depth=0.57'

Max Vel=3.17 fps

n=0.035

L=406.0'

S=0.0317 '/'

Capacity=48.32 cfs

3.10 cfs

3.09 cfs



Type II 24-hr  2 year Rainfall=2.34"16304A_Dummer_Existing
  Printed  11/14/2017Prepared by VHB

Page 21HydroCAD® 10.00-19  s/n 01038  © 2016 HydroCAD Software Solutions LLC

Summary for Reach 27R: roadside ditch

[81] Warning: Exceeded Pond 10P by 2.50' @ 0.00 hrs

Inflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Max. Velocity= 0.00 fps,  Min. Travel Time= 0.0 min
Avg. Velocity = 0.00 fps,  Avg. Travel Time= 0.0 min

Peak Storage= 0 cf @ 0.00 hrs
Average Depth at Peak Storage= 0.00'
Bank-Full Depth= 2.00'  Flow Area= 10.0 sf,  Capacity= 12.91 cfs

0.00'  x  2.00'  deep channel,  n= 0.100  Earth, dense brush, high stage
Side Slope Z-value= 2.0  3.0 '/'   Top Width= 10.00'
Length= 538.0'   Slope= 0.0084 '/'
Inlet Invert= 1,137.50',  Outlet Invert= 1,133.00'

Reach 27R: roadside ditch

Inflow
Outflow

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Avg. Flow Depth=0.00'

Max Vel=0.00 fps

n=0.100

L=538.0'

S=0.0084 '/'

Capacity=12.91 cfs

0.00 cfs

0.00 cfs
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Summary for Pond 3P: sta. 1010+24

Inflow Area = 884.600 ac, 0.00% Impervious,  Inflow Depth = 0.38"    for  2 year event
Inflow = 49.03 cfs @ 15.60 hrs,  Volume= 28.099 af
Outflow = 49.03 cfs @ 15.60 hrs,  Volume= 28.099 af,  Atten= 0%,  Lag= 0.1 min
Primary = 49.03 cfs @ 15.60 hrs,  Volume= 28.099 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,132.91' @ 15.60 hrs   Surf.Area= 266 sf   Storage= 443 cf

Plug-Flow detention time= 0.1 min calculated for 28.093 af (100% of inflow)
Center-of-Mass det. time= 0.1 min ( 1,123.2 - 1,123.1 )

Volume Invert Avail.Storage Storage Description

#1 1,131.00' 17,553 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,131.00 187 0 0
1,132.00 239 213 213
1,133.00 269 254 467
1,134.00 296 283 750
1,135.00 426 361 1,111
1,136.00 764 595 1,706
1,137.00 1,791 1,278 2,983
1,138.00 3,675 2,733 5,716
1,139.00 5,843 4,759 10,475
1,140.00 8,312 7,078 17,553

Device Routing     Invert Outlet Devices

#1 Primary 1,129.96' 60.0"  Round CMP_Round  60"   
L= 80.0'   CMP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 1,129.96' / 1,129.26'   S= 0.0088 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 19.63 sf   

Primary OutFlow  Max=49.03 cfs @ 15.60 hrs  HW=1,132.91'   (Free Discharge)
1=CMP_Round  60"  (Barrel Controls 49.03 cfs @ 5.84 fps)
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Pond 3P: sta. 1010+24

Inflow
Primary

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

50

45

40

35

30

25

20

15

10

5

0

Inflow Area=884.600 ac

Peak Elev=1,132.91'

Storage=443 cf

60.0"

Round Culvert

n=0.025

L=80.0'

S=0.0088 '/'

49.03 cfs

49.03 cfs



Type II 24-hr  2 year Rainfall=2.34"16304A_Dummer_Existing
  Printed  11/14/2017Prepared by VHB

Page 24HydroCAD® 10.00-19  s/n 01038  © 2016 HydroCAD Software Solutions LLC

Summary for Pond 4P: sta. 1013+23

Secondary flow to EX-5 60" cmp which was analyzed separately using USGS Regression and FHWA Hy8.

Inflow Area = 15.100 ac, 0.00% Impervious,  Inflow Depth = 0.38"    for  2 year event
Inflow = 1.54 cfs @ 13.32 hrs,  Volume= 0.480 af
Outflow = 1.54 cfs @ 13.32 hrs,  Volume= 0.480 af,  Atten= 0%,  Lag= 0.0 min
Primary = 1.54 cfs @ 13.32 hrs,  Volume= 0.480 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,141.01' @ 13.32 hrs   Surf.Area= 6 sf   Storage= 0 cf

Plug-Flow detention time= 0.0 min calculated for 0.480 af (100% of inflow)
Center-of-Mass det. time= 0.0 min ( 985.5 - 985.5 )

Volume Invert Avail.Storage Storage Description

#1 1,141.00' 183 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,141.00 5 0 0
1,142.00 150 78 78
1,142.50 272 106 183

Device Routing     Invert Outlet Devices

#1 Primary 1,139.25' 15.0"  Round CMP_Round  15"   
L= 52.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,139.25' / 1,138.90'   S= 0.0067 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 1.23 sf   

#2 Secondary 1,142.50' 7.0' long  (Profile 20) Broad-Crested Rectangular Weir   
Head (feet)  0.49  0.98  1.48  1.97   
Coef. (English)  2.68  2.63  2.61  2.61   

Primary OutFlow  Max=3.61 cfs @ 13.32 hrs  HW=1,141.01'   (Free Discharge)
1=CMP_Round  15"  (Barrel Controls 3.61 cfs @ 2.94 fps)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=1,141.00'   (Free Discharge)
2=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)
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Pond 4P: sta. 1013+23
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Summary for Pond 9P: sta. 1032+51

[62] Hint: Exceeded Reach 27R OUTLET depth by 0.03' @ 13.17 hrs

Inflow Area = 43.000 ac, 0.00% Impervious,  Inflow Depth = 0.38"    for  2 year event
Inflow = 4.59 cfs @ 13.17 hrs,  Volume= 1.366 af
Outflow = 4.59 cfs @ 13.17 hrs,  Volume= 1.366 af,  Atten= 0%,  Lag= 0.0 min
Primary = 4.59 cfs @ 13.17 hrs,  Volume= 1.366 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,133.03' @ 13.17 hrs   Surf.Area= 21 sf   Storage= 1 cf

Plug-Flow detention time= 0.0 min calculated for 1.366 af (100% of inflow)
Center-of-Mass det. time= 0.0 min ( 979.8 - 979.8 )

Volume Invert Avail.Storage Storage Description

#1 1,133.00' 1,972 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,133.00 18 0 0
1,134.00 138 78 78
1,135.00 719 429 507
1,136.00 2,211 1,465 1,972

Device Routing     Invert Outlet Devices

#1 Primary 1,132.63' 24.0"  Round RCP_Round  24"   
L= 22.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,132.63' / 1,132.05'   S= 0.0264 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 3.14 sf   

#2 Primary 1,132.05' 18.0"  Round RCP_Round  18"   
L= 22.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,132.05' / 1,131.47'   S= 0.0264 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf   

Primary OutFlow  Max=5.05 cfs @ 13.17 hrs  HW=1,133.03'   (Free Discharge)
1=RCP_Round  24"  (Inlet Controls 0.95 cfs @ 2.15 fps)
2=RCP_Round  18"  (Inlet Controls 4.10 cfs @ 3.37 fps)
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Pond 9P: sta. 1032+51
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Summary for Pond 10P: sta. 1040+00

[62] Hint: Exceeded Reach 21R OUTLET depth by 0.63' @ 13.20 hrs

Inflow Area = 43.700 ac, 0.00% Impervious,  Inflow Depth = 0.35"    for  2 year event
Inflow = 4.20 cfs @ 13.19 hrs,  Volume= 1.275 af
Outflow = 4.20 cfs @ 13.20 hrs,  Volume= 1.275 af,  Atten= 0%,  Lag= 0.4 min
Primary = 4.20 cfs @ 13.20 hrs,  Volume= 1.275 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,135.75' @ 13.20 hrs   Surf.Area= 120 sf   Storage= 51 cf

Plug-Flow detention time= 0.1 min calculated for 1.275 af (100% of inflow)
Center-of-Mass det. time= 0.1 min ( 984.8 - 984.7 )

Volume Invert Avail.Storage Storage Description

#1 1,135.00' 20,043 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,135.00 15 0 0
1,136.00 155 85 85
1,137.00 2,548 1,352 1,437
1,138.00 5,844 4,196 5,633
1,139.00 10,620 8,232 13,865
1,139.50 14,092 6,178 20,043

Device Routing     Invert Outlet Devices

#1 Primary 1,134.76' 18.0"  Round RCP_Round  18"   
L= 45.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,134.76' / 1,134.00'   S= 0.0169 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf   

#2 Secondary 1,136.54' 18.0"  Round CMP_Round  18"   
L= 29.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,136.12' / 1,136.54'   S= -0.0145 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 1.77 sf   

Primary OutFlow  Max=4.20 cfs @ 13.20 hrs  HW=1,135.75'   (Free Discharge)
1=RCP_Round  18"  (Inlet Controls 4.20 cfs @ 3.39 fps)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=1,135.00'   (Free Discharge)
2=CMP_Round  18"  ( Controls 0.00 cfs)
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Pond 10P: sta. 1040+00
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Summary for Pond 16P: sta. 1069+69

Inflow Area = 70.250 ac, 0.00% Impervious,  Inflow Depth = 0.33"    for  2 year event
Inflow = 6.35 cfs @ 13.08 hrs,  Volume= 1.917 af
Outflow = 6.35 cfs @ 13.08 hrs,  Volume= 1.917 af,  Atten= 0%,  Lag= 0.0 min
Primary = 6.35 cfs @ 13.08 hrs,  Volume= 1.917 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,198.03' @ 13.08 hrs   Surf.Area= 8 sf   Storage= 0 cf

Plug-Flow detention time= 0.0 min calculated for 1.917 af (100% of inflow)
Center-of-Mass det. time= 0.0 min ( 977.4 - 977.4 )

Volume Invert Avail.Storage Storage Description

#1 1,198.00' 372 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,198.00 7 0 0
1,199.00 27 17 17
1,200.00 55 41 58
1,201.00 103 79 137
1,202.00 366 235 372

Device Routing     Invert Outlet Devices

#1 Primary 1,197.00' 36.0"  Round CMP_Round  36"   
L= 63.0'   CMP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 1,197.00' / 1,194.48'   S= 0.0400 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 7.07 sf   

Primary OutFlow  Max=7.47 cfs @ 13.08 hrs  HW=1,198.03'   (Free Discharge)
1=CMP_Round  36"  (Inlet Controls 7.47 cfs @ 3.46 fps)
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Pond 16P: sta. 1069+69
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Summary for Pond 17P: sta. 1069+58

Inflow Area = 66.500 ac, 0.00% Impervious,  Inflow Depth = 0.32"    for  2 year event
Inflow = 6.04 cfs @ 13.09 hrs,  Volume= 1.776 af
Outflow = 6.04 cfs @ 13.09 hrs,  Volume= 1.776 af,  Atten= 0%,  Lag= 0.0 min
Primary = 6.04 cfs @ 13.09 hrs,  Volume= 1.776 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,205.04' @ 13.09 hrs   Surf.Area= 10 sf   Storage= 0 cf

Plug-Flow detention time= 0.0 min calculated for 1.776 af (100% of inflow)
Center-of-Mass det. time= 0.0 min ( 982.6 - 982.6 )

Volume Invert Avail.Storage Storage Description

#1 1,205.00' 225 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,205.00 9 0 0
1,206.00 38 24 24
1,207.00 78 58 82
1,208.00 209 144 225

Device Routing     Invert Outlet Devices

#1 Primary 1,203.99' 36.0"  Round 36" spp   
L= 41.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,203.99' / 1,201.53'   S= 0.0600 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 7.07 sf   

Primary OutFlow  Max=6.04 cfs @ 13.09 hrs  HW=1,205.04'   (Free Discharge)
1=36" spp  (Inlet Controls 6.04 cfs @ 2.75 fps)
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Pond 17P: sta. 1069+58
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Summary for Pond 18P: sta. 1069+29

Inflow Area = 3.600 ac, 0.00% Impervious,  Inflow Depth = 0.41"    for  2 year event
Inflow = 0.85 cfs @ 12.37 hrs,  Volume= 0.124 af
Outflow = 0.85 cfs @ 12.37 hrs,  Volume= 0.124 af,  Atten= 0%,  Lag= 0.0 min
Primary = 0.85 cfs @ 12.37 hrs,  Volume= 0.124 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 1,203.01' @ 12.37 hrs   Surf.Area= 17 sf   Storage= 0 cf

Plug-Flow detention time= 0.0 min calculated for 0.124 af (100% of inflow)
Center-of-Mass det. time= 0.0 min ( 923.8 - 923.7 )

Volume Invert Avail.Storage Storage Description

#1 1,203.00' 428 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,203.00 15 0 0
1,204.00 178 97 97
1,205.00 484 331 428

Device Routing     Invert Outlet Devices

#1 Primary 1,202.42' 18.0"  Round 18" spp   
L= 41.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,202.42' / 1,202.14'   S= 0.0068 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 1.77 sf   

Primary OutFlow  Max=1.30 cfs @ 12.37 hrs  HW=1,203.01'   (Free Discharge)
1=18" spp  (Barrel Controls 1.30 cfs @ 2.95 fps)
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Pond 18P: sta. 1069+29
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Summary for Pond 20P: sta. 1139+10 Drive LT

[57] Hint: Peaked at 1,144.33' (Flood elevation advised)

Inflow Area = 43.700 ac, 0.00% Impervious,  Inflow Depth = 0.35"    for  2 year event
Inflow = 4.20 cfs @ 13.19 hrs,  Volume= 1.275 af
Outflow = 4.20 cfs @ 13.19 hrs,  Volume= 1.275 af,  Atten= 0%,  Lag= 0.0 min
Primary = 4.20 cfs @ 13.19 hrs,  Volume= 1.275 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,144.33' @ 13.19 hrs

Device Routing     Invert Outlet Devices

#1 Primary 1,143.18' 18.0"  Round CMP_Round  18"   
L= 37.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,143.18' / 1,140.70'   S= 0.0670 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 1.77 sf   

Primary OutFlow  Max=4.20 cfs @ 13.19 hrs  HW=1,144.33'   (Free Discharge)
1=CMP_Round  18"  (Inlet Controls 4.20 cfs @ 2.89 fps)

Pond 20P: sta. 1139+10 Drive LT
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Summary for Pond 23P: Combined

Inflow Area = 27.000 ac, 0.00% Impervious,  Inflow Depth = 0.38"    for  2 year event
Inflow = 2.89 cfs @ 13.02 hrs,  Volume= 0.865 af
Outflow = 2.89 cfs @ 13.04 hrs,  Volume= 0.865 af,  Atten= 0%,  Lag= 0.8 min
Primary = 2.89 cfs @ 13.04 hrs,  Volume= 0.865 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,131.87' @ 13.04 hrs   Surf.Area= 198 sf   Storage= 89 cf

Plug-Flow detention time= 0.4 min calculated for 0.865 af (100% of inflow)
Center-of-Mass det. time= 0.4 min ( 967.4 - 967.0 )

Volume Invert Avail.Storage Storage Description

#1 1,131.00' 26,788 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,131.00 6 0 0
1,132.00 228 117 117
1,133.00 877 553 670
1,134.00 2,625 1,751 2,421
1,135.00 5,643 4,134 6,555
1,136.00 15,193 10,418 16,973
1,136.50 24,069 9,816 26,788

Device Routing     Invert Outlet Devices

#1 Primary 1,130.93' 15.0"  Round CMP_Round  15"   
L= 50.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,130.93' / 1,129.16'   S= 0.0354 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 1.23 sf   

#2 Primary 1,131.57' 15.0"  Round CMP_Round  15"   
L= 48.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,131.57' / 1,129.82'   S= 0.0365 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 1.23 sf   

#3 Primary 1,134.22' 12.0"  Round CMP_Round  12"   
L= 40.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,134.22' / 1,133.06'   S= 0.0290 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 0.79 sf   

Primary OutFlow  Max=2.89 cfs @ 13.04 hrs  HW=1,131.87'   (Free Discharge)
1=CMP_Round  15"  (Inlet Controls 2.56 cfs @ 2.60 fps)
2=CMP_Round  15"  (Inlet Controls 0.33 cfs @ 1.46 fps)
3=CMP_Round  12"  ( Controls 0.00 cfs)
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Pond 23P: Combined
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Summary for Pond 25P: sta. 1020+78

[62] Hint: Exceeded Reach 24R OUTLET depth by 0.34' @ 13.26 hrs

Inflow Area = 29.600 ac, 0.00% Impervious,  Inflow Depth = 0.38"    for  2 year event
Inflow = 3.09 cfs @ 13.26 hrs,  Volume= 0.940 af
Outflow = 3.09 cfs @ 13.26 hrs,  Volume= 0.940 af,  Atten= 0%,  Lag= 0.0 min
Primary = 3.09 cfs @ 13.26 hrs,  Volume= 0.940 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,135.03' @ 13.26 hrs
Flood Elev= 1,137.71'

Device Routing     Invert Outlet Devices

#1 Primary 1,134.12' 15.0"  Round RCP_Round  15"   
L= 42.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,134.12' / 1,133.20'   S= 0.0219 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.23 sf   

#2 Secondary 1,136.50' 10.0' long  (Profile 14) Broad-Crested Rectangular Weir   
Head (feet)  1.97  2.46  2.95  3.94  4.92   
Coef. (English)  3.37  3.37  3.37  3.37  3.37   

Primary OutFlow  Max=3.09 cfs @ 13.26 hrs  HW=1,135.03'   (Free Discharge)
1=RCP_Round  15"  (Inlet Controls 3.09 cfs @ 3.24 fps)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=1,134.12'   (Free Discharge)
2=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)
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Pond 25P: sta. 1020+78

Inflow
Outflow
Primary
Secondary

Hydrograph

Time  (hours)
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Inflow Area=29.600 ac

Peak Elev=1,135.03'

3.09 cfs
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Summary for Link 26L: Androscoggin River

Inflow Area = 1,113.250 ac, 0.00% Impervious,  Inflow Depth = 0.38"    for  2 year event
Inflow = 56.54 cfs @ 15.33 hrs,  Volume= 34.942 af
Primary = 56.54 cfs @ 15.33 hrs,  Volume= 34.942 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link 26L: Androscoggin River

Inflow
Primary

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

60

55

50

45

40

35

30

25

20

15

10

5

0

Inflow Area=1,113.250 ac
56.54 cfs

56.54 cfs



Type II 24-hr  10 year Rainfall=3.32"16304A_Dummer_Existing
  Printed  11/14/2017Prepared by VHB

Page 42HydroCAD® 10.00-19  s/n 01038  © 2016 HydroCAD Software Solutions LLC

Time span=0.00-48.00 hrs, dt=0.01 hrs, 4801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind method  -  Pond routing by Stor-Ind method

Runoff Area=1.000 ac   0.00% Impervious   Runoff Depth=1.18"Subcatchment EX-10: EX-10
   Flow Length=370'   Slope=0.0978 '/'   Tc=27.0 min   CN=75   Runoff=1.04 cfs  0.098 af

Runoff Area=43.000 ac   0.00% Impervious   Runoff Depth=0.90"Subcatchment EX-11: EX-11
   Flow Length=4,277'   Slope=0.1500 '/'   Tc=89.8 min   CN=70   Runoff=13.27 cfs  3.221 af

Runoff Area=43.700 ac   0.00% Impervious   Runoff Depth=0.85"Subcatchment EX-12: EX-12
   Flow Length=4,226'   Tc=87.9 min   CN=69   Runoff=12.58 cfs  3.088 af

Runoff Area=3.600 ac   0.00% Impervious   Runoff Depth=0.95"Subcatchment EX-18: EX-18
   Flow Length=792'   Slope=0.1040 '/'   Tc=35.0 min   CN=71   Runoff=2.41 cfs  0.285 af

Runoff Area=66.500 ac   0.00% Impervious   Runoff Depth=0.80"Subcatchment EX-19: EX-19
   Flow Length=3,960'   Slope=0.1690 '/'   Tc=79.6 min   CN=68   Runoff=19.26 cfs  4.426 af

Runoff Area=0.150 ac   0.00% Impervious   Runoff Depth=2.19"Subcatchment EX-20: EX-20
   Tc=5.0 min   CN=89   Runoff=0.59 cfs  0.027 af

Runoff Area=884.600 ac   0.00% Impervious   Runoff Depth=0.90"Subcatchment EX-5: EX-5
   Tc=242.0 min   CN=70   Runoff=130.41 cfs  66.257 af

Runoff Area=15.100 ac   0.00% Impervious   Runoff Depth=0.90"Subcatchment EX-6: EX-6
   Flow Length=3,062'   Slope=0.0745 '/'   Tc=95.9 min   CN=70   Runoff=4.39 cfs  1.131 af

Runoff Area=29.600 ac   0.00% Impervious   Runoff Depth=0.90"Subcatchment EX-7: EX-7
   Flow Length=3,042'   Tc=93.1 min   CN=70   Runoff=8.92 cfs  2.217 af

Runoff Area=2.800 ac   0.00% Impervious   Runoff Depth=0.85"Subcatchment EX-8: EX-8
   Flow Length=686'   Slope=0.0820 '/'   Tc=36.3 min   CN=69   Runoff=1.56 cfs  0.198 af

Runoff Area=23.200 ac   0.00% Impervious   Runoff Depth=0.90"Subcatchment EX-9: EX-9
   Flow Length=3,230'   Tc=84.3 min   CN=70   Runoff=7.53 cfs  1.738 af

Avg. Flow Depth=0.65'   Max Vel=4.39 fps   Inflow=12.58 cfs  3.088 afReach 21R: Drive Pipe to Roadway 
n=0.050   L=90.0'   S=0.0660 '/'   Capacity=30.64 cfs   Outflow=12.58 cfs  3.088 af

Avg. Flow Depth=0.85'   Max Vel=4.12 fps   Inflow=8.92 cfs  2.217 afReach 24R: roadside ditch
n=0.035   L=406.0'   S=0.0317 '/'   Capacity=48.32 cfs   Outflow=8.90 cfs  2.217 af

Avg. Flow Depth=0.84'   Max Vel=0.72 fps   Inflow=1.47 cfs  0.074 afReach 27R: roadside ditch
n=0.100   L=538.0'   S=0.0084 '/'   Capacity=12.91 cfs   Outflow=1.28 cfs  0.074 af

Peak Elev=1,135.44'  Storage=1,330 cf   Inflow=130.41 cfs  66.257 afPond 3P: sta. 1010+24
60.0"  Round Culvert  n=0.025  L=80.0'  S=0.0088 '/'   Outflow=130.38 cfs  66.257 af

Peak Elev=1,141.42'  Storage=15 cf   Inflow=4.39 cfs  1.131 afPond 4P: sta. 1013+23
   Primary=4.39 cfs  1.131 af   Secondary=0.00 cfs  0.000 af   Outflow=4.39 cfs  1.131 af
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Peak Elev=1,133.70'  Storage=42 cf   Inflow=14.11 cfs  3.295 afPond 9P: sta. 1032+51
   Outflow=14.11 cfs  3.295 af

Peak Elev=1,137.16'  Storage=1,893 cf   Inflow=12.58 cfs  3.088 afPond 10P: sta. 1040+00
   Primary=10.94 cfs  3.014 af   Secondary=1.47 cfs  0.074 af   Outflow=12.41 cfs  3.088 af

Peak Elev=1,198.79'  Storage=12 cf   Inflow=20.02 cfs  4.739 afPond 16P: sta. 1069+69
36.0"  Round Culvert  n=0.025  L=63.0'  S=0.0400 '/'   Outflow=20.02 cfs  4.739 af

Peak Elev=1,206.00'  Storage=24 cf   Inflow=19.26 cfs  4.426 afPond 17P: sta. 1069+58
36.0"  Round Culvert  n=0.013  L=41.0'  S=0.0600 '/'   Outflow=19.25 cfs  4.426 af

Peak Elev=1,203.27'  Storage=10 cf   Inflow=2.41 cfs  0.285 afPond 18P: sta. 1069+29
18.0"  Round Culvert  n=0.013  L=41.0'  S=0.0068 '/'   Outflow=2.41 cfs  0.285 af

Peak Elev=1,147.44'   Inflow=12.58 cfs  3.088 afPond 20P: sta. 1139+10 Drive LT
18.0"  Round Culvert  n=0.025  L=37.0'  S=0.0670 '/'   Outflow=12.58 cfs  3.088 af

Peak Elev=1,132.80'  Storage=507 cf   Inflow=8.87 cfs  2.063 afPond 23P: Combined
   Outflow=8.85 cfs  2.063 af

Peak Elev=1,136.59'   Inflow=8.90 cfs  2.217 afPond 25P: sta. 1020+78
   Primary=8.02 cfs  2.187 af   Secondary=0.88 cfs  0.030 af   Outflow=8.90 cfs  2.217 af

   Inflow=147.14 cfs  82.686 afLink 26L: Androscoggin River
   Primary=147.14 cfs  82.686 af

Total Runoff Area = 1,113.250 ac   Runoff Volume = 82.687 af   Average Runoff Depth = 0.89"
100.00% Pervious = 1,113.250 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment EX-10: EX-10

Runoff = 1.04 cfs @ 12.21 hrs,  Volume= 0.098 af,  Depth= 1.18"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 year Rainfall=3.32"

Area (ac) CN Description

* 1.000 75 SEE ATTACHED SPREADSHEET FOR CN VALUES

1.000 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

21.2 100 0.0978 0.08 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

5.8 270 0.0978 0.78 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

27.0 370 Total

Subcatchment EX-10: EX-10

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10 year Rainfall=3.32"

Runoff Area=1.000 ac

Runoff Volume=0.098 af

Runoff Depth=1.18"

Flow Length=370'

Slope=0.0978 '/'

Tc=27.0 min

CN=75

1.04 cfs
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Summary for Subcatchment EX-11: EX-11

Runoff = 13.27 cfs @ 13.07 hrs,  Volume= 3.221 af,  Depth= 0.90"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 year Rainfall=3.32"

Area (ac) CN Description

* 43.000 70 SEE ATTACHED SPREADSHEET FOR CN VALUES

43.000 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

17.9 100 0.1500 0.09 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

71.9 4,177 0.1500 0.97 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

89.8 4,277 Total

Subcatchment EX-11: EX-11

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10 year Rainfall=3.32"

Runoff Area=43.000 ac

Runoff Volume=3.221 af

Runoff Depth=0.90"

Flow Length=4,277'

Slope=0.1500 '/'

Tc=89.8 min

CN=70

13.27 cfs
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Summary for Subcatchment EX-12: EX-12

Runoff = 12.58 cfs @ 13.09 hrs,  Volume= 3.088 af,  Depth= 0.85"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 year Rainfall=3.32"

Area (ac) CN Description

* 43.700 69 SEE ATTACHED SPREADSHEET FOR CN VALUES

43.700 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

20.2 100 0.1100 0.08 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

66.2 3,971 0.1600 1.00 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

1.5 155 0.0700 1.74 0.16 Trap/Vee/Rect Channel Flow, 
Bot.W=0.00'  D=0.25'  Z= 1.5 '/'  Top.W=0.75'
n= 0.050  Mountain streams w/large boulders

87.9 4,226 Total

Subcatchment EX-12: EX-12

Runoff
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Time  (hours)
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Type II 24-hr

10 year Rainfall=3.32"

Runoff Area=43.700 ac

Runoff Volume=3.088 af

Runoff Depth=0.85"

Flow Length=4,226'

Tc=87.9 min

CN=69

12.58 cfs
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Summary for Subcatchment EX-18: EX-18

Runoff = 2.41 cfs @ 12.33 hrs,  Volume= 0.285 af,  Depth= 0.95"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 year Rainfall=3.32"

Area (ac) CN Description

* 3.600 71 SEE ATTACHED SPREADSHEET FOR CN VALUES

3.600 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

20.7 100 0.1040 0.08 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

14.3 692 0.1040 0.81 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

35.0 792 Total

Subcatchment EX-18: EX-18

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10 year Rainfall=3.32"

Runoff Area=3.600 ac

Runoff Volume=0.285 af

Runoff Depth=0.95"

Flow Length=792'

Slope=0.1040 '/'

Tc=35.0 min

CN=71

2.41 cfs
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Summary for Subcatchment EX-19: EX-19

Runoff = 19.26 cfs @ 13.00 hrs,  Volume= 4.426 af,  Depth= 0.80"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 year Rainfall=3.32"

Area (ac) CN Description

* 66.500 68 SEE ATTACHED SPREADSHEET FOR CN VALUES

66.500 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

17.0 100 0.1690 0.10 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

62.6 3,860 0.1690 1.03 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

79.6 3,960 Total

Subcatchment EX-19: EX-19

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10 year Rainfall=3.32"

Runoff Area=66.500 ac

Runoff Volume=4.426 af

Runoff Depth=0.80"

Flow Length=3,960'

Slope=0.1690 '/'

Tc=79.6 min

CN=68

19.26 cfs
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Summary for Subcatchment EX-20: EX-20

Runoff = 0.59 cfs @ 11.96 hrs,  Volume= 0.027 af,  Depth= 2.19"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 year Rainfall=3.32"

Area (ac) CN Description

0.150 89 Gravel roads, HSG C

0.150 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment EX-20: EX-20

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10 year Rainfall=3.32"

Runoff Area=0.150 ac

Runoff Volume=0.027 af

Runoff Depth=2.19"

Tc=5.0 min

CN=89

0.59 cfs
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Summary for Subcatchment EX-5: EX-5

Runoff = 130.41 cfs @ 15.33 hrs,  Volume= 66.257 af,  Depth= 0.90"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 year Rainfall=3.32"

Area (ac) CN Description

* 884.600 70 SEE ATTACHED SPREADSHEET FOR CN VALUES

884.600 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

242.0 Direct Entry, 

Subcatchment EX-5: EX-5

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

140

130

120

110

100

90

80

70

60

50

40

30

20

10

0

Type II 24-hr

10 year Rainfall=3.32"

Runoff Area=884.600 ac

Runoff Volume=66.257 af

Runoff Depth=0.90"

Tc=242.0 min

CN=70

130.41 cfs
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Summary for Subcatchment EX-6: EX-6

Runoff = 4.39 cfs @ 13.21 hrs,  Volume= 1.131 af,  Depth= 0.90"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 year Rainfall=3.32"

Area (ac) CN Description

* 15.100 70 SEE ATTACHED SPREADSHEET FOR CN VALUES

15.100 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

23.6 100 0.0745 0.07 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

72.3 2,962 0.0745 0.68 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

95.9 3,062 Total

Subcatchment EX-6: EX-6

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10 year Rainfall=3.32"

Runoff Area=15.100 ac

Runoff Volume=1.131 af

Runoff Depth=0.90"

Flow Length=3,062'

Slope=0.0745 '/'

Tc=95.9 min

CN=70

4.39 cfs
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Summary for Subcatchment EX-7: EX-7

Runoff = 8.92 cfs @ 13.14 hrs,  Volume= 2.217 af,  Depth= 0.90"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 year Rainfall=3.32"

Area (ac) CN Description

* 29.600 70 See Notes

29.600 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

24.2 100 0.0700 0.07 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

68.9 2,942 0.0810 0.71 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

93.1 3,042 Total

Subcatchment EX-7: EX-7

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10 year Rainfall=3.32"

Runoff Area=29.600 ac

Runoff Volume=2.217 af

Runoff Depth=0.90"

Flow Length=3,042'

Tc=93.1 min

CN=70

8.92 cfs
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Summary for Subcatchment EX-8: EX-8

Runoff = 1.56 cfs @ 12.38 hrs,  Volume= 0.198 af,  Depth= 0.85"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 year Rainfall=3.32"

Area (ac) CN Description

* 2.800 69 SEE ATTACHED SPREADSHEET FOR CN VALUES

2.800 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

22.7 100 0.0820 0.07 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

13.6 586 0.0820 0.72 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

36.3 686 Total

Subcatchment EX-8: EX-8
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Type II 24-hr

10 year Rainfall=3.32"

Runoff Area=2.800 ac

Runoff Volume=0.198 af

Runoff Depth=0.85"

Flow Length=686'

Slope=0.0820 '/'

Tc=36.3 min

CN=69

1.56 cfs
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Summary for Subcatchment EX-9: EX-9

Runoff = 7.53 cfs @ 13.02 hrs,  Volume= 1.738 af,  Depth= 0.90"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  10 year Rainfall=3.32"

Area (ac) CN Description

* 23.200 70 SEE ATTACHED SPREADSHEET FOR CN VALUES

23.200 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

21.0 100 0.1000 0.08 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

62.6 2,970 0.1000 0.79 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

0.7 160 0.0480 3.56 2.67 Trap/Vee/Rect Channel Flow, 
Bot.W=0.00'  D=0.50'  Z= 3.0 '/'  Top.W=3.00'
n= 0.035  Earth, dense weeds

84.3 3,230 Total

Subcatchment EX-9: EX-9

Runoff
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Type II 24-hr

10 year Rainfall=3.32"

Runoff Area=23.200 ac

Runoff Volume=1.738 af

Runoff Depth=0.90"

Flow Length=3,230'

Tc=84.3 min

CN=70

7.53 cfs
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Summary for Reach 21R: Drive Pipe to Roadway Culvert

[79] Warning: Submerged Pond 20P Primary device # 1 OUTLET by 0.65'

Inflow Area = 43.700 ac, 0.00% Impervious,  Inflow Depth = 0.85"    for  10 year event
Inflow = 12.58 cfs @ 13.09 hrs,  Volume= 3.088 af
Outflow = 12.58 cfs @ 13.09 hrs,  Volume= 3.088 af,  Atten= 0%,  Lag= 0.2 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Max. Velocity= 4.39 fps,  Min. Travel Time= 0.3 min
Avg. Velocity = 2.12 fps,  Avg. Travel Time= 0.7 min

Peak Storage= 258 cf @ 13.09 hrs
Average Depth at Peak Storage= 0.65'
Bank-Full Depth= 1.00'  Flow Area= 5.5 sf,  Capacity= 30.64 cfs

2.50'  x  1.00'  deep channel,  n= 0.050  Mountain streams w/large boulders
Side Slope Z-value= 3.0 '/'   Top Width= 8.50'
Length= 90.0'   Slope= 0.0660 '/'
Inlet Invert= 1,140.70',  Outlet Invert= 1,134.76'

‡

Reach 21R: Drive Pipe to Roadway Culvert
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Inflow Area=43.700 ac

Avg. Flow Depth=0.65'

Max Vel=4.39 fps

n=0.050

L=90.0'

S=0.0660 '/'

Capacity=30.64 cfs

12.58 cfs

12.58 cfs
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Summary for Reach 24R: roadside ditch

Inflow Area = 29.600 ac, 0.00% Impervious,  Inflow Depth = 0.90"    for  10 year event
Inflow = 8.92 cfs @ 13.14 hrs,  Volume= 2.217 af
Outflow = 8.90 cfs @ 13.16 hrs,  Volume= 2.217 af,  Atten= 0%,  Lag= 1.2 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Max. Velocity= 4.12 fps,  Min. Travel Time= 1.6 min
Avg. Velocity = 2.12 fps,  Avg. Travel Time= 3.2 min

Peak Storage= 876 cf @ 13.16 hrs
Average Depth at Peak Storage= 0.85'
Bank-Full Depth= 1.60'  Flow Area= 7.7 sf,  Capacity= 48.32 cfs

0.00'  x  1.60'  deep channel,  n= 0.035  Earth, dense weeds
Side Slope Z-value= 3.0 '/'   Top Width= 9.60'
Length= 406.0'   Slope= 0.0317 '/'
Inlet Invert= 1,147.00',  Outlet Invert= 1,134.12'

Reach 24R: roadside ditch
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Inflow Area=29.600 ac

Avg. Flow Depth=0.85'

Max Vel=4.12 fps

n=0.035

L=406.0'

S=0.0317 '/'

Capacity=48.32 cfs

8.92 cfs

8.90 cfs
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Summary for Reach 27R: roadside ditch

[81] Warning: Exceeded Pond 10P by 2.50' @ 28.73 hrs

Inflow = 1.47 cfs @ 13.21 hrs,  Volume= 0.074 af
Outflow = 1.28 cfs @ 13.37 hrs,  Volume= 0.074 af,  Atten= 13%,  Lag= 9.4 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Max. Velocity= 0.72 fps,  Min. Travel Time= 12.4 min
Avg. Velocity = 0.15 fps,  Avg. Travel Time= 60.7 min

Peak Storage= 948 cf @ 13.37 hrs
Average Depth at Peak Storage= 0.84'
Bank-Full Depth= 2.00'  Flow Area= 10.0 sf,  Capacity= 12.91 cfs

0.00'  x  2.00'  deep channel,  n= 0.100  Earth, dense brush, high stage
Side Slope Z-value= 2.0  3.0 '/'   Top Width= 10.00'
Length= 538.0'   Slope= 0.0084 '/'
Inlet Invert= 1,137.50',  Outlet Invert= 1,133.00'

Reach 27R: roadside ditch
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Avg. Flow Depth=0.84'

Max Vel=0.72 fps

n=0.100

L=538.0'

S=0.0084 '/'

Capacity=12.91 cfs

1.47 cfs

1.28 cfs



Type II 24-hr  10 year Rainfall=3.32"16304A_Dummer_Existing
  Printed  11/14/2017Prepared by VHB

Page 58HydroCAD® 10.00-19  s/n 01038  © 2016 HydroCAD Software Solutions LLC

Summary for Pond 3P: sta. 1010+24

Inflow Area = 884.600 ac, 0.00% Impervious,  Inflow Depth = 0.90"    for  10 year event
Inflow = 130.41 cfs @ 15.33 hrs,  Volume= 66.257 af
Outflow = 130.38 cfs @ 15.33 hrs,  Volume= 66.257 af,  Atten= 0%,  Lag= 0.3 min
Primary = 130.38 cfs @ 15.33 hrs,  Volume= 66.257 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,135.44' @ 15.33 hrs   Surf.Area= 574 sf   Storage= 1,330 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 0.1 min ( 1,090.4 - 1,090.3 )

Volume Invert Avail.Storage Storage Description

#1 1,131.00' 17,553 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,131.00 187 0 0
1,132.00 239 213 213
1,133.00 269 254 467
1,134.00 296 283 750
1,135.00 426 361 1,111
1,136.00 764 595 1,706
1,137.00 1,791 1,278 2,983
1,138.00 3,675 2,733 5,716
1,139.00 5,843 4,759 10,475
1,140.00 8,312 7,078 17,553

Device Routing     Invert Outlet Devices

#1 Primary 1,129.96' 60.0"  Round CMP_Round  60"   
L= 80.0'   CMP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 1,129.96' / 1,129.26'   S= 0.0088 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 19.63 sf   

Primary OutFlow  Max=130.38 cfs @ 15.33 hrs  HW=1,135.44'   (Free Discharge)
1=CMP_Round  60"  (Barrel Controls 130.38 cfs @ 7.55 fps)
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Pond 3P: sta. 1010+24

Inflow
Primary

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

140

130

120

110

100

90

80

70

60

50

40

30

20

10

0

Inflow Area=884.600 ac

Peak Elev=1,135.44'

Storage=1,330 cf

60.0"

Round Culvert

n=0.025

L=80.0'

S=0.0088 '/'

130.41 cfs

130.38 cfs
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Summary for Pond 4P: sta. 1013+23

Secondary flow to EX-5 60" cmp which was analyzed separately using USGS Regression and FHWA Hy8.

Inflow Area = 15.100 ac, 0.00% Impervious,  Inflow Depth = 0.90"    for  10 year event
Inflow = 4.39 cfs @ 13.21 hrs,  Volume= 1.131 af
Outflow = 4.39 cfs @ 13.21 hrs,  Volume= 1.131 af,  Atten= 0%,  Lag= 0.1 min
Primary = 4.39 cfs @ 13.21 hrs,  Volume= 1.131 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,141.42' @ 13.21 hrs   Surf.Area= 66 sf   Storage= 15 cf

Plug-Flow detention time= 0.1 min calculated for 1.131 af (100% of inflow)
Center-of-Mass det. time= 0.0 min ( 953.0 - 953.0 )

Volume Invert Avail.Storage Storage Description

#1 1,141.00' 183 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,141.00 5 0 0
1,142.00 150 78 78
1,142.50 272 106 183

Device Routing     Invert Outlet Devices

#1 Primary 1,139.25' 15.0"  Round CMP_Round  15"   
L= 52.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,139.25' / 1,138.90'   S= 0.0067 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 1.23 sf   

#2 Secondary 1,142.50' 7.0' long  (Profile 20) Broad-Crested Rectangular Weir   
Head (feet)  0.49  0.98  1.48  1.97   
Coef. (English)  2.68  2.63  2.61  2.61   

Primary OutFlow  Max=4.39 cfs @ 13.21 hrs  HW=1,141.42'   (Free Discharge)
1=CMP_Round  15"  (Barrel Controls 4.39 cfs @ 3.58 fps)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=1,141.00'   (Free Discharge)
2=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)
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Pond 4P: sta. 1013+23
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Inflow Area=15.100 ac

Peak Elev=1,141.42'

Storage=15 cf

4.39 cfs

4.39 cfs

4.39 cfs

0.00 cfs
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Summary for Pond 9P: sta. 1032+51

[62] Hint: Exceeded Reach 27R OUTLET depth by 0.42' @ 12.72 hrs

Inflow Area = 43.000 ac, 0.00% Impervious,  Inflow Depth = 0.92"    for  10 year event
Inflow = 14.11 cfs @ 13.17 hrs,  Volume= 3.295 af
Outflow = 14.11 cfs @ 13.18 hrs,  Volume= 3.295 af,  Atten= 0%,  Lag= 0.2 min
Primary = 14.11 cfs @ 13.18 hrs,  Volume= 3.295 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,133.70' @ 13.18 hrs   Surf.Area= 102 sf   Storage= 42 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 0.0 min ( 944.3 - 944.2 )

Volume Invert Avail.Storage Storage Description

#1 1,133.00' 1,972 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,133.00 18 0 0
1,134.00 138 78 78
1,135.00 719 429 507
1,136.00 2,211 1,465 1,972

Device Routing     Invert Outlet Devices

#1 Primary 1,132.63' 24.0"  Round RCP_Round  24"   
L= 22.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,132.63' / 1,132.05'   S= 0.0264 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 3.14 sf   

#2 Primary 1,132.05' 18.0"  Round RCP_Round  18"   
L= 22.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,132.05' / 1,131.47'   S= 0.0264 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf   

Primary OutFlow  Max=14.11 cfs @ 13.18 hrs  HW=1,133.70'   (Free Discharge)
1=RCP_Round  24"  (Inlet Controls 6.03 cfs @ 3.52 fps)
2=RCP_Round  18"  (Inlet Controls 8.07 cfs @ 4.57 fps)
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Pond 9P: sta. 1032+51
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Inflow Area=43.000 ac

Peak Elev=1,133.70'

Storage=42 cf

14.11 cfs

14.11 cfs
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Summary for Pond 10P: sta. 1040+00

[62] Hint: Exceeded Reach 21R OUTLET depth by 1.76' @ 13.24 hrs

Inflow Area = 43.700 ac, 0.00% Impervious,  Inflow Depth = 0.85"    for  10 year event
Inflow = 12.58 cfs @ 13.09 hrs,  Volume= 3.088 af
Outflow = 12.41 cfs @ 13.21 hrs,  Volume= 3.088 af,  Atten= 1%,  Lag= 7.3 min
Primary = 10.94 cfs @ 13.21 hrs,  Volume= 3.014 af
Secondary = 1.47 cfs @ 13.21 hrs,  Volume= 0.074 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,137.16' @ 13.21 hrs   Surf.Area= 3,082 sf   Storage= 1,893 cf

Plug-Flow detention time= 0.8 min calculated for 3.088 af (100% of inflow)
Center-of-Mass det. time= 0.8 min ( 950.6 - 949.8 )

Volume Invert Avail.Storage Storage Description

#1 1,135.00' 20,043 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,135.00 15 0 0
1,136.00 155 85 85
1,137.00 2,548 1,352 1,437
1,138.00 5,844 4,196 5,633
1,139.00 10,620 8,232 13,865
1,139.50 14,092 6,178 20,043

Device Routing     Invert Outlet Devices

#1 Primary 1,134.76' 18.0"  Round RCP_Round  18"   
L= 45.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,134.76' / 1,134.00'   S= 0.0169 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf   

#2 Secondary 1,136.54' 18.0"  Round CMP_Round  18"   
L= 29.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,136.12' / 1,136.54'   S= -0.0145 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 1.77 sf   

Primary OutFlow  Max=10.94 cfs @ 13.21 hrs  HW=1,137.16'   (Free Discharge)
1=RCP_Round  18"  (Inlet Controls 10.94 cfs @ 6.19 fps)

Secondary OutFlow  Max=1.47 cfs @ 13.21 hrs  HW=1,137.16'   (Free Discharge)
2=CMP_Round  18"  (Inlet Controls 1.47 cfs @ 2.12 fps)
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Pond 10P: sta. 1040+00
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Inflow Area=43.700 ac

Peak Elev=1,137.16'

Storage=1,893 cf
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Summary for Pond 16P: sta. 1069+69

Inflow Area = 70.250 ac, 0.00% Impervious,  Inflow Depth = 0.81"    for  10 year event
Inflow = 20.02 cfs @ 13.00 hrs,  Volume= 4.739 af
Outflow = 20.02 cfs @ 13.00 hrs,  Volume= 4.739 af,  Atten= 0%,  Lag= 0.0 min
Primary = 20.02 cfs @ 13.00 hrs,  Volume= 4.739 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,198.79' @ 13.00 hrs   Surf.Area= 23 sf   Storage= 12 cf

Plug-Flow detention time= 0.0 min calculated for 4.738 af (100% of inflow)
Center-of-Mass det. time= 0.0 min ( 941.6 - 941.6 )

Volume Invert Avail.Storage Storage Description

#1 1,198.00' 372 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,198.00 7 0 0
1,199.00 27 17 17
1,200.00 55 41 58
1,201.00 103 79 137
1,202.00 366 235 372

Device Routing     Invert Outlet Devices

#1 Primary 1,197.00' 36.0"  Round CMP_Round  36"   
L= 63.0'   CMP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 1,197.00' / 1,194.48'   S= 0.0400 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 7.07 sf   

Primary OutFlow  Max=20.02 cfs @ 13.00 hrs  HW=1,198.79'   (Free Discharge)
1=CMP_Round  36"  (Inlet Controls 20.02 cfs @ 4.55 fps)
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Pond 16P: sta. 1069+69
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Inflow Area=70.250 ac

Peak Elev=1,198.79'
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Round Culvert
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Summary for Pond 17P: sta. 1069+58

Inflow Area = 66.500 ac, 0.00% Impervious,  Inflow Depth = 0.80"    for  10 year event
Inflow = 19.26 cfs @ 13.00 hrs,  Volume= 4.426 af
Outflow = 19.25 cfs @ 13.00 hrs,  Volume= 4.426 af,  Atten= 0%,  Lag= 0.0 min
Primary = 19.25 cfs @ 13.00 hrs,  Volume= 4.426 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,206.00' @ 13.00 hrs   Surf.Area= 38 sf   Storage= 24 cf

Plug-Flow detention time= 0.0 min calculated for 4.425 af (100% of inflow)
Center-of-Mass det. time= 0.0 min ( 945.5 - 945.5 )

Volume Invert Avail.Storage Storage Description

#1 1,205.00' 225 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,205.00 9 0 0
1,206.00 38 24 24
1,207.00 78 58 82
1,208.00 209 144 225

Device Routing     Invert Outlet Devices

#1 Primary 1,203.99' 36.0"  Round 36" spp   
L= 41.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,203.99' / 1,201.53'   S= 0.0600 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 7.07 sf   

Primary OutFlow  Max=19.25 cfs @ 13.00 hrs  HW=1,206.00'   (Free Discharge)
1=36" spp  (Inlet Controls 19.25 cfs @ 3.81 fps)
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Pond 17P: sta. 1069+58

Inflow
Primary

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

21

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

Inflow Area=66.500 ac

Peak Elev=1,206.00'

Storage=24 cf
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Round Culvert
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S=0.0600 '/'
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Summary for Pond 18P: sta. 1069+29

Inflow Area = 3.600 ac, 0.00% Impervious,  Inflow Depth = 0.95"    for  10 year event
Inflow = 2.41 cfs @ 12.33 hrs,  Volume= 0.285 af
Outflow = 2.41 cfs @ 12.33 hrs,  Volume= 0.285 af,  Atten= 0%,  Lag= 0.2 min
Primary = 2.41 cfs @ 12.33 hrs,  Volume= 0.285 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 1,203.27' @ 12.33 hrs   Surf.Area= 58 sf   Storage= 10 cf

Plug-Flow detention time= 0.0 min calculated for 0.285 af (100% of inflow)
Center-of-Mass det. time= 0.0 min ( 893.3 - 893.2 )

Volume Invert Avail.Storage Storage Description

#1 1,203.00' 428 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,203.00 15 0 0
1,204.00 178 97 97
1,205.00 484 331 428

Device Routing     Invert Outlet Devices

#1 Primary 1,202.42' 18.0"  Round 18" spp   
L= 41.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,202.42' / 1,202.14'   S= 0.0068 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 1.77 sf   

Primary OutFlow  Max=2.40 cfs @ 12.33 hrs  HW=1,203.27'   (Free Discharge)
1=18" spp  (Barrel Controls 2.40 cfs @ 3.38 fps)
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Pond 18P: sta. 1069+29
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Inflow Area=3.600 ac

Peak Elev=1,203.27'

Storage=10 cf

18.0"

Round Culvert

n=0.013

L=41.0'

S=0.0068 '/'

2.41 cfs

2.41 cfs
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Summary for Pond 20P: sta. 1139+10 Drive LT

[57] Hint: Peaked at 1,147.44' (Flood elevation advised)

Inflow Area = 43.700 ac, 0.00% Impervious,  Inflow Depth = 0.85"    for  10 year event
Inflow = 12.58 cfs @ 13.09 hrs,  Volume= 3.088 af
Outflow = 12.58 cfs @ 13.09 hrs,  Volume= 3.088 af,  Atten= 0%,  Lag= 0.0 min
Primary = 12.58 cfs @ 13.09 hrs,  Volume= 3.088 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,147.44' @ 13.09 hrs

Device Routing     Invert Outlet Devices

#1 Primary 1,143.18' 18.0"  Round CMP_Round  18"   
L= 37.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,143.18' / 1,140.70'   S= 0.0670 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 1.77 sf   

Primary OutFlow  Max=12.58 cfs @ 13.09 hrs  HW=1,147.44'   (Free Discharge)
1=CMP_Round  18"  (Inlet Controls 12.58 cfs @ 7.12 fps)

Pond 20P: sta. 1139+10 Drive LT
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S=0.0670 '/'

12.58 cfs
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Summary for Pond 23P: Combined

Inflow Area = 27.000 ac, 0.00% Impervious,  Inflow Depth = 0.92"    for  10 year event
Inflow = 8.87 cfs @ 13.06 hrs,  Volume= 2.063 af
Outflow = 8.85 cfs @ 13.13 hrs,  Volume= 2.063 af,  Atten= 0%,  Lag= 3.8 min
Primary = 8.85 cfs @ 13.13 hrs,  Volume= 2.063 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,132.80' @ 13.13 hrs   Surf.Area= 747 sf   Storage= 507 cf

Plug-Flow detention time= 0.6 min calculated for 2.063 af (100% of inflow)
Center-of-Mass det. time= 0.6 min ( 933.6 - 933.0 )

Volume Invert Avail.Storage Storage Description

#1 1,131.00' 26,788 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,131.00 6 0 0
1,132.00 228 117 117
1,133.00 877 553 670
1,134.00 2,625 1,751 2,421
1,135.00 5,643 4,134 6,555
1,136.00 15,193 10,418 16,973
1,136.50 24,069 9,816 26,788

Device Routing     Invert Outlet Devices

#1 Primary 1,130.93' 15.0"  Round CMP_Round  15"   
L= 50.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,130.93' / 1,129.16'   S= 0.0354 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 1.23 sf   

#2 Primary 1,131.57' 15.0"  Round CMP_Round  15"   
L= 48.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,131.57' / 1,129.82'   S= 0.0365 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 1.23 sf   

#3 Primary 1,134.22' 12.0"  Round CMP_Round  12"   
L= 40.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,134.22' / 1,133.06'   S= 0.0290 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 0.79 sf   

Primary OutFlow  Max=8.85 cfs @ 13.13 hrs  HW=1,132.80'   (Free Discharge)
1=CMP_Round  15"  (Inlet Controls 5.21 cfs @ 4.24 fps)
2=CMP_Round  15"  (Inlet Controls 3.65 cfs @ 2.98 fps)
3=CMP_Round  12"  ( Controls 0.00 cfs)



Type II 24-hr  10 year Rainfall=3.32"16304A_Dummer_Existing
  Printed  11/14/2017Prepared by VHB

Page 74HydroCAD® 10.00-19  s/n 01038  © 2016 HydroCAD Software Solutions LLC

Pond 23P: Combined
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Summary for Pond 25P: sta. 1020+78

[62] Hint: Exceeded Reach 24R OUTLET depth by 1.62' @ 13.16 hrs

Inflow Area = 29.600 ac, 0.00% Impervious,  Inflow Depth = 0.90"    for  10 year event
Inflow = 8.90 cfs @ 13.16 hrs,  Volume= 2.217 af
Outflow = 8.90 cfs @ 13.16 hrs,  Volume= 2.217 af,  Atten= 0%,  Lag= 0.0 min
Primary = 8.02 cfs @ 13.16 hrs,  Volume= 2.187 af
Secondary = 0.88 cfs @ 13.16 hrs,  Volume= 0.030 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,136.59' @ 13.16 hrs
Flood Elev= 1,137.71'

Device Routing     Invert Outlet Devices

#1 Primary 1,134.12' 15.0"  Round RCP_Round  15"   
L= 42.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,134.12' / 1,133.20'   S= 0.0219 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.23 sf   

#2 Secondary 1,136.50' 10.0' long  (Profile 14) Broad-Crested Rectangular Weir   
Head (feet)  1.97  2.46  2.95  3.94  4.92   
Coef. (English)  3.37  3.37  3.37  3.37  3.37   

Primary OutFlow  Max=8.02 cfs @ 13.16 hrs  HW=1,136.59'   (Free Discharge)
1=RCP_Round  15"  (Inlet Controls 8.02 cfs @ 6.54 fps)

Secondary OutFlow  Max=0.87 cfs @ 13.16 hrs  HW=1,136.59'   (Free Discharge)
2=Broad-Crested Rectangular Weir  (Weir Controls 0.87 cfs @ 0.99 fps)
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Pond 25P: sta. 1020+78
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Summary for Link 26L: Androscoggin River

Inflow Area = 1,113.250 ac, 0.00% Impervious,  Inflow Depth = 0.89"    for  10 year event
Inflow = 147.14 cfs @ 15.33 hrs,  Volume= 82.686 af
Primary = 147.14 cfs @ 15.33 hrs,  Volume= 82.686 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link 26L: Androscoggin River
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Time span=0.00-48.00 hrs, dt=0.01 hrs, 4801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind method  -  Pond routing by Stor-Ind method

Runoff Area=1.000 ac   0.00% Impervious   Runoff Depth=2.24"Subcatchment EX-10: EX-10
   Flow Length=370'   Slope=0.0978 '/'   Tc=27.0 min   CN=75   Runoff=2.07 cfs  0.187 af

Runoff Area=43.000 ac   0.00% Impervious   Runoff Depth=1.85"Subcatchment EX-11: EX-11
   Flow Length=4,277'   Slope=0.1500 '/'   Tc=89.8 min   CN=70   Runoff=29.98 cfs  6.614 af

Runoff Area=43.700 ac   0.00% Impervious   Runoff Depth=1.77"Subcatchment EX-12: EX-12
   Flow Length=4,226'   Tc=87.9 min   CN=69   Runoff=29.28 cfs  6.448 af

Runoff Area=3.600 ac   0.00% Impervious   Runoff Depth=1.92"Subcatchment EX-18: EX-18
   Flow Length=792'   Slope=0.1040 '/'   Tc=35.0 min   CN=71   Runoff=5.26 cfs  0.577 af

Runoff Area=66.500 ac   0.00% Impervious   Runoff Depth=1.70"Subcatchment EX-19: EX-19
   Flow Length=3,960'   Slope=0.1690 '/'   Tc=79.6 min   CN=68   Runoff=45.66 cfs  9.403 af

Runoff Area=0.150 ac   0.00% Impervious   Runoff Depth=3.52"Subcatchment EX-20: EX-20
   Tc=5.0 min   CN=89   Runoff=0.92 cfs  0.044 af

Runoff Area=884.600 ac   0.00% Impervious   Runoff Depth=1.85"Subcatchment EX-5: EX-5
   Tc=242.0 min   CN=70   Runoff=286.01 cfs  136.057 af

Runoff Area=15.100 ac   0.00% Impervious   Runoff Depth=1.85"Subcatchment EX-6: EX-6
   Flow Length=3,062'   Slope=0.0745 '/'   Tc=95.9 min   CN=70   Runoff=9.97 cfs  2.322 af

Runoff Area=29.600 ac   0.00% Impervious   Runoff Depth=1.85"Subcatchment EX-7: EX-7
   Flow Length=3,042'   Tc=93.1 min   CN=70   Runoff=20.08 cfs  4.553 af

Runoff Area=2.800 ac   0.00% Impervious   Runoff Depth=1.77"Subcatchment EX-8: EX-8
   Flow Length=686'   Slope=0.0820 '/'   Tc=36.3 min   CN=69   Runoff=3.61 cfs  0.413 af

Runoff Area=23.200 ac   0.00% Impervious   Runoff Depth=1.85"Subcatchment EX-9: EX-9
   Flow Length=3,230'   Tc=84.3 min   CN=70   Runoff=16.96 cfs  3.568 af

Avg. Flow Depth=0.98'   Max Vel=5.50 fps   Inflow=29.28 cfs  6.448 afReach 21R: Drive Pipe to Roadway 
n=0.050   L=90.0'   S=0.0660 '/'   Capacity=30.64 cfs   Outflow=29.27 cfs  6.448 af

Avg. Flow Depth=1.15'   Max Vel=5.05 fps   Inflow=20.08 cfs  4.553 afReach 24R: roadside ditch
n=0.035   L=406.0'   S=0.0317 '/'   Capacity=48.32 cfs   Outflow=20.06 cfs  4.553 af

Avg. Flow Depth=1.75'   Max Vel=1.18 fps   Inflow=9.15 cfs  1.045 afReach 27R: roadside ditch
n=0.100   L=538.0'   S=0.0084 '/'   Capacity=12.91 cfs   Outflow=9.07 cfs  1.045 af

Peak Elev=1,143.36'  Storage=17,553 cf   Inflow=286.01 cfs  136.299 afPond 3P: sta. 1010+24
60.0"  Round Culvert  n=0.025  L=80.0'  S=0.0088 '/'   Outflow=295.45 cfs  137.776 af

Peak Elev=1,142.83'  Storage=183 cf   Inflow=9.97 cfs  2.322 afPond 4P: sta. 1013+23
   Primary=6.38 cfs  2.081 af   Secondary=3.59 cfs  0.241 af   Outflow=9.97 cfs  2.322 af
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Peak Elev=1,135.85'  Storage=1,652 cf   Inflow=37.57 cfs  7.659 afPond 9P: sta. 1032+51
   Outflow=37.38 cfs  7.659 af

Peak Elev=1,139.23'  Storage=16,455 cf   Inflow=29.27 cfs  6.448 afPond 10P: sta. 1040+00
   Primary=16.40 cfs  5.403 af   Secondary=9.15 cfs  1.045 af   Outflow=25.55 cfs  6.448 af

Peak Elev=1,200.45'  Storage=87 cf   Inflow=47.49 cfs  10.028 afPond 16P: sta. 1069+69
36.0"  Round Culvert  n=0.025  L=63.0'  S=0.0400 '/'   Outflow=47.48 cfs  10.028 af

Peak Elev=1,208.39'  Storage=225 cf   Inflow=45.66 cfs  9.403 afPond 17P: sta. 1069+58
36.0"  Round Culvert  n=0.013  L=41.0'  S=0.0600 '/'   Outflow=45.78 cfs  9.407 af

Peak Elev=1,203.81'  Storage=65 cf   Inflow=5.26 cfs  0.577 afPond 18P: sta. 1069+29
18.0"  Round Culvert  n=0.013  L=41.0'  S=0.0068 '/'   Outflow=5.25 cfs  0.577 af

Peak Elev=1,162.93'   Inflow=29.28 cfs  6.448 afPond 20P: sta. 1139+10 Drive LT
18.0"  Round Culvert  n=0.025  L=37.0'  S=0.0670 '/'   Outflow=29.28 cfs  6.448 af

Peak Elev=1,136.30'  Storage=22,281 cf   Inflow=29.24 cfs  5.162 afPond 23P: Combined
   Outflow=22.44 cfs  5.162 af

Peak Elev=1,136.98'   Inflow=20.06 cfs  4.553 afPond 25P: sta. 1020+78
   Primary=8.83 cfs  3.559 af   Secondary=11.22 cfs  0.993 af   Outflow=20.06 cfs  4.553 af

   Inflow=329.18 cfs  171.668 afLink 26L: Androscoggin River
   Primary=329.18 cfs  171.668 af

Total Runoff Area = 1,113.250 ac   Runoff Volume = 170.186 af   Average Runoff Depth = 1.83"
100.00% Pervious = 1,113.250 ac     0.00% Impervious = 0.000 ac
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Summary for Subcatchment EX-10: EX-10

Runoff = 2.07 cfs @ 12.21 hrs,  Volume= 0.187 af,  Depth= 2.24"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  50 year Rainfall=4.74"

Area (ac) CN Description

* 1.000 75 SEE ATTACHED SPREADSHEET FOR CN VALUES

1.000 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

21.2 100 0.0978 0.08 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

5.8 270 0.0978 0.78 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

27.0 370 Total

Subcatchment EX-10: EX-10
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Type II 24-hr

50 year Rainfall=4.74"

Runoff Area=1.000 ac

Runoff Volume=0.187 af

Runoff Depth=2.24"

Flow Length=370'

Slope=0.0978 '/'

Tc=27.0 min

CN=75

2.07 cfs
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Summary for Subcatchment EX-11: EX-11

Runoff = 29.98 cfs @ 13.07 hrs,  Volume= 6.614 af,  Depth= 1.85"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  50 year Rainfall=4.74"

Area (ac) CN Description

* 43.000 70 SEE ATTACHED SPREADSHEET FOR CN VALUES

43.000 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

17.9 100 0.1500 0.09 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

71.9 4,177 0.1500 0.97 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

89.8 4,277 Total

Subcatchment EX-11: EX-11
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Time  (hours)
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Type II 24-hr

50 year Rainfall=4.74"

Runoff Area=43.000 ac

Runoff Volume=6.614 af

Runoff Depth=1.85"

Flow Length=4,277'

Slope=0.1500 '/'

Tc=89.8 min

CN=70

29.98 cfs
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Summary for Subcatchment EX-12: EX-12

Runoff = 29.28 cfs @ 12.99 hrs,  Volume= 6.448 af,  Depth= 1.77"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  50 year Rainfall=4.74"

Area (ac) CN Description

* 43.700 69 SEE ATTACHED SPREADSHEET FOR CN VALUES

43.700 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

20.2 100 0.1100 0.08 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

66.2 3,971 0.1600 1.00 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

1.5 155 0.0700 1.74 0.16 Trap/Vee/Rect Channel Flow, 
Bot.W=0.00'  D=0.25'  Z= 1.5 '/'  Top.W=0.75'
n= 0.050  Mountain streams w/large boulders

87.9 4,226 Total

Subcatchment EX-12: EX-12
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Type II 24-hr

50 year Rainfall=4.74"

Runoff Area=43.700 ac

Runoff Volume=6.448 af

Runoff Depth=1.77"

Flow Length=4,226'

Tc=87.9 min

CN=69

29.28 cfs
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Summary for Subcatchment EX-18: EX-18

Runoff = 5.26 cfs @ 12.33 hrs,  Volume= 0.577 af,  Depth= 1.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  50 year Rainfall=4.74"

Area (ac) CN Description

* 3.600 71 SEE ATTACHED SPREADSHEET FOR CN VALUES

3.600 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

20.7 100 0.1040 0.08 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

14.3 692 0.1040 0.81 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

35.0 792 Total

Subcatchment EX-18: EX-18
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Type II 24-hr

50 year Rainfall=4.74"

Runoff Area=3.600 ac

Runoff Volume=0.577 af

Runoff Depth=1.92"

Flow Length=792'

Slope=0.1040 '/'

Tc=35.0 min

CN=71

5.26 cfs
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Summary for Subcatchment EX-19: EX-19

Runoff = 45.66 cfs @ 12.92 hrs,  Volume= 9.403 af,  Depth= 1.70"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  50 year Rainfall=4.74"

Area (ac) CN Description

* 66.500 68 SEE ATTACHED SPREADSHEET FOR CN VALUES

66.500 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

17.0 100 0.1690 0.10 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

62.6 3,860 0.1690 1.03 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

79.6 3,960 Total

Subcatchment EX-19: EX-19
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Type II 24-hr

50 year Rainfall=4.74"

Runoff Area=66.500 ac

Runoff Volume=9.403 af

Runoff Depth=1.70"

Flow Length=3,960'

Slope=0.1690 '/'

Tc=79.6 min

CN=68

45.66 cfs
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Summary for Subcatchment EX-20: EX-20

Runoff = 0.92 cfs @ 11.96 hrs,  Volume= 0.044 af,  Depth= 3.52"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  50 year Rainfall=4.74"

Area (ac) CN Description

0.150 89 Gravel roads, HSG C

0.150 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment EX-20: EX-20

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

50 year Rainfall=4.74"

Runoff Area=0.150 ac

Runoff Volume=0.044 af

Runoff Depth=3.52"

Tc=5.0 min

CN=89

0.92 cfs
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Summary for Subcatchment EX-5: EX-5

Runoff = 286.01 cfs @ 15.32 hrs,  Volume= 136.057 af,  Depth= 1.85"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  50 year Rainfall=4.74"

Area (ac) CN Description

* 884.600 70 SEE ATTACHED SPREADSHEET FOR CN VALUES

884.600 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

242.0 Direct Entry, 

Subcatchment EX-5: EX-5

Runoff

Hydrograph
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Type II 24-hr

50 year Rainfall=4.74"

Runoff Area=884.600 ac

Runoff Volume=136.057 af

Runoff Depth=1.85"

Tc=242.0 min

CN=70

286.01 cfs
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Summary for Subcatchment EX-6: EX-6

Runoff = 9.97 cfs @ 13.11 hrs,  Volume= 2.322 af,  Depth= 1.85"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  50 year Rainfall=4.74"

Area (ac) CN Description

* 15.100 70 SEE ATTACHED SPREADSHEET FOR CN VALUES

15.100 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

23.6 100 0.0745 0.07 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

72.3 2,962 0.0745 0.68 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

95.9 3,062 Total

Subcatchment EX-6: EX-6
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Type II 24-hr

50 year Rainfall=4.74"

Runoff Area=15.100 ac

Runoff Volume=2.322 af

Runoff Depth=1.85"

Flow Length=3,062'

Slope=0.0745 '/'

Tc=95.9 min

CN=70

9.97 cfs
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Summary for Subcatchment EX-7: EX-7

Runoff = 20.08 cfs @ 13.13 hrs,  Volume= 4.553 af,  Depth= 1.85"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  50 year Rainfall=4.74"

Area (ac) CN Description

* 29.600 70 See Notes

29.600 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

24.2 100 0.0700 0.07 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

68.9 2,942 0.0810 0.71 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

93.1 3,042 Total

Subcatchment EX-7: EX-7
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Type II 24-hr

50 year Rainfall=4.74"

Runoff Area=29.600 ac

Runoff Volume=4.553 af

Runoff Depth=1.85"

Flow Length=3,042'

Tc=93.1 min

CN=70

20.08 cfs
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Summary for Subcatchment EX-8: EX-8

Runoff = 3.61 cfs @ 12.34 hrs,  Volume= 0.413 af,  Depth= 1.77"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  50 year Rainfall=4.74"

Area (ac) CN Description

* 2.800 69 SEE ATTACHED SPREADSHEET FOR CN VALUES

2.800 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

22.7 100 0.0820 0.07 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

13.6 586 0.0820 0.72 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

36.3 686 Total

Subcatchment EX-8: EX-8

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

50 year Rainfall=4.74"

Runoff Area=2.800 ac

Runoff Volume=0.413 af

Runoff Depth=1.77"

Flow Length=686'

Slope=0.0820 '/'

Tc=36.3 min

CN=69

3.61 cfs
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Summary for Subcatchment EX-9: EX-9

Runoff = 16.96 cfs @ 13.02 hrs,  Volume= 3.568 af,  Depth= 1.85"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Type II 24-hr  50 year Rainfall=4.74"

Area (ac) CN Description

* 23.200 70 SEE ATTACHED SPREADSHEET FOR CN VALUES

23.200 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

21.0 100 0.1000 0.08 Sheet Flow, 
Woods: Dense underbrush   n= 0.800   P2= 2.80"

62.6 2,970 0.1000 0.79 Shallow Concentrated Flow, 
Forest w/Heavy Litter   Kv= 2.5 fps

0.7 160 0.0480 3.56 2.67 Trap/Vee/Rect Channel Flow, 
Bot.W=0.00'  D=0.50'  Z= 3.0 '/'  Top.W=3.00'
n= 0.035  Earth, dense weeds

84.3 3,230 Total

Subcatchment EX-9: EX-9
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Type II 24-hr

50 year Rainfall=4.74"

Runoff Area=23.200 ac

Runoff Volume=3.568 af

Runoff Depth=1.85"

Flow Length=3,230'

Tc=84.3 min

CN=70

16.96 cfs
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Summary for Reach 21R: Drive Pipe to Roadway Culvert

[79] Warning: Submerged Pond 20P Primary device # 1 OUTLET by 0.98'

Inflow Area = 43.700 ac, 0.00% Impervious,  Inflow Depth = 1.77"    for  50 year event
Inflow = 29.28 cfs @ 12.99 hrs,  Volume= 6.448 af
Outflow = 29.27 cfs @ 13.00 hrs,  Volume= 6.448 af,  Atten= 0%,  Lag= 0.4 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Max. Velocity= 5.50 fps,  Min. Travel Time= 0.3 min
Avg. Velocity = 2.50 fps,  Avg. Travel Time= 0.6 min

Peak Storage= 479 cf @ 13.00 hrs
Average Depth at Peak Storage= 0.98'
Bank-Full Depth= 1.00'  Flow Area= 5.5 sf,  Capacity= 30.64 cfs

2.50'  x  1.00'  deep channel,  n= 0.050  Mountain streams w/large boulders
Side Slope Z-value= 3.0 '/'   Top Width= 8.50'
Length= 90.0'   Slope= 0.0660 '/'
Inlet Invert= 1,140.70',  Outlet Invert= 1,134.76'

‡

Reach 21R: Drive Pipe to Roadway Culvert
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Inflow Area=43.700 ac

Avg. Flow Depth=0.98'

Max Vel=5.50 fps

n=0.050

L=90.0'

S=0.0660 '/'

Capacity=30.64 cfs

29.28 cfs

29.27 cfs
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Summary for Reach 24R: roadside ditch

Inflow Area = 29.600 ac, 0.00% Impervious,  Inflow Depth = 1.85"    for  50 year event
Inflow = 20.08 cfs @ 13.13 hrs,  Volume= 4.553 af
Outflow = 20.06 cfs @ 13.14 hrs,  Volume= 4.553 af,  Atten= 0%,  Lag= 0.5 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Max. Velocity= 5.05 fps,  Min. Travel Time= 1.3 min
Avg. Velocity = 2.41 fps,  Avg. Travel Time= 2.8 min

Peak Storage= 1,612 cf @ 13.14 hrs
Average Depth at Peak Storage= 1.15'
Bank-Full Depth= 1.60'  Flow Area= 7.7 sf,  Capacity= 48.32 cfs

0.00'  x  1.60'  deep channel,  n= 0.035  Earth, dense weeds
Side Slope Z-value= 3.0 '/'   Top Width= 9.60'
Length= 406.0'   Slope= 0.0317 '/'
Inlet Invert= 1,147.00',  Outlet Invert= 1,134.12'

Reach 24R: roadside ditch
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Inflow Area=29.600 ac

Avg. Flow Depth=1.15'

Max Vel=5.05 fps

n=0.035

L=406.0'

S=0.0317 '/'

Capacity=48.32 cfs

20.08 cfs

20.06 cfs
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Summary for Reach 27R: roadside ditch

[81] Warning: Exceeded Pond 10P by 2.50' @ 28.75 hrs

Inflow = 9.15 cfs @ 13.38 hrs,  Volume= 1.045 af
Outflow = 9.07 cfs @ 13.47 hrs,  Volume= 1.045 af,  Atten= 1%,  Lag= 5.7 min

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Max. Velocity= 1.18 fps,  Min. Travel Time= 7.6 min
Avg. Velocity = 0.25 fps,  Avg. Travel Time= 35.8 min

Peak Storage= 4,128 cf @ 13.47 hrs
Average Depth at Peak Storage= 1.75'
Bank-Full Depth= 2.00'  Flow Area= 10.0 sf,  Capacity= 12.91 cfs

0.00'  x  2.00'  deep channel,  n= 0.100  Earth, dense brush, high stage
Side Slope Z-value= 2.0  3.0 '/'   Top Width= 10.00'
Length= 538.0'   Slope= 0.0084 '/'
Inlet Invert= 1,137.50',  Outlet Invert= 1,133.00'

Reach 27R: roadside ditch
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Avg. Flow Depth=1.75'

Max Vel=1.18 fps

n=0.100

L=538.0'

S=0.0084 '/'

Capacity=12.91 cfs

9.15 cfs

9.07 cfs
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Summary for Pond 3P: sta. 1010+24

[93] Warning: Storage range exceeded by 3.36'
[88] Warning: Qout>Qin may require smaller dt or Finer Routing
[81] Warning: Exceeded Pond 4P by 2.35' @ 15.32 hrs

Inflow Area = 884.600 ac, 0.00% Impervious,  Inflow Depth = 1.85"    for  50 year event
Inflow = 286.01 cfs @ 15.32 hrs,  Volume= 136.299 af
Outflow = 295.45 cfs @ 15.32 hrs,  Volume= 137.776 af,  Atten= 0%,  Lag= 0.0 min
Primary = 295.45 cfs @ 15.32 hrs,  Volume= 137.776 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,143.36' @ 15.32 hrs   Surf.Area= 8,312 sf   Storage= 17,553 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= (not calculated: outflow precedes inflow)

Volume Invert Avail.Storage Storage Description

#1 1,131.00' 17,553 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,131.00 187 0 0
1,132.00 239 213 213
1,133.00 269 254 467
1,134.00 296 283 750
1,135.00 426 361 1,111
1,136.00 764 595 1,706
1,137.00 1,791 1,278 2,983
1,138.00 3,675 2,733 5,716
1,139.00 5,843 4,759 10,475
1,140.00 8,312 7,078 17,553

Device Routing     Invert Outlet Devices

#1 Primary 1,129.96' 60.0"  Round CMP_Round  60"   
L= 80.0'   CMP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 1,129.96' / 1,129.26'   S= 0.0088 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 19.63 sf   

Primary OutFlow  Max=295.44 cfs @ 15.32 hrs  HW=1,143.36'   (Free Discharge)
1=CMP_Round  60"  (Barrel Controls 295.44 cfs @ 15.05 fps)
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Pond 3P: sta. 1010+24

Inflow
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Hydrograph
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Inflow Area=884.600 ac

Peak Elev=1,143.36'

Storage=17,553 cf

60.0"

Round Culvert

n=0.025

L=80.0'

S=0.0088 '/'

286.01 cfs
295.45 cfs
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Summary for Pond 4P: sta. 1013+23

Secondary flow to EX-5 60" cmp which was analyzed separately using USGS Regression and FHWA Hy8.

[93] Warning: Storage range exceeded by 0.33'

Inflow Area = 15.100 ac, 0.00% Impervious,  Inflow Depth = 1.85"    for  50 year event
Inflow = 9.97 cfs @ 13.11 hrs,  Volume= 2.322 af
Outflow = 9.97 cfs @ 13.11 hrs,  Volume= 2.322 af,  Atten= 0%,  Lag= 0.0 min
Primary = 6.38 cfs @ 13.11 hrs,  Volume= 2.081 af
Secondary = 3.59 cfs @ 13.11 hrs,  Volume= 0.241 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,142.83' @ 13.11 hrs   Surf.Area= 272 sf   Storage= 183 cf

Plug-Flow detention time= 0.3 min calculated for 2.322 af (100% of inflow)
Center-of-Mass det. time= 0.2 min ( 930.6 - 930.4 )

Volume Invert Avail.Storage Storage Description

#1 1,141.00' 183 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,141.00 5 0 0
1,142.00 150 78 78
1,142.50 272 106 183

Device Routing     Invert Outlet Devices

#1 Primary 1,139.25' 15.0"  Round CMP_Round  15"   
L= 52.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,139.25' / 1,138.90'   S= 0.0067 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 1.23 sf   

#2 Secondary 1,142.50' 7.0' long  (Profile 20) Broad-Crested Rectangular Weir   
Head (feet)  0.49  0.98  1.48  1.97   
Coef. (English)  2.68  2.63  2.61  2.61   

Primary OutFlow  Max=6.38 cfs @ 13.11 hrs  HW=1,142.83'   (Free Discharge)
1=CMP_Round  15"  (Barrel Controls 6.38 cfs @ 5.20 fps)

Secondary OutFlow  Max=3.59 cfs @ 13.11 hrs  HW=1,142.83'   (Free Discharge)
2=Broad-Crested Rectangular Weir  (Weir Controls 3.59 cfs @ 1.54 fps)
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Pond 4P: sta. 1013+23
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Summary for Pond 9P: sta. 1032+51

[62] Hint: Exceeded Reach 27R OUTLET depth by 1.15' @ 13.16 hrs

Inflow Area = 43.000 ac, 0.00% Impervious,  Inflow Depth = 2.14"    for  50 year event
Inflow = 37.57 cfs @ 13.12 hrs,  Volume= 7.659 af
Outflow = 37.38 cfs @ 13.20 hrs,  Volume= 7.659 af,  Atten= 1%,  Lag= 4.8 min
Primary = 37.38 cfs @ 13.20 hrs,  Volume= 7.659 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,135.85' @ 13.20 hrs   Surf.Area= 1,984 sf   Storage= 1,652 cf

Plug-Flow detention time= 0.3 min calculated for 7.659 af (100% of inflow)
Center-of-Mass det. time= 0.2 min ( 909.9 - 909.6 )

Volume Invert Avail.Storage Storage Description

#1 1,133.00' 1,972 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,133.00 18 0 0
1,134.00 138 78 78
1,135.00 719 429 507
1,136.00 2,211 1,465 1,972

Device Routing     Invert Outlet Devices

#1 Primary 1,132.63' 24.0"  Round RCP_Round  24"   
L= 22.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,132.63' / 1,132.05'   S= 0.0264 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 3.14 sf   

#2 Primary 1,132.05' 18.0"  Round RCP_Round  18"   
L= 22.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,132.05' / 1,131.47'   S= 0.0264 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf   

Primary OutFlow  Max=37.38 cfs @ 13.20 hrs  HW=1,135.85'   (Free Discharge)
1=RCP_Round  24"  (Inlet Controls 22.53 cfs @ 7.17 fps)
2=RCP_Round  18"  (Inlet Controls 14.85 cfs @ 8.41 fps)
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Pond 9P: sta. 1032+51
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Summary for Pond 10P: sta. 1040+00

[62] Hint: Exceeded Reach 21R OUTLET depth by 3.56' @ 13.44 hrs

Inflow Area = 43.700 ac, 0.00% Impervious,  Inflow Depth = 1.77"    for  50 year event
Inflow = 29.27 cfs @ 13.00 hrs,  Volume= 6.448 af
Outflow = 25.55 cfs @ 13.38 hrs,  Volume= 6.448 af,  Atten= 13%,  Lag= 22.7 min
Primary = 16.40 cfs @ 13.38 hrs,  Volume= 5.403 af
Secondary = 9.15 cfs @ 13.38 hrs,  Volume= 1.045 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,139.23' @ 13.38 hrs   Surf.Area= 12,197 sf   Storage= 16,455 cf

Plug-Flow detention time= 4.2 min calculated for 6.447 af (100% of inflow)
Center-of-Mass det. time= 4.2 min ( 930.3 - 926.1 )

Volume Invert Avail.Storage Storage Description

#1 1,135.00' 20,043 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,135.00 15 0 0
1,136.00 155 85 85
1,137.00 2,548 1,352 1,437
1,138.00 5,844 4,196 5,633
1,139.00 10,620 8,232 13,865
1,139.50 14,092 6,178 20,043

Device Routing     Invert Outlet Devices

#1 Primary 1,134.76' 18.0"  Round RCP_Round  18"   
L= 45.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,134.76' / 1,134.00'   S= 0.0169 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf   

#2 Secondary 1,136.54' 18.0"  Round CMP_Round  18"   
L= 29.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,136.12' / 1,136.54'   S= -0.0145 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 1.77 sf   

Primary OutFlow  Max=16.40 cfs @ 13.38 hrs  HW=1,139.23'   (Free Discharge)
1=RCP_Round  18"  (Inlet Controls 16.40 cfs @ 9.28 fps)

Secondary OutFlow  Max=9.15 cfs @ 13.38 hrs  HW=1,139.23'   (Free Discharge)
2=CMP_Round  18"  (Barrel Controls 9.15 cfs @ 5.18 fps)
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Pond 10P: sta. 1040+00
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Summary for Pond 16P: sta. 1069+69

Inflow Area = 70.250 ac, 0.00% Impervious,  Inflow Depth = 1.71"    for  50 year event
Inflow = 47.49 cfs @ 12.91 hrs,  Volume= 10.028 af
Outflow = 47.48 cfs @ 12.91 hrs,  Volume= 10.028 af,  Atten= 0%,  Lag= 0.1 min
Primary = 47.48 cfs @ 12.91 hrs,  Volume= 10.028 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,200.45' @ 12.91 hrs   Surf.Area= 76 sf   Storage= 87 cf

Plug-Flow detention time= 0.0 min calculated for 10.026 af (100% of inflow)
Center-of-Mass det. time= 0.0 min ( 917.5 - 917.5 )

Volume Invert Avail.Storage Storage Description

#1 1,198.00' 372 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,198.00 7 0 0
1,199.00 27 17 17
1,200.00 55 41 58
1,201.00 103 79 137
1,202.00 366 235 372

Device Routing     Invert Outlet Devices

#1 Primary 1,197.00' 36.0"  Round CMP_Round  36"   
L= 63.0'   CMP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 1,197.00' / 1,194.48'   S= 0.0400 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 7.07 sf   

Primary OutFlow  Max=47.48 cfs @ 12.91 hrs  HW=1,200.45'   (Free Discharge)
1=CMP_Round  36"  (Inlet Controls 47.48 cfs @ 6.72 fps)
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Pond 16P: sta. 1069+69
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Summary for Pond 17P: sta. 1069+58

[93] Warning: Storage range exceeded by 0.39'
[88] Warning: Qout>Qin may require smaller dt or Finer Routing

Inflow Area = 66.500 ac, 0.00% Impervious,  Inflow Depth = 1.70"    for  50 year event
Inflow = 45.66 cfs @ 12.92 hrs,  Volume= 9.403 af
Outflow = 45.78 cfs @ 12.92 hrs,  Volume= 9.407 af,  Atten= 0%,  Lag= 0.0 min
Primary = 45.78 cfs @ 12.92 hrs,  Volume= 9.407 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,208.39' @ 12.92 hrs   Surf.Area= 209 sf   Storage= 225 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= (not calculated: outflow precedes inflow)

Volume Invert Avail.Storage Storage Description

#1 1,205.00' 225 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,205.00 9 0 0
1,206.00 38 24 24
1,207.00 78 58 82
1,208.00 209 144 225

Device Routing     Invert Outlet Devices

#1 Primary 1,203.99' 36.0"  Round 36" spp   
L= 41.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,203.99' / 1,201.53'   S= 0.0600 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 7.07 sf   

Primary OutFlow  Max=45.78 cfs @ 12.92 hrs  HW=1,208.39'   (Free Discharge)
1=36" spp  (Inlet Controls 45.78 cfs @ 6.48 fps)
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Pond 17P: sta. 1069+58
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Summary for Pond 18P: sta. 1069+29

Inflow Area = 3.600 ac, 0.00% Impervious,  Inflow Depth = 1.92"    for  50 year event
Inflow = 5.26 cfs @ 12.33 hrs,  Volume= 0.577 af
Outflow = 5.25 cfs @ 12.33 hrs,  Volume= 0.577 af,  Atten= 0%,  Lag= 0.3 min
Primary = 5.25 cfs @ 12.33 hrs,  Volume= 0.577 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 1,203.81' @ 12.33 hrs   Surf.Area= 146 sf   Storage= 65 cf

Plug-Flow detention time= 0.1 min calculated for 0.576 af (100% of inflow)
Center-of-Mass det. time= 0.1 min ( 871.6 - 871.5 )

Volume Invert Avail.Storage Storage Description

#1 1,203.00' 428 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,203.00 15 0 0
1,204.00 178 97 97
1,205.00 484 331 428

Device Routing     Invert Outlet Devices

#1 Primary 1,202.42' 18.0"  Round 18" spp   
L= 41.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,202.42' / 1,202.14'   S= 0.0068 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 1.77 sf   

Primary OutFlow  Max=5.25 cfs @ 12.33 hrs  HW=1,203.81'   (Free Discharge)
1=18" spp  (Barrel Controls 5.25 cfs @ 4.02 fps)
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Pond 18P: sta. 1069+29
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Summary for Pond 20P: sta. 1139+10 Drive LT

[57] Hint: Peaked at 1,162.93' (Flood elevation advised)

Inflow Area = 43.700 ac, 0.00% Impervious,  Inflow Depth = 1.77"    for  50 year event
Inflow = 29.28 cfs @ 12.99 hrs,  Volume= 6.448 af
Outflow = 29.28 cfs @ 12.99 hrs,  Volume= 6.448 af,  Atten= 0%,  Lag= 0.0 min
Primary = 29.28 cfs @ 12.99 hrs,  Volume= 6.448 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,162.93' @ 12.99 hrs

Device Routing     Invert Outlet Devices

#1 Primary 1,143.18' 18.0"  Round CMP_Round  18"   
L= 37.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,143.18' / 1,140.70'   S= 0.0670 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 1.77 sf   

Primary OutFlow  Max=29.27 cfs @ 12.99 hrs  HW=1,162.92'   (Free Discharge)
1=CMP_Round  18"  (Inlet Controls 29.27 cfs @ 16.57 fps)

Pond 20P: sta. 1139+10 Drive LT
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Summary for Pond 23P: Combined

Inflow Area = 27.000 ac, 0.00% Impervious,  Inflow Depth = 2.29"    for  50 year event
Inflow = 29.24 cfs @ 13.02 hrs,  Volume= 5.162 af
Outflow = 22.44 cfs @ 13.46 hrs,  Volume= 5.162 af,  Atten= 23%,  Lag= 26.6 min
Primary = 22.44 cfs @ 13.46 hrs,  Volume= 5.162 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,136.30' @ 13.46 hrs   Surf.Area= 20,477 sf   Storage= 22,281 cf

Plug-Flow detention time= 6.8 min calculated for 5.160 af (100% of inflow)
Center-of-Mass det. time= 6.8 min ( 896.9 - 890.1 )

Volume Invert Avail.Storage Storage Description

#1 1,131.00' 26,788 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,131.00 6 0 0
1,132.00 228 117 117
1,133.00 877 553 670
1,134.00 2,625 1,751 2,421
1,135.00 5,643 4,134 6,555
1,136.00 15,193 10,418 16,973
1,136.50 24,069 9,816 26,788

Device Routing     Invert Outlet Devices

#1 Primary 1,130.93' 15.0"  Round CMP_Round  15"   
L= 50.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,130.93' / 1,129.16'   S= 0.0354 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 1.23 sf   

#2 Primary 1,131.57' 15.0"  Round CMP_Round  15"   
L= 48.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,131.57' / 1,129.82'   S= 0.0365 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 1.23 sf   

#3 Primary 1,134.22' 12.0"  Round CMP_Round  12"   
L= 40.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 1,134.22' / 1,133.06'   S= 0.0290 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 0.79 sf   

Primary OutFlow  Max=22.44 cfs @ 13.46 hrs  HW=1,136.30'   (Free Discharge)
1=CMP_Round  15"  (Barrel Controls 9.59 cfs @ 7.81 fps)
2=CMP_Round  15"  (Barrel Controls 9.16 cfs @ 7.47 fps)
3=CMP_Round  12"  (Barrel Controls 3.69 cfs @ 4.69 fps)
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Pond 23P: Combined
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Summary for Pond 25P: sta. 1020+78

[62] Hint: Exceeded Reach 24R OUTLET depth by 1.71' @ 13.14 hrs

Inflow Area = 29.600 ac, 0.00% Impervious,  Inflow Depth = 1.85"    for  50 year event
Inflow = 20.06 cfs @ 13.14 hrs,  Volume= 4.553 af
Outflow = 20.06 cfs @ 13.14 hrs,  Volume= 4.553 af,  Atten= 0%,  Lag= 0.0 min
Primary = 8.83 cfs @ 13.14 hrs,  Volume= 3.559 af
Secondary = 11.22 cfs @ 13.14 hrs,  Volume= 0.993 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 1,136.98' @ 13.14 hrs
Flood Elev= 1,137.71'

Device Routing     Invert Outlet Devices

#1 Primary 1,134.12' 15.0"  Round RCP_Round  15"   
L= 42.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,134.12' / 1,133.20'   S= 0.0219 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.23 sf   

#2 Secondary 1,136.50' 10.0' long  (Profile 14) Broad-Crested Rectangular Weir   
Head (feet)  1.97  2.46  2.95  3.94  4.92   
Coef. (English)  3.37  3.37  3.37  3.37  3.37   

Primary OutFlow  Max=8.83 cfs @ 13.14 hrs  HW=1,136.98'   (Free Discharge)
1=RCP_Round  15"  (Inlet Controls 8.83 cfs @ 7.20 fps)

Secondary OutFlow  Max=11.22 cfs @ 13.14 hrs  HW=1,136.98'   (Free Discharge)
2=Broad-Crested Rectangular Weir  (Weir Controls 11.22 cfs @ 2.34 fps)
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Pond 25P: sta. 1020+78
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Summary for Link 26L: Androscoggin River

Inflow Area = 1,113.250 ac, 0.00% Impervious,  Inflow Depth = 1.85"    for  50 year event
Inflow = 329.18 cfs @ 15.06 hrs,  Volume= 171.668 af
Primary = 329.18 cfs @ 15.06 hrs,  Volume= 171.668 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link 26L: Androscoggin River
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Inflow Area=1,113.250 ac
329.18 cfs

329.18 cfs



Discharge Names
Total Discharge 

(cfs)

Culvert Discharge 

(cfs)

Headwater 

Elevation (ft)

Inlet Control 

Depth(ft)

Outlet Control 

Depth(ft)
Normal Depth (ft) Critical Depth (ft) Outlet Depth (ft)

Tailwater Depth 

(ft)

Outlet Velocity 

(ft/s)

Tailwater Velocity 

(ft/s)

 2 year 0.9 0.9 1142.13 0.54 -1.48 0.31 0.37 0.31 0.11 3.7 1.31

 10 year 1.24 1.24 1142.23 0.64 -1.04 0.36 0.44 0.36 0.14 4.07 1.48

 50 year 1.74 1.74 1142.37 0.78 -0.87 0.43 0.52 0.43 0.17 4.46 1.69

 100 year 2 2 1142.44 0.85 -0.78 0.47 0.56 0.47 0.19 4.62 1.79

EX-4 - STA. 1004+05-15" CMP



HY-8 Analysis Results

Crossing Summary Table

Culvert Crossing: EX-4

Headwater 
Elevation (ft)

Discharge Names Total Discharge 
(cfs)

Existing 15 
Discharge (cfs)

Roadway 
Discharge (cfs)

Iterations

1142.13 2 year 0.90 0.90 0.00 1

1142.23 10 year 1.24 1.24 0.00 1

1142.37 50 year 1.74 1.74 0.00 1

1142.44 100 year 2.00 2.00 0.00 1

1147.10 Overtopping 10.07 0.00 1.00



Project By

Location Date

Data Input

1.380 A = drainage area (sq miles)

76.00 R = Precipitation factor

9 Z = Zone

300 DH = Elevation difference of main channel (feet)

2.220 L = Hydraulic length (length of conventional TC Path)  (miles)

0.84% S = Storage factor (area of pond/swamp/total area x 100) *** Apply Storage Correction to q if S>4%

1.00   *** Storage Correction (from Nomograph) [5%=0.97, 10%=0.92, 15%=0.89, 20%=0.85)

1.52 P60 = 10 year, 60 min. rainfall (inches)

4.40 P10 = 10 year, 10 min. rainfall intensity (inches/hour)

3.000 LL = Cumulative length of all streams shown as blue lines on USGS Quad Map  (miles)

239 q'10 - General [3 Parameter] All Zone Equation (cfs)  q10 = 1.28015 x A^0.56172 x R^0.94356 x DH^0.16887

181 q'10 - Equation corrected for Zone 9  q10 = 0.17280 x q'10 ^ 1.26937

  150 q'10 - Zone 9 [3 Parameter] Equation (cfs)  q10 = 0.50051 x A^0.69229 x R^0.74166 x DH^0.39729

163 q'10 - Zone 9 [5 parameter] Equation (cfs)  q10 = 7.7165 x A^0.5814 x R^0.0547 x DH^0.3865 x L^0.0990 x P60^0.8217

166 q'10 - Zone 9 [7 parameter] Equation (cfs)  q10 = 50.808 x A^0.3799 x R^-0.1432 x DH^0.3401 x L^0.0917

 x LL^0.2879 x P10^-0.9655 x P60^1.8748

150 Enter selected q'10

150 Q10  (***corrected for storage)

71 Q2.33 = 0.46921 x Q10 ^1.00243

246 Q50 = 1.45962 x Q10 ^1.02342

285 Q100 = 1.64380 x Q10 ^1.02918

FHWA Regression Equations  (Report No. RD-77-159)

Dummer, NH

16304 Route 16 SPH

10/13/2017



Discharge Names
Total Discharge 

(cfs)

Culvert Discharge 

(cfs)

Headwater 

Elevation (ft)

Inlet Control 

Depth(ft)

Outlet Control 

Depth(ft)
Normal Depth (ft) Critical Depth (ft) Outlet Depth (ft)

Tailwater Depth 

(ft)

Outlet Velocity 

(ft/s)

Tailwater Velocity 

(ft/s)

 10 year 150 150 1135.54 5.27 5.58 5 3.51 3.51 1.45 10.2 6.07

 50 year 249.6 249.6 1139.5 8.14 9.54 5 4.42 4.42 2.02 13.59 7.28

 100 year 285 268.41 1140.44 8.81 10.48 5 4.53 4.53 2.2 14.36 7.62

EX-5 - STA. 1010+23-60" CMP



HY-8 Analysis Results

Crossing Summary Table

Culvert Crossing: EX-5_Existing 60

Headwater 
Elevation (ft)

Discharge Names Total Discharge 
(cfs)

Existing 60 
Discharge (cfs)

Roadway 
Discharge (cfs)

Iterations

1135.54 10 year 150.00 150.00 0.00 1

1139.50 50 year 249.60 249.60 0.00 1

1140.44 100 year 285.00 268.41 16.54 5

1140.18 Overtopping 263.51 0.00 1.00



Discharge Names
Total Discharge 

(cfs)

Culvert Discharge 

(cfs)

Headwater 

Elevation (ft)

Inlet Control 

Depth(ft)

Outlet Control 

Depth(ft)
Normal Depth (ft) Critical Depth (ft) Outlet Depth (ft)

Tailwater Depth 

(ft)

Outlet Velocity 

(ft/s)

Tailwater Velocity 

(ft/s)

 2 year 6.42 6.42 1138.78 1.42 -0.04 0.55 0.98 0.61 0.86 9.25 1.87

 10 year 9.37 9.37 1139.26 1.9 0.74 0.68 1.18 0.77 1.11 9.95 2.1

 50 year 13.62 13.62 1140.25 2.89 1.72 0.85 1.37 0.97 1.45 10.95 2.34

 100 year 15.94 15.94 1140.96 3.6 2.37 0.94 1.42 1.07 1.63 11.45 2.45

EX-13 - STA. 1044+36-18" RCP



HY-8 Analysis Results

Crossing Summary Table

Culvert Crossing: EX-13

Headwater 
Elevation (ft)

Discharge Names Total Discharge 
(cfs)

Existing 18 
Discharge (cfs)

Roadway 
Discharge (cfs)

Iterations

1138.78 2 year 6.42 6.42 0.00 1

1139.26 10 year 9.37 9.37 0.00 1

1140.25 50 year 13.62 13.62 0.00 1

1140.96 100 year 15.94 15.94 0.00 1

1141.50 Overtopping 17.51 0.00 1.00



Discharge Names
Total Discharge 

(cfs)

Culvert Discharge 

(cfs)

Headwater 

Elevation (ft)

Inlet Control 

Depth(ft)

Outlet Control 

Depth(ft)
Normal Depth (ft) Critical Depth (ft) Outlet Depth (ft)

Tailwater Depth 

(ft)

Outlet Velocity 

(ft/s)

Tailwater Velocity 

(ft/s)

 2 year 3.75 3.75 1139.44 1.12 -0.38 0.44 0.78 0.48 0.6 8.46 1.57

 10 year 5.45 5.45 1139.79 1.47 0.26 0.54 0.94 0.59 0.77 9.2 1.77

 50 year 7.98 7.98 1140.5 2.18 1.04 0.68 1.11 0.75 1 10.02 2

 100 year 9.37 9.37 1141.01 2.69 1.56 0.75 1.16 0.84 1.11 10.43 2.1

EX-14 - STA. 1048+16-15" RCP



HY-8 Analysis Results

Crossing Summary Table

Culvert Crossing: EX-14

Headwater 
Elevation (ft)

Discharge Names Total Discharge 
(cfs)

Existing 15 
Discharge (cfs)

Roadway 
Discharge (cfs)

Iterations

1139.44 2 year 3.75 3.75 0.00 1

1139.79 10 year 5.45 5.45 0.00 1

1140.50 50 year 7.98 7.98 0.00 1

1141.01 100 year 9.37 9.37 0.00 1

1142.30 Overtopping 12.14 0.00 1.00



Discharge Names
Total Discharge 

(cfs)

Culvert Discharge 

(cfs)

Headwater 

Elevation (ft)

Inlet Control 

Depth(ft)

Outlet Control 

Depth(ft)
Normal Depth (ft) Critical Depth (ft) Outlet Depth (ft)

Tailwater Depth 

(ft)

Outlet Velocity 

(ft/s)

Tailwater Velocity 

(ft/s)

 2 year 3.61 3.61 1138.32 1.12 0.78 0.72 0.76 0.72 0.5 4.75 2.4

 10 year 4.51 4.51 1138.49 1.29 1.03 0.84 0.86 0.84 0.58 4.96 2.58

 50 year 6.47 6.47 1138.94 1.74 1.74 1.25 1.02 1.02 0.75 6.03 2.89

 100 year 7.63 7.63 1139.34 2.08 2.14 1.25 1.1 1.1 0.84 6.69 3.04

EX-15 - STA. 1050+45-15" RCP



HY-8 Analysis Results

Crossing Summary Table

Culvert Crossing: EX-15

Headwater 
Elevation (ft)

Discharge Names Total Discharge 
(cfs)

Existing 15 
Discharge (cfs)

Roadway 
Discharge (cfs)

Iterations

1138.32 2 year 3.61 3.61 0.00 1

1138.49 10 year 4.51 4.51 0.00 1

1138.94 50 year 6.47 6.47 0.00 1

1139.34 100 year 7.63 7.63 0.00 1

1141.80 Overtopping 13.08 0.00 1.00



Discharge Names
Total Discharge 

(cfs)

Culvert Discharge 

(cfs)

Headwater 

Elevation (ft)

Inlet Control 

Depth(ft)

Outlet Control 

Depth(ft)
Normal Depth (ft) Critical Depth (ft) Outlet Depth (ft)

Tailwater Depth 

(ft)

Outlet Velocity 

(ft/s)

Tailwater Velocity 

(ft/s)

 2 year 6.81 6.81 1140.57 1.49 -0.34 0.7 1.01 0.75 0.74 7.47 2.29

 10 year 9.9 9.9 1141.1 2.02 1.54 0.88 1.21 0.95 0.96 8.18 2.58

 50 year 14.49 14.49 1142.24 3.16 2.68 1.18 1.39 1.25 1.25 9.01 2.9

 100 year 17.03 16.85 1143 3.92 3.4 1.5 1.4 1.4 1.4 9.82 3.03

EX-16 - STA. 1052+58-18" RCP



HY-8 Analysis Results

Crossing Summary Table

Culvert Crossing: EX-16

Headwater 
Elevation (ft)

Discharge Names Total Discharge 
(cfs)

Existing 18 
Discharge (cfs)

Roadway 
Discharge (cfs)

Iterations

1140.57 2 year 6.81 6.81 0.00 1

1141.10 10 year 9.90 9.90 0.00 1

1142.24 50 year 14.49 14.49 0.00 1

1143.00 100 year 17.03 16.85 0.01 79

1143.00 Overtopping 16.85 0.00 1.00



Discharge Names
Total Discharge 

(cfs)

Culvert Discharge 

(cfs)

Headwater 

Elevation (ft)

Inlet Control 

Depth(ft)

Outlet Control 

Depth(ft)
Normal Depth (ft) Critical Depth (ft) Outlet Depth (ft)

Tailwater Depth 

(ft)

Outlet Velocity 

(ft/s)

Tailwater Velocity 

(ft/s)

 2 year 4.33 4.33 1147.97 1.22 -1.35 0.42 0.84 0.45 0.52 10.42 2.09

 10 year 6.19 6.19 1148.38 1.63 -0.64 0.51 1 0.56 0.65 11.15 2.36

 50 year 8.87 8.87 1149.23 2.48 0.31 0.63 1.15 0.7 0.83 12.14 2.66

 100 year 10.39 10.39 1149.86 3.11 0.96 0.7 1.19 0.78 0.93 12.51 2.8

EX-17 - STA. 1055+06-15" RCP



HY-8 Analysis Results

Crossing Summary Table

Culvert Crossing: EX-17

Headwater 
Elevation (ft)

Discharge Names Total Discharge 
(cfs)

Existing 15 
Discharge (cfs)

Roadway 
Discharge (cfs)

Iterations

1147.97 2 year 4.33 4.33 0.00 1

1148.38 10 year 6.19 6.19 0.00 1

1149.23 50 year 8.87 8.87 0.00 1

1149.86 100 year 10.39 10.39 0.00 1

1152.36 Overtopping 14.84 0.00 1.00
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VHB PROPOSED CONDITIONS

Project: Prepared by: Seth Hill

PIN: Date:

Town: Checked by:

Date:

Revised by:

P2 (in/h)

2.34

Area      ID Station Basin 

Length

Benson 

Slope
Sheet Flow 50-yr 

Velocity Concentrated (by Velocity method) Channel Basin Tc (min)

L (ft) ft/mi
L (ft) S (ft/ft) Rh (in) n

Velocity 

Meth

TR-55 KW 

approx

Kerby-Hath 

Meth KW2 KW10 KW50 KW100
v (ft/s) L (ft) S (ft/ft) Rh (in) n Tc v (ft/s) L (ft) S (ft/ft) Rh (ft) n Tc v (ft/s) Sum2 Sum10 Sum50 Sum100 Basin

P-4 110.000 0.184 100 0.0348 1.2 0.8 22.3 35.0 25.0 28.7 23.3 20.3 19.1 0.08 481 0.035 2.4 0.200 16.9 0.5 45.6 40.3 37.2 36.0 P-4

P-5 2200.000 0.136 100 0.0256 1.2 0.8 26.0 39.6 26.9 32.5 26.3 22.8 21.4 0.07 1602 0.041 2.4 0.200 52.2 0.5 9981.0 0.021 2.64 0.400 162.1 1.03 246.8 240.6 237.1 235.8 P-5

P-6 580.000 0.403 100 0.0745 1.2 0.8 433.6 336.8 20.9 21.2 17.5 15.2 14.4 0.11 2962 0.075 2.4 0.200 71.2 0.7 92.4 88.7 86.5 85.6 P-6

P-7 560.000 0.455 100 0.07 1.2 0.8 447.3 345.3 21.2 21.8 17.9 15.6 14.7 0.11 2950 0.081 2.4 0.200 68.0 0.7 420 0.017 12.00 0.095 0.7 10.54 90.4 86.6 84.3 83.4 P-7

P-8 150.000 0.693 100 0.1 1.2 0.8 374.2 299.4 19.5 18.9 15.6 13.7 12.9 0.12 703 0.130 2.4 0.200 12.8 0.9 31.7 28.4 26.5 25.7 P-8

P-9 560.000 0.543 100 0.1 1.2 0.8 374.2 299.4 19.5 18.9 15.6 13.7 12.9 0.12 2860 0.100 2.4 0.200 59.4 0.8 78.3 75.0 73.0 72.3 P-9

P-10 240.000 0.592 100 0.06 1.2 0.8 483.1 367.3 22.0 23.1 18.9 16.5 15.6 0.10 1049 0.120 2.4 0.200 19.9 0.9 116 0.005 1.44 0.240 3.5 0.56 46.5 42.3 39.9 38.9 P-10

P-11 520.000 0.612 100 0.1 1.2 0.8 374.2 299.4 19.5 18.9 15.6 13.7 12.9 0.12 2650 0.117 2.4 0.200 50.8 0.9 69.7 66.5 64.5 63.8 P-11

P-12 780.000 0.868 100 0.11 1.2 0.8 356.8 288.2 19.1 18.2 15.1 13.2 12.5 0.13 4027 0.160 2.4 0.200 66.1 1.0 84.3 81.1 79.3 78.6 P-12

P-13 790.000 0.933 100 0.12 1.2 0.8 341.6 278.3 18.7 17.6 14.6 12.8 12.1 0.13 3968 0.180 2.4 0.200 61.4 1.1 90 0.005 1.44 0.240 2.7 0.56 81.7 78.7 76.9 76.2 P-13

P-14 730.000 1.019 100 0.14 1.2 0.8 316.3 261.7 18.1 16.6 13.8 12.1 11.5 0.14 3770 0.190 2.4 0.200 56.8 1.1 90 0.005 1.44 0.240 2.7 0.56 76.0 73.2 71.5 70.9 P-14

P-15 660.000 1.059 100 0.2 1.2 0.8 264.6 226.9 16.6 14.4 12.1 10.6 10.1 0.16 3392 0.200 2.4 0.200 49.8 1.1 64.2 61.9 60.4 59.9 P-15

P-16 780.000 0.949 100 0.17 1.2 0.8 287.0 242.1 17.2 15.4 12.8 11.3 10.7 0.15 3798 0.186 2.4 0.200 57.8 1.1 217 0.055 1.44 0.240 2.0 1.85 75.1 72.6 71.0 70.4 P-16

P-17 590.000 0.783 100 0.144 1.2 0.8 311.8 258.8 17.9 16.4 13.6 12.0 11.3 0.14 2687 0.144 2.4 0.200 46.5 1.0 304 0.055 1.44 0.240 2.7 1.85 65.6 62.8 61.2 60.6 P-17

P-18 220.000 0.573 100 0.18 1.2 0.8 278.9 236.7 17.0 15.0 12.6 11.0 10.5 0.15 1004 0.110 2.4 0.200 19.9 0.8 177 0.005 1.44 0.240 5.3 0.56 40.2 37.7 36.2 35.6 P-18

EX-19 750.000 0.891 100 0.169 1.2 0.8 287.9 242.7 17.3 15.4 12.9 11.3 10.7 0.15 3860 0.169 2.4 0.200 61.6 1.0 77.0 74.5 72.9 72.3 EX-19

P-20 5.0 5.0 5.0 5.0 P-20

T c  by Kinematic Wave (min)T c  by Other Methods (min)

Route 16 - Dummer

16304.00

Dummer

17-Oct-17

\\vhb\projecttalon\Projects\project\52900.16 Dummer\tech\Highway\Drainage\16304_Dummer_Proposed_Conditions<<Time of Concentration



VHB PROPOSED CONDITIONS

Project: Prepared by: Seth Hill

PIN: Date: October-17

Town: Checked by:

Date:

Peak Flow Estimates by Rational Method
Revised by:

T = 2 yrs T = 10 yrs T = 50 yrs T = 100 yrs

Area      ID Station Area C Tc i2 Q2 Tc i10 Q10 Tc i50 Q50 Tc i100 Q100

ac min (in/hr) (ft3/s) min (in/hr) (ft3/s) min (in/hr) (ft3/s) min (in/hr) (ft3/s)

P-4 2.8 0.20 45.6 1.610 0.91 40.3 2.220 1.26 37.2 3.110 1.77 36.0 3.580 2.03

P-5 884.5 0.20 246.8 0.00 240.6 0.00 237.1 0.00 235.8 0.00

P-6 15.2 0.20 92.4 0.750 2.28 88.7 1.070 3.25 86.5 1.540 4.68 85.6 1.830 5.56

P-7 28.8 0.20 90.4 0.770 4.44 86.6 0.960 5.54 84.3 1.380 7.96 83.4 1.620 9.34

P-8 4.9 0.20 31.7 1.910 1.88 28.4 2.630 2.59 26.5 3.570 3.52 25.7 4.220 4.16

P-9 21.2 0.20 78.3 0.850 3.61 75.0 1.240 5.26 73.0 1.800 7.64 72.3 2.120 8.99

P-10 1.4 0.20 46.5 1.460 0.41 42.3 2.140 0.59 39.9 3.000 0.83 38.9 3.460 0.96

P-11 11.8 0.20 69.7 0.950 2.23 66.5 1.370 3.22 64.5 1.970 4.63 63.8 2.330 5.48

P-12 82.4 0.20 84.3 0.800 13.19 81.1 1.150 18.96 79.3 1.650 27.21 78.6 1.960 32.32

P-13 22.3 0.20 81.7 0.810 3.61 78.7 1.210 5.39 76.9 1.760 7.84 76.2 2.060 9.17

P-14 11.2 0.20 76.0 0.860 1.92 73.2 1.290 2.88 71.5 1.880 4.20 70.9 2.210 4.94

P-15 30.4 0.20 64.2 0.980 5.96 61.9 1.400 8.51 60.4 2.030 12.34 59.9 2.370 14.40

P-16 39.1 0.20 75.1 0.860 6.72 72.6 1.250 9.77 71.0 1.800 14.06 70.4 2.150 16.80

P-17 45.2 0.20 65.6 0.980 8.87 62.8 1.420 12.85 61.2 2.050 18.55 60.6 2.400 21.72

P-18 6.2 0.20 40.2 1.500 1.86 37.7 2.220 2.76 36.2 3.110 3.86 35.6 3.580 4.45

EX-19 66.5 0.20 77.0 0.840 11.18 74.5 1.220 16.24 72.9 1.780 23.69 72.3 2.090 27.81

P-20 0.2 0.20 *5.0 3.480 0.10 *5.0 4.610 0.14 *5.0 6.240 0.19 *5.0 7.160 0.21

*Time of Concentration is direct entry of 5 minutes (minimum value)

Route 16 - Dummer

16304.00

Dummer

\\vhb\projecttalon\Projects\project\52900.16 Dummer\tech\Highway\Drainage\16304_Dummer_Proposed_Conditions<<Rational Method



VHB PROPOSED CONDITIONS

Project: Prepared by: Seth Hill

Project Number: Date: 17-Oct-17

Town: USGS Quad: Coos County, NH

Culvert Entrance Treatment Checked by:

Note: Entrance 2 Generic Projecting Mitred Headwall Revised by:

Pipe sizing by Manning's equation and Concrete Hw/D 1.5 1 2 3 4 Culvert Orifice Equation

culvert under inlet control (simple orifice) Cd 0.53 0.6 0.53 0.58 0.64 (Hw/D) = c{Q/AD
0.5

}
2
 + Y

c 0.055 0.043 0.055 0.046 0.038 (no slope correction)

Y 0.54 0.5 0.54 0.75 0.69

a 0.622

Proposed Pipe Notes

USGS Manning Inlet Hw/D Rational Manning Inlet Hw/D Size USGS Rational Manning Orifice

Area      ID Station n S
Q50

Control
Q50

Control

D Hw/D Hw/D QM QO 

P-5 0.025 0.009 442.47 96 90 1.28 0.00 18 18 0.54 60 6.15 0.54 127.05 182.97 Existing 60". Proposed inlet extension

P-6 0.013 0.037 18.58 18 30 0.86 4.68 18 18 0.80 18 4.61 0.80 20.28 9.02 Proposed 18" RCP

P-7 0.013 0.044 30.64 24 30 1.40 7.96 18 18 1.29 18 11.62 1.29 21.98 9.02 Proposed 18" RCP

P-8 0.013 0.010 7.72 18 18 1.24 3.52 18 18 0.69 18 1.24 0.69 10.71 9.02 Proposed 18" RCP

P-9 0.013 0.021 24.11 24 30 1.07 7.64 18 18 1.23 18 7.40 1.23 15.22 9.02 Proposed 18" RCP

P-10 0.013 0.026 2.88 18 18 0.64 0.83 18 18 0.55 18 0.64 0.55 16.77 9.02 Proposed 18" RCP

P-11 0.013 0.030 15.21 18 24 1.19 4.63 18 18 0.79 18 3.27 0.79 18.19 9.02 Proposed 18" RCP

P-12 0.013 0.006 69.51 42 42 1.36 27.21 30 30 1.22 30 4.97 1.22 32.42 32.34 Proposed 30" RCP

P-13 0.013 0.023 25.03 24 30 1.12 7.84 18 18 1.26 18 7.94 1.26 16.06 9.02 Proposed 18" RCP

P-14 0.013 0.011 14.62 24 24 1.14 4.20 18 18 0.75 18 3.06 0.75 11.11 9.02 Proposed 18" RCP

P-15 0.013 0.008 31.91 30 30 1.47 12.34 24 24 0.97 24 3.39 0.97 19.97 18.51 Proposed 24" RCP

P-16 0.013 0.049 38.81 24 36 1.10 14.06 18 24 1.09 24 4.76 1.09 50.01 18.51 Proposed 24" RCP

P-18 0.025 0.007 9.25 24 24 0.78 3.86 18 18 0.72 18 1.55 0.72 4.57 9.02 Proposed 18" CMP

EX-19 0.013 0.060 58.81 30 42 1.13 23.69 18 30 1.05 36 1.82 0.75 163.36 51.02 Existing 36" CMP

P-20 0.025 0.040 0.51 18 18 0.54 0.19 18 18 0.54 18 0.54 0.54 10.92 9.02 Existing 36" SPP

29.70 9.0218 18 1.36 18 22.90 1.36
Flows reduced to 45% to mimic existing conditions. 

See Attached calibration calculation.
P-17 43.53 240.013 0.080 36 1.24 8.35

Proposed Capacity

Culvert

Route 16 - Dummer

16304.00

Dummer

Pipe Size (in) Pipe Size (in)

DRAINAGE STUDY

PEAK FLOW Q50 SUMMARY & PIPE SIZING

\\vhb\projecttalon\Projects\project\52900.16 Dummer\tech\Highway\Drainage\16304_Dummer_Proposed_Conditions<<Culverts



VHB EXISTING CONDITIONS
Project: Prepared by: Seth Hill

Project Number: Date: 17-Oct-17

Town: USGS Quad: Coos County, NH

Culvert Entrance Treatment Checked by:

Note: Entrance 2 Generic Projecting Mitred Headwall Revised by:

Pipe sizing by Manning's equation and Concrete Hw/D 1.5 1 2 3 4 Culvert Orifice Equation

culvert under inlet control (simple orifice) Cd 0.53 0.6 0.53 0.58 0.64 (Hw/D) = c{Q/AD
0.5

}
2
 + Y

c 0.055 0.043 0.055 0.046 0.038 (no slope correction)

Y 0.54 0.5 0.54 0.75 0.69

a 0.622

Existing Pipe Notes

USGS Manning Inlet Hw/D Rational Manning Inlet Hw/D Size USGS Rational Manning Orifice

Area      ID Station n S
Q50

Control
Q50

Control

D Hw/D Hw/D QM QO 

P-5 0.025 0.007 442.466 102 90 1.28 0.000 18 18 0.54 15 5749.55 0.54 2.748 5.718 Existing 15" cmp

P-6 0.013 0.022 18.581 24 30 0.86 4.679 18 18 0.80 15 10.68 1.18 9.556 5.718 Existing 15" rcp

P-7 0.025 0.035 30.637 30 30 1.40 7.960 18 18 1.29 15 28.10 2.40 6.318 5.718 Existing 15" cmp

P-8 0.025 0.037 7.724 18 18 1.24 3.520 18 18 0.69 15 2.29 0.90 6.415 5.718 Existing 15" cmp

P-9 0.025 0.029 24.107 30 30 1.07 7.636 18 18 1.23 12 52.62 5.76 3.154 3.273 Existing 12" cmp

P-10 0.013 0.026 2.877 18 18 0.64 0.834 18 18 0.55 21 0.59 0.54 25.444 13.260 Existing 18" rcp to 24" rcp

P-11 0.013 0.017 15.208 24 24 1.19 4.630 18 18 0.79 18 3.27 0.79 13.651 9.019 Existing 18" rcp

P-12 0.013 0.035 69.508 30 42 1.36 27.205 24 30 1.22 18 57.56 9.27 19.589 9.019 Existing 18" rcp

P-13 0.013 0.036 25.033 24 30 1.12 7.836 18 18 1.26 15 18.94 2.34 12.286 5.718 Existing 15" rcp

P-14 0.013 0.006 14.619 24 24 1.14 4.200 18 18 0.75 15 6.82 1.06 5.002 5.718 Existing 15" rcp

P-15 0.013 0.016 31.913 30 30 1.47 12.338 18 24 0.97 18 12.56 2.34 13.365 9.019 Existing 18" rcp

P-16 0.013 0.057 38.815 24 36 1.10 8.900 18 18 1.47 15 44.78 2.87 15.349 5.718 Existing 15" rcp

P-17 0.013 0.007 43.526 36 36 1.24 18.548 24 30 0.86 18 22.90 4.60 8.659 9.019 Existing 18" spp

P-18 0.013 0.060 9.248 18 24 0.78 3.863 18 18 0.72 36 0.57 0.55 163.361 51.021 Existing 36" spp

EX-19 0.025 0.040 58.810 36 42 1.13 23.688 30 30 1.05 36 1.82 0.75 69.360 51.021 Existing 36" cmp

Existing Capacity

Culvert

Route 16 - Dummer DRAINAGE STUDY

16304.00 PEAK FLOW Q50 SUMMARY & PIPE SIZING

Dummer

Pipe Size (in) Pipe Size (in)

\\vhb\projecttalon\Projects\project\52900.16 Dummer\tech\Highway\Drainage\16304_Dummer_Proposed_Conditions<<BACK IN HwD



Project By

Location Date

Data Input

1.380 A = drainage area (sq miles)

76.00 R = Precipitation factor

9 Z = Zone

300 DH = Elevation difference of main channel (feet)

2.200 L = Hydraulic length (length of conventional TC Path)  (miles)

0.84% S = Storage factor (area of pond/swamp/total area x 100) *** Apply Storage Correction to q if S>4%

1.00   *** Storage Correction (from Nomograph) [5%=0.97, 10%=0.92, 15%=0.89, 20%=0.85)

1.52 P60 = 10 year, 60 min. rainfall (inches)

4.40 P10 = 10 year, 10 min. rainfall intensity (inches/hour)

3.000 LL = Cumulative length of all streams shown as blue lines on USGS Quad Map  (miles)

239 q'10 - General [3 Parameter] All Zone Equation (cfs)  q10 = 1.28015 x A^0.56172 x R^0.94356 x DH^0.16887

181 q'10 - Equation corrected for Zone 9  q10 = 0.17280 x q'10 ^ 1.26937

  150 q'10 - Zone 9 [3 Parameter] Equation (cfs)  q10 = 0.50051 x A^0.69229 x R^0.74166 x DH^0.39729

163 q'10 - Zone 9 [5 parameter] Equation (cfs)  q10 = 7.7165 x A^0.5814 x R^0.0547 x DH^0.3865 x L^0.0990 x P60^0.8217

166 q'10 - Zone 9 [7 parameter] Equation (cfs)  q10 = 50.808 x A^0.3799 x R^-0.1432 x DH^0.3401 x L^0.0917

 x LL^0.2879 x P10^-0.9655 x P60^1.8748

150 Enter selected q'10

150 Q10  (***corrected for storage)

71 Q2.33 = 0.46921 x Q10 ^1.00243

246 Q50 = 1.45962 x Q10 ^1.02342

285 Q100 = 1.64380 x Q10 ^1.02918

FHWA Regression Equations  (Report No. RD-77-159)

Dummer, NH

16304 Route 16 SPH

10/13/2017
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Culvert Design 
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4/5
CB

1013+23.0, LT 14.0'

6/7
CB

1020+73.0, LT 14.0'

9/10
CB

1024+50.0, LT 14.0'
11/12

CB

1027+00.0, LT 14.0'

13/14
CB

1030+73.0, LT 14.0'

15/16
CB

1032+50.0, LT 14.0

21/22
CB

1044+36.0, LT 14.0'

23/24
CB

1048+16.0, LT 14.0'

25/26
CB

1050+45.0, LT 14.0'

27/28
CB

1052+58.0, LT 14.0'

29/30
CB

1055+05.0, LT 14.0'

5L

Androscoggin River

Routing Diagram for 16304_Dummer_Culverts_w_CBs
Prepared by VHB,  Printed 4/2/2018
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Area Listing (selected nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

0.000 0 TOTAL AREA
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Soil Listing (selected nodes)

Area

(acres)

Soil

Group

Subcatchment

Numbers

0.000 HSG A

0.000 HSG B

0.000 HSG C

0.000 HSG D

0.000 Other

0.000 TOTAL AREA



16304_Dummer_Culverts_w_CBs
  Printed  4/2/2018Prepared by VHB

Page 4HydroCAD® 10.00-19  s/n 01038  © 2016 HydroCAD Software Solutions LLC

Ground Covers (selected nodes)

HSG-A

(acres)

HSG-B

(acres)

HSG-C

(acres)

HSG-D

(acres)

Other

(acres)

Total

(acres)

Ground

Cover

Subcatchment

Numbers

0.000 0.000 0.000 0.000 0.000 0.000 TOTAL AREA
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Pipe Listing (selected nodes)

Line# Node

Number

In-Invert

(feet)

Out-Invert

(feet)

Length

(feet)

Slope

(ft/ft)

n Diam/Width

(inches)

Height

(inches)

Inside-Fill

(inches)

1 4/5 1,140.00 1,136.43 59.0 0.0605 0.013 18.0 0.0 0.0

2 6/7 1,137.30 1,132.52 80.0 0.0597 0.013 18.0 0.0 0.0

3 9/10 1,135.33 1,133.56 85.0 0.0208 0.013 18.0 0.0 0.0

4 11/12 1,135.97 1,133.49 80.0 0.0310 0.013 18.0 0.0 0.0

5 13/14 1,138.03 1,135.12 80.0 0.0364 0.013 18.0 0.0 0.0

6 15/16 1,139.03 1,135.05 80.0 0.0498 0.013 18.0 0.0 0.0

7 21/22 1,139.84 1,137.03 81.0 0.0347 0.013 18.0 0.0 0.0

8 23/24 1,140.85 1,139.23 80.0 0.0202 0.013 18.0 0.0 0.0

9 25/26 1,140.55 1,137.95 100.0 0.0260 0.013 24.0 0.0 0.0

10 27/28 1,144.82 1,140.67 75.0 0.0553 0.013 24.0 0.0 0.0

11 29/30 1,154.91 1,150.16 80.0 0.0594 0.013 18.0 0.0 0.0
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Time span=0.00-48.00 hrs, dt=0.01 hrs, 4801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Peak Elev=1,141.06'   Inflow=4.68 cfs  18.569 afPond 4/5: 1013+23.0, LT 14.0'
18.0"  Round Culvert  n=0.013  L=59.0'  S=0.0605 '/'   Outflow=4.68 cfs  18.569 af

Peak Elev=1,138.61'   Inflow=7.96 cfs  31.583 afPond 6/7: 1020+73.0, LT 14.0'
18.0"  Round Culvert  n=0.013  L=80.0'  S=0.0597 '/'   Outflow=7.96 cfs  31.583 af

Peak Elev=1,136.22'   Inflow=3.52 cfs  13.967 afPond 9/10: 1024+50.0, LT 14.0'
18.0"  Round Culvert  n=0.013  L=85.0'  S=0.0208 '/'   Outflow=3.52 cfs  13.967 af

Peak Elev=1,137.53'   Inflow=7.64 cfs  30.314 afPond 11/12: 1027+00.0, LT 14.0'
18.0"  Round Culvert  n=0.013  L=80.0'  S=0.0310 '/'   Outflow=7.64 cfs  30.314 af

Peak Elev=1,138.43'   Inflow=0.83 cfs  3.293 afPond 13/14: 1030+73.0, LT 14.0'
18.0"  Round Culvert  n=0.013  L=80.0'  S=0.0364 '/'   Outflow=0.83 cfs  3.293 af

Peak Elev=1,140.08'   Inflow=4.63 cfs  18.371 afPond 15/16: 1032+50.0, LT 14.0
18.0"  Round Culvert  n=0.013  L=80.0'  S=0.0498 '/'   Outflow=4.63 cfs  18.371 af

Peak Elev=1,141.44'   Inflow=7.84 cfs  31.107 afPond 21/22: 1044+36.0, LT 14.0'
18.0"  Round Culvert  n=0.013  L=81.0'  S=0.0347 '/'   Outflow=7.84 cfs  31.107 af

Peak Elev=1,141.84'   Inflow=4.20 cfs  16.665 afPond 23/24: 1048+16.0, LT 14.0'
18.0"  Round Culvert  n=0.013  L=80.0'  S=0.0202 '/'   Outflow=4.20 cfs  16.665 af

Peak Elev=1,142.22'   Inflow=12.34 cfs  48.962 afPond 25/26: 1050+45.0, LT 14.0'
24.0"  Round Culvert  n=0.013  L=100.0'  S=0.0260 '/'   Outflow=12.34 cfs  48.962 af

Peak Elev=1,146.67'   Inflow=14.06 cfs  55.787 afPond 27/28: 1052+58.0, LT 14.0'
24.0"  Round Culvert  n=0.013  L=75.0'  S=0.0553 '/'   Outflow=14.06 cfs  55.787 af

Peak Elev=1,160.41'   Inflow=18.55 cfs  73.602 afPond 29/30: 1055+05.0, LT 14.0'
18.0"  Round Culvert  n=0.013  L=80.0'  S=0.0594 '/'   Outflow=18.55 cfs  73.602 af

   Inflow=86.25 cfs  342.220 afLink 5L: Androscoggin River
   Primary=86.25 cfs  342.220 af
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Summary for Pond 4/5: 1013+23.0, LT 14.0'

50 Year Rational Method flows used. See proposed condition excel spreadsheet.Flood elevations reflect 
1' freeboard to shoulder break.

Inflow = 4.68 cfs @ 0.00 hrs,  Volume= 18.569 af,  Incl. 4.68 cfs Base Flow
Outflow = 4.68 cfs @ 0.00 hrs,  Volume= 18.569 af,  Atten= 0%,  Lag= 0.0 min
Primary = 4.68 cfs @ 0.00 hrs,  Volume= 18.569 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 1,141.06' @ 0.00 hrs
Flood Elev= 1,144.30'

Device Routing     Invert Outlet Devices

#1 Primary 1,140.00' 18.0"  Round RCP_Round  18"   
L= 59.0'   RCP, end-section conforming to fill,  Ke= 0.500   
Inlet / Outlet Invert= 1,140.00' / 1,136.43'   S= 0.0605 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf   

Primary OutFlow  Max=4.68 cfs @ 0.00 hrs  HW=1,141.06'   (Free Discharge)
1=RCP_Round  18"  (Inlet Controls 4.68 cfs @ 3.51 fps)

Pond 4/5: 1013+23.0, LT 14.0'

Inflow
Primary

Hydrograph

Time  (hours)
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4.68 cfs

4.68 cfs
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Summary for Pond 6/7: 1020+73.0, LT 14.0'

50 Year Rational Method flows used. See proposed condition excel spreadsheet.Flood elevations reflect 
1' freeboard to shoulder break.

Inflow = 7.96 cfs @ 0.00 hrs,  Volume= 31.583 af,  Incl. 7.96 cfs Base Flow
Outflow = 7.96 cfs @ 0.00 hrs,  Volume= 31.583 af,  Atten= 0%,  Lag= 0.0 min
Primary = 7.96 cfs @ 0.00 hrs,  Volume= 31.583 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 1,138.61' @ 0.00 hrs
Flood Elev= 1,142.58'

Device Routing     Invert Outlet Devices

#1 Primary 1,137.30' 18.0"  Round RCP_Round  18"   
L= 80.0'   RCP, groove end projecting,  Ke= 0.200   
Inlet / Outlet Invert= 1,137.30' / 1,132.52'   S= 0.0597 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf   

Primary OutFlow  Max=7.96 cfs @ 0.00 hrs  HW=1,138.61'   (Free Discharge)
1=RCP_Round  18"  (Inlet Controls 7.96 cfs @ 4.87 fps)

Pond 6/7: 1020+73.0, LT 14.0'

Inflow
Primary

Hydrograph

Time  (hours)
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Summary for Pond 9/10: 1024+50.0, LT 14.0'

50 Year Rational Method flows used. See proposed condition excel spreadsheet.Flood elevations reflect 
1' freeboard to shoulder break.

Inflow = 3.52 cfs @ 0.00 hrs,  Volume= 13.967 af,  Incl. 3.52 cfs Base Flow
Outflow = 3.52 cfs @ 0.00 hrs,  Volume= 13.967 af,  Atten= 0%,  Lag= 0.0 min
Primary = 3.52 cfs @ 0.00 hrs,  Volume= 13.967 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 1,136.22' @ 0.00 hrs
Flood Elev= 1,140.60'

Device Routing     Invert Outlet Devices

#1 Primary 1,135.33' 18.0"  Round RCP_Round  18"   
L= 85.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,135.33' / 1,133.56'   S= 0.0208 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf   

Primary OutFlow  Max=3.52 cfs @ 0.00 hrs  HW=1,136.22'   (Free Discharge)
1=RCP_Round  18"  (Inlet Controls 3.52 cfs @ 3.21 fps)

Pond 9/10: 1024+50.0, LT 14.0'
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Summary for Pond 11/12: 1027+00.0, LT 14.0'

50 Year Rational Method flows used. See proposed condition excel spreadsheet.Flood elevations reflect 
1' freeboard to shoulder break.

Inflow = 7.64 cfs @ 0.00 hrs,  Volume= 30.314 af,  Incl. 7.64 cfs Base Flow
Outflow = 7.64 cfs @ 0.01 hrs,  Volume= 30.314 af,  Atten= 0%,  Lag= 0.6 min
Primary = 7.64 cfs @ 0.01 hrs,  Volume= 30.314 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 1,137.53' @ 0.00 hrs
Flood Elev= 1,141.20'

Device Routing     Invert Outlet Devices

#1 Primary 1,135.97' 18.0"  Round RCP_Round  18"   
L= 80.0'   RCP, end-section conforming to fill,  Ke= 0.500   
Inlet / Outlet Invert= 1,135.97' / 1,133.49'   S= 0.0310 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf   

Primary OutFlow  Max=7.64 cfs @ 0.01 hrs  HW=1,137.53'   (Free Discharge)
1=RCP_Round  18"  (Inlet Controls 7.64 cfs @ 4.32 fps)

Pond 11/12: 1027+00.0, LT 14.0'
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Summary for Pond 13/14: 1030+73.0, LT 14.0'

50 Year Rational Method flows used. See proposed condition excel spreadsheet.Flood elevations reflect 
1' freeboard to shoulder break.

Inflow = 0.83 cfs @ 0.00 hrs,  Volume= 3.293 af,  Incl. 0.83 cfs Base Flow
Outflow = 0.83 cfs @ 0.00 hrs,  Volume= 3.293 af,  Atten= 0%,  Lag= 0.0 min
Primary = 0.83 cfs @ 0.00 hrs,  Volume= 3.293 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 1,138.43' @ 0.00 hrs
Flood Elev= 1,143.30'

Device Routing     Invert Outlet Devices

#1 Primary 1,138.03' 18.0"  Round RCP_Round  18"   
L= 80.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,138.03' / 1,135.12'   S= 0.0364 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf   

Primary OutFlow  Max=0.83 cfs @ 0.00 hrs  HW=1,138.43'   (Free Discharge)
1=RCP_Round  18"  (Inlet Controls 0.83 cfs @ 2.16 fps)

Pond 13/14: 1030+73.0, LT 14.0'
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Summary for Pond 15/16: 1032+50.0, LT 14.0

50 Year Rational Method flows used. See proposed condition excel spreadsheet.Flood elevations reflect 
1' freeboard to shoulder break.

Inflow = 4.63 cfs @ 0.00 hrs,  Volume= 18.371 af,  Incl. 4.63 cfs Base Flow
Outflow = 4.63 cfs @ 0.00 hrs,  Volume= 18.371 af,  Atten= 0%,  Lag= 0.0 min
Primary = 4.63 cfs @ 0.00 hrs,  Volume= 18.371 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 1,140.08' @ 0.00 hrs
Flood Elev= 1,144.30'

Device Routing     Invert Outlet Devices

#1 Primary 1,139.03' 18.0"  Round RCP_Round  18"   
L= 80.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,139.03' / 1,135.05'   S= 0.0498 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf   

Primary OutFlow  Max=4.63 cfs @ 0.00 hrs  HW=1,140.08'   (Free Discharge)
1=RCP_Round  18"  (Inlet Controls 4.63 cfs @ 3.49 fps)

Pond 15/16: 1032+50.0, LT 14.0
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Summary for Pond 21/22: 1044+36.0, LT 14.0'

50 Year Rational Method flows used. See proposed condition excel spreadsheet.Flood elevations reflect 
1' freeboard to shoulder break.

Inflow = 7.84 cfs @ 0.00 hrs,  Volume= 31.107 af,  Incl. 7.84 cfs Base Flow
Outflow = 7.84 cfs @ 0.00 hrs,  Volume= 31.107 af,  Atten= 0%,  Lag= 0.0 min
Primary = 7.84 cfs @ 0.00 hrs,  Volume= 31.107 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 1,141.44' @ 0.00 hrs
Flood Elev= 1,145.10'

Device Routing     Invert Outlet Devices

#1 Primary 1,139.84' 18.0"  Round RCP_Round  18"   
L= 81.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,139.84' / 1,137.03'   S= 0.0347 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf   

Primary OutFlow  Max=7.84 cfs @ 0.00 hrs  HW=1,141.44'   (Free Discharge)
1=RCP_Round  18"  (Inlet Controls 7.84 cfs @ 4.44 fps)

Pond 21/22: 1044+36.0, LT 14.0'
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Summary for Pond 23/24: 1048+16.0, LT 14.0'

50 Year Rational Method flows used. See proposed condition excel spreadsheet.Flood elevations reflect 
1' freeboard to shoulder break.

Inflow = 4.20 cfs @ 0.00 hrs,  Volume= 16.665 af,  Incl. 4.20 cfs Base Flow
Outflow = 4.20 cfs @ 0.00 hrs,  Volume= 16.665 af,  Atten= 0%,  Lag= 0.0 min
Primary = 4.20 cfs @ 0.00 hrs,  Volume= 16.665 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 1,141.84' @ 0.00 hrs
Flood Elev= 1,146.15'

Device Routing     Invert Outlet Devices

#1 Primary 1,140.85' 18.0"  Round RCP_Round  18"   
L= 80.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,140.85' / 1,139.23'   S= 0.0202 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf   

Primary OutFlow  Max=4.20 cfs @ 0.00 hrs  HW=1,141.84'   (Free Discharge)
1=RCP_Round  18"  (Inlet Controls 4.20 cfs @ 3.39 fps)

Pond 23/24: 1048+16.0, LT 14.0'
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Summary for Pond 25/26: 1050+45.0, LT 14.0'

50 Year Rational Method flows used. See proposed condition excel spreadsheet.Flood elevations reflect 
1' freeboard to shoulder break.

Inflow = 12.34 cfs @ 0.00 hrs,  Volume= 48.962 af,  Incl. 12.34 cfs Base Flow
Outflow = 12.34 cfs @ 0.00 hrs,  Volume= 48.962 af,  Atten= 0%,  Lag= 0.0 min
Primary = 12.34 cfs @ 0.00 hrs,  Volume= 48.962 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 1,142.22' @ 0.00 hrs
Flood Elev= 1,146.30'

Device Routing     Invert Outlet Devices

#1 Primary 1,140.55' 24.0"  Round RCP_Round  24"   
L= 100.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,140.55' / 1,137.95'   S= 0.0260 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 3.14 sf   

Primary OutFlow  Max=12.34 cfs @ 0.00 hrs  HW=1,142.22'   (Free Discharge)
1=RCP_Round  24"  (Inlet Controls 12.34 cfs @ 4.40 fps)

Pond 25/26: 1050+45.0, LT 14.0'
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Summary for Pond 27/28: 1052+58.0, LT 14.0'

50 Year Rational Method flows used. See proposed condition excel spreadsheet.Flood elevations reflect 
1' freeboard to shoulder break.

Inflow = 14.06 cfs @ 0.00 hrs,  Volume= 55.787 af,  Incl. 14.06 cfs Base Flow
Outflow = 14.06 cfs @ 0.00 hrs,  Volume= 55.787 af,  Atten= 0%,  Lag= 0.0 min
Primary = 14.06 cfs @ 0.00 hrs,  Volume= 55.787 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 1,146.67' @ 0.00 hrs
Flood Elev= 1,150.66'

Device Routing     Invert Outlet Devices

#1 Primary 1,144.82' 24.0"  Round RCP_Round  24"   
L= 75.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,144.82' / 1,140.67'   S= 0.0553 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 3.14 sf   

Primary OutFlow  Max=14.06 cfs @ 0.00 hrs  HW=1,146.67'   (Free Discharge)
1=RCP_Round  24"  (Inlet Controls 14.06 cfs @ 4.63 fps)

Pond 27/28: 1052+58.0, LT 14.0'
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Summary for Pond 29/30: 1055+05.0, LT 14.0'

50 Year Rational Method flows used. See proposed condition excel spreadsheet.Flood elevations reflect 
1' freeboard to shoulder break.

Inflow = 18.55 cfs @ 0.00 hrs,  Volume= 73.602 af,  Incl. 18.55 cfs Base Flow
Outflow = 18.55 cfs @ 0.00 hrs,  Volume= 73.602 af,  Atten= 0%,  Lag= 0.0 min
Primary = 18.55 cfs @ 0.00 hrs,  Volume= 73.602 af

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs
Peak Elev= 1,160.41' @ 0.00 hrs
Flood Elev= 1,162.36'

Device Routing     Invert Outlet Devices

#1 Primary 1,154.91' 18.0"  Round RCP_Round  18"   
L= 80.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 1,154.91' / 1,150.16'   S= 0.0594 '/'   Cc= 0.900   
n= 0.013  Concrete pipe, bends & connections,  Flow Area= 1.77 sf   

Primary OutFlow  Max=18.55 cfs @ 0.00 hrs  HW=1,160.41'   (Free Discharge)
1=RCP_Round  18"  (Inlet Controls 18.55 cfs @ 10.50 fps)

Pond 29/30: 1055+05.0, LT 14.0'
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Summary for Link 5L: Androscoggin River

Inflow = 86.25 cfs @ 0.00 hrs,  Volume= 342.220 af
Primary = 86.25 cfs @ 0.00 hrs,  Volume= 342.220 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-48.00 hrs, dt= 0.01 hrs

Link 5L: Androscoggin River

Inflow
Primary

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Discharge Names
Total Discharge 

(cfs)

Culvert Discharge 

(cfs)

Headwater 

Elevation (ft)

Inlet Control 

Depth(ft)

Outlet Control 

Depth(ft)
Normal Depth (ft) Critical Depth (ft) Outlet Depth (ft)

Tailwater Depth 

(ft)

Outlet Velocity 

(ft/s)

Tailwater Velocity 

(ft/s)

 2 year 0.91 0.91 1142.13 0.54 -1.49 0.31 0.37 0.31 0.1 3.71 2.31

 10 year 1.26 1.26 1142.23 0.64 -1.04 0.37 0.44 0.37 0.12 4.09 2.61

 50 year 1.77 1.77 1142.38 0.79 -0.86 0.44 0.53 0.44 0.15 4.47 2.98

 100 year 2.03 2.03 1142.44 0.85 -0.76 0.47 0.57 0.47 0.16 4.64 3.14

P-4 - STA. 1010+20-15" CMP (EXISTING CULVERT)



HY-8 Analysis Results

Crossing Summary Table

Culvert Crossing: P-4

Headwater 
Elevation (ft)

Discharge Names Total Discharge 
(cfs)

Existing 15 
Discharge (cfs)

Roadway 
Discharge (cfs)

Iterations

1142.13 2 year 0.91 0.91 0.00 1

1142.23 10 year 1.26 1.26 0.00 1

1142.38 50 year 1.77 1.77 0.00 1

1142.44 100 year 2.03 2.03 0.00 1

1147.24 Overtopping 10.18 0.00 1.00



Discharge Names
Total Discharge 

(cfs)

Culvert Discharge 

(cfs)

Headwater 

Elevation (ft)

Inlet Control 

Depth(ft)

Outlet Control 

Depth(ft)
Normal Depth (ft) Critical Depth (ft) Outlet Depth (ft)

Tailwater Depth 

(ft)

Outlet Velocity 

(ft/s)

Tailwater Velocity 

(ft/s)

 10 year 150 150 1135.67 5.27 5.59 5 3.51 3.51 1.45 10.2 6.07

 50 year 246 246 1139.73 8.02 9.65 5 4.4 4.4 2 13.45 7.24

 100 year 285 285 1141.8 9.44 11.72 5 4.61 4.61 2.2 15.06 7.62

P-5 - STA. 1010+23-60" CMP EXTENSION



Discharge Names
Total Discharge 

(cfs)

Culvert Discharge 

(cfs)

Headwater 

Elevation (ft)

Inlet Control 

Depth(ft)

Outlet Control 

Depth(ft)
Normal Depth (ft) Critical Depth (ft) Outlet Depth (ft)

Tailwater Depth 

(ft)

Outlet Velocity 

(ft/s)

Tailwater Velocity 

(ft/s)

 2 year 13.19 13.19 1138.22 1.84 -0.97 0.71 1.22 0.76 0.62 10 7.04

 10 year 18.96 18.96 1138.68 2.3 -0.42 0.86 1.47 0.92 0.8 11.14 7.88

 50 year 27.21 27.21 1139.49 3.11 0.49 1.05 1.78 1.14 1.04 12.01 8.76

 100 year 32.32 32.32 1140.14 3.76 1.41 1.16 1.93 1.27 1.17 12.48 9.19

P-12 - STA. 1040+00-30" RCP



HY-8 Analysis Results

Crossing Summary Table

Culvert Crossing: P-12

Headwater 
Elevation (ft)

Discharge Names Total Discharge 
(cfs)

Proposed 30 
Discharge (cfs)

Roadway 
Discharge (cfs)

Iterations

1138.22 2 year 13.19 13.19 0.00 1

1138.68 10 year 18.96 18.96 0.00 1

1139.49 50 year 27.21 27.21 0.00 1

1140.14 100 year 32.32 32.32 0.00 1

1144.75 Overtopping 57.37 0.00 1.00



HY-8 Analysis Results

Crossing Summary Table

Culvert Crossing: P-5

Headwater 
Elevation (ft)

Discharge Names Total Discharge 
(cfs)

Existing 60 
Discharge (cfs)

Roadway 
Discharge (cfs)

Iterations

1135.67 10 year 150.00 150.00 0.00 1

1139.73 50 year 246.00 246.00 0.00 1

1141.80 100 year 285.00 285.00 0.00 1

1142.76 Overtopping 301.67 0.00 1.00



Discharge Names
Total Discharge 

(cfs)

Culvert Discharge 

(cfs)

Headwater 

Elevation (ft)

Inlet Control 

Depth(ft)

Outlet Control 

Depth(ft)
Normal Depth (ft) Critical Depth (ft) Outlet Depth (ft)

Tailwater Depth 

(ft)

Outlet Velocity 

(ft/s)

Tailwater Velocity 

(ft/s)

 2 year 1.86 1.86 1202.78 0.78 -1.66 0.39 0.51 0.39 0.13 4.92 6.5

 10 year 2.76 2.76 1202.96 0.96 -1.43 0.48 0.63 0.48 0.16 5.48 7.45

 50 year 3.86 3.86 1203.16 1.16 -1.13 0.57 0.75 0.57 0.19 6.01 8.33

 100 year 4.45 4.45 1203.26 1.26 -0.96 0.62 0.81 0.64 0.21 6.03 8.73

P-18 - STA. 1069+50-18" CMP



HY-8 Analysis Results

Crossing Summary Table

Culvert Crossing: P-18

Headwater 
Elevation (ft)

Discharge Names Total Discharge 
(cfs)

Proposed 18 
Discharge (cfs)

Roadway 
Discharge (cfs)

Iterations

1202.78 2 year 1.86 1.86 0.00 1

1202.96 10 year 2.76 2.76 0.00 1

1203.16 50 year 3.86 3.86 0.00 1

1203.26 100 year 4.45 4.45 0.00 1

1205.00 Overtopping 11.21 0.00 1.00
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Outlet Protection Calculations  
  

C 



VHB Computations

Project:  #16304.00

Location: Dummer, NH

Sheet 1 of  6   

Calculated by: SPH

Date: 10/18/17

Checked by:

Date:

Riprap Outlet Protection Design

RIPRAP OUTLET PROTECTION SIZING

Source:  NH Stormwater Manual: Volume 2

NHDES, December 2008, Outlet Protection, pp. 172 to 174

Apron Width at Outlet: Width = 3 * pipe dia. (or width of channel)

Apron Length: Length = (1.8 * Q) / (dia.^3/2) + 7 * dia. if Tw depth is < 1/2 dia.

Length = (3.0 * Q) / (dia^3/2) + 7 * dia. if Tw depth is >= 1/2 dia.

Apron Width at End: Width = 3*dia. + apron length if Tw depth is < 1/2 dia.

Width = 3dia. + 0.4*apron length if Tw depth is >= 1/2 dia.

or apron width = channel width if a well defined channel exists

Rock Riprap: Median Diameter = (0.02 * Q^4/3) / (Tw * dia)

Largest Stone Diameter = 1.5 * d50)

Largest Stone Diameter = 1.5 * d50

Drainage Note 4 5 7 8* 9* 10*

1013+23 1020+73 1024+50 1027+00 1030+73 1032+50

Drainage Note:

Design Storm (yr): 50 50 50 50 50 50

Def. Channel (yes/no) YES YES YES YES YES YES

Channel Width, ft 4 2 7 2 7 7

Pipe Dia (D), in 18 18 18 18 18 18

Tail Water (Tw), ft 0.1 0.4 0.1 0.4 0.0 0.1

Pipe Slope (ft/ft) 0.037 0.044 0.010 0.021 0.026 0.030

Tw<0.5D Tw<0.5D Tw<0.5D Tw<0.5D Tw<0.5D Tw<0.5D

Flow (Q), cfs 4.7 8.0 3.5 7.6 0.8 4.6                (from Appendix J)

Apron Width (outlet), ft 4.0 2.0 7.0 2.0 7.0 7.0

Apron Length, ft 16 19 14 18 12 16 (10' min)

Apron Width (end), ft 21 24 19 23 17 21 (10' min)

Median Stone Dia., ft 0.80 0.54 1.01 0.54 0.35 1.28

Median Stone Dia., in 10 7 13 7 6 16 (6" min)

Largest Stone Dia., ft 1.25 0.88 1.63 0.88 0.75 2.00

Largest Stone Dia., in 15 11 20 11 9 24

Apron Depth, ft 1.9 1.3 2.4 1.3 1.1 3.0

Apron Depth, in 23.0 17.0 30.0 17.0 14.0 36.0

NHDOT Stone Class B C B C C B

Proposed Constructed dimensions:

La(ft) 16 19 14 18 12 16

Ws or Wb (ft) 4 2 7 2 7 7

We or Wc (ft) 4 2 7 2 7 7

de (ft) 2.25 1.5 2.25 1.5 1.5 2.25 (1.5' min.)

Note: Tw depths determined using FHWA Hy8.

* Stone Outlet modified to eliminate impacts to O.H.W

Outlet Description

Apron Depth

Apron Width @ End

Apron Length

Apron Width @ 

Outlet

Page 1\\NHBEDATA\projects\52900.16 Dummer\tech\Highway\Drainage\16304_Rip_Rap_Protection



VHB Computations

Project:  #16304.00

Location: Dummer, NH

Sheet 1 of  6   

Calculated by: SPH

Date: 10/18/17

Checked by:

Date:

Riprap Outlet Protection Design

RIPRAP OUTLET PROTECTION SIZING

Source:  NH Stormwater Manual: Volume 2

NHDES, December 2008, Outlet Protection, pp. 172 to 174

Apron Width at Outlet: Width = 3 * pipe dia. (or width of channel)

Apron Length: Length = (1.8 * Q) / (dia.^3/2) + 7 * dia. if Tw depth is < 1/2 dia.

Length = (3.0 * Q) / (dia^3/2) + 7 * dia. if Tw depth is >= 1/2 dia.

Apron Width at End: Width = 3*dia. + apron length if Tw depth is < 1/2 dia.

Width = 3dia. + 0.4*apron length if Tw depth is >= 1/2 dia.

or apron width = channel width if a well defined channel exists

Rock Riprap: Median Diameter = (0.02 * Q^4/3) / (Tw * dia)

Largest Stone Diameter = 1.5 * d50)

Largest Stone Diameter = 1.5 * d50

Drainage Note 13* 14* 15 16* 17* 18

1040+00 1044+36 1048+16 1050+45 1052+58 1055+06

Drainage Note:

Design Storm (yr): 50 50 50 50 50 50

Def. Channel (yes/no) YES YES YES YES YES YES

Channel Width, ft 3 4 3 3 3 4

Pipe Dia (D), in 30 18 18 24 24 18

Tail Water (Tw), ft 0.6 0.2 0.2 0.3 0.4 0.4

Pipe Slope (ft/ft) 0.006 0.023 0.011 0.008 0.049 0.080

Tw<0.5D Tw<0.5D Tw<0.5D Tw<0.5D Tw<0.5D Tw<0.5D

Flow (Q), cfs 27.2 7.9 4.2 12.3 14.1 8.3                (from Appendix J)

Apron Width (outlet), ft 3.0 4.0 3.0 3.0 3.0 4.0

Apron Length, ft 30 19 15 22 23 19 (10' min)

Apron Width (end), ft 38 24 20 28 29 24 (10' min)

Median Stone Dia., ft 1.05 1.04 0.38 0.86 0.77 0.58

Median Stone Dia., in 13 13 6 11 10 7 (6" min)

Largest Stone Dia., ft 1.63 1.63 0.75 1.38 1.25 0.88

Largest Stone Dia., in 20 20 9 17 15 11

Apron Depth, ft 2.4 2.4 1.1 2.1 1.9 1.3

Apron Depth, in 30.0 30.0 14.0 26.0 23.0 17.0

NHDOT Stone Class B B C B B C

Proposed Constructed dimensions:

La(ft) 30 19 15 22 23 19

Ws or Wb (ft) 3 4 3 3 3 4

We or Wc (ft) 3 4 3 3 3 4

de (ft) 2.25 2.25 1.5 2.25 2.25 1.5 (1.5' min.)

Note: Tw depths determined using FHWA Hy8.

* Stone Outlet modified to eliminate impacts to O.H.W

Outlet Description

Apron Depth

Apron Width @ End

Apron Length

Apron Width @ 

Outlet
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 H-1 Culvert Design 
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Appendix D 

Pollutant Loading Calculations

D 



 

Type

Enter the type of buffer (e.g., residential buffer) and the node name in the drainage analysis, if applicable

yes Yes/No Is the buffer adjacent to the area that you are treating? �  yes

yes Yes/No Does the runoff enter the buffer as sheet flow (naturally or with a level spreader?)

no Yes/No Has a level spreader been provided?

-             %F % Forest (F) cover in the buffer (remaining assumed to be meadow (M)).

100.0         %M % Meadow cover in the buffer

-             %A Hydrologic soil group (HSG) in buffer (%A, %B, %C). Remaining assumed to be D soil 

25.0           %B

25.0           %C

50.0           %D

15.0           % Buffer Slope �  < 15%

If a Residential or Small Pervious Area buffer is proposed:

Yes/No Is the runoff from a single family or duplex residential lot? �  yes

LFP = maximum flow path to the buffer

ac A = area draining to the buffer

ac AIMP = impervious area draining to the buffer

- % I = percent impervious area draining to the buffer �  < 10%

FALSE Option A check: AIMP  < 1 ac  & LFP  < 100' � yes for 

FALSE Option B check: I  < 10% & LFP < 150'       A or B

no Level Spreader proposed? (Sheet flow without the aid of a LS) �  no

Good Slope check �  < 15%

97              feet Buffer base length due to soil type (weighted based on HSG)

30              feet Buffer length adjustment due to steepness of buffer

30              feet Buffer length adjustment due to percent of meadow in buffer

157           feet Minimum buffer length required 
1

If a Developed Area Buffer with a Level Spreader is proposed:

no Level Spreader proposed? �  yes

ac A = Area draining to the buffer 
2

ac AI = impervious area draining to the buffer 
2

- % Percent impervious of the area that is draining to the buffer

Good Slope check �  < 15%

-             sf Buffer base area due to soil type in the buffer (weighted based on HSG)

- sf Buffer area adjustment due to impervious cover draining to buffer

-             sf Buffer area adjustment due to steepness of buffer

-             sf Buffer area adjustment due to percent of meadow in buffer

-           sf AMIN = Minimum buffer area required

ft LLS = total length of level spreader(s) provided 
3

ft LB = buffer length 
4

sf AB = buffer area provided �  > AMIN

16304 Route 16 Roadway Buffer

BUFFER DESIGN CRITERIA

(Env-Wq 1508.09)



If a Roadway Buffer is proposed:

no Yes/No LS proposed? Roadway/shoulder must sheet directly to the buffer. �  no

no Yes/No Do any other areas drain to the buffer (other than roadway & shoulder)?    � no

yes Yes/No Is the road parallel to the contours of the buffer slope? �  yes

Good Natural slope check 
5

�  < 20%

20.0           feet How much embankment slope counts toward the buffer? 
6

�  0 - 20 feet

1.0             Lane(s) Number of travel lanes draining to the buffer

50.0           Minimum buffer flow path (LMIN)

60.0           feet Buffer flow path �  > LMIN

If a Ditch Turn Out Buffer is proposed:

no Level Spreader proposed? �  yes

feet Level Spreader Length 
7

Yes/No Do any other areas drain to the buffer (other than roadway & shoulder)?    � no

sf Drainage Area to the ditch �  < 6000 sf

Good Slope check �  < 15%

-             feet Buffer base length due to soil type (weighted based on HSG)

30              feet Buffer length adjustment due to steepness of buffer

30              feet Buffer length adjustment due to percent of meadow in buffer

60             feet Minimum buffer length required
 8

NHDES Alteration of Terrain

Last Revised: December 2017

Designer's Notes:

7.  Minimum level spreader length is 20 feet and maximum is 50 feet.  You may use multiple level spreaders if 

the stormwater is evenly distributed to them.  For example, you may have a total length of 100 feet for the level 

spreaders as long as you have two 50' level spreaders.

8.  Minimum buffer length is the total of the above three cells OR 50', whichever is greater.

5.  If the slope is man-made, it must be 15% or flatter.

6.  20' (max) of the roadway embankment slope may count towards the buffer length if it is 3:1 or flatter.

3.  Minimum level spreader length is 20 feet and maximum is 50 feet.  You may use multiple level spreaders if 

the stormwater is evenly distributed to them. 

2.  If a detention structure is used upstream of the level spreader, the drainage area draining to the buffer shall 

considered equal to 1 acre of impervious area for every 1 cfs of peak 2-year, 24-hr outflow from the detention 

structure.

4.  Minimum buffer length 50 feet.

1.  Minimum buffer length is the total of the above three cells OR 45', whichever is greater.

Example: AMIN = 6,000 sf with a 100' buffer available.  Therefore the LS lengths must total 60 feet (6,000 sf/ 

100'); however LS lengths must be between 20' and 50' so one 60' long level spreader is not permitted.  The 

design would have two LS, each 30'.  As long as a collection basin is provided to evenly distribute the flow to 

the two level spreaders.
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 Appendix D – Pollutant Loading Analysis  
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To: Mark Hemmerlein, NHDOT Date: December 19, 2017 

Project #: 52900.16 

From: Bill Arcieri, VHB Re: Route 16 Improvement Project: NHDOT #16304: Town of Dummer: 
Preliminary Proposal of Stormwater Treatment Measures 

Project Background 
The New Hampshire Department of Transportation (“Department”) is proposing to improve 1.26 miles (~6,640 feet) 
section of NH Route 16 located in Dummer, New Hampshire.  The purpose of the project is to realign or shift the road 
away from the Androscoggin River, which runs directly parallel to this road section. The river has incrementally 
migrated closer to the road. The proposed improvement will shift the road farther away from the river.  The amount of 
upland area available for stormwater treatment is extremely limited due to existing wetland areas that border nearly 
the entire length of right-of way or toe-of-slope on both sides of the road and especially along the west side of road. 
These wetland areas are supported by shallow groundwater and surface flow as it drains to the river from the adjacent 
western hillside.  For safety reasons, the paved roadway shoulders will be widened from 1 to 4 feet adding +/-3 feet to 
either side and increasing the road width by 6 feet, on average. The pavement width of the new road will be 30 feet.   
The following presents the estimated change in impervious area between existing and proposed conditions:   

Impervious Area; 
• Existing Impervious Area  = 165,546 sf (3.80 Ac) 
• Proposed Impervious Area  = 198,465 sf (4.56 Ac) 
• Difference (Increase)     = 32,919 sf (0.76 Ac) 

Proposed Stormwater Treatment:  
Table 1 below provides a summary of the various roadway segments in the project corridor (see separate plan sheet) 
that will be treated with a vegetated filter strip that will be designed in accordance with the roadway buffer design 
guidelines contained in the NHDES Stormwater Manual.  The vegetated buffer will be constructed along the east side 
of the roadway within the existing road footprint once road is shifted to the west.  The first 20 feet of the buffer will 
consist of a 4:1 slope or less and the remaining 30 feet of buffer length will have a uniform slope of 15% or less for an 
overall minimum length of 50 feet. Runoff will leave the roadway edge of pavement as sheet flow. As noted below, in 
certain road sections where the vegetated buffer will treat two travel lanes instead of one, the removal efficiencies are 
prorated based on the anticipated buffer length versus recommended length.  Given the extent of wetland area on 
both sides of the road, particularly on the west side, there is limited opportunity to construct additional buffer area or 
other structural stormwater BMPs without resulting in additional wetland impact.   

The realignment will enable a vegetated buffer with a minimum length of 50-feet to be constructed along 3,895 feet 
or 59% of the improved road section (Segments B, C, D, F & H on plan sheet). Segments A and I, at the southern and 
northern ends of the project, respectively, will not have sufficient space to construct a 50-foot treatment buffer as the 
improved roadway will taper back into the existing road. Segments E and G consist of curved or super-elevated road 
sections that will direct runoff from both lanes to the west and away from the vegetated buffer. 

Of the roadway length that will be directed to the vegetated buffer, approximately 2,540 feet will consist of one travel 
lane plus shoulder (Segments B & D).  These sections have a normal crown along the centerline, the west side travel 
lane and shoulder will drain to the west away from the vegetated buffer.  The buffer length in Segments B and D will 
be 10 to 15 feet longer than 50 feet for approximately 900 and 400 feet of roadway, respectively, or roughly half of the 
road length treating one travel lane.   
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Approximately 1,355 feet of roadway draining to the vegetated buffer will consist of two-lanes or full roadway width 
within three curved sections (Segments C, F & H).  Due to the extent of wetland area, the recommended 80 feet of 
vegetated buffer length for two travel lanes per NHDES design guidance cannot be accommodated.  However, the 
buffer length will range from 60 to 80 feet or have an average length of approximately 65 feet for approximately 555 
feet in Segment F.  Approximately 150 feet or half of Segment H will have approximately 10 feet of additional buffer 
for a total length of 60 feet.  

For this analysis, stormwater runoff from Segments A and I at the southern and northern ends of the project as well as 
Segments E and G will be considered untreated. In reality, stormwater in Segments A and I will at least receive partial 
treatment as runoff flows down the grassed road embankments to wooded areas outside the right-of-way. 

The pollutant removal efficiencies for Segments B & D which will direct one travel-lane to a 50-foot vegetated buffer 
were assumed to be 73%, 45% and 40% for TSS, TP and TN respectively, consistent with the NHDES Stormwater 
Manual. This accounts for approximately 0.9 acres of pavement. As mentioned above, the buffer length in these two 
segments will actually be 10 feet or more longer for more than a half of the road length. However, no additional 
treatment credit was assumed for these areas with longer flow paths beyond 50 feet. 

In Segments C, F and H that will direct two (2) travel lanes to the vegetated buffer, the assumed removal efficiencies 
were prorated based on the estimated buffer length relative to the specified 80 feet. For Segments C and H, the total 
buffer length was conservatively assumed to be 50-feet and the assumed removal efficiencies were reduced by half to 
37%, 23% and 20% for TSS, TP and TN, respectively. For Segment F, where the buffer length will be 60 to 80-feet, the 
assumed removal efficiencies were reduced by 25% to 55%, 34% and 30% for TSS, TP and TN, respectively. 

Table 1. Summary of Roadway Areas and Road Segments Proposed to be Treated and Remain Untreated  

Segment Stations 
Length 
(feet) 

Road 
Crown 

Untreated Treated  
# 
lanes 

Area  
(sq. ft) 

# 
lanes 

Area  
(sq. ft) Anticipated Treatment 

A 1004+17 to 
1019+50 1533 normal 2 45,990   Sheet flow drains to mixed woods 

B 1019+50 to 
1037+70 1820 normal 1 27,300 1 27,300 1 lane to 50’ buffer; ~900 ft. w/ 

add’l 10- 15 feet of buffer length1  
C 1037+70 to 

1042+70 500 Super. 
curve   2  15,000 2 lanes to 50 feet of buffer2 

D 1042+70 to 
1049+90 720 normal 1 10,800 1   10,800 1 lane to >50 ft. buffer; approx. half 

of road with ~10 ft. of added buffer1 

E 1049+90 to 
1053+90 400 Super. 

curve 2  12,000   2 lanes drain to west away from 
buffer  

F 1053+90 to 
1059+45 555 Super. 

curve   2 16,650 2 lanes to >50’ buffer: 550 ft w/ 10-
20 feet of added buffer3 

G 1059+45 to 
1064+55 510 Super 

curve 2 15,300   2 lanes drain to the west away 
from buffer 

H 1064+55 to 
1067+55 300 Super 

Curve   2 9,000 2 lanes to 50 feet buffer; approx. 
50% drains to 60 feet buffer2 

I 1067+50 
1070+50 300 Super 

Curve 2 9,000   Sheet flow drains to mixed woods 

 Totals 6,638 Sq ft  
(acres)  120,300 

(2.76 ac) 1 78,750 
(1.81 ac) 

Approx. 50% of treated road length 
has 10-20 ft of added buffer length 

Notes: 1For Segments B and D treating one lane, the assumed pollutant removal efficiencies for TSS, TP and TN were 73%, 45% and 40%, 
respectively, consistent with the NHDES Stormwater Manual.  
2For Segment C and H, 2-lane road that will be treated by a 50-foot buffer the normal removal efficiencies were reduced by 50% to 37%, 23% and 
20% for TSS, TP and TN, respectively.   
3For Segment F, 2-lane road that will be treated by a vegetated buffer of 60 to 80-feet in length, and the normal removal efficiencies were reduced 
by approximately 25% to 55%, 34% and 30% for TSS, TP and TN, respectively. 
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Pollutant Loading Results:  
Table 2 provides a summary of the preliminary pollutant loading results using DES’ Simple Method spreadsheet based 
on the design parameters and assumptions described above. 

Table 2. Preliminary Pollutant Loading Results for NH Route 16 Road Project using a vegetated buffer.  
 

 

 

 

 

 

 

 

      

Based on the results of this analysis, the predicted total suspended solids (TSS) load under future conditions is less 
than the predicted existing load due to the proposed treatment with a vegetated buffer. The predicted TSS load would 
be reduced by approximately 7.5% or 312 lbs/year compared to the predicted existing load while the TP and TN loads 
under future conditions are predicted to increase slightly by approximately 3% and 5% or by 0.4 and 3.9 lbs/year, 
respectively.  Since phosphorus is the more limited nutrient in freshwater water bodies, it represents the pollutant of 
greater concern for potentially stimulating algal growth. Given the size of the Androscoggin River and its watershed, 
the predicted change of 0.4 lbs/year or 3% above the existing load is not likely to cause an observable or measurable 
change in water quality.  The magnitude of this predicted increase is likely to be well within the margin of error of this 
modeling procedure.   It is possible that the additional potential treatment associated with the longer buffer length in 
Segments B and D that will treat one travel lane would offset this potential increase.  In the curved section of Segment 
H, more than half of the road segment will have more than 50-feet of buffer length, which is also not accounted for in 
this analysis. Based on the inherent assumptions and results of this analysis, no additional stormwater treatment is 
considered necessary.  

 

    TSS TP TN 
    (LBS/YR) (LBS/YR) (LBS/YR) 
PRE DEVELOPMENT LOADS (NO BMPS)   4141.3 12.6 77.8 
PRE DEVELOPMENT LOADS (WITH BMPS)   4141.3 12.6 77.8 
PRE DEVELOPMENT LOAD REDUCTION DUE TO BMPS   0.0 0.0 0.0 
          
PROPOSED PERCENT REDUCTION IN FERTILIZER APPLICATION RATE   NA 0.0% 0.0% 
POST DEVELOPMENT LOADS (NO BMPS)   4964.1 15.1 93.3 
POST DEVELOPMENT LOADS (WITH BMPS)   3829.3 13.0 81.7 
POST DEVELOPMENT LOAD REDUCTION DUE TO BMPS   1145.7 2.1 11.8 
          
POST DEVELOPMENT - PRE DEVELOPMENT (SHOULD BE 0 OR NEGATIVE)   -312.0 0.4 3.9 
% DIFFERENCE FROM PRE DEVELOMENT LOADS (SHOULD BE 0 OR NEGATIVE) -7.5% 3% 5.0% 



Date (MM/DD/YYYY): 12/18/2017
Project Name: 
Town/City:
Impacted Surface Waters:
Applicant:
DES File #:

Average Annual Precipitation P 40.00 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) 15.0 150.0
INITIAL PERCENT REDUCTION 0.0% 0.0%
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) 0.0% 0.0% 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 perce  

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) 3.80 3.80 4.57 4.57 0.00
Insert information for 1st sub-area below

Sub_Area_ID 1- PRE Sub_Area_ID 1-POST
Point of Analysis (PoA) Number Point of Analysis (PoA) Number no treatment
Total Area for Sub-Area (acres) 3.80 3.80 Total Area in Sub-Area (acres) 2.76 2.76 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) 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 0.00% 0.0% 0.11 1.74

Highway 3.80 100.00% Highway 2.76 100.00% 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 2nd sub-area below

Sub_Area_ID 2-PRE Sub_Area_ID 2-POST

NHDOT Route 16 Dummer Road Improvement
Dummer
Androscoggin River
NHDOT

Fertilizer Reduction Calculator



Point of Analysis (PoA) Number Point of Analysis (PoA) Number  B&D: 1-lane to veg filter strip
Total Area for Sub-Area (acres) 0.00 0.00 Total Area in Sub-Area (acres) 0.88 0.88 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 0.00% 0.0% 0.11 1.74

Highway 0.00 0.00% Highway 0.88 100.00% 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 3-PRE Sub_Area_ID 3-POST
Point of Analysis (PoA) Number Point of Analysis (PoA) Number Seg C&H: 2 Lns- 50' buffer
Total Area for Sub-Area (acres) 0.00 0.00 Total Area in Sub-Area (acres) 0.55 0.55 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 0.00% 0.0% 0.11 1.74

Highway 0.00 0.00% Highway 0.55 100.00% 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 4th sub-area below

Sub_Area_ID 4-PRE Sub_Area_ID 4-POST
Point of Analysis (PoA) Number Point of Analysis (PoA) Number Seg F: 2 Lns 60-80' buffer
Total Area for Sub-Area (acres) 0.00 0.00 Total Area in Sub-Area (acres) 0.38 0.38 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



NHDES Pollutant load-Dummer-12-18-2017
Input BMPs

2/1/2018

Date (MM/DD/YYYY): 12/18/2017
Project Name: NHDOT Route 16 Dummer Road Improvement ONLY CHANGE VALUES SHADED IN BLUE
Town/City: Dummer
Impacted Surface Waters: Androscoggin River
Applicant: NHDOT
DES File #:

PRE DEVELOPMENT INPUT BMP DESCRIPTIONS INPUT OVERALL REMOVAL EFFICIENCIES (%) FOR POLLUTANTS OF CONCERN
Sub-Area TSS TP TN

1- PRE No Structural Treatment 0% 0% 0%
2-PRE 0% 0% 0%
3-PRE 0% 0% 0%
4-PRE 0% 0% 0%
5-PRE 0% 0% 0%
6-PRE 0% 0% 0%
7-PRE 0% 0% 0%
8-PRE 0% 0% 0%
9-PRE 0% 0% 0%

10-PRE 0% 0% 0%
11-PRE 0% 0% 0%
12-PRE 0% 0% 0%
13-PRE 0% 0% 0%
14-PRE 0% 0% 0%
15-PRE 0% 0% 0%
16-PRE 0% 0% 0%
17-PRE 0% 0% 0%
18-PRE 0% 0% 0%
19-PRE 0% 0% 0%
20-PRE 0% 0% 0%
21-PRE 0% 0% 0%
22-PRE 0% 0% 0%
23-PRE 0% 0% 0%
24-PRE 0% 0% 0%
25-PRE 0% 0% 0%

POST DEVELOPMENT INPUT BMP DESCRIPTIONS INPUT OVERALL REMOVAL EFFICIENCIES (%) FOR POLLUTANTS OF CONCERN
Sub-Area TSS TP TN

1-POST No Engineered Treatment 0% 0% 0%
2-POST Vegetated Filter Strip -one lane section 73% 45% 40%
3-POST Segment C & H -Partial Treatment to 50 ft Vegetated Buffer Strip -two lanes 37% 22% 20%
4-POST Segment F -Partial Treatment to 60-80 ft Vegetated Buffer Strip-two lanes 55% 34% 30%
5-POST 0% 0% 0%
6-POST 0% 0% 0%
7-POST 0% 0% 0%
8-POST 0% 0% 0%
9-POST 0% 0% 0%

10-POST 0% 0% 0%
11-POST 0% 0% 0%
12-POST 0% 0% 0%
13-POST 0% 0% 0%
14-POST 0% 0% 0%
15-POST 0% 0% 0%
16-POST 0% 0% 0%
17-POST 0% 0% 0%
18-POST 0% 0% 0%
19-POST 0% 0% 0%
20-POST 0% 0% 0%
21-POST 0% 0% 0%
22-POST 0% 0% 0%
23-POST 0% 0% 0%
24-POST 0% 0% 0%
25-POST 0% 0% 0%
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NHDES Pollutant load-Dummer-12-18-2017
OVERALL SUMMARY

2/1/2018

Date (MM/DD/YYYY): 12/18/2017
Project Name: NHDOT Route 16 Dummer Road Improvement
Town/City: Dummer
Impacted Surface Waters: Androscoggin River
Applicant: NHDOT
DES File #:

TOTAL PRE -DEVELOPMENT (PRE-DEV) AREA   (ACRES) = 3.80
TOTAL PRE-DEV EFFECTIVE IMPERVIOUS  AREA (ACRES) = 3.80
TOTAL PRE-DEV PERCENT EFFECTIVE IMPERVIOUS (%) = 100.0%

TOTAL POST DEVELOPMENT (POST-DEV) AREA (ACRES) = 4.57
TOTAL POST-DEV EFFECTIVE IMPERVIOUS  AREA (ACRES) = 4.57
TOTAL POST-DEV PERCENT EFFECTIVE IMPERVIOUS (%) = 100.0%
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) 4141.3 12.6 77.8
PRE DEVELOPMENT LOADS (WITH BMPS) 4141.3 12.6 77.8
PRE DEVELOPMENT LOAD REDUCTION DUE TO BMPS 0.0 0.0 0.0

PROPOSED PERCENT REDUCTION IN FERTILIZER APPLICATION RATE NA 0.0% 0.0%
POST DEVELOPMENT LOADS (NO BMPS) 4975.0 15.2 93.5
POST DEVELOPMENT LOADS (WITH BMPS) 3829.3 13.0 81.7
POST DEVELOPMENT LOAD REDUCTION DUE TO BMPS 1145.7 2.1 11.8

POST DEVELOPMENT - PRE DEVELOPMENT (SHOULD BE 0 OR NEGATIVE) -312.0 0.4 3.9
% DIFFERENCE FROM PRE DEVELOMENT LOADS (SHOULD BE 0 OR NEGATIVE) -7.5% 3.2% 5.0%

TOTAL REMOVAL EFFICIENCY NEEDED TO MEET PRE-DEVELOPMENT LOAD 16.8% 16.8% 16.8%



NHDES Pollutant load-Dummer-12-18-2017
TSS SUB_AREA SUMMARY

2/1/2018

Date (MM/DD/YYYY): 12/18/2017
Project Name: NHDOT Route 16 Dummer Road Improvement
Town/City: Dummer
Impacted Surface Waters: Androscoggin River
Applicant: NHDOT
DES File #:

TOTAL POST DEVELOPMENT - PRE DEVELOPMENT (SHOULD BE 0 OR NEGATIVE)  (lbs/yr) -312.0
% DIFFERENCE FROM PRE DEVELOMENT LOADS (SHOULD BE 0 OR NEGATIVE) -7.5%

TOTAL REMOVAL EFFICIENCY NEEDED TO MEET PRE-DEVELOPMENT LOAD 16.8%
CURRENTLY PROPOSED REMOVAL EFFICIENCY  23.0%
REMAINING REMOVAL EFFICIENCY NECESSARY TO MEET PRE-DEVELOPMENT LOAD -6.3%

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 1- PRE 3.80 3.80 NA TSS NA No Structural Treatment 4141.3 4141.3 0.0 0.0%
PRE 2-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 3-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 4-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 5-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 6-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 7-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 8-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 9-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 10-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 11-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 12-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 13-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 14-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 15-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 16-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 17-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 18-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 19-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 20-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 21-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 22-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 23-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 24-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%
PRE 25-PRE 0.00 0.00 NA TSS NA 0.0 0.0 0.0 0.0%

TOTAL 3.80 3.80 TOTAL 4141.3 4141.3 0.0 0.0%



NHDES Pollutant load-Dummer-12-18-2017
TSS SUB_AREA SUMMARY

2/1/2018

Date (MM/DD/YYYY): 12/18/2017
Project Name: NHDOT Route 16 Dummer Road Improvement
Town/City: Dummer
Impacted Surface Waters: Androscoggin River
Applicant: NHDOT
DES File #:

TOTAL POST DEVELOPMENT - PRE DEVELOPMENT (SHOULD BE 0 OR NEGATIVE)  (lbs/yr) -312.0
% DIFFERENCE FROM PRE DEVELOMENT LOADS (SHOULD BE 0 OR NEGATIVE) -7.5%

TOTAL REMOVAL EFFICIENCY NEEDED TO MEET PRE-DEVELOPMENT LOAD 16.8%
CURRENTLY PROPOSED REMOVAL EFFICIENCY  23.0%
REMAINING REMOVAL EFFICIENCY NECESSARY TO MEET PRE-DEVELOPMENT LOAD -6.3%

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 1-POST no treatment 2.76 2.76 0.00 TSS NA No Engineered Treatment 3007.9 3007.9 0.0 0.0%
POST 2-POST  &D: 1-lane to veg filt  0.88 0.88 0.00 TSS NA Vegetated Filter Strip -one lane section 953.6 257.5 696.1 73.0%

POST 3-POST g C&H: 2 Lns- 50' bu 0.55 0.55 0.00 TSS NA Segment C & H -Partial Treatment to 50 ft 
Vegetated Buffer Strip -two lanes 599.4 377.6 221.8 37.0%

POST 4-POST g F: 2 Lns 60-80' buf 0.38 0.38 0.00 TSS NA Segment F -Partial Treatment to 60-80 ft 
Vegetated Buffer Strip-two lanes 414.1 186.4 227.8 55.0%

POST 5-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 6-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 7-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 8-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 9-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 10-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 11-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 12-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 13-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 14-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 15-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 16-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 17-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 18-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 19-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 20-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 21-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 22-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 23-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 24-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%
POST 25-POST 0.00 0.00 0.00 TSS NA 0.0 0.0 0.0 0.0%

TOTAL 4.57 4.57 0.00 TOTAL 4975.0 3829.3 1145.7 23.0%



NHDES Pollutant load-Dummer-12-18-2017
TP SUB_AREA SUMMARY

2/1/2018

Date (MM/DD/YYYY): 12/18/2017
Project Name: NHDOT Route 16 Dummer Road Improvement
Town/City: Dummer
Impacted Surface Waters: Androscoggin River
Applicant: NHDOT
DES File #:

TOTAL POST DEVELOPMENT - PRE DEVELOPMENT (SHOULD BE 0 OR NEGATIVE)  (lbs/yr) 0.4
% DIFFERENCE FROM PRE DEVELOMENT LOADS (SHOULD BE 0 OR NEGATIVE) 3.2%

TOTAL REMOVAL EFFICIENCY NEEDED TO MEET PRE-DEVELOPMENT LOAD 16.8%
CURRENTLY PROPOSED REMOVAL EFFICIENCY  14.1%
REMAINING REMOVAL EFFICIENCY NECESSARY TO MEET PRE-DEVELOPMENT LOAD 2.7%

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 1- PRE 3.80 3.80 NA TP NA No Structural Treatment 12.6 12.6 0.0 0.0%
PRE 2-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 3-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 4-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 5-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 6-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 7-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 8-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 9-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 10-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 11-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 12-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 13-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 14-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 15-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 16-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 17-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 18-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 19-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 20-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 21-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 22-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 23-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 24-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%
PRE 25-PRE 0.00 0.00 NA TP NA 0.0 0.0 0.0 0.0%

TOTAL 3.80 3.80 TOTAL 12.6 12.6 0.0 0.0%



NHDES Pollutant load-Dummer-12-18-2017
TP SUB_AREA SUMMARY

2/1/2018

Date (MM/DD/YYYY): 12/18/2017
Project Name: NHDOT Route 16 Dummer Road Improvement
Town/City: Dummer
Impacted Surface Waters: Androscoggin River
Applicant: NHDOT
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 1-POST no treatment 2.76 2.76 0.00 TP 0.0% No Engineered Treatment 9.2 9.2 0.0 0.0%
POST 2-POST  &D: 1-lane to veg filt  0.88 0.88 0.00 TP 0.0% Vegetated Filter Strip -one lane section 2.9 1.6 1.3 45.0%

POST 3-POST g C&H: 2 Lns- 50' bu 0.55 0.55 0.00 TP 0.0% Segment C & H -Partial Treatment to 50 ft 
Vegetated Buffer Strip -two lanes 1.8 1.4 0.4 22.0%

POST 4-POST g F: 2 Lns 60-80' buf 0.38 0.38 0.00 TP 0.0% Segment F -Partial Treatment to 60-80 ft 
Vegetated Buffer Strip-two lanes 1.3 0.8 0.4 34.0%

POST 5-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 6-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 7-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 8-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 9-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 10-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 11-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 12-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 13-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 14-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 15-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 16-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 17-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 18-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 19-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 20-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 21-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 22-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 23-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 24-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%
POST 25-POST 0.00 0.00 0.00 TP 0.0% 0.0 0.0 0.0 0.0%

TOTAL 4.57 4.57 0.00 TOTAL 15.2 13.0 2.1 14.1%



NHDES Pollutant load-Dummer-12-18-2017
TN SUB_AREA SUMMARY

2/1/2018

Date (MM/DD/YYYY): 12/18/2017
Project Name: NHDOT Route 16 Dummer Road Improvement
Town/City: Dummer
Impacted Surface Waters: Androscoggin River
Applicant: NHDOT
DES File #:

TOTAL POST DEVELOPMENT - PRE DEVELOPMENT (SHOULD BE 0 OR NEGATIVE)  (lbs/yr) 3.9
% DIFFERENCE FROM PRE DEVELOMENT LOADS (SHOULD BE 0 OR NEGATIVE) 5.0%

TOTAL REMOVAL EFFICIENCY NEEDED TO MEET PRE-DEVELOPMENT LOAD 16.8%
CURRENTLY PROPOSED REMOVAL EFFICIENCY  12.6%
REMAINING REMOVAL EFFICIENCY NECESSARY TO MEET PRE-DEVELOPMENT LOAD 4.2%

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 1- PRE 3.80 3.80 NA TN NA No Structural Treatment 77.8 77.8 0.0 0.0%
PRE 2-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 3-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 4-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 5-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 6-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 7-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 8-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 9-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 10-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 11-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 12-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 13-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 14-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 15-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 16-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 17-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 18-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 19-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 20-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 21-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 22-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 23-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 24-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%
PRE 25-PRE 0.00 0.00 NA TN NA 0.0 0.0 0.0 0.0%

TOTAL 3.80 3.80 TOTAL 77.8 77.8 0.0 0.0%



NHDES Pollutant load-Dummer-12-18-2017
TN SUB_AREA SUMMARY

2/1/2018

Date (MM/DD/YYYY): 12/18/2017
Project Name: NHDOT Route 16 Dummer Road Improvement
Town/City: Dummer
Impacted Surface Waters: Androscoggin River
Applicant: NHDOT
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 1-POST no treatment 2.76 2.76 0.00 TN 0.0% No Engineered Treatment 56.5 56.5 0.0 0.0%
POST 2-POST  &D: 1-lane to veg filt  0.88 0.88 0.00 TN 0.0% Vegetated Filter Strip -one lane section 17.9 10.8 7.2 40.0%

POST 3-POST g C&H: 2 Lns- 50' bu 0.55 0.55 0.00 TN 0.0% Segment C & H -Partial Treatment to 50 ft 
Vegetated Buffer Strip -two lanes 11.3 9.0 2.3 20.0%

POST 4-POST g F: 2 Lns 60-80' buf 0.38 0.38 0.00 TN 0.0% Segment F -Partial Treatment to 60-80 ft 
Vegetated Buffer Strip-two lanes 7.8 5.4 2.3 30.0%

POST 5-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 6-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 7-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 8-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 9-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 10-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 11-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 12-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 13-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 14-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 15-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 16-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 17-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 18-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 19-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 20-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 21-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 22-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 23-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 24-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%
POST 25-POST 0.00 0.00 0.00 TN 0.0% 0.0 0.0 0.0 0.0%

TOTAL 4.57 4.57 0.00 TOTAL 93.5 81.7 11.8 12.6%
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 Appendix E – Wetland and Shoreland Permit Applications 

 

Appendix E 

Copies of Wetland and Shoreland Permit 
Applications 

 

Separate Wetland and Shoreland Permit Applications have been submitted for the Project on April 4, 2018, 
however, to minimize file size and use of paper, these applications were not attached as it was assumed that 
copies of these permit applications can be retrieved from the Wetlands Bureau and Shoreland Permit groups. 
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