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BEAN ROAD OVER BABOOSIC BROOK 
Bridge No. 072/155, NHDOT Project No. 29736 

May 1, 2015 
 
 

EXECUTIVE SUMMARY 
 

The Town of Merrimack, New Hampshire contracted with Quantum Construction Consultants, 
LLC (QCC) of Concord, New Hampshire to perform the Engineering Study for the replacement 
of Bean Road over Baboosic Brook, NHDOT Bridge No. 072/155, NHDOT Project No. 29736.  
The bridge is programmed for construction in fiscal year 2016 through the NHDOT’s 
Municipally Managed Bridge Aid Program. 
 
The existing bridge is a 21-foot span, corrugated metal arch pipe that is severely deteriorated.  
The NHDOT has rated the bridge as structurally deficient and the bridge is on the NHDOT 
Municipal Red List causing the Town to post the crossing at 10 tons, thereby forcing revised 
school bus routing.  There are recent records of roadway overtopping at the roadway low point, 
and the Federal Emergency Management Agency (FEMA) Flood Insurance Study (FIS) for 
Hillsborough County shows the roadway overtopping during the 50, 100, and 500-year flood 
events. 
 
QCC considered a “do-nothing” or “no-build” approach in which there would be no bridge 
replacement at the site.  It was determined that the pipe in its current condition presents an 
extreme public safety issue as failure is imminent in the near future and will result in bridge 
closure.  This alternative was determined to be irresponsible due to the public safety issues and 
inconvenience of a permanent road closure and rerouting of traffic. 
 
The following bridge replacement alternatives were evaluated based on a horizontal roadway 
alignment similar to existing and minor alterations to the vertical roadway profile: 
 
Alternative I – Replacement with a Precast Concrete Voided Slab Bridge: QCC evaluated 
the installation of a 40-foot clear span bridge founded on tall concrete cantilever abutments and 
footings founded on piles due to the site geometry.  The estimated cost of Alternative I is 
$1,340,000. 
 
Alternative II – Replacement with a Steel Girder Bridge with Curved Deck:  QCC evaluated 
the installation of a 64-foot clear span steel girder bridge with integral abutments founded on a 
single row of piles with concrete caps and 2:1 sloping keyed stone fill in front.  This bridge type 
will utilize 5 evenly spaced girders and a curved cast-in-place exposed concrete deck to better 
accommodate the horizontal roadway alignment.  This is the preferred alternative with an 
estimated construction cost of $1,230,000. 
 
Alternative III – Replacement with a Precast Prestressed Concrete NEXT Beam Bridge 
with Curved Deck: QCC evaluated the installation of a 64-foot clear span NEXT beam bridge 
with integral abutments. This bridge structure would be founded on piles with 2:1 sloping keyed 
stone fill in front of cast-in-place concrete pile caps.  The deck would also be curved to better 
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accommodate the horizontal roadway alignment.  The estimated construction cost for this 
alternative is $1,380,000. 
 
Alternative IV – Structure in Compliance with NHDES Stream Crossing Rules (ENV-Wt 
900): This alternative would require the replacement structure to be approximately 400 feet in 
length requiring a multi-span bridge structure with multiple piers that would need to be 
constructed in a wetland.  This alternative is extremely cost prohibitive with an estimated 
$6,000,000 construction cost, affects numerous abutters, and is unrealistic to construct. 
 
Recommendation – QCC recommends that the Town of Merrimack implement Alternative II – 
Replacement with a Steel Girder Bridge with Curved Deck because it is the most cost 
effective alternative.  It is additionally noted that as this bridge replacement is similar in bridge 
type to McGaw Bridge Road (NHDOT Bridge No. 116/137) bridge replacement project, the 
Town anticipates placing both bridges out to bid at the same time in an effort to further reduce 
the costs of both bridges due to economy of scale utilizing one contractor. 
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I. PROJECT LOCATION 

Bean Road over Baboosic Brook is located in the Town of Merrimack, Hillsborough 
County, New Hampshire. 

 
II. PROJECT DESCRIPTION 

 
The Town of Merrimack, New Hampshire (Town) is studying alternatives for the 
replacement of Bean Road over Baboosic Brook (NHDOT Bridge No. 072/155, 
NHDOT Project No. 29736).  The existing 21-foot span, corrugated metal arch pipe, 
built in 1981, is severely deteriorated at the base.  The bridge is on the New 
Hampshire Department of Transportation’s (NHDOT) Municipal Redlist, has been 
rated as structurally deficient with a sufficiency rating of 40.4% and is currently 
posted for 10 tons. 
  
The Town is proposing to correct the bridge’s deficiencies as soon as possible.  This 
bridge replacement project is being funded by the Town of Merrimack and the 
NHDOT through the Municipally Managed Bridge Aid Program.  The Project is 
authorized for construction in fiscal year 2016 and the Town anticipates to bid the 
project in Fall 2015. 
 
 

   
 

Project Location 
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III. PURPOSE AND NEED 
 
The purpose of this project is to correct structural deficiencies associated with this 
metal arch bridge and provide safe, year round, vehicular passage on Bean Road over 
Baboosic Brook. 

 
This project is needed because recent NHDOT Bridge Inspection Reports note the 
presence of severe deterioration at the base of the pipe, causing the Town to post the 
crossing to a 10-ton limit.  Further deterioration may further cause the Town to close 
the roadway in the near future.  The posted weight limits have caused first responder 
and school bus routing revisions due to weight and safety concerns.  
 

IV. PROJECT TEAM 
 

Quantum Construction Consultants, LLC (QCC) was contracted by the Town of 
Merrimack for the design of the bridge project.  The following identifies team 
members and their role in the project: 
 
 Quantum Construction Consultants, LLC (QCC) of Concord, NH 

QCC is the prime consultant responsible for project management and bridge 
design services. 

 
 Meridian Land Services, Inc. (MLS) of Amherst, NH 

MLS performed wetland delineation, tree identification, topographical survey 
services, and right-of-way research. 

 
 S.W. Cole Engineering, Inc. (SWC) of Somersworth, NH 

SWC performed foundation investigations and is responsible for geotechnical 
engineering services.   

 
V. ENGINEERING STUDY RESULTS 

 
The engineering study develops the design criteria for the project and studies the 
roadway alignment and bridge type alternatives, allowing the Town to make an 
informed decision as to which alternative is best suited to meet the project’s purpose 
and need.   
 
The following items are necessary to gather data and study alternatives to determine 
the preferred design solution based on meeting the project’s purpose and need, cost of 
installation and future maintenance, service life, ease of construction, right-of-way 
impacts, and environmental, archaeological, and historical impacts.  The development 
of this engineering study is based upon satisfying NHDOT design criteria. 
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A. EXISTING CONDITIONS 
 
 Existing Bridge Description 

 
The existing culvert was constructed in 1981 and is a 21-foot span, 68-foot 
long corrugated metal arch pipe that restricts flow during flood events.  There 
is severe deterioration along the base of the pipe. 

 
 Existing Roadway Description 

 
Bean Road is an existing 22-foot wide paved road built over Baboosic Brook.  
The road is low volume with a 2011 AADT of 850 and serves as a 
connector/local roadway between Woodward Road and Bedford Road.  The 
existing intersection with Profile Drive is approximately 350 feet southwest of 
the bridge location.  The road begins to curve just after the intersection with 
Profile Drive with a radius of approximately 650 feet.  After the bridge, the 
roadway begins to straighten, approximately 700 feet before the intersection 
with West Road. 
 
The existing guardrail on both the north and south sides of the road begins 
approximately 250 feet from the beginning of the bridge and extends across 
the bridge and approximately 200 feet beyond the bridge.  The rail to rail 
width is approximately 28 feet. 
 
Approximately 250 feet east of the crossing the vertical profile of the roadway 
is approximately 4.5 VF lower than the crown of the corrugated metal arch 
pipe and approximately 3.3 VF lower than the existing 50-year flood elevation 
allowing for overtopping of the roadway during severe flood events. 
 

 Survey 
 

Survey of the project area was conducted by MLS in November and 
December 2014.  The vertical datum is based upon NAVD 88 and the 
horizontal datum is based on the New Hampshire State Plane Coordinate 
System (NHSPC) NAD 83.  The survey extends nearly 900 linear feet (LF) 
along Bean Road and includes the intersection of Bean Road with Profile 
Drive.  Also included are the streambed and banks of Baboosic Brook for 
approximately 200 feet upstream and downstream of Bean Road. 
 
The existing water main line shown on the original survey was obtained from 
GIS and was outdated in the area of the bridge.  QCC updated the survey base 
plan to incorporate the updated water main, as shown on as-built plans from 
Merrimack Village District (MVD). 
 
Mr. Thomas E. Carr, a Certified Wetland Scientist from MLS performed the 
wetlands delineation at the project site.  The wetlands were flagged in the 
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field, located by the surveyor, and are shown on the design plans.  MLS also 
provided tree identification and size within the project area.  This tree 
information is shown on the survey plans.   
 
MLS reviewed the area for plant species defined as invasive by the NH 
Department of Agriculture, Markets and Food.  Three invasive plant species 
were found in the project area (Japanese Knotweed, Oriental Bittersweet, and 
Autumn Olive). 

 
 Right-of-Way Research 

 
MLS researched Town files, property owner records, and utilized field 
evidence to determine the property lines and limits of right-of-way along the 
existing roadway.  This information is shown on the base plan, and was 
utilized to evaluate property owner impacts due to the bridge replacement 
alternatives, elevated roadway profiles, and their respective side slope 
impacts.  The Town’s right-of-way width varies between 50 feet and 
approximately 80 feet. 
 

B. DESIGN CRITERIA 
 

 Bridge 
 

Design Criteria was developed in accordance with the NHDOT’s Bridge 
Design Manual v 2.0, dated January 2015. 
 

Specifications: AASHTO LRFD Bridge Design Specifications, 6th 
Edition, with 2012 Errata. 

 NHDOT 2010 Standard Specifications for Road and 
Bridge Construction 

Design Loading: HL-93 

Design Method: Load Resistance Factor Design (LRFD) 

Structural Steel: M 270M / M 270 Grade 50 

Cast-in-Place Concrete (Deck, Curbs and Backwall): Class AA 

Cast-in-Place Concrete Above Footings  
                  (Abutments and Wingwalls): Class A 

Reinforcing Steel: AASHTO M31 (ASTM A615) Grade 60, epoxy 
coated for cast-in-place pile caps 

 ASTM A 955/A 955M Stainless Grade 60 for deck, 
backwall and curbs 
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Foundations Data: Type: Steel Piles 

 Seismic Zone: 1 

 Seismic Class: D 

Maximum Settlement: ½” 

 
 Roadway 

 
Design Criteria for the study corridor was based on the American Association 
of State Highway and Transportation Officials (AASHTO) policy, the 
NHDOT Highway Design Manual, and the Federal Highway Administration’s 
(FHWA) Manual on Uniform Traffic Control Devices (MUTCD).  The study 
criteria are as follows: 

   
Item    Criteria 

Design Speed  40 miles per hour 

Posted Speed  30 miles per hour 

Maximum Grade  2.5 percent (existing) 

Superelevation  None 

Lane Width   12 feet 

Shoulders   2 feet 

Site Distance  315 Feet 

Level of Service  B 

AADT   850 (2011) 

Future AADT  1258 (2032) 
 

C. PROPOSED ROADWAY ALIGNMENT   
 
The existing horizontal and vertical alignments have been assessed and 
revisions to both geometries are proposed to accommodate a longer span 
bridge structure.  This includes evaluation of a constant grade over the 
proposed bridge and adjusting the roadway to match back into existing before 
and after the bridge location.  Critical roadway cross sections have been 
prepared to determine slope impacts, wetland impacts, and right-of-way 
limits.  The proposed roadway will have a 24-foot paved width and 2-foot 
wide gravel shoulders on each side thus providing a total width of 28 feet. 
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Two roadway alternatives were evaluated: 
 
 Roadway Alternative I – Bridge Alternatives I, II & III, 100-Year Flow 

over Roadway  
 

QCC evaluated this roadway alternative based on the implementation of 
all bridge alternatives in which the roadway and replacement bridge can 
be constructed on horizontal geometrics similar to existing with only 
minor modifications to the vertical geometrics, allowing overtopping of 
the roadway for flood relief.   
 
Proposed horizontal geometrics for the roadway would replicate the 
existing alignment, with a maximum variation of 3 feet from the existing 
centerline at approximately Sta. 103+00.   A single curve with a radius of 
655 feet is proposed from Sta. 102+00 to 106+00, including the proposed 
bridge.   
 
Proposed vertical geometrics would implement a constant 2.5% 
downgrade easterly across the bridge, and a 100-foot vertical sag curve at 
Sta. 107+25.  The proposed low point of the roadway would be similar to 
existing, and approximately 0.3-feet below the proposed 100-year storm 
flood elevation to allow some flow over the roadway.  However, this does 
not meet the 1-foot freeboard criteria for the 50-year flood event.  
 
QCC determined that the minimal amount of flow that traveled across the 
low point was not significant enough to warrant the allowance of roadway 
overtopping.  Therefore, this alternative is not the preferred roadway 
alternative. 

 
 Roadway Alternative II – Bridge Alternatives I, II & III, Roadway Above 

100-Year Flood Elevation 
 

QCC evaluated a proposed roadway alternative similar to Alternative I, 
with a higher roadway low point that is slightly above the 100-year flood 
elevation and greater than 1-foot above the 50-year flood elevation.   
 
This alternative requires roadway reconstruction from Sta. 103+00 to Sta. 
108+25, a distance of approximately 525 LF.  However, allowing for 
pavement transitions at either end of the project, the actual project limits 
are from Sta. 101+50 to Sta. 108+75, a distance of approximately 725 LF. 

 
This alternative proposes to leave the proposed roadway low point near 
the existing low point at approximate Sta. 107+10, therefore presenting 
minimum impacts to abutters and requiring only minor reconstruction of 
two driveways. 
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QCC recommends the implementation of Roadway Alternative II in order 
to elevate the roadway low point above the 100-year flood elevation and 
meet the minimum 1-foot hydraulic freeboard criteria for the 50-year flood 
event. 

 
Other factors contributing to the design of the proposed roadway alignment 
include: 

 
 Traffic Analyses 

 
No traffic analyses are warranted for this project due to the historically 
low traffic volume of 850 AADT. 

 
 Traffic Control 

 
It is anticipated that an 8 to 12 month road closure period will be required 
for demolition of the existing bridge structure, construction of the new 
bridge structure, approach slabs and wingwalls, and reconstruction of the 
roadway and utilities.  There is one viable roadway detour route that is 
approximately 3.3 miles.  This route would utilize Joppa Road from the 
intersection of Baboosic Lake Road, up to Bedford Road.  Due to the low 
traffic count (850 AADT), as well as lack of availability of acceptable 
land areas adjacent to the project site, the utilization of a temporary bridge 
is not deemed as necessary. 
 
The crossing is currently closed to first responder and school bus traffic 
due to weight restrictions and safety concerns. 

 
 Utility Coordination 

 
o Overhead Utilities 

 
The project will require the permanent relocation of up to two aerial utility 
poles to accommodate the new bridge width, roadway profile and 
guardrail installation.  QCC and the Town will notify the utility companies 
of the need for relocation and will coordinate relocation design during the 
Preliminary Design Phase to provide an acceptable relocation plan and 
schedule to accommodate the bridge replacement. 
 
o Water Main 
 
The existing 12-inch diameter ductile iron pipe (DIP) water main is buried 
diagonally beneath the existing culvert, contained within a 16-inch high 
density polyethylene (HDPE) sleeve, and was constructed utilizing 
Horizontal Directional Drilling (HDD) for installation of the HDPE 
sleeve. Merrimack Village District (MVD) has confirmed that the existing 
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water main cannot be temporarily discontinued for the duration of the 
bridge replacement project and therefore must either remain on-line, have 
a temporarily water main provided, or be permanently relocated during 
construction.   
 
Based on as-built information for the water main the demolition of the 
existing crossing and driving of piles for the new bridge foundation will be 
in direct conflict with the existing water main, thereby, necessitating the 
relocation of the existing water main on a new horizontal alignment.    

 
QCC studied three different alternatives to relocate the water main:  
 

 Water Main Replacement Alternative I – Relocate Upstream of 
New Bridge 
 
QCC evaluated relocating the 12-inch water main upstream of the 
proposed bridge and buried beneath the existing channel.  This 
alternative proposes the use of HDD for installation of the 16-inch 
HDPE sleeve for the 12-inch DIP water main to facilitate 
relocation of the water main under the existing channel.  Two 
HDD rig spread areas, one on either side of Baboosic Brook, 
would be necessary for the drilling operations and connection of 
the new water main to the existing facility.  These rig areas would 
need to be constructed mostly outside of the Town’s right-of-way 
and in wetland areas. 
 
Although this alternative creates additional easement requirements 
and wetland impacts, it is the preferred alternative because it 
creates the most efficient replacement process.  With 
implementation of Alternative I, the water main will be 
permanently relocated prior to undertaking demolition of the 
existing bridge structure,   thereby allowing the utility to remain 
on-line throughout the construction period, and will not affect the 
bridge structure in the future.  Therefore, QCC recommends this 
alternative. 

 
 Water Main Replacement Alternative II – Relocate Downstream of 

New Bridge 
 
QCC evaluated relocating the 12-inch water main downstream of 
the proposed bridge and buried beneath the existing channel.  
Similar to Alternative I, this alternative requires the use of HDD 
and development of HDD rig spread areas constructed outside the 
Town’s right-of-way and in wetland areas.  It was determined that 
the downstream alternative required more construction for access, 
HDD rig spread areas, slope impacts and wetland impacts than the 
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upstream alternative.  This alternative is more environmentally 
damaging than Alternative I and was therefore deemed not viable. 
 

 Water Main Replacement Alternative III – Relocate and Suspend 
from New Bridge 
 
QCC evaluated constructing the replacement water main 
underneath the reconstructed roadway, and supporting the new 
water main between the new bridge beams/girders.  This 
alternative requires the construction of a temporary water main 
outside the work zone during construction to allow for 
discontinuance of the existing water main within the project site.  
The associated risks, costs, and work efforts associated with a  
temporary water main is not preferred by the Town and MVD and 
was therefore not further evaluated and deemed not viable. 

 
D. BRIDGE TYPE STUDY AND RECOMMENDATION 

 
QCC considered a “do-nothing” or “no-build” approach in which there would be 
no bridge replacement at the site.  It was determined that the deterioration along 
the base of the existing pipe is too severe to satisfy this alternative.  The pipe in its 
current condition presents an extreme public safety issue as failure is imminent in 
the near future and will result in bridge closure.  This alternative was determined 
to be irresponsible due to the public safety issues and inconvenience of a 
permanent road closure and rerouting of traffic. 
 
Four bridge replacement alternatives were evaluated based on stream geometry, 
required waterway opening, and type of construction: 

 
 Alternative I – Replacement with a Precast Concrete Voided Slab 

Bridge 
 

QCC evaluated the installation of a 40-foot clear span, precast concrete 
voided slab bridge (butted deck beams) supported on tall concrete 
cantilever abutments founded on piles.  The project geometry does not 
allow for a single row of piles with a pile cap due to the required exposed 
height of pile cap. 
 
The 40-foot span structure, having a minimum waterway opening of 284 
sf, allows design flood flows to pass through the structure with the 
required one foot of freeboard without raising the roadway at the bridge 
location.   
 
This alternative requires a massive substructure that is very costly.  Due to 
a very high estimated construction cost of $1,340,000 this alternative was 
determined to be not viable. 
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 Alternative II – Replacement with a Steel Girder Bridge and Curved 
Concrete Deck 
 
QCC evaluated the installation of a 64-foot hydraulic clear span, steel 
girder bridge featuring an exposed concrete deck with stainless steel 
reinforcement.  Despite a deeper superstructure compared to Alternative I, 
this alternative still meets NHDOT hydraulic requirements without raising 
the roadway at the bridge location. 
 
The single span steel girder bridge would be a 67-foot span from 
centerline of bearing to centerline of bearing, with 5 evenly spaced girders 
and a curved, exposed concrete deck with an overhang on each side of 
varying dimensions, up to 4’-4” maximum.  This alternative proposes a 
34-foot bridge width to incorporate a 30-foot curb-to-curb width.  This 
alternative also requires an 8° skew. 
 
Alternative II has an estimated construction cost of $1,230,000 and is the 
preferred alternative because it is the least costly alternative and is simple 
to construct. 
 
It is additionally noted that Alternative II is similar in bridge type to the 
proposed McGaw Bridge Road (NHDOT Bridge No. 116/137) Bridge 
Replacement, and the Town anticipates placing both bridges out to bid at 
the same time in an effort to further reduce the costs of both bridges due to 
economy of scale utilizing one contractor. 
 

 Alternative III – Replacement with a Precast Prestressed Concrete 
NEXT Beam Bridge with Curved Deck 

 
QCC evaluated a 64-foot hydraulic clear span, precast prestressed concrete 
NEXT Beam structure, founded on piles and pile caps with 2:1 sloping 
keyed stone fill in front.  Similar to Alternative II, this alternative requires 
a deeper superstructure than Alternative I, and still remains approximately 
on grade and meets NHDOT hydraulic design clearance criteria. 
 
QCC reviewed a single 67-foot span concrete NEXT Beam with NEXT 32 
F beams at 8-foot spacing resulting in an out-to-out width of 34 feet.  In 
order to accommodate the curved roadway alignment, the overhangs for 
each beam would be varied up to 4’-0” maximum.  This alternative also 
requires an 8° skew.  Alternative III has an estimated construction cost of 
$1,380,000 and is not the preferred alternative due to higher cost than 
Alternative II and the need for varying pavement thickness on the bridge 
deck.  
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 Alternative IV – Structure in compliance with NHDES Stream 
Crossing Rules (Env-Wt 900) 
 
By definition, the least impacting approach to cross the Baboosic Brook 
and its floodplain to meet NHDES Stream Crossing Rules would be a 
bridge approximately 400 feet in length.  This alternative would require 
either steel or precast concrete girders with excessive depth that would 
result in vertical roadway realignment and significant impacts to abutting 
properties due to the extreme increase in bridge length.  This alternative 
would also require piers to be constructed in the wetlands.  The 
approximate cost of this alternative is $6,000,000 and is the least preferred 
alternative.  During the Preliminary Design Phase, QCC will address the 
stream crossing rules and submit a request for alternate design to the 
NHDES based on economic impact. 

 
E. BORING LAYOUT AND LOGS 

 
SWC performed geotechnical investigations on this project.  On March 16 and 17, 
2015 two borings were performed at the bridge site, one on each side of the 
existing culvert in the approximate location of the proposed abutments.  The 
borings were advanced to depths of 37 feet (B-1) and 41.5 feet (B-2) and 
encountered bedrock at 32 feet and 36.5 feet respectively.  Boring Logs are 
provided in the geotechnical report.   
 
The geotechnical report summarizes the results of the drilling program and 
recommends that driven steel pile foundations with end bearing on bedrock be 
used to support the new bridge because of the loose soils encountered at the site.  
Settlement of foundations of this type is not anticipated to exceed ½”, including 
elastic shortening of piles.  The report also indicates a Seismic Site Class D and 
Seismic Zone 1, with a low potential for liquefaction.   

 
The geotechnical report is included in Appendix C of this report.   
 

F. HYDROLOGIC AND HYDRAULIC STUDIES 
 

Flood hydrology and hydraulic analyses were conducted in accordance with the 
NHDOT Bridge Design Manual, January 2015 – v 2.0, Section 2.7, as part of the 
Engineering Study for Baboosic Brook at its Bean Road crossing.  The analyses 
were performed to ensure that the waterway opening of the proposed bridge 
structure is adequate to pass the 50-year design flood with the 1-foot hydraulic 
clearance, as required by NHDOT. 
 
Due to the absence of USGS stream gages on the Baboosic Brook, QCC was 
required to calculate flood flows from the watershed.  Using USGS StreamStats 
for NH, a NHDOT preferred method, QCC was able to calculate the 2.33, 50, and 
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100-year flood discharges at the Bean Road location to be used in analyses.  
These values are listed in the hydraulic analyses tables below. 

 
QCC obtained the 2004 HEC-RAS model utilized in the 2009 FEMA Flood 
Insurance Study (FIS) directly from FEMA.  By adding new topographical survey 
into the model in the area of Bean Road, QCC developed a Duplicate Effective 
Model (DEM).  This DEM is required to model flood results that are within 0.5 
feet of the original model obtained directly from FEMA.  QCC’s DEM produced 
water surface elevations that were within the 0.5-foot variation criteria when 
compared to the original FEMA model.   
 
QCC then updated the DEM by adding recently constructed downstream bridge 
structures at Wire Road and Bedford Road, to create a Base Model for existing 
conditions analyses.  The results of the hydraulic analyses indicate that a 
minimum waterway opening of 349 sf and a minimum low chord and roadway 
elevation of 210.6 are required to provide one-foot of freeboard over the 50-year 
flood elevation.  The preferred alternative exceeds these minimum criteria. 

 
The following tables present the results of the hydraulic analyses for the existing 
and proposed conditions. 

 
EXISTING CONDITIONS 

Flood 
Event 
(-year) 

Flow 
(cfs) 

Velocity at 
Bridge 

(fps) 

Headwater 
Elevation 

(ft) 

Bridge 
Freeboard 

(ft) 

Roadway 
Freeboard 

(ft)* 
2.33 645 7.42 207.6 6.5 2.0 
50 2060 11.32 212.9 1.2 -3.3 
100 2440 11.38 213.4 0.7 -3.8 

Approximate Existing Waterway Opening = 205 ft2 (existing Low Chord at 214.1) 
* Existing Low Point of Roadway = El 209.6 ft 

 
PROPOSED CONDITIONS – ALTERNATIVE II (Preferred) 

64’ Clear Span Bridge with Roadway Profile Similar to Existing 
Flood 
Event 
(-year) 

Flow 
(cfs) 

Velocity 
at Bridge 

(fps) 

Headwater 
Elevation 

(ft) 

Change in 
Water Surface 
Elevation (ft) 

Bridge 
Freeboard 

(ft) 

Roadway 
Freeboard 

(ft)* 

2.33 645 5.61 205.6 -2.0 6.8 5.4 
50 2060 8.58 209.6 -3.3 2.8 1.4 
100 2440 8.94 210.4 -3.0 2.0 0.6 

Waterway Opening = 528 ft2   (Based on Low Chord at 212.4) 
*Roadway Low Point = 211.0 ft 

 
Hydraulic analyses of the existing crossing and studied alternatives are included 
in Appendix D. 
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G. SCOUR ANALYSES AND CHANNEL PROTECTION 
 

QCC performed a scour analysis for the proposed waterway opening in 
accordance with the NHDOT Bridge Design Manual, January 2015 – v 2.0, 
Section 2.7.7.  This analysis was performed using the 100-year flood flow of 2440 
cfs and a D50 value of 0.38 mm for the existing channel bed, per the geotechnical 
report.  The HEC-RAS software calculated abutment scour depths of 6.86 ft and 
9.98 ft for the left and right abutments and contraction scour depth of 16.23 ft.  
Therefore, the total scour depths are 23.09 ft and 26.21 ft for the left and right 
abutments.  
 
A scour analysis was also performed on the proposed waterway opening with 
channel protection.  A calculated minimum D50 value of 330 mm (~12 in.), based 
on HEC-23, was used for the keyed stone fill in the channel and in front of the 
abutments.  The addition of the channel protection significantly decreased the 
total scour depths to 6.86 ft and 9.98 ft for the left and right abutments during the 
100-year flood event by eliminating the contraction scour in the channel.  A check 
of the 500-year flood event indicated scour depths of 28.60 ft and 15.25 ft for the 
left and right abutments with scour protection. 
 
The values for abutment scour depths that were obtained from the HEC-RAS 
analysis cannot be further reduced based on channel protection measures.  It is 
anticipated that the new bridge will be founded on piles in which case, abutment 
scour will not be an issue as the piles will be driven to bedrock and the proposed 
keyed stone fill across the channel will eliminate contraction scour in the channel.  
The channel should be monitored for scour in the future. 
 
Scour analyses and proposed channel protection for the preferred alternative are 
included in Appendix D. 

 
H. COST ESTIMATES 

 
A Conceptual Level itemized estimate of construction cost, conforming to the 
NHDOT Master Item List, was prepared for each bridge replacement alternative.  
Additionally, to assist the Town, QCC has prepared a projected municipal cash 
flow matrix, which incorporates opinions of total project cost for the 
recommended alternative. 
 
The Conceptual Cost Estimate and Cash Flow Matrix are included in Appendix B. 

 
I. ENVIRONMENTAL CONSIDERATIONS 
 

o Natural Resources 
 

During the Preliminary Plans phase of the project, QCC will prepare the 
environmental permit applications for the Town to submit to New 
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Hampshire Department of Environmental Services (NHDES).  A Standard 
Dredge and Fill Permit will be required from the Wetlands Bureau for this 
project.  The delineated wetland areas and anticipated impacts due to 
bridge and/or roadway construction will be incorporated into the permit 
application.   

 
The Baboosic Brook is on the NHDES list of fourth order and higher 
streams and is subject to the regulations of the Shoreland Water Quality 
Protection Act (SWQPA).  Therefore, QCC will also prepare a SWQPA 
application to be submitted to the NHDES.   The existing tree information 
will be utilized to provide the information required for SWQPA permit.  
 
The NHDES Env-Wt 900 Stream Crossings rules will require QCC to 
submit a waiver request to the NHDES to permit a crossing of less than 
1.2 times the full bank width plus two feet.  Regulatory compliance with 
this section of the regulations would result in a bridge span of 
approximately 400 feet, creating additional environmental impacts in the 
form of embankment fill and piers constructed in the wetlands as well as 
making the project cost prohibitive. 
 
The New Hampshire Natural Heritage Bureau (NHNHB) database has 
been checked for records of rare species and exemplary natural 
communities near the project.  The species considered include those listed 
as Threatened or Endangered by either the state of New Hampshire or the 
federal government.  The NHNHB reports that there are records of 
endangered or threatened species in the vicinity of the project, but it was 
determined that the species will not be affected by the project.  A copy of 
the report is included in Appendix F.   
 
Three different invasive species were found to be present in the project 
area: Japanese Knotweed, Oriental Bittersweet and Autumn Olive.  If any 
of these are proposed to be disturbed during construction, they will be 
managed in accordance with NHDOT’s “Best Management Practices for 
Roadside Invasive Plants” prior to construction. The Project Manual will 
include the requirements for the Contractor to develop and submit an 
“Invasive Species Control and Management Plan.” 
 
The final design will comply with all applicable environmental laws, rules, 
regulations, and guidelines. 

 
o Cultural Resources 

 
QCC has prepared and submitted a Request for Project Review by the 
New Hampshire Division of Historical Resources (NHDHR).  The 
NHDHR responded with a statement that no historic resources/properties 
will be affected by the project. 
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See Appendix F for a copy of the reviewed Request for Project Review 
Form with NHDHR’s response, the complete Project Review Application 
and a completed Cultural Resources Effect Memo.  Receipt of a signed 
copy of the Effect Memo from NHDHR is pending. 

 
J. RIGHT-OF-WAY/EASEMENTS 

  
The recommended project alternative is expected to impact two (2) abutting 
properties on the south side of the project and three (3) abutting properties on the 
north side of the project.  Easements will be needed to accommodate the new 
horizontal and vertical roadway alignments and roadway slopes as well as 
permanent and temporary easements pertaining to the permanent relocation of the 
water main, which extend beyond the existing right-of-way. 
 
QCC recommends that the Town meet with the abutting property owners to 
discuss the possibility of obtaining easements.  Easement plans will be developed 
by QCC during the Preliminary Design Phase to assist the Town in negotiating 
permanent and temporary easements with the affected property owners. 

 
K. PUBLIC PARTICIPATION  

 
QCC will coordinate with the Town to schedule an informational session before 
the Town Council and the general public to present the results of the Engineering 
Study.  The Conceptual Plans and Engineering Study Report will be available at 
Town Hall for viewing by the public.  Topics of discussion will include roadway 
realignment, bridge type, hydraulic conditions, bridge and approach roadway 
width, utilities relocation, clearing and disturbance limits, traffic detour, and 
temporary and permanent environmental impacts. 
 

L. CONCEPTUAL PLANS 
 
Conceptual Plans for the Engineering Study are included in Appendix G. 
 

VI. RECOMMENDATIONS 
 
In consideration of economics, environmental resources, and ease of construction, 
QCC recommends that the Town of Merrimack implement Roadway Alternative II 
with Bridge Replacement Alternative II – Replacement with a Steel Girder 
Bridge with Exposed Concrete Deck because it appears to be the lowest cost 
alternative and may also produce a scale of economy when bid together with the 
proposed McGaw Bridge Road Bridge Replacement Project, located downstream of 
Bean Road.  
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PHOTO # 1:  View of the western approach. (Looking northeast) October 2014. 

 

 
PHOTO # 2:  View of guardrail across culvert. (Looking northeast) October 2014. 
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PHOTO # 3:   View across the culvert. (Looking west) March 2015. 

 

 
PHOTO # 4:  View looking upstream from bridge.  (Looking northwest)  October 2014. 
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PHOTO # 5:  View of high water marks and deterioration at culvert outlet.   

(Looking northwest) October 2014. 
 

 
PHOTO # 6:  View of downstream channel from inside culvert. (Looking southeast) 

October 2014. 
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PHOTO # 7:  View of the culvert from downstream. (Looking north)  March 2015. 

 

 
PHOTO # 8:  View of 52 Bean Road. (Looking northwest)  March 2015. 
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PHOTO # 9:  View of 55 Bean Road. (Looking south)  From Google Earth. 

 
 

 
PHOTO # 10:  View of 56 Bean Road. (Looking northwest)  March 2015. 
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PHOTO # 11:  View of 58 Bean Road. (Looking northwest)  From Google Earth. 
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Costs/Fees Cash Flow

Engineering Study, Design & Permitting $205,000
Estimated Municipal Administrative and Legal Expenses $6,950
Estimated Easement Costs $40,000
Construction Engineering & Testing $130,000
Estimated Construction Costs (Conceptual Design Cost Estimate) $1,067,940
Total Opinion of Project Cost w/o Contingency (NHDOT Budget) $1,449,890
Construction Contingency (15%) $160,191
Total Opinion of Project Cost w/Contingency (Town Warrant Article) $1,610,081

Municipal Expenses for Design Phase $251,950

Municipal Reimbursement at Contract Signing
Eng. Study, Design & Permitting @ 80% reimbursement $164,000
Municipal Administrative & Legal Costs @ 80% reimbursement $37,560
50% of Construction Costs @ 80% reimbursement $427,176

Initial NHDOT Municipal Reimbursement ($628,736)

Municipal Expenses for Construction
Construction Engineering & Testing $130,000
Construction Costs $1,067,940
Construction Contingency $160,191

Municipal Disbursement for Construction Phase $1,358,131

Municipal Project Cash Outlay $981,345

Municipal Reimbursement at Construction Completion
Project Reimbursement @ 80% $1,288,065
Less initial NHDOT reimbursement ($628,736)

Final NHDOT Project Reimbursement ($659,329)

Final Cost of Project to Town (w/ project contingency) $322,016

                          QUANTUM CONSTRUCTION CONSULTANTS, LLC

Description Preferred Alternative

BEAN ROAD OVER BABOOSIC BROOK
NHDOT BR# 072/155 PROJECT NO. 29736

May 1, 2015

67' Steel Span
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NHDOT COSTS UPDATED: 11/7/2014

PROJECT: Q305 Bean Hill Road Bridge Replacement PREPARED: 3/23/2015 REVISED: 4/30/2015

LOCATION: Merrimack, NH ESTIMATOR: DJE CHECKED BY: LMM/JAB

NHDOT ITEM NO.  DESIGNATION COST

GROUP CODE C Engineering Study UNIT AMOUNT UNIT TOTAL

SECTION 200 EARTHWORK
201.1 CLEARING AND GRUBBING (F) A 0.3 28,846.15$      $8,653.85

201.882 INVASIVE SPECIES CONTROL TYPE II SY 1125 3.69$               $4,151.25
202.31 FILL ABANDONED PIPE CY 4 177.48$           $709.92
202.41 REMOVAL OF EXISTING PIPE 0-24" DIAMETER LF 506 31.00$             $15,686.00
202.42 REMOVAL OF EXISTING PIPE OVER 24" DIAMETER LF 68 107.50$           $7,310.00
202.7 REMOVAL OF GUARDRAIL LF 983 1.03$               $1,012.49
203.1 COMMON EXCAVATION CY 1212 7.08$               $8,580.96
203.2 ROCK EXCAVATION CY 121 57.07$             $6,905.47
203.6 EMBANKMENT-IN-PLACE (F) CY 250 5.29$               $1,322.50
207.3 UNCLASSIFIED CHANNEL EXCAVATION CY 805 27.50$             $22,137.50
207.41 DRAINAGE SWALE - TYPE A LF 200 9.25$               $1,850.00

209.201 GRANULAR BACKFILL (BRIDGE) (F) CY 176 35.21$             $6,196.96
209.4 GRANULAR BACKFILL (GRAV) CY 370 42.98$             $15,902.60
214 FINE GRADING U 1 12,000.00$      $12,000.00

214.7 RECONSTRUCT PAVED DRIVEWAY SY 115 25.00$             $2,875.00

SECTION 200 SUBTOTAL $115,294.50

SECTION 300 BASE COURSES

304.2 GRAVEL (F) CY 800 25.00$             $20,000.00
304.3 CRUSHED GRAVEL (F) CY 364 24.66$             $8,976.24
304.32 CRUSHED GRAVEL FOR SHOULDER LEVELING TON 64 26.21$             $1,677.44

SECTION 300 SUBTOTAL $30,653.68

SECTION 400 PAVEMENTS

403.11 HOT BITUMINOUS PAVEMENT, MACHINE METHOD TON 452 73.29$             $33,127.08
403.12 HOT BITUMINOUS PAVEMENT, HAND METHOD TON 25 105.27$           $2,631.75

417 COLD PLANING BITUMINOUS SURFACES SY 160 5.50$               $880.00

SECTION 400 SUBTOTAL $36,638.83

SECTION 500 STRUCTURES

502 REMOVAL OF EXISTING BRIDGE STRUCTURE U 1 20,000.00$      $20,000.00
503.301 COFFERDAMS WITH SHEETING LEFT-IN-PLACE U 1 100,000.00$    $100,000.00

504.1 COMMON BRIDGE EXCAVATION (F) CY 682 18.61$             $12,692.02
504.2 ROCK BRIDGE EXCAVATION CY 68 31.00$             $2,108.00
510.1 PILE DRIVING EQUIPMENT U 1 122,500.00$    $122,500.00
510.61 FURNISHING & DRIVING STEEL BEARING PILES LB 120000 0.48$               $57,600.00
510.65 DRIVING-POINTS FOR STEEL BEARING PILES EA 24 225.00$           $5,400.00
520.01 CONCRETE CLASS AA CY 45 427.50$           $19,237.50
520.12 CONCRETE CLASS A, ABOVE FOOTINGS (F) CY 160 491.59$           $78,654.40
520.18 CONCRETE TOPPER CY 28 723.70$           $20,263.60

520.213 CONCRETE CLASS B, FOOTINGS (ON SOIL) (F) CY 215 299.10$           $64,306.50

528.311
PRESTRESSED CONCRETE BRIDGE DECK, BUTTED DECK 
BEAMS (F) SF 1408 92.00$             $129,536.00

534.3 WATER REPELLENT (SILANE/ SILOXANE) GAL 20 62.44$             $1,248.80

538.2
BARRIER MEMBRANE, PEEL AND STICK - VERTICAL 
SURFACES (F) SY 17 50.00$             $850.00

538.5 BARRIER MEMBRANE, HEAT WELDED (F) SY 140 49.00$             $6,860.00
541.4 PVC WATERSTOPS, NH TYPE 4 (F) LF 95 10.00$             $950.00
544 REINFORCING STEEL (F) LB 55000 1.14$               $62,700.00

544.2 REINFORCING STEEL, EPOXY COATED (F) LB 2500 1.17$               $2,925.00
548.11 ELASTOMERIC BEARING PADS (F) EA 12 375.00$           $4,500.00
559.4 ELASTOMERIC PLUG TYPE EXPANSION JOINT (F) LF 32 144.50$           $4,624.00
563.23 BRIDGE RAIL T3 (F) LF 100 107.10$           $10,710.00

565.232 BRIDGE APPROACH RAIL, T3 (STEEL POSTS) U 4 4,500.00$        $18,000.00

     QUANTUM CONSTRUCTION CONSULTANTS, LLC

OPINION OF CONSTRUCTION COST

QUANTITY

40' Span Prestressed Concrete Butted Deck Beam Bridge Replacement
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NHDOT COSTS UPDATED: 11/7/2014

PROJECT: Q305 Bean Hill Road Bridge Replacement PREPARED: 3/23/2015 REVISED: 4/30/2015

LOCATION: Merrimack, NH ESTIMATOR: DJE CHECKED BY: LMM/JAB

NHDOT ITEM NO.  DESIGNATION COST

GROUP CODE C Engineering Study UNIT AMOUNT UNIT TOTAL

     QUANTUM CONSTRUCTION CONSULTANTS, LLC

OPINION OF CONSTRUCTION COST

QUANTITY

587.1 KEYED STONE FILL CY 1100 39.73$             $43,703.00
593.221 GEOTEXTILE; SEPARATION CL. 2, NON-WOVEN SY 2200 2.00$               $4,400.00

SECTION 500 SUBTOTAL $793,768.82

SECTION 600 INCIDENTAL CONSTRUCTION

603.33115 15" CORR. POLYETHYLENE END SECTION EA 4 150.00$           $600.00
603.40015 15" PIPE FOR SLOPE DRAIN. LF 60 45.00$             $2,700.00
605.82151 18" AGGRE. UND. TYPE 2 WITH 6" P.C. POLY PIPE LF 110 25.47$             $2,801.70

606.12 BEAM GUARDRAIL (STANDARD SECTION) (STEEL POST) LF 746 16.50$             $12,309.00

606.1255
BEAM GUARDRAIL (TERM. UNIT TYPE EAGRT 25 FT) (STEEL 
POST) U 4 1,582.86$        $6,331.44

611.05212 12" CEMENT LINED DUCTILE IRON WATER PIPE, CL 52 LF 362 82.69$             $29,933.78
611.35216 16" HDPE CASING W/ 12" DIA. CL 52 D.I.M.J. CARRIER LF 160 300.00$           $48,000.00
611.45216 HORIZONTAL DIRECTIONAL DRILLING U 1 25,000.00$      $25,000.00
611.70012 12" FITTING EA 8 803.12$           $6,424.96
611.71012 12" GATE VALVE EA 2 2,606.67$        $5,213.34

611.74 CHLORINE INJECTION TAP EA 1 725.00$           $725.00

611.90001 ADJUSTING WATER GATES AND SHUTOFFS SET BY OTHERS EA 2 166.76$           $333.52
615.034 RELOCATING TRAFFIC SIGN, TYPE C U 2 100.00$           $200.00

618.7 FLAGGERS HR 400 20.85$             $8,340.00
619.1 MAINTENANCE OF TRAFFIC U 1 10,000.00$      $10,000.00
619.25 PORTABLE CHANGEABLE MESSAGE SIGN U 2 6,437.50$        $12,875.00
621.2 RETROREFLECTIVE BEAM GUARDRAIL DELINEATOR EA 20 4.53$               $90.60
621.5 RETROREFLECTIVE BRIDGE RAIL DELINEATOR EA 4 12.00$             $48.00
628.2 SAWED BITUMINOUS PAVEMENT LF 50 2.25$               $112.50

632.0104 RETROREFLECTIVE PAINT PAVE. MARKING, 4" LINE LF 2900 0.14$               $406.00
645.51 HAY BALES FOR TEMPORARY EROSION CONTROL EA 100 8.00$               $800.00

645.531 SILT FENCE LF 500 2.45$               $1,225.00
645.7 STORM WATER POLLUTION PREVENTION PLAN U 1 4,120.00$        $4,120.00

645.71
MONITORING SWPPP AND EROSION AND SEDIMENT 
CONTROLS HR 50 42.69$             $2,134.50

646.51
TURF ESTABLISHMENT WITH MULCH, TACKIFIERS AND 
LOAM SY 400 4.00$               $1,600.00

670.066 MAILBOX SUPPORT ASSEMBLIES EA 1 158.46$           $158.46
697.11 INVASIVE SPECIES CONTROL AND MANAGEMENT PLAN U 1 1,160.00$        $1,160.00

699
MISCELLANEOUS TEMPORARY EROSION AND SEDIMENT 
CONTROL $ 1 5,000.00$        $5,000.00

SECTION 600 SUBTOTAL $188,642.80

SUBTOTAL CONSTRUCTION COST $1,164,998.63

MUNICIPAL CONSTRUCTION CONTINGENCY (15%) $174,749.79

RECOMMENDED CONSTRUCTION BUDGET $1,339,748.42

Unit Prices taken from 2014 NHDOT Weighted Average Unit Prices, modified for site specifics as required.
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NHDOT COSTS UPDATED: 11/7/2014

PROJECT: Q305 Bean Hill Road Bridge Replacement PREPARED: 3/15/2105 REVISED: 4/30/2015

LOCATION: Merrimack, NH ESTIMATOR: NSP/DJE CHECKED BY: LMM/JAB

NHDOT ITEM NO.  DESIGNATION COST

GROUP CODE C Engineering Study UNIT AMOUNT UNIT TOTAL

SECTION 200 EARTHWORK
201.1 CLEARING AND GRUBBING (F) A 0.3 28,846.15$      $8,653.85

201.882 INVASIVE SPECIES CONTROL TYPE II SY 1125 3.69$               $4,151.25
202.31 FILL ABANDONED PIPE CY 4 177.48$           $709.92
202.41 REMOVAL OF EXISTING PIPE 0-24" DIAMETER LF 506 31.00$             $15,686.00
202.42 REMOVAL OF EXISTING PIPE OVER 24" DIAMETER LF 68 107.50$           $7,310.00
202.7 REMOVAL OF GUARDRAIL LF 983 1.03$               $1,012.49
203.1 COMMON EXCAVATION CY 1212 7.08$               $8,580.96
203.2 ROCK EXCAVATION CY 121 57.07$             $6,905.47
203.6 EMBANKMENT-IN-PLACE (F) CY 250 5.29$               $1,322.50
207.3 UNCLASSIFIED CHANNEL EXCAVATION CY 805 27.50$             $22,137.50
207.41 DRAINAGE SWALE - TYPE A LF 200 9.25$               $1,850.00

209.201 GRANULAR BACKFILL (BRIDGE) (F) CY 176 35.21$             $6,196.96
209.4 GRANULAR BACKFILL (GRAV) CY 435 42.98$             $18,696.30
214 FINE GRADING U 1 12,000.00$      $12,000.00

214.7 RECONSTRUCT PAVED DRIVEWAY SY 115 25.00$             $2,875.00

SECTION 200 SUBTOTAL $118,088.20

SECTION 300 BASE COURSES

304.2 GRAVEL (F) CY 795 25.00$             $19,875.00
304.3 CRUSHED GRAVEL (F) CY 350 24.66$             $8,631.00
304.32 CRUSHED GRAVEL FOR SHOULDER LEVELING TON 60 26.21$             $1,572.60

SECTION 300 SUBTOTAL $30,078.60

SECTION 400 PAVEMENTS

403.11 HOT BITUMINOUS PAVEMENT, MACHINE METHOD TON 450 73.29$             $32,980.50
403.12 HOT BITUMINOUS PAVEMENT, HAND METHOD TON 25 105.27$           $2,631.75

417 COLD PLANING BITUMINOUS SURFACES SY 160 5.50$               $880.00

SECTION 400 SUBTOTAL $36,492.25

SECTION 500 STRUCTURES

502 REMOVAL OF EXISTING BRIDGE STRUCTURE U 1 20,000.00$      $20,000.00
503.101 WATER DIVERSION STRUCTURES U 1 22,000.00$      $22,000.00
503.201 COFFERDAMS U 1 60,000.00$      $60,000.00

504.1 COMMON BRIDGE EXCAVATION (F) CY 430 18.61$             $8,002.30
504.2 ROCK BRIDGE EXCAVATION CY 43 31.00$             $1,333.00
510.1 PILE DRIVING EQUIPMENT U 1 122,500.00$    $122,500.00
510.61 FURNISHING & DRIVING STEEL BEARING PILES LB 60000 0.48$               $28,800.00
510.65 DRIVING-POINTS FOR STEEL BEARING PILES EA 14 225.00$           $3,150.00
520.01 CONCRETE CLASS AA CY 124 427.50$           $53,010.00
520.12 CONCRETE CLASS A, ABOVE FOOTINGS (F) CY 108 491.59$           $53,091.72
520.7 CONCRETE BRIDGE DECK (F) CY 54 723.70$           $39,079.80
534.3 WATER REPELLENT (SILANE/ SILOXANE) GAL 10 62.44$             $624.40

538.2
BARRIER MEMBRANE, PEEL AND STICK - VERTICAL 
SURFACES (F) SY 13 50.00$             $650.00

538.5 BARRIER MEMBRANE, HEAT WELDED (F) SY 220 49.00$             $10,780.00
544 REINFORCING STEEL (F) LB 13250 1.14$               $15,105.00

544.2 REINFORCING STEEL, EPOXY COATED (F) LB 17200 1.17$               $20,124.00
547 SHEAR CONNECTORS (F) EA 690 5.27$               $3,636.30

548.21 ELASTOMERIC BEARING ASSEMBLIES (F) EA 10 1,296.43$        $12,964.30
550.1 STRUCTURAL STEEL (F) LB 58500 1.58$               $92,430.00

550.191 TEMPORARY GIRDER SUPPORT SYSTEM U 1 24,025.00$      $24,025.00
559.4 ELASTOMERIC PLUG TYPE EXPANSION JOINT (F) LF 60 144.50$           $8,670.00
563.23 BRIDGE RAIL T3 (F) LF 185 107.10$           $19,813.50

565.232 BRIDGE APPROACH RAIL, T3 (STEEL POSTS) U 4 4,500.00$        $18,000.00

     QUANTUM CONSTRUCTION CONSULTANTS, LLC

OPINION OF CONSTRUCTION COST

QUANTITY

67' Span Steel Beam Bridge Replacement
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NHDOT COSTS UPDATED: 11/7/2014

PROJECT: Q305 Bean Hill Road Bridge Replacement PREPARED: 3/15/2105 REVISED: 4/30/2015

LOCATION: Merrimack, NH ESTIMATOR: NSP/DJE CHECKED BY: LMM/JAB

NHDOT ITEM NO.  DESIGNATION COST

GROUP CODE C Engineering Study UNIT AMOUNT UNIT TOTAL

     QUANTUM CONSTRUCTION CONSULTANTS, LLC

OPINION OF CONSTRUCTION COST

QUANTITY

587.1 KEYED STONE FILL CY 1300 39.73$             $51,649.00
593.221 GEOTEXTILE; SEPARATION CL. 2, NON-WOVEN SY 2600 2.00$               $5,200.00

SECTION 500 SUBTOTAL $694,638.32

SECTION 600 INCIDENTAL CONSTRUCTION

603.33115 15" CORR. POLYETHYLENE END SECTION EA 4 150.00$           $600.00
603.44015 15" CORR. POLYETHYLENE PIPE FOR SLOPE DRAINAGE LF 60 45.00$             $2,700.00
605.82151 18" AGGRE. UND. TYPE 2 WITH 6" P.C. POLY PIPE LF 110 25.47$             $2,801.70

606.12 BEAM GUARDRAIL (STANDARD SECTION) (STEEL POST) LF 746 16.50$             $12,309.00

606.1255
BEAM GUARDRAIL (TERM. UNIT TYPE EAGRT 25 FT) (STEEL 
POST) U 4 1,582.86$        $6,331.44

611.05212 12" CEMENT LINED DUCTILE IRON WATER PIPE, CL 52 LF 362 82.69$             $29,933.78
611.35216 16" HDPE CASING W/12" DIA D.I.M.J.CARRIER LF 160 300.00$           $48,000.00
611.45216 HORIZONTAL DIRECTIONAL DRILLING U 1 25,000.00$      $25,000.00
611.70012 12" FITTING EA 8 803.12$           $6,424.96
611.71012 12" GATE VALVE EA 2 2,606.67$        $5,213.34

611.74 CHLORINE INJECTION TAP EA 1 725.00$           $725.00

611.90001 ADJUSTING WATER GATES AND SHUTOFFS SET BY OTHERS EA 2 166.76$           $333.52
615.034 RELOCATING TRAFFIC SIGN, TYPE C U 2 100.00$           $200.00

618.7 FLAGGERS HR 400 20.85$             $8,340.00
619.1 MAINTENANCE OF TRAFFIC U 1 10,000.00$      $10,000.00
619.25 PORTABLE CHANGEABLE MESSAGE SIGN U 2 6,437.50$        $12,875.00
621.2 RETROREFLECTIVE BEAM GUARDRAIL DELINEATOR EA 20 4.53$               $90.60
621.5 RETROREFLECTIVE BRIDGE RAIL DELINEATOR EA 4 12.00$             $48.00
628.2 SAWED BITUMINOUS PAVEMENT LF 50 2.25$               $112.50

632.0104 RETROREFLECTIVE PAINT PAVE. MARKING, 4" LINE LF 2900 0.14$               $406.00
645.51 HAY BALES FOR TEMPORARY EROSION CONTROL EA 100 8.00$               $800.00

645.531 SILT FENCE LF 500 2.45$               $1,225.00
645.7 STORM WATER POLLUTION PREVENTION PLAN U 1 4,120.00$        $4,120.00

645.71
MONITORING SWPPP AND EROSION AND SEDIMENT 
CONTROLS HR 50 42.69$             $2,134.50

646.51
TURF ESTABLISHMENT WITH MULCH, TACKIFIERS AND 
LOAM SY 400 4.00$               $1,600.00

670.066 MAILBOX SUPPORT ASSEMBLIES EA 1 158.46$           $158.46
697.11 INVASIVE SPECIES CONTROL AND MANAGEMENT PLAN U 1 1,160.00$        $1,160.00

699
MISCELLANEOUS TEMPORARY EROSION AND SEDIMENT 
CONTROL $ 1 5,000.00$        $5,000.00

SECTION 600 SUBTOTAL $188,642.80

SUBTOTAL CONSTRUCTION COST $1,067,940.17

MUNICIPAL CONSTRUCTION CONTINGENCY (15%) $160,191.02

RECOMMENDED CONSTRUCTION BUDGET $1,228,131.19

Unit Prices taken from 2014 NHDOT Weighted Average Unit Prices, modified for site specifics as required.
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NHDOT COSTS UPDATED: 11/7/2014

PROJECT: Q305 Bean Hill Road Bridge Replacement PREPARED: 3/25/2015 REVISED: 4/30/2015

LOCATION: Merrimack, NH ESTIMATOR: NSP/DJE CHECKED BY: LMM/JAB

NHDOT ITEM NO.  DESIGNATION COST

GROUP CODE C Engineering Study UNIT AMOUNT UNIT TOTAL

SECTION 200 EARTHWORK
201.1 CLEARING AND GRUBBING (F) A 0.3 28,846.15$      $8,653.85

201.882 INVASIVE SPECIES CONTROL TYPE II SY 1125 3.69$               $4,151.25
202.31 FILL ABANDONED PIPE CY 4 177.48$           $709.92
202.41 REMOVAL OF EXISTING PIPE 0-24" DIAMETER LF 506 31.00$             $15,686.00
202.42 REMOVAL OF EXISTING PIPE OVER 24" DIAMETER LF 68 107.50$           $7,310.00
202.7 REMOVAL OF GUARDRAIL LF 983 1.03$               $1,012.49
203.1 COMMON EXCAVATION CY 1212 7.08$               $8,580.96
203.2 ROCK EXCAVATION CY 121 57.07$             $6,905.47
203.6 EMBANKMENT-IN-PLACE (F) CY 250 5.29$               $1,322.50
207.3 UNCLASSIFIED CHANNEL EXCAVATION CY 805 27.50$             $22,137.50
207.41 DRAINAGE SWALE - TYPE A LF 200 9.25$               $1,850.00

209.201 GRANULAR BACKFILL (BRIDGE) (F) CY 176 35.21$             $6,196.96
209.4 GRANULAR BACKFILL (GRAV) CY 435 42.98$             $18,696.30
214 FINE GRADING U 1 12,000.00$      $12,000.00

214.7 RECONSTRUCT PAVED DRIVEWAY SY 115 25.00$             $2,875.00

SECTION 200 SUBTOTAL $118,088.20

SECTION 300 BASE COURSES

304.2 GRAVEL (F) CY 795 25.00$             $19,875.00
304.3 CRUSHED GRAVEL (F) CY 350 24.66$             $8,631.00
304.32 CRUSHED GRAVEL FOR SHOULDER LEVELING TON 60 26.21$             $1,572.60

SECTION 300 SUBTOTAL $30,078.60

SECTION 400 PAVEMENTS

403.11 HOT BITUMINOUS PAVEMENT, MACHINE METHOD TON 448 73.29$             $32,833.92
403.12 HOT BITUMINOUS PAVEMENT, HAND METHOD TON 25 105.27$           $2,631.75

417 COLD PLANING BITUMINOUS SURFACES SY 160 5.50$               $880.00

SECTION 400 SUBTOTAL $36,345.67

SECTION 500 STRUCTURES

502 REMOVAL OF EXISTING BRIDGE STRUCTURE U 1 20,000.00$      $20,000.00
503.101 WATER DIVERSION STRUCTURES U 1 22,000.00$      $22,000.00
503.201 COFFERDAMS U 1 60,000.00$      $60,000.00

504.1 COMMON BRIDGE EXCAVATION (F) CY 430 18.61$             $8,002.30
504.2 ROCK BRIDGE EXCAVATION CY 43 31.00$             $1,333.00
510.1 PILE DRIVING EQUIPMENT U 1 122,500.00$    $122,500.00
510.61 FURNISHING & DRIVING STEEL BEARING PILES LB 60000 0.48$               $28,800.00
510.65 DRIVING-POINTS FOR STEEL BEARING PILES EA 12 225.00$           $2,700.00
520.01 CONCRETE CLASS AA CY 124 427.50$           $53,010.00
520.12 CONCRETE CLASS A, ABOVE FOOTINGS (F) CY 108 491.59$           $53,091.72
520.7 CONCRETE BRIDGE DECK (F) CY 48 723.70$           $34,737.60
528.35 PRESTRESSED CONC. NEXT BEAMS, TYPE F (F) SF 2176 120.00$           $261,120.00
534.3 WATER REPELLENT (SILANE/ SILOXANE) GAL 12 62.44$             $749.28

538.2
BARRIER MEMBRANE, PEEL AND STICK - VERTICAL 
SURFACES (F) SY 13 50.00$             $650.00

538.5 BARRIER MEMBRANE, HEAT WELDED (F) SY 220 49.00$             $10,780.00
544 REINFORCING STEEL (F) LB 13250 1.14$               $15,105.00

544.2 REINFORCING STEEL, EPOXY COATED (F) LB 17200 1.17$               $20,124.00
548.11 ELASTOMERIC BEARING PADS (F) EA 16 375.00$           $6,000.00
559.4 ELASTOMERIC PLUG TYPE EXPANSION JOINT (F) LF 60 144.50$           $8,670.00
563.23 BRIDGE RAIL T3 (F) LF 185 107.10$           $19,813.50

565.232 BRIDGE APPROACH RAIL, T3 (STEEL POSTS) U 4 4,500.00$        $18,000.00
587.1 KEYED STONE FILL CY 1300 39.73$             $51,649.00

593.221 GEOTEXTILE; SEPARATION CL. 2, NON-WOVEN SY 2600 2.00$               $5,200.00

     QUANTUM CONSTRUCTION CONSULTANTS, LLC

QUANTITY

OPINION OF CONSTRUCTION COST

67' Span Prestressed Concrete NEXT Beam Bridge Replacement
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NHDOT COSTS UPDATED: 11/7/2014

PROJECT: Q305 Bean Hill Road Bridge Replacement PREPARED: 3/25/2015 REVISED: 4/30/2015

LOCATION: Merrimack, NH ESTIMATOR: NSP/DJE CHECKED BY: LMM/JAB

NHDOT ITEM NO.  DESIGNATION COST

GROUP CODE C Engineering Study UNIT AMOUNT UNIT TOTAL

     QUANTUM CONSTRUCTION CONSULTANTS, LLC

QUANTITY

OPINION OF CONSTRUCTION COST

SECTION 500 SUBTOTAL $824,035.40

SECTION 600 INCIDENTAL CONSTRUCTION

603.33115 15" CORR. POLYETHYLENE END SECTION EA 4 150.00$           $600.00
603.44015 15" CORR. POLYETHYLENE PIPE FOR SLOPE DRAINAGE LF 60 45.00$             $2,700.00
605.82151 18" AGGRE. UND. TYPE 2 WITH 6" P.C. POLY PIPE LF 110 25.47$             $2,801.70

606.12 BEAM GUARDRAIL (STANDARD SECTION) (STEEL POST) LF 746 16.50$             $12,309.00

606.1255
BEAM GUARDRAIL (TERM. UNIT TYPE EAGRT 25 FT) (STEEL 
POST) U 4 1,582.86$        $6,331.44

611.05212 12" CEMENT LINED DUCTILE IRON WATER PIPE, CL 52 LF 362 82.69$             $29,933.78
611.35216 16" HDPE CASING W/ 12" DIA. CL 52 D.I.M.J. CARRIER LF 160 300.00$           $48,000.00
611.45216 HORIZONTAL DIRECTIONAL DRILLING U 1 25,000.00$      $25,000.00
611.70012 12" FITTING EA 8 803.12$           $6,424.96
611.71012 12" GATE VALVE EA 2 2,606.67$        $5,213.34

611.74 CHLORINE INJECTION TAP EA 1 725.00$           $725.00

611.90001 ADJUSTING WATER GATES AND SHUTOFFS SET BY OTHERS EA 2 166.76$           $333.52
615.034 RELOCATING TRAFFIC SIGN, TYPE C U 2 100.00$           $200.00

618.7 FLAGGERS HR 400 20.85$             $8,340.00
619.1 MAINTENANCE OF TRAFFIC U 1 10,000.00$      $10,000.00
619.25 PORTABLE CHANGEABLE MESSAGE SIGN U 2 6,437.50$        $12,875.00
621.2 RETROREFLECTIVE BEAM GUARDRAIL DELINEATOR EA 20 4.53$               $90.60
621.5 RETROREFLECTIVE BRIDGE RAIL DELINEATOR EA 4 12.00$             $48.00
628.2 SAWED BITUMINOUS PAVEMENT LF 50 2.25$               $112.50

632.0104 RETROREFLECTIVE PAINT PAVE. MARKING, 4" LINE LF 2900 0.14$               $406.00
645.51 HAY BALES FOR TEMPORARY EROSION CONTROL EA 100 8.00$               $800.00

645.531 SILT FENCE LF 500 2.45$               $1,225.00
645.7 STORM WATER POLLUTION PREVENTION PLAN U 1 4,120.00$        $4,120.00

645.71
MONITORING SWPPP AND EROSION AND SEDIMENT 
CONTROLS HR 50 42.69$             $2,134.50

646.51
TURF ESTABLISHMENT WITH MULCH, TACKIFIERS AND 
LOAM SY 400 4.00$               $1,600.00

670.066 MAILBOX SUPPORT ASSEMBLIES EA 1 158.46$           $158.46
697.11 INVASIVE SPECIES CONTROL AND MANAGEMENT PLAN U 1 1,160.00$        $1,160.00

699
MISCELLANEOUS TEMPORARY EROSION AND SEDIMENT 
CONTROL $ 1 5,000.00$        $5,000.00

SECTION 600 SUBTOTAL $188,642.80

SUBTOTAL CONSTRUCTION COST $1,197,190.67

MUNICIPAL CONSTRUCTION CONTINGENCY (15%) $179,578.60

RECOMMENDED CONSTRUCTION BUDGET $1,376,769.26

Unit Prices taken from 2014 NHDOT Weighted Average Unit Prices, modified for site specifics as required.
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15-1059 S 
 

April 21, 2015 
 
 

Quantum Construction Consultants, LLC 
Attention:  James A. Bouchard, Senior Project Manager 
27 Locke Road 
Concord, New Hampshire 03301 
 
 
Subject: Geotechnical Engineering Services 
  Proposed Bridge Replacement 
  Bean Road over Baboosic Brook 
  NHDOT Bridge No. 072/155 
  Merrimack, New Hampshire 
 
 
Dear Mr. Bouchard: 
 

In accordance with our Proposal dated October 8, 2014 S.W. Cole Engineering 

(S.W.COLE) has completed the requested subsurface explorations and preliminary 

geotechnical evaluation for the proposed Bean Road Bridge Replacement (NHDOT 

Bridge No. 072/155) located at the crossing of Baboosic Brook in Merrimack, New 

Hampshire.  The purpose of our work was to explore subsurface conditions and provide 

preliminary geotechnical evaluation and recommendations for the proposed 

construction.  The contents of this report are subject to the limitations set forth in 

Attachment A. 

 

1.0 INTRODUCTION 

1.1 Site Conditions 

The site is located at the crossing of Baboosic Brook on Bean Road in Merrimack, New 

Hampshire as is shown on the Site Location Map, Sheet 1.  Our understanding of the 

existing site conditions are based on observations made during our exploration work 

and the provided roadway layout and profile plan entitled “Roadway Plan, Sta. 100+00 – 

105+50” received via e-mail on March 27, 2015 and “Bean Road over Baboosic Brook” 

(Sheet S1) dated March 25, 2015 prepared by Quantum Construction Consultants, LLC 

(Quantum).   
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The existing crossing consists of a structural plate arch with a span of approximately 

18’-9” and center height of 12’-2”.  The culvert is surrounded with embankment fill that 

approaches up to 17 feet in height above the existing flow line.  Approximately 4 feet of 

embankment fill cover separates the road surface from the top of the existing arch at the 

mid-span. 

1.2 Proposed Construction 

We understand that the existing plate arch will be replaced by a 67-foot single span 

steel girder bridge.  The proposed replacement bridge is anticipated to be founded on 

integral abutments supported on a single row of steel piles driven to end-bearing on 

bedrock.   

 

It is our understanding that the proposed bridge will approximately follow the existing 

horizontal alignment, however the vertical alignment will be lowered by approximately 

one foot at the bridge abutments and approaches. The paved width of the roadway will 

also be increased from approximately 21 feet to 24 feet at the abutments.    

 

2.0 EXPLORATIONS 

Two test borings (B-1 and B-2) were completed by a drilling contractor working under 

subcontract to S.W.COLE on March 17 and 18, 2015.  Borings were advanced utilizing 

4-inch cased rotary-wash and NQ rock core drilling techniques.  Standard Penetration 

Testing (SPT) and split-spoon sampling was performed at 5-foot typical intervals.  Test 

boring B-1 was drilled at Abutment A and was terminated at a depth of 37.0 feet below 

ground surface in bedrock.  Test boring B-2 was drilled at Abutment B and was 

terminated at a depth of 41.5 feet below ground surface in bedrock.  S.W.COLE 

personnel monitored the drilling work and prepared logs of each boring included as 

Sheets 2 and 3. A key to the notes and symbols used on the logs is attached as Sheet 

5.   

 

Test boring locations were determined by S.W.COLE using taped measurements from 

existing site features shown on the site plan.  Approximate ground surface elevations 

were interpolated by S.W.COLE based on contours on the site plan entitled “Roadway 

Plan, Sta. 100+00 – 105+50,” provided by Quantum Construction Consultants, Inc. on 

March 27, 2015.  The location and elevation of the test borings are approximate and 

should be considered accurate only to the degree implied by the method used to 
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determine them.  Test boring locations are shown on Sheet 1A, Exploration Location 

Plan. 

 

3.0 SUBSURFACE CONDITIONS 

3.1 Soils 

3.1.1 Abutment A 

Subsurface conditions at Abutment A are based on test boring B-1.  Test boring B-1 

encountered a surficial layer of bituminous pavement underlain by fill, sand and organic 

silt, marine sand, and gravel overlying bedrock.  Fill was encountered from 0.4 to 19.0 

feet below ground surface (bgs) and generally consist of medium dense to dense sand 

with varying amounts of gravel and some silt.  A thin organic silt and sand layer was 

encountered below the fill from 19.0 to 19.8 feet bgs consisting of a loose dark brown 

sand and organic silt with occasional roots.  Underlying marine sand deposits were 

encountered between 19.8 and 29.0 feet bgs and generally consist of loose, gray to 

brown sand, trace gravel, trace silt to loose, gray, fine sand and clayey silt.  Dense dark 

gray gravel with some sand was encountered from 29.0 to 32.0 feet bgs.  Bedrock was 

encountered in the test boring at 32.0 feet bgs and was described as hard, fresh, fine to 

medium grained, gray Migmatite with moderately close to widely spaced horizontal 

joints with a rock quality designation (RQD) of 85% corresponding to a rock mass 

quality of good. 

3.1.2 Abutment B 

Subsurface conditions at Abutment B are based on test boring B-2.  Test boring B-2 

encountered a surficial layer of bituminous pavement underlain by fill, sand and organic 

silt, marine sand, and silty sand and gravel overlying bedrock.  Fill was encountered 

from 0.4 to 19.0 feet below ground surface (bgs) and generally consist of medium dense 

brown silty sand with some gravel and occasional cobbles.  An organic silt and sand 

layer was encountered below the fill from 19.0 to 24.0 feet bgs consisting of a loose 

dark brown sand and organic silt and peat with occasional roots and frequent layers of 

light gray fine to coarse sand.  Underlying marine sand deposits were encountered 

between 24.0 and 34.0 feet bgs and generally consist of loose, gray fine sand and 

clayey silt.   Medium dense gray silty sand and gravel was encountered from 34.0 to 

36.5 feet bgs.  Bedrock was encountered in the test boring at 36.5 feet bgs and was 

described as hard, very slightly weathered, medium to coarse grained, gray Migmatite 
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with moderately close to widely spaced horizontal joints with a rock quality designation 

(RQD) of 92% corresponding to a rock mass quality of excellent. 

3.2 Groundwater Conditions 

At the time of our explorations, saturated soil conditions were encountered at test 

borings B-1 and B-2 at depths of about 14 feet below existing ground surface, 

corresponding to about elevation 204 and 203 feet respectively.  Due to the relatively 

short time the explorations were open, long term groundwater information is not 

available.  Groundwater levels fluctuate due to season, precipitation, infiltration, 

construction activities in the area and water levels in the brook.  Therefore ground water 

levels during and after construction may vary from those observed in test borings. 

For a more detailed description of the subsurface findings, please refer to the attached 

exploration logs. 

3.3 Laboratory Testing 

Laboratory testing was performed on four samples collected for the test borings to 

assess the engineering properties of the encountered strata.  Three gradation tests and 

one hydrometer test was completed as part of this testing program.  The laboratory test 

results are attached as Sheets 9 thru 12. 

4.0 SCOUR 

We understand that a scour study is being performed by Quantum.  S.W.COLE 

performed gradation testing on samples selected by quantum for their scour analysis. 

We graphically interpreted the D50 for each sample.  A summary of sample location 

depth and D50 are presented below. 

Summary of Laboratory Test Data 

Boring Sample 
Depth 

Interval (ft) 

D50

(mm) 

B-1 6D 24.8-26.0 0.65 

B-2 5D 19.9-20.3 0.38 

B-2 6D 24.0-26.0 0.0156 

B-2 8D 34.0-35.0 2.0 
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5.0 SEISMIC CONSIDERATIONS 

5.1 Bedrock Acceleration and Site Response 

Seismic site class was evaluated in accordance with AASHTO LRFD 2010 Section 

3.10.3.1 using the average SPT N-value method.  AASHTO allows for an N-value of 

100 to be used for bedrock in the upper 100 feet of the soil profile.  Based on the 

information obtained in the explorations and using an N-value of 100 for the bedrock, 

the average N-value fell between 15 and 50 blows per foot corresponding to an 

AASHTO Site Class D as defined in AASHTO Table 3.10.3.1-1.   

 

The USGS online Seismic Design Maps Tool was used to obtain the seismic design 

parameters for the bridge.  Based on the assigned site class (AASHTO Site Class D) 

and the project site coordinates, the software provides the recommended AASHTO 

Response Spectrum for a 7 percent probability of exceedance in 75 years.  The results 

for the project site are summarized below and attached as Sheet 13. 

  

Site Class D Seismic Design Parameters 

Site Coordinates: N42.88599°, W71.53704° 

Parameter Design Value 

Fpga 1.6 

Fa 1.6 

Fv 2.4 

As 0.142 g 

SDS 0.283 g 

SD1 0.105 g 

 

Based on the Acceleration Coefficient SD1=0.11 g provided above and AASHTO Article 

3.10.6, this site is assigned to Seismic Zone 1.  Per AASHTO Article 4.7.4, single span 

bridges are not required to be analyzed for seismic loads, however the requirements of 

AASHTO Articles 4.7.4.4 and 3.10.9 shall apply.  

5.2 Liquefaction Assessment 

Liquefaction is typically observed in saturated deposits of loose sands and non-plastic 

silts subjected to ground shaking most commonly from earthquakes.  The foundation 

soils at the bridge abutments typically consist of medium dense sand underlain by loose 

silty sand and dense sand and gravel overlying bedrock.  Therefore, based on the soils 
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present, we believe the risk of seismically induced liquefaction occurring at the site is 

low. 

 

6.0 FOUNDATION EVALUATION AND RECOMMENDATIONS 

6.1 General  

S.W.COLE has conducted preliminary geotechnical engineering evaluations in 

accordance with 2010 AASHTO LRFD Bridge Design Specifications, 5th Edition 

(AASHTO) and the NHDOT Bridge Design Manual, 2000 Edition (NHDOT BDM). 

6.2 Foundation Options and Discussion 

It is S.W.COLE’s understanding that pile supported integral abutments are the preferred 

system for foundation support.  Subsurface conditions at the proposed abutments 

generally consist of medium dense sands underlain by loose silty sand and dense sand 

and gravel overlying bedrock. Bedrock was encountered at in test borings at depths of 

32 feet and 36.5 feet corresponding to elevations 186.0 and 180.5 at Abutments A and 

B respectively.  Preliminary cross sections provided by Quantum indicate the proposed 

bottom of pile cap for Abutments A and B are elevation 206.0 and 204.5 respectively.  

Based on the bottom of pile cap elevation and top of bedrock elevation the piles would 

have an embedded length of 20 feet at Abutment A and 24 feet at Abutment B.  Based 

on the anticipated pile embedment, it is our opinion that pile supported integral 

abutments are a feasible foundation option for the bridge and preliminary 

recommendations for pile supported foundations are provided herein. 

6.3 Foundation Design 

The design freezing index for the Merrimack, New Hampshire area is approximately 

1,200 Fahrenheit degree-days.  Considering this, we recommend the pile caps and 

foundations for the wing walls should have at least 4.0 feet of soil cover to provide frost 

protection.   

6.3.1 Pile Design 

We have provided two steel H-Pile sections for your consideration including HP 10x42 

and HP 12x53 piles with cast driving tips driven to end-bearing on bedrock for 

foundation support.  The cast driving tips are recommend to help reduce damage to the 

piles during hard driving conditions. 
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We recommend the following axial compressive resistances be used for preliminary 

design.   

 

Pile Type Section 
Nominal Axial 
Compressive 

Resistance (kips) 

Steel H-Pile, with cast driving tip ASTM 
A572 Grade 50 steel 

HP10x42 
 

HP12x53 

415 
 

540 
NOTES: 
1) Nominal axial compressive resistance is based on 1/16-inch reduction in steel cross sectional area due to 

corrosion. 
2) The Nominal Axial Compressive Resistance should be multiplied by the one following resistance factors: 

• Driving criteria developed only by wave equation analysis or dynamic pile formula, φdyn=0.40 
• Driving criteria established by Dynamic Pile Analysis (PDA) with Signal Matching at each abutment 

φdyn=0.65 

 

Piles are expected to be driven to end bearing on bedrock with less than 10 percent of 

capacity obtained thru skin friction in overlying soils.  Pile lengths for the proposed 

abutments are expected to be on the order of 20 to 25 feet for the proposed abutment 

locations.  For preliminary design, drivability was not evaluated and should be 

considered during final design.  It is our opinion that PDA testing should be completed 

at each abutment to allow for a higher factored resistance to be used in final design. 

 

Post-construction settlement of foundations on piles driven to end-bearing on bedrock 

are not anticipated to exceed a ½ inch including elastic shortening of the piles. 
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7.0 CLOSURE 
It has been a pleasure to be of assistance to you with this phase of your project.  If you 

have any questions or need further assistance, please do not hesitate to contact us. 

 

Very truly yours, 

 

S. W. Cole Engineering, Inc. 

 

Eric J. Baron, P.E. 
Geotechnical Engineer 
 
 
 
 
Chad B. Michaud, P.E. 
Senior Geotechnical Engineer 
 

EJB/cbm 

 

 
P:\2014\14-1059 S - Quantum Construction Consultants, LLC - Merrimack, NH - Proposed Bean Road Bridge Replacement - AJH\Reports and Letters\14-1059 Preliminary 

Foundation Report.doc 
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ATTACHMENT A 

LIMITATIONS 

 

 

This draft report has been prepared for the exclusive use of Quantum Construction 

Consultants, LLC for specific application to the proposed Bean Road Bridge Replacement 

over Baboosic Brook in Merrimack, New Hampshire.  S. W. Cole Engineering, Inc. has 

endeavored to conduct the work in accordance with generally accepted soil and 

foundation engineering practices.  No warranty, expressed or implied, is made. 

 

The soil profiles described in the report are intended to convey general trends in 

subsurface conditions.  The boundaries between strata are approximate and are based 

upon interpretation of exploration data and samples. 

 

The analyses performed during this investigation and recommendations presented in this 

report are based in part upon the data obtained from subsurface explorations made at the 

site.  Variations in subsurface conditions may occur between explorations and may not 

become evident until construction.  If variations in subsurface conditions become evident 

after submission of this report, it will be necessary to evaluate their nature and to review 

the recommendations of this report. 

 

Observations have been made during exploration work to assess site groundwater levels.  

Fluctuations in water levels will occur due to variations in rainfall, temperature, and other 

factors. 

 

Recommendations contained in this report are based substantially upon information 

provided by others regarding the proposed project.  In the event that any changes are 

made in the design, nature, or location of the proposed project, S. W. COLE 

ENGINEERING, INC. should review such changes as they relate to analyses associated 

with this report.  Recommendations contained in this report shall not be considered valid 

unless the changes are reviewed by S. W. Cole Engineering, Inc. 
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LEGEND:

APPROXIMATE BORING LOCATION

NOTES:

1. EXPLORATION LOCATION PLAN WAS PREPARED FROM A
1"=20' SCALE PLAN OF THE SITE ENTITLED "ROADWAY
PLAN, STA 100+00 - 105+50," PREPARED BY QUANTUM
CONSTRUCTION CONSULTANTS, LLC, RECEIVED VIA
E-MAIL 03/27/2015.

2. THE BORINGS WERE LOCATED IN THE FIELD BY TAPED
MEASUREMENTS AND PROVIDED ON THE ABOVE
REFERENCED PLAN.

3. THIS PLAN SHOULD BE USED IN CONJUNCTION WITH THE
ASSOCIATED S. W. COLE ENGINEERING, INC.
GEOTECHNICAL REPORT.

4. THE PURPOSE OF THIS PLAN IS ONLY TO DEPICT THE
LOCATION OF THE EXPLORATIONS IN RELATION TO THE
EXISTING CONDITIONS AND PROPOSED CONSTRUCTION
AND IS NOT TO BE USED FOR CONSTRUCTION.

QUANTUM CONSTRUCTION CONSULTANTS, INC.
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BORING NO.:

SHEET:

PROJECT NO.:

PROJECT: PROPOSED BRIDGE REPLACEMENT OVER BABOSSIC BROOK - NHDOT NO. 072/155 DATE START:

CLIENT : QUANTUM CONSTRUCTION CONSULTANTS, LLC DATE FINISH:

LOCATION: BEAN ROAD, MERRIMACK, NEW HAMPSHIRE

DRILLING FIRM: S.W. COLE EXPLORATIONS, LLC

SWC REP.:

CASING:

SAMPLER:

CORE BARREL:

CASING 
BLOWS

PER 
FOOT

NO. PEN. REC.
DEPTH 
@ BOT

0-6 6-12 12-18 18-24

 5" ASPHALT

 1D 24" 20" 2.0' 14 21 20 10

 BROWN SAND WITH SOME GRAVEL AND SOME SILT

 (FILL)

 ~MEDIUM DENSE TO DENSE~

  2D 24" 20" 6.0' 22 17 12 16

 

 

 9.0'

 

 3D 24" 20" 11.0' 11 14 15 11 BROWN GRAVELLY SAND WITH SOME SILT 

 (FILL)

 ~MEDIUM DENSE~

 

 

 4D 24" 6" 16.0' 3 5 10 16

 

19.0'

 19.8' DARK BROWN SAND AND ORGANIC SILT WITH OCCASIONAL ROOTS ~LOOSE~

 5D 24" 16" 21.0' WOH 1 5 5 GRAY SAND WITH TRACE GRAVEL AND TRACE SILT 

 AND OCCASIONAL ROOTS

 ~LOOSE~

 24.0'

 24.8' GRAY FINE SAND AND CLAYEY SILT (VARVED DEPOSIT) ~LOOSE~

 6D 24" 18" 26.0' 1 1 6 5 LIGHT BROWN FINE TO COARSE SAND WITH SOME GRAVEL AND TRACE SILT 

 ~LOOSE~

 

 29.0'

 DARK GRAY GRAVEL WITH SOME SAND 

 7D 24" 3" 31.0' 44 27 18 10

 32.0' ~DENSE~

 

  ENCOUNTERED BEDROCK AT APPROXIMATLEY 32.0 FEET

 OBTAINED ROCK CORE FROM 32.0 TO 37.0 FEET

  (SEE ROCK CORE SUMMARY SHEET)

 

 37.0'

 BOTTOM OF TEST BORING AT APPROXIMATELY 37.0 FEET

 

SAMPLES: SOIL CLASSIFIED BY: REMARKS:

D = SPLIT SPOON     DRILLER - VISUALLY STRATIFICATION LINES REPRESENT THE

C = 3" SHELBY TUBE X     SOIL TECH. - VISUALLY APPROXIMATE BOUNDARY BETWEEN SOIL TYPES

U = 3.5" SHELBY TUBE     LABORATORY TEST AND THE TRANSITION MAY BE GRADUAL. BORING NO.: B-1

30"

HAMMER FALL

BOB MARCOUX

STRATA & TEST DATA

WATER LEVEL INFORMATION

GROUNDWATER MEASURED AT 

APPROXIMATELY 14 FT BELOW SURFACE

DEPTH
SAMPLE SAMPLER BLOWS PER 6"

4.0"

1 3/8"SS

HW

TYPE SIZE I.D. HAMMER WT.

140 LBS

BORING LOG

DRILLER:

C. CLARK

ELEVATION: ± 218.0 FEET

B-1

1 OF 1

14-1059

3/17/2015

3/17/2015



BORING NO.:

SHEET:

PROJECT NO.:

PROJECT: PROPOSED BRIDGE REPLACEMENT OVER BABOSSIC BROOK - NHDOT NO. 072/155 DATE START:

CLIENT : QUANTUM CONSTRUCTION CONSULTANTS, LLC DATE FINISH:

LOCATION: BEAN ROAD, MERRIMACK, NEW HAMPSHIRE

DRILLING FIRM: S.W. COLE EXPLORATIONS, LLC

SWC REP.:

CASING:

SAMPLER:

CORE BARREL:

CASING 
BLOWS

PER 
FOOT

NO. PEN. REC.
DEPTH 
@ BOT

0-6 6-12 12-18 18-24

 5" ASPHALT

 1D 24" 20" 2.0' 12 18 19 41

 BROWN SILTY SAND WITH SOME GRAVEL 

 AND OCCASIONAL COBBLES 

 (FILL)

  2D 24" 18" 6.0' 8 10 10 14 ~MEDIUM DENSE~

 

 

 

 

 3D 24" 20" 11.0' 7 7 8 12

 

 

 

 

 4D 24" 2" 16.0' 6 9 11 10

 

19.0'

 DARK BROWN SAND AND ORGANIC SILT AND PEAT WITH OCCASIONAL ROOTS 

 5D 24" 20" 21.0' 1 1 2 3 WITH FREQUENT LAYERS OF LIGHT GRAY FINE TO COARSE SAND

 ~LOOSE~

 

 24.0'

 

 6D 24" 18" 26.0' 1 WOH 1 3 GRAY FINE SANDY,  CLAYEY SILT 

 (VARVED DEPOSIT)

 ~LOOSE~

 

 

 7D 24" 0" 31.0' 5 3 3 3

 

 

 34.0'

 GRAY SILTY SAND AND GRAVEL 

 8D 24" 10" 36.0' 21 15 10 10 (POSSIBLE WEATHERED ROCK)

 36.5' ~MEDIUM DENSE~

 ENCOUNTERED ROCK AT APPROXIMATELY 36.5 FEET

 OBTAINED ROCK CORE FROM 36.5 TO 41.5 FEET (SEE ROCK CORE SUMMARY)

 BOTTOM OF TEST BORING AT APPROXIMATELY 41.5 FEET

SAMPLES: SOIL CLASSIFIED BY: REMARKS:

D = SPLIT SPOON     DRILLER - VISUALLY STRATIFICATION LINES REPRESENT THE

C = 3" SHELBY TUBE X     SOIL TECH. - VISUALLY APPROXIMATE BOUNDARY BETWEEN SOIL TYPES

U = 3.5" SHELBY TUBE     LABORATORY TEST AND THE TRANSITION MAY BE GRADUAL.

BORING LOG
B-2

1 OF 1

14-1059

3/18/2015

3/18/2015

ELEVATION: ± 217.0 FEET
DRILLER: BOB MARCOUX

TYPE SIZE I.D. HAMMER WT. HAMMER FALL C. CLARK

HW 4.0" WATER LEVEL INFORMATION

SS 1 3/8" 140 LBS 30" GROUNDWATER MEASURED AT 

BORING NO.: B-2

APPROXIMATELY 14 FT BELOW SURFACE

SAMPLE SAMPLER BLOWS PER 6"
DEPTH STRATA & TEST DATA



ROCK CORE SUMMARY SHEET

BORING NOs.: B-1 AND B-2

LOCATION: Bean Road over the Baboosic Brook - Merrimack, NH

BORING OBSERVED BY: C. Clark DATE: 3/17/2015 - 3/18/2015

ROCK CORE LOGGED BY: C. Clark DATE: 3/20/2015

B-1 NQ2 32.0 - 37.0 4.7 85 GOOD

B-2 NQ2 36.5 - 41.5 4.9 92 EXCELLENT

RECOVERY 
(FT)

RQD 
(%)

ROCK QUALITY

Gray, Migmatite, hard, fresh, fine to 
medium grained, moderately close to 
wide horizontal joints.

Same as B-1 and generally very slightly 
weathered, medium to coarse grained, 
with moderately close to wide horizontal 
joints. 

Proposed Bean Road Bridge Replacement
   NHDOT Bridge No. 072/155

Merrimack, NH
S.W.C.E. Project No. 14-1059

BORING
NO.

CORE
 SIZE

DEPTH & CORE
INTERVAL (FT)

LITHOLOGIC 
DESCRIPTION



  
 
 
 

 
KEY TO THE NOTES & SYMBOLS 

 Test Boring and Test Pit Explorations 
 
All stratification lines represent the approximate boundary between soil types and the transition 
may be gradual. 
 
Key to Symbols Used: 
 
w - water content, percent (dry weight basis) 
qu - unconfined compressive strength, kips/sq. ft. - laboratory test 
Sv - field vane shear strength, kips/sq. ft. 
Lv - lab vane shear strength, kips/sq. ft. 
qp - unconfined compressive strength, kips/sq. ft. – pocket penetrometer test 
O - organic content, percent (dry weight basis) 
WL - liquid limit - Atterberg test 
WP - plastic limit - Atterberg test 
WOH - advance by weight of hammer 
WOM - advance by weight of man 
WOR - advance by weight of rods 
HYD - advance by force of hydraulic piston on drill 
RQD - Rock Quality Designator - an index of the quality of a rock mass. 
γT - total soil weight 
γB - buoyant soil weight 
 
Description of Proportions:   Description of Stratified Soils 
 
      Parting:   0 to 1/16” thickness 
Trace:  0 to 5%   Seam:   1/16” to 1/2” thickness 
Some:  5 to 12%   Layer:  ½” to 12” thickness 
“Y”  12 to 35%   Varved: Alternating seams or layers 
And  35+%    Occasional: one or less per foot of thickness 
With  Undifferentiated  Frequent: more than one per foot of thickness 
 
REFUSAL:  Test Boring Explorations - Refusal depth indicates that depth at which, in the drill 
foreman's opinion, sufficient resistance to the advance of the casing, auger, probe rod or sampler 
was encountered to render further advance impossible or impracticable by the procedures and 
equipment being used. 
 
REFUSAL:  Test Pit Explorations - Refusal depth indicates that depth at which sufficient 
resistance to the advance of the backhoe bucket was encountered to render further advance 
impossible or impracticable by the procedures and equipment being used. 
 
Although refusal may indicate the encountering of the bedrock surface, it may indicate the striking 
of large cobbles, boulders, very dense or cemented soil, or other buried natural or man-made 
objects or it may indicate the encountering of a harder zone after penetrating a considerable 
depth through a weathered or disintegrated zone of the bedrock. 
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Report of Hydrometer

Project Name: Proposed Beam Road Bridge Replacement Project Number:  

Project Location: Merrimack, NH Lab ID:  

Client: Quantum Construction Consultants LLC Date Received:  

Material Description: Clayey Silt and Fine Sand Date Completed: 

Material Source: B-2, 6D 24.0' to 26.0' Tested By:  

Specification

(name)

3" 76 100 0.05578 74.5

2" 50 100 0.04060 68.6

1½" 38.1 100 0.02951 62.6

1" 25 100 0.02951 62.6

¾" 19 100 0.02152 56.6

½" 12.5 100 0.01559 50.7

¼" 6.3 100 0.01165 44.7

No. 4 4.75 100 0.00843 38.8

No. 10 2 99 0.00611 32.8

No. 20 0.85 99 0.00441 26.8

No. 40 0.425 97 0.00318 20.9

No. 60 0.25 94 0.00230 14.9

No. 100 0.15 89 0.00134 13.4

No. 200 0.075 79.4

Gravel (3" - No. 4) 0.1% Fines (0.074 -0.005) 50.4%

Sand (No. 4 - No. 200) 20.5% Clay  (<0.005) 29.0%

Comments:  D50=0.01559mm

.
    Geotechnical Engineering           Construction Materials Testing           GeoEnvironmental Services           Ecological Services    

10 Centre Road, Somersworth, NH 03878-2926  ●  P: (603) 692.0088  ●  F: (603) 692.0044  ●  E: infosomersworth@swcole.com

MJS

4/3/2015

Amount 
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Standard 
Designation 

(mm)
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Amount   Passing 
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Particle Size 
(mm)

ASTM D422-63 (07)

Sieve Analysis Hydrometer Analysis

Particle Distribution:

Sieve Size

3/31/2015
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Design Maps Summary Report

Report Title

Building Code Reference Document

Site Coordinates

Site Soil Classification

PGA = 0.089 g As = 0.142 g

SS = 0.177 g SDS = 0.283 g

S1 = 0.044 g SD1 = 0.105 g

User–Specified Input
Bean Road Bridge Replacement 
Tue April 14, 2015 18:30:48 UTC

2009 AASHTO Guide Specifications for LRFD Seismic Bridge Design 
(which utilizes USGS hazard data available in 2002) 

42.88599°N, 71.53704°W 

Site Class D – “Stiff Soil” 

USGS–Provided Output

Although this information is a product of the U.S. Geological Survey, we provide no warranty, expressed or implied, as to the 
accuracy of the data contained therein. This tool is not a substitute for technical subject-matter knowledge. 

Page 1 of 1Design Maps Summary Report

4/14/2015http://ehp4-earthquake.cr.usgs.gov/designmaps/us/summary.php?template=minimal&latitu...
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Hydrologic & Hydraulic Report 

BEAN ROAD OVER BABOOSIC BROOK 
Merrimack, NH 

NHDOT Bridge No. 072/155 
NHDOT Project No. 29736 
Merrimack, New Hampshire 

 
May 1, 2015 

 
I. Introduction 

Quantum Construction Consultants, LLC (QCC) performed flood hydrology and hydraulic 
analyses as part of the Engineering Study for Bean Road over Baboosic Brook in Merrimack, 
New Hampshire (NHDOT Bridge No. 072/155, NHDOT Project No. 29736).  Replacement of 
the 21-foot span corrugated metal arch pipe is being studied due to structural deficiency.  The 
bridge is listed on the NHDOT Municipal Redlist and is currently posted for 10 tons.  There is 
severe deterioration at the base of the culvert which is a serious safety concern for the Town. 

 
 
 
 

Project Location 

Image 1: Location Map 
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II. Design Criteria 

The purpose of these analyses is to ascertain flood discharges, water surface elevations, stream 
velocities and scour potential in order to determine the required size of waterway opening to 
provide 1-foot of freeboard for the 50-year storm, per NHDOT Bridge Design Criteria, and 
implement channel protection to provide additional scour protection if necessary. 
 

III. Hydrology Analysis 
 

A. Drainage Area – Watershed Characteristics 
 
The bridge crossing at Bean Road has a tributary drainage area of approximately 25.1 
square miles.  The majority of the watershed is located in the Town of Bedford, but is 
also located in Goffstown, New Boston, Amherst and Merrimack. 
 
Mt. Uncanoonuc South Mountain (approx. el. 1300’) is the highest point in the 
watershed, located on the north side of the project’s drainage area.  Joe English Hill 
(approx. el. 1280’) forms the perimeter high point on the northwest side of the watershed 
and Walnut Hill (approx. el. 620’) on the southwest side.  The east side of the watershed 
has several small hilltops with elevations less than 500 feet. 
 
The storage area in the watershed is approximately five percent (5%) of the watershed 
total area.  The largest lake in the watershed is Baboosic Lake with an approximate 
storage area of 0.7 square miles.  Little Baboosic Lake, Beaver Dam Pond, Joe English 
Pond, Ice Pond, and Maddening Ponds are also located in the watershed, as are several 
unnamed swampy areas. 
 

B. Stream Description 
 
The watercourse, which eventually becomes Baboosic Brook, originates in Beaver Dam 
Pond near Joe English Hill in New Boston.  It flows into Joe English Pond and at the 
outflow of the pond, becomes Joe English Brook.  It then flows southeasterly under local 
roads and NH Route 101.  Joe English Brook joins with the outflow from Baboosic Lake 
to form Baboosic Brook.  Riddle Brook and McQuade Brook are both tributaries to 
Baboosic Brook, downstream of the Bean Road Crossing.  Both brooks flow 
southeasterly under local roads and NH Route 101 until they join with Baboosic Brook.  
After passing through the Wire Road and Bedford Road Bridges in Merrimack, Baboosic 
Brook continues under several local roads including McGaw Bridge Road, the Everett 
Turnpike and U.S. Route 3 before eventually discharging into the Souhegan River near 
its mouth at the Merrimack River. 
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C. Flood Records and Observations 
 
Information provided by the Town of Merrimack Public Works Department (MPWD) 
reported that Bean Road has overtopped in the past at the roadway lowpoint.  During the 
Mother’s Day Flood of 2006, which was estimated to be a 75-year storm, it was reported 
that a 30-foot long section of Bean Road, approximately 250 feet to the east of the bridge, 
was flooded.   
 
Based on information gathered during a site visit in October 2014, it was estimated that 
the normal high water elevation is approximately 3.0 feet above the existing culvert 
invert (note water marks in Image 3 below), corresponding to approximately elevation 
203.0. 

Image 2: Downstream View of Baboosic Brook from Roadway, October 2014.
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D. Hydrologic Design Methodology 
 
There are no USGS stream gages on the Baboosic Brook.  Therefore, QCC was required 
to calculate flood flows from the watershed per NHDOT Bridge Design Manual, January 
2015 – v 2.0, Section 2.7.5.  One preferred method was used to calculate peak discharges 
for analysis, while three other accepted methods were used as a check.  QCC utilized the 
following methods for determining peak runoff rates: 
 

 USGS StreamStats for NH (Preferred Method) 
 Runoff Estimates for Small Rural Watersheds and Development of a Sound 

Method (5 and 7 Parameter Methods) (Accepted Methods) 
 FEMA Flood Insurance Study (FIS) (Accepted Method) 

 
  

Image 3: Normal High Water Mark Shown on Culvert, October 2014. 
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A comparison of the results of each method for the hydrologic evaluation of the 
watershed is summarized below: 
 

 Preferred Method Accepted Methods 
Flood 
Event 
(-year) 

USGS 
StreamStats 

90% Prediction 
Interval Range 

5-Parameter 
Method 

7-Parameter 
Method 

FEMA FIS

Discharge (cfs) Discharge (cfs) Discharge (cfs) Discharge (cfs) Discharge (cfs)
2.33 645 399 – 1040 727 721 -- 
50 2060 1160 – 3640 2693 2615 1710 
100 2440 1340 – 4470 3164 3072 2100 

Table 1: Hydrologic Analyses Results 

After completing the hydrology calculations for all four methods, it was determined that 
the USGS StreamStats for NH values were acceptable to use in analysis as all values from 
the three check methods were within the 90% prediction interval range. 

 
(See Appendix D1 for referenced FEMA information and hydrology calculations.) 

 
E. Comparison with FEMA Flood Insurance Study 

 
Flood hydrology for Baboosic Brook in the current FIS (FEMA, 2009) is based on the 
original 1979 FIS (FEMA, 1979) for Merrimack, NH.  The original FIS (FEMA, 1979) 
used the USGS flood runoff formula developed by Manuel Benson to estimate peak 
discharges for the 10, 50, 100 and 500-year flood events.  It should be noted that these 
flows were also utilized when the FIS (FEMA, 2009) was updated in 2004.  Although 
appropriate in 1979 for the intended purposes of identifying the 100-year floodplain and 
establishing floodplain regulations, the Benson flood discharge formula alone is not 
sufficient for estimating a design flood discharge for the purpose of upgrading bridges 
and culverts along Baboosic Brook.  More recent flood discharge formulas developed by 
the USGS and other government agencies are based on the inclusion of more recent 
record flood events that have occurred in the 1980s, 1990s and in some instances the 
2000s. 

 
The following table presents the flood discharge estimates by FEMA and QCC for 
Baboosic Brook at Bean Road: 

 
Flood Event FEMA Flows Proposed Design Flows 

2.33-yr NC cfs 645 cfs 
50-yr 1710 2060 
100-yr 2100 2440 

 
Note: NC – Not Computed 
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Although FEMA’s flood flows are similar to the proposed design flows, the proposed 
design flows are better estimates of the discharge for use in the Bean Road Bridge Design 
because they are based on USGS StreamStats discharge formulas developed from more 
recent record flood events. 

 
IV. Hydraulic Analysis 

 
A. Hydraulic Model Approach 

 
A computer hydraulic base model was developed using the U.S. Army Corp of Engineers 
(ACOE) HEC-RAS River Analysis System (version 4.1) to determine the water surface 
elevations and stream velocities for the Baboosic Brook at the Bean Road location during 
peak flow discharge.  To create the hydraulic model at the Bean Road crossing location, 
QCC started with the current FIS (FEMA, 2004) river hydraulic model and added new 
surveyed hydraulic cross sections from a 1”=20’ scale, 2-foot contour topographic field 
survey plan of the area prepared by Meridian Land Services, Inc.  In addition to the 
surveyed cross sections, QCC also updated downstream bridges at Wire Road (NHDOT 
Bridge No. 098/174) and Bedford Road (NHDOT Bridge No. 095/166) to reflect new 
structures in place since the study was completed.  Manning’s “n” roughness coefficients 
were estimated from field observations and FEMA’s original study.   
 
QCC then replaced the existing culvert with two different bridge openings, corresponding 
to Alternative I and Alternative II discussed below, in order to determine flood event 
water surface elevations, channel velocities at the bridges, scour potential and effects on 
upstream crossings in order to determine the best replacement alternative and provide the 
Town with a recommendation. 
 
The FEMA model uses a downstream channel slope of 0.0153 as the boundary condition.  
All elevation information, from these sources and within this report, references the 
NAVD 1988 vertical datum.  The elevations reported for all storms and alternatives are at 
the water surface one bridge length upstream of the bridge per standard practice, while 
the reported velocities are at the bridge cross section. 

 
B. Comparison to FEMA FIS 

 
The current FIS (FEMA, 2009), presents flood profiles for Baboosic Brook for the 10, 50, 
100 and 500-year peak flood events, and water surface elevations and top widths for 100-
year regulatory floodway.  Stream channel and floodplain geometry used in the HEC-
RAS model are based on the 2004 model that was obtained directly from FEMA.   
 
For the hydraulic design of the new Bean Road crossing, QCC created a Duplicate 
Effective Model (DEM) from the 2004 FEMA model by inserting upstream and 
downstream sections using a new topographic survey of the existing stream crossing and 
upstream and downstream stream channel geometries of Bean Road, as stated in section 
IV.A.  QCC’s DEM produced water surface elevations for the 50 and 100-year storms 
that were within 0.5-feet of the FIS (FEMA, 2009).   
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The following table presents a comparison between FEMA’s 2009 FIS and QCC’s DEM 
using the FEMA 50 and 100-year peak discharges: 
 

Flood 
Event 
(-year) 

Flow 
(cfs) 

FEMA FIS 
Elevation (ft) 

QCC DEM 
Elevation (ft) 

Comparison – 
DEM to FIS 

(ft) 
50 1710 212.56 212.48 -0.08 
100 2100 213.51 213.16 -0.35 

Table 2: DEM Comparison to FEMA FIS 

Once the DEM was considered acceptable when compared to the FIS (FEMA, 2009), 
QCC updated the downstream bridge geometries for recently constructed bridges at Wire 
Road (NHDOT Bridge No. 098/174) and Bedford Road (NHDOT Bridge No. 095/166) to 
create a Base Model which resulted in the following lower water surface elevations: 
 

Flood 
Event 
(-year) 

Flow 
(cfs) 

FEMA FIS 
Elevation (ft) 

QCC Base 
Model 

Elevation (ft) 

Comparison – 
Base to FIS 

(ft) 
50 1710 212.56 212.45 -0.11 
100 2100 213.51 213.01 -0.50 

Table 3: Base Model Comparison to FEMA FIS 

This Base Model was used for all further hydraulic analyses. 
 
See Appendix D2 for the resulting floodplain and cross section layout of the Baboosic 
Brook in the vicinity of Bean Road. 

 
C. Existing Bridge 

 
The existing crossing at Bean Road consists of a 21-foot span, corrugated metal arch 
pipe.  HEC-RAS hydraulic analyses were performed for the 2.33, 50, and 100-year peak 
flood discharges.  The results of these analyses show that the existing Bean Road is 
overtopped at its low point by stream flows greater than about 975 cfs.  As noted in 
section III.C above, the Town has records of the roadway overtopping in the past. 
 
The HEC-RAS analyses indicate that at the 50-year peak flood discharge of 2060 cfs, the 
peak water surface elevation is approximately 212.9 feet, and Bean Road is overtopped 
by approximately 3.3 feet of water at the roadway low point even though there is 
freeboard in the pipe. 
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EXISTING CONDITIONS 
Flood 
Event 
(-year) 

Design 
Flow 
(cfs) 

Velocity at 
Bridge 

(fps) 

Headwater 
Elevation 

(ft) 

Freeboard* 
(ft) 

Roadway 
Overtopping** 

(ft) 
2.33-year 645 7.42 207.6 6.5 -2.0 
50-year 2060 11.32 212.9 1.2 3.3 
100-year 2440 11.38 213.4 0.7 3.8 

Table 3: Existing Conditions Hydraulic Analyses Results 

* Approximate Existing Waterway Opening = 205 ft2 (Existing Low Chord at 214.1) 
** Existing Low Point of Roadway = El 209.6 ft 

 
D. Natural Channel 

 
QCC also evaluated a natural channel at the Bean Road location in order to determine the 
lowest possible water surface elevations for each flood event, for comparison. 
  

NATURAL CHANNEL 
Flood Event 

(-year) 
Design Flow 

(cfs) 
Velocity 

(fps) 
Headwater Elevation 

(ft) 

2.33-year 645 1.47 204.9 
50-year 2060 2.27 207.9 
100-year 2440 2.32 208.8 

Table 4: Natural Channel Hydraulic Analyses Results 

Appendix D2 – Existing Hydraulic Calculations includes a cross section base map, flood 
profile and HEC-RAS summary computer output table for the hydraulic analyses of the 
existing Bean Road crossing. 
 

E. Proposed Waterway Opening Alternatives 
 

Alternative I – 40’ Hydraulic Span Bridge with Roadway Profile Similar to Existing 
 
QCC evaluated installing a 40-foot hydraulic clear span bridge at the existing culvert 
location.  Based on the analyses, it was determined that an unobstructed waterway 
opening of at least 312 sf is required in order to meet NHDOT Hydraulic Design criteria 
of one-foot of freeboard over the 50-year design flood water surface elevation. This 
requires a minimum low chord elevation of 211.4.  Based on an assumed superstructure 
depth of 3.0 feet, this alternative does not require a change in the vertical roadway profile 
at the bridge location. 
 
The 40-foot hydraulic clear span bridge would have 2:1 slopes of keyed stone fill in front 
of vertical abutments.  This alternative corresponds to an unobstructed waterway opening 
of 493 sf and a low chord elevation at 214.0.  The HEC-RAS analyses of this alternative 
result in the passage of all flood flows through the modeled waterway opening without a 
rise in water surface elevation upstream of the bridge, as compared to existing. 
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ALTERNATIVE I 
40’ Hydraulic Span Bridge with Roadway Profile Similar to Existing 

Flood 
Event 
(-year) 

Flow 
(cfs) 

Velocity at 
Bridge 

(fps) 

Headwater 
Elevation 

(ft) 

Change in Water Surface 
Elevation - 

Existing to Proposed (ft) 
2.33 645 6.11 206.1 -1.5 
50 2060 8.45 210.4 -2.5 
100 2440 9.03 211.3 -2.1 

Table 4: Alternative I Hydraulic Results 
 

Alternative II – 60’ Hydraulic Span Bridge with Roadway Profile Similar to 
Existing 
 
QCC also evaluated installing a 60-foot hydraulic clear span bridge at the existing culvert 
location.  In order to satisfy NHDOT Hydraulic Design Criteria, an unobstructed 
waterway opening of at least 349 sf is required to maintain one-foot of freeboard above 
the 50-year storm water surface elevation.  This requires a minimum low chord elevation 
of 210.6.  Based on an assumed superstructure depth of 3.5 feet, this alternative does not 
require a change in the vertical roadway profile at the bridge location. 
 
The 60-foot hydraulic clear span was modeled with 2:1 slopes of keyed stone fill in front 
of vertical abutments, with an unobstructed waterway opening of 535 sf and a low chord 
elevation at 212.1.  The HEC-RAS analyses of this alternative result in the passage of all 
flood flows through the modeled waterway opening without a rise in water surface 
elevation upstream of the bridge, as compared to existing. 
 

ALTERNATIVE II 
60’ Hydraulic Span Bridge with Roadway Profile Similar to Existing 

Flood 
Event 
(-year) 

Flow 
(cfs) 

Velocity at 
Bridge 

(fps) 

Headwater 
Elevation 

(ft) 

Change in Water Surface 
Elevation - 

Existing to Proposed (ft) 
2.33 645 5.61 205.6 -2.0 
50 2060 8.58 209.6 -3.3 
100 2440 8.94 210.4 -3.0 

Table 5: Alternative II Hydraulic Results 
 
Appendix D3 – Proposed Hydraulic Calculations includes flood profiles and HEC-RAS 
summary computer output tables for the hydraulic analyses of the proposed waterway 
opening of the Bean Road crossing. 
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V. Stability and Scour Assessment 
 

A. Channel Description 
 

The existing channel through the Bean Road crossing is currently restricted by the 21-
foot corrugated metal arch pipe.  Upstream and downstream conditions appear to be 
similar to each other, with a maximum channel width of approximately 80 feet, and a 
flood plain approximately 300 feet wide.  There is a scour hole present downstream of the 
culvert, likely caused by high velocity exiting the pipe.  Based on the topographic survey, 
the scour hole downstream of the Bean Road crossing is approximately 8 feet deep in the 
middle. 
 
Manning’s n-values were estimated to be 0.04 for the channel, and 0.09 for both right and 
left overbank sections.  These values were contained in the original FEMA FIS HEC-
RAS model that QCC received, and appear to be consistent with observed existing 
conditions. 

 
B. Scour Analysis 

 
QCC performed a scour analysis for the proposed waterway opening in accordance with 
the NHDOT Bridge Design Manual, January 2015 – v 2.0, Section 2.7.7.  This analysis 
was performed using the 100-year flood flow of 2440 cfs and a D50 value of 0.38 mm for 
the existing channel bed, per the geotechnical report.  The HEC-RAS software calculated 
abutment scour depths of 6.86 ft and 9.98 ft for the left and right abutments and 
contraction scour depth of 16.23 ft.  Therefore, the total scour depths are 23.09 ft and 
26.21 ft for the left and right abutments.  

 
C. Channel Protection 

 
The channel through the proposed bridge structure will be very susceptible to scour, as 
can be seen by the existing downstream scour hole.  Therefore, QCC proposes the 
installation of keyed stone fill in front of the abutments and across the entire channel.  
The keyed stone fill will offer much greater scour protection than the existing stream bed 
material.   
 
A scour analysis was also performed on the proposed waterway opening with channel 
protection.  A calculated minimum D50 value of 330 mm (~12 in.) based on HEC-23, was 
used for the keyed stone fill in the channel and in front of the abutments.  The addition of 
the channel protection significantly decreased the total scour depths to 6.86 ft and 9.98 ft 
for the left and right abutments during the 100-year flood event by eliminating the 
contraction scour in the channel.  A check of the 500-year flood event indicated scour 
depths of 28.60 ft and 15.25 ft for the left and right abutments with scour protection. 
 
Appendix D4 – Scour Analyses includes HEC-RAS summary computer output and 
graphic for the scour analyses of the proposed waterway opening at the Bean Road 
crossing. 
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D. Conclusion 
 

The values for abutment scour depths that were obtained from the HEC-RAS analysis 
cannot be further reduced based on channel protection measures.  It is anticipated that the 
new bridge will be founded on piles in which case, abutment scour will not be an issue as 
the piles will be driven to bedrock and the proposed keyed stone fill across the channel 
will eliminate contraction scour in the channel.  The channel should be monitored for 
scour in the future. 

 
VI. Conclusion and Recommendations 

 
Based on our analysis of the watershed and the hydraulic calculations, it was determined that 
backwater from the downstream Bedford Road Bridge controlled the water surface elevations at 
the Bean Road bridge location.  Therefore, we recommend implementation of either alternative, 
40-foot span with a minimum waterway opening of 312 sf or 60-foot span with minimum 
waterway opening of 349 sf, as they both provide sufficient freeboard over the 50-year design 
storm and do not create a rise in water surface elevation upstream of the bridge, as compared to 
existing. 
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Streamstats Ungaged Site Report

Date: Sun Jan 11 2015 23:11:49 Mountain Standard Time
Site Location: New_Hampshire
NAD27 Latitude: 42.8859 (42 53 09)
NAD27 Longitude: ­71.5374 (­71 32 15)
NAD83 Latitude: 42.8860 (42 53 09)
NAD83 Longitude: ­71.5369 (­71 32 13)
Drainage Area: 25.14 mi2 

Peak Flows Region Grid Basin Characteristics
100% Peak Flow Statewide SIR2008 5206 (25.1 mi2)

 Parameter
 Value  Regression Equation Valid Range

 Min  Max
 Drainage Area (square miles)  25.1  0.7  1290
 Mean April Precipitation (inches)  3.962  2.79  6.23
 Percent Wetlands (dimensionless)  8.2535  0  21.8
 Stream Slope 10 and 85 Method (feet per mi)  56.1  5.43  543

LowFlows Region Grid Basin Characteristics
100% Low Flow Statewide (25.1 mi2)

 Parameter
 Value  Regression Equation Valid Range

 Min  Max
 Drainage Area (square miles)  25.1  3.26  689
 Mean Basin Slope from 30m DEM (percent)  8.647  3.19  38.1
 Maximum Basin Elevation (feet)  1280.786  260  6290
 Percent Coniferous Forest (percent)  24.3235  3.07  56.2
 Jan to Mar Basin Centroid Precip (inches)  7.99  5.79  15.1
 Mean Annual Temperature (degrees F)  45.948  36  48.7
 Jun to Oct Mean Basinwide Temp (degrees F)  61.888  52.9  64.4
 Jun to Oct Gage Precipitation (inches)  17.3  16.5  23.1
 Percent Mixed Forest (percent)  28.9816  6.21  46.1
 Mar to May Gage Precipitation (inches)  8.8  6.83  11.5

Peak Flows Region Grid Streamflow Statistics

Statistic Flow (ft3/s) Prediction Error (percent)
Equivalent

years of record
90­Percent Prediction Interval
Minimum Maximum

 PK2  645  30  3.2  399  1040

 PK5  1030  31  4.7  627  1680
 PK10  1330  32  6.2  801  2220
 PK25  1730  34  8  1010  2980
 PK50  2060  36  9  1160  3640
 PK100  2440  39  9.8  1340  4470
 PK500  3330  44  11  1690  6600

LowFlows Region Grid Streamflow Statistics

Statistic Flow (ft3/s) Prediction Error (percent)
Equivalent

years of record
90­Percent Prediction Interval
Minimum Maximum

 D60  13.9  18    10.2  18.4
 D70  8.94  21    6.26  12.3
 D80  5.16  28    3.17  7.89
 D90  2.59  38    1.34  4.48
 D95  1.59  44    0.73  2.97



 D98  1.01  54    0.39  2.11
 M7D2Y  1.53  56    0.57  3.16
 D60SPR  51.7  12    41.8  63
 D60SUM  3.61  37    1.9  6.21
 D60WIN  17.6  21    12.2  24.3
 D70SPR  41.2  11    33.9  49.5
 D70SUM  2.62  40    1.3  4.68
 D70WIN  15  21    10.5  20.6
 D80SPR  31.6  12    25.6  38.6
 D80SUM  2.08  45    0.96  3.91
 D80WIN  12.7  18    9.28  16.8
 D90SPR  22.7  14    18  28.3
 D90SUM  1.3  51    0.54  2.62
 D90WIN  9.86  19    7.08  13.3
 D95SPR  17  15    13.2  21.5
 D95SUM  0.92  57    0.34  1.98
 D95WIN  7.88  21    5.52  10.8
 D98SPR  12.1  18    8.88  16.1
 D98SUM  0.71  61    0.24  1.58
 D98WIN  6.33  27    3.96  9.49
 M7D10Y  0.63  79    0.15  1.59

 D60FALL  19.9  23    13.3  28.6
 D70FALL  15  26    9.5  22.2
 D80FALL  10.9  28    6.67  16.5
 D90FALL  6.97  32    3.99  11.2
 D95FALL  4.74  38    2.41  8.26
 D98FALL  3.1  51    1.26  6.2
 M7D2Y_FAL  11.1  23    7.33  16
 M7D2Y_SPR  17.3  15    13.5  21.7
 M7D2Y_SUM  1.49  56    0.55  3.1
 M7D2Y_WIN  12.8  17    9.55  16.7
 M7D10Y_FAL  4.4  37    2.27  7.5
 M7D10Y_SPR  9.72  16    7.35  12.5
 M7D10Y_SUM  0.61  79    0.15  1.52
 M7D10Y_WIN  7.51  22    5.19  10.4

 



Bean Road

Merrimack, NH

1/11/2015 11:13:39 PM



PROJECT   Bean Road, Merrimack, NH

PROJECT NO   Q305  

                          QUANTUM CONSTRUCTION CONSULTANTS,LLC CALCULATED BY_DJE  DATE 1/12/15

CHECKED BY___________DATE_____

SHEET NO_________OF____________

q10=7.7165A0.5814R0.0547DH0.3865L0.0990P60
0.8217

Hydrophysiographic zone 9

Iso-erodent factor R= 96
Elevation Difference DH= 631 ft
Principal drainage channel length L= 9.7 miles
10-year,60 minute rainfall P60= 1.76 inches
Drainage area A (Square miles) A= 25.1 Square miles
Storage S= 4.5 %

Qpmax= 98370 cfs

For Zone 9                     q10= 1553 cfs (Not adjusted for storage)

Storage correction factor s= 0.98 (see Figure 5)

Adjusted q10 for storage Adjusted q10= 1522

Adjusted Flows (For Storage) Q2.33= 727 cfs
Q50= 2638 cfs

Q100= 3099 cfs

Non adjusted Flows Q2.33= 742 cfs
Q50= 2693 cfs

Q100= 3164 cfs

Runoff  Estimates (5 Parameter Method)

Bean Road over Baboosic Brook, Merrimack, NH



PROJECT_Bean Road, Merrimack, NH

PROJECT NO__Q305___

                       QUANTUM CONSTRUCTION CONSULTANTS, LLC CALCULATED BY_DJE_DATE_1/14/15_

CHECKED BY___________DATE_____

SHEET NO_________OF____________

q10=50.8080A0.3799R-0.1432DH0.3401L0.0917LL0.2879P10
-0.9655P60

1.8748

Hydrophysiographic zone 9

Iso-erodent factor R= 96
Elevation Difference DH= 631 ft
Principal drainage channel length L= 9.7 miles
10-year,60 minute rainfall P60= 1.76 inches
10-year,10 minute rainfall intensity P10= 4.81 inches/hour
Cumulative channel length LL= 22.5 miles
Drainage area, A (Square miles) A= 25.1 Square miles

Storage S= 4.5 %
Qpmax= 98370 cfs

For Zone 9                     q10= 1540 cfs (Not adjusted for storage)

Storage correction factor s= 0.98 (see Figure 5)

Adjusted q10 for storage Adjusted q10= 1509

Adjusted Flows (For Storage) Q2.33= 721 cfs
Q50= 2615 cfs

Q100= 3072 cfs

Non adjusted Flows Q2.33= 736 cfs
Q50= 2670 cfs

Q100= 3136 cfs

Runoff  Estimates (7 Parameter Method)

Bean Road over Baboosic Brook, Merrimack, NH



















A summary of the drainage area-peak discharge relationships for the streams 
studied by detailed methods is shown in Table 5, “Summary of Discharges.” 

TABLE 5 - SUMMARY OF DISCHARGES

FLOODING SOURCE     DRAINAGE AREA PEAK DISCHARGES (cfs)                
   AND LOCATION         (sq. miles)       10-YEAR 50-YEAR 100-YEAR 500-YEAR

AUTUMN BROOK 
  At confluence with 
    Piscataquog River 1.3 150 320 370 640 
  At confluence with 2nd

    Tributary 1.1 130 280 320 550 

BABOOSIC BROOK 
  Mouth of Souhegan River 48.6 1,570 2,720 3,340 5,250 
  Upstream of confluence 
    with Riddle Brook 37.2 1,310 2,270 2,790 4,370 
  Upstream of confluence 
    with McQuade Brook 28.3 990 1,710 2,100 3,300 
  At dam at Merrimack 
    corporate limits 22.6 900 1,560 1,920 3,020 
  At Amherst-Bedford 
    corporate limits 16.9 540 1,230 1,520 2,610 
  At Baboosic Lake Outlet 3.1 30 70 90 160 

BARTEMUS BROOK 
  At confluence with 
    Nashua River 1.19 130 253 305 505 

BEARDS BROOK 
  At confluence with 
    Contoocook River 120.0 4,000 6,700 8,200 12,000 
  Upstream junction with 
    North Branch Brook at 
    USGS Gage Station 55.0 2,300 3,900 4,800 7,100 
  Downstream junction with 
    Shedd Brook at Station 2.16 54.9 2,285 3,875 4,770 7,055 
  Upstream junction with 
    Shedd Brook at Station 2.17 33.7 1,585 2,690 3,310 4,890 
  Downstream junction with 
    Loon Pond Outlet at 
    Station 3.80 30.5 1,470 2,490 3,065 4,535 
  Downstream junction with 
    Contention Pond outlet 
    at Station 6.20 26.0 1,300 2,210 2,720 4,020 
  Downstream junction with 
    Tributary A at Station 7.40 21.9 1,145 1,940 2,390 3,540 
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FLOODING SOURCE FLOODWAY 
BASE FLOOD 

WATER-SURFACE ELEVATION 
(FEET NAVD) 

CROSS SECTION DISTANCE 
WIDTH 
(FEET)

SECTION
AREA

(SQUARE
FEET)

MEAN
VELOCITY
(FEET PER
SECOND)

REGULATORY 
WITHOUT

FLOODWAY
WITH

FLOODWAY
INCREASE

Autumn Brook         
A 0.0381 15 38 9.1 293.4 292.83 292.8 0.0 
B 0.1441 25 144 2.4 305.3 305.3 305.6 0.3 
C 0.2741 25 106 3.3 307.7 307.7 307.7 0.0 
D 0.3781 35 64 5.4 308.8 308.8 309.1 0.3 
E 0.5681 35 115 3.0 313.3 313.3 314.3 1.0 
         

Baboosic Brook         
A 4702 185 552 6.1 118.2 118.2 118.2 0.0 
B 2,1252 95 895 3.7 118.2 109.44 109.7 0.3 
C 3,6172 65 281 11.9 159.2 159.2 159.2 0.0 
D 4,6552 134 1,560 2.1 175.5 175.5 175.5 0.0 
E 8,8352 300 3,670 0.9 176.0 176.0 177.0 1.0 
F 11,3202 295 3,380 1.0 176.1 176.1 177.1 1.0 
G 17,4202 223 2,130 1.6 176.5 176.5 177.4 0.9 
H 20,3072 290 2,760 1.2 177.2 177.2 178.0 0.8 
I 22,0202 121 1,370 2.4 177.7 177.7 178.5 0.8 
J 26,4482 320 3,470 1.0 178.4 178.4 179.3 0.9 
K 28,8352 437 4,110 0.7 178.4 178.4 179.4 1.0 
L 31,8302 100 863 2.4 178.7 178.7 179.7 1.0 
M 33,9002 82 289 7.3 180.3 180.3 180.4 0.1 
N 38,4152 275 2,980 0.7 209.7 209.7 210.4 0.7 
O 40,7302 125 1,570 1.3 209.8 209.8 210.5 0.7 
P 46,7402 240 1,870 1.1 210.1 210.1 211.0 0.9 
Q 51,2702 220 2,120 1.0 213.6 213.6 213.8 0.2 
R 54,2652 295 2,370 0.9 213.9 213.9 214.4 0.5 
S 57,4902 55 445 4.7 214.7 214.7 215.2 0.5 
T 58,7252 100 722 2.9 215.8 215.8 216.8 1.0 
         

1Miles above confluence with the Piscataquog River 
2Feet above mouth 
3Elevation computed without consideration of backwater effects from the Piscataquog River 
4Elevation computed without consideration of backwater effects from the Merrimack and Souhegan Rivers 

FLOODWAY DATA 

T
A

B
L

E
 8 

FEDERAL EMERGENCY MANAGEMENT AGENCY 

HILLSBOROUGH COUNTY, NH 
(ALL JURISDICTIONS) 

AUTUMN BROOK – BABOOSIC BROOK 



 
 

 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX D2 
 

Existing Hydraulic Calculations 
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Bean Road       Plan: Bean Road - Existing Model
River = Baboosic Brook   Reach = Upstream Reach      RS = 9.3182    Bean Road Approach Section (49200)
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Bean Road       Plan: Bean Road - Existing Model
River = Baboosic Brook   Reach = Upstream Reach      RS = 9.311    Bean Road US Section
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Bean Road       Plan: Bean Road - Existing Model
River = Baboosic Brook   Reach = Upstream Reach      RS = 9.310    Bean Road US Face
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Bean Road       Plan: Bean Road - Existing Model
River = Baboosic Brook   Reach = Upstream Reach      RS = 9.3      Culv    Bean Road Culvert
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Bean Road       Plan: Bean Road - Existing Model
River = Baboosic Brook   Reach = Upstream Reach      RS = 9.3      Culv    Bean Road Culvert
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Bean Road       Plan: Bean Road - Existing Model
River = Baboosic Brook   Reach = Upstream Reach      RS = 9.290    Bean Road DS Face
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Bean Road       Plan: Bean Road - Existing Model
River = Baboosic Brook   Reach = Upstream Reach      RS = 9.289    Bean Road DS Section
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Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.3182    Profile: 2.33-yr

 E.G. Elev (ft) 207.63  Element Left OB Channel Right OB

 Vel Head (ft) 0.00  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 207.63  Reach Len. (ft) 38.00 38.00 38.00 

 Crit W.S. (ft)   Flow Area (sq ft) 259.75 1050.94 2.90 

 E.G. Slope (ft/ft) 0.000024  Area (sq ft) 259.75 1050.94 2.90 

 Q Total (cfs) 645.00  Flow (cfs) 37.62 607.22 0.16 

 Top Width (ft) 294.45  Top Width (ft) 107.27 182.00 5.17 

 Vel Total (ft/s) 0.49  Avg. Vel. (ft/s) 0.14 0.58 0.05 

 Max Chl Dpth (ft) 9.49  Hydr. Depth (ft) 2.42 5.77 0.56 

 Conv. Total (cfs) 132471.7  Conv. (cfs) 7726.9 124712.8 32.0 

 Length Wtd. (ft) 38.00  Wetted Per. (ft) 107.41 184.07 5.29 

 Min Ch El (ft) 198.14  Shear (lb/sq ft) 0.00 0.01 0.00 

 Alpha  1.31  Stream Power (lb/ft s) 1269.00 0.00 0.00 

 Frctn Loss (ft) 0.00  Cum Volume (acre-ft) 127.31 307.53 89.57 

 C & E Loss (ft) 0.00  Cum SA (acres) 76.06 59.46 76.80 
  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.3182    Profile: 50-yr

 E.G. Elev (ft) 212.97  Element Left OB Channel Right OB

 Vel Head (ft) 0.01  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 212.96  Reach Len. (ft) 38.00 38.00 38.00 

 Crit W.S. (ft)   Flow Area (sq ft) 1085.09 2020.85 96.15 

 E.G. Slope (ft/ft) 0.000023  Area (sq ft) 1085.09 2020.85 96.15 

 Q Total (cfs) 2060.00  Flow (cfs) 256.42 1787.16 16.41 

 Top Width (ft) 423.64  Top Width (ft) 211.73 182.00 29.91 

 Vel Total (ft/s) 0.64  Avg. Vel. (ft/s) 0.24 0.88 0.17 

 Max Chl Dpth (ft) 14.82  Hydr. Depth (ft) 5.12 11.10 3.21 

 Conv. Total (cfs) 427439.9  Conv. (cfs) 53206.3 370827.8 3405.8 

 Length Wtd. (ft) 38.00  Wetted Per. (ft) 212.01 184.07 30.60 

 Min Ch El (ft) 198.14  Shear (lb/sq ft) 0.01 0.02 0.00 

 Alpha  1.66  Stream Power (lb/ft s) 1269.00 0.00 0.00 

 Frctn Loss (ft) 0.00  Cum Volume (acre-ft) 661.86 575.23 571.40 

 C & E Loss (ft) 0.00  Cum SA (acres) 155.98 64.27 142.78 
  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.3182    Profile: 100-yr

 E.G. Elev (ft) 213.41  Element Left OB Channel Right OB

 Vel Head (ft) 0.01  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 213.40  Reach Len. (ft) 38.00 38.00 38.00 

 Crit W.S. (ft)   Flow Area (sq ft) 1180.58 2101.06 109.79 

 E.G. Slope (ft/ft) 0.000028  Area (sq ft) 1180.58 2101.06 109.79 

 Q Total (cfs) 2440.00  Flow (cfs) 315.68 2102.73 21.59 

 Top Width (ft) 435.61  Top Width (ft) 221.61 182.00 31.99 

 Vel Total (ft/s) 0.72  Avg. Vel. (ft/s) 0.27 1.00 0.20 

 Max Chl Dpth (ft) 15.26  Hydr. Depth (ft) 5.33 11.54 3.43 

 Conv. Total (cfs) 459147.1  Conv. (cfs) 59403.5 395681.4 4062.2 

 Length Wtd. (ft) 38.00  Wetted Per. (ft) 221.90 184.07 32.73 

 Min Ch El (ft) 198.14  Shear (lb/sq ft) 0.01 0.02 0.01 

 Alpha  1.69  Stream Power (lb/ft s) 1269.00 0.00 0.00 

 Frctn Loss (ft) 0.00  Cum Volume (acre-ft) 801.10 635.24 707.03 

 C & E Loss (ft) 0.00  Cum SA (acres) 170.43 65.42 150.83 



  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.311    Profile: 2.33-yr

 E.G. Elev (ft) 207.63  Element Left OB Channel Right OB

 Vel Head (ft) 0.01  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 207.63  Reach Len. (ft) 60.00 60.00 60.00 

 Crit W.S. (ft)   Flow Area (sq ft) 486.78 564.19 556.33 

 E.G. Slope (ft/ft) 0.000026  Area (sq ft) 486.78 564.19 556.33 

 Q Total (cfs) 645.00  Flow (cfs) 90.40 421.40 133.20 

 Top Width (ft) 335.57  Top Width (ft) 148.66 71.11 115.80 

 Vel Total (ft/s) 0.40  Avg. Vel. (ft/s) 0.19 0.75 0.24 

 Max Chl Dpth (ft) 9.63  Hydr. Depth (ft) 3.27 7.93 4.80 

 Conv. Total (cfs) 126320.2  Conv. (cfs) 17704.1 82528.9 26087.1 

 Length Wtd. (ft) 60.00  Wetted Per. (ft) 148.89 72.20 116.23 

 Min Ch El (ft) 198.00  Shear (lb/sq ft) 0.01 0.01 0.01 

 Alpha  2.37  Stream Power (lb/ft s) 1242.00 0.00 0.00 

 Frctn Loss (ft) 0.00  Cum Volume (acre-ft) 126.99 306.83 89.33 

 C & E Loss (ft) 0.00  Cum SA (acres) 75.95 59.35 76.75 
  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.311    Profile: 50-yr

 E.G. Elev (ft) 212.97  Element Left OB Channel Right OB

 Vel Head (ft) 0.01  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 212.95  Reach Len. (ft) 60.00 60.00 60.00 

 Crit W.S. (ft)   Flow Area (sq ft) 1382.77 943.00 1254.80 

 E.G. Slope (ft/ft) 0.000034  Area (sq ft) 1382.77 943.00 1254.80 

 Q Total (cfs) 2060.00  Flow (cfs) 428.88 1138.08 493.04 

 Top Width (ft) 463.62  Top Width (ft) 240.14 71.11 152.37 

 Vel Total (ft/s) 0.58  Avg. Vel. (ft/s) 0.31 1.21 0.39 

 Max Chl Dpth (ft) 14.95  Hydr. Depth (ft) 5.76 13.26 8.24 

 Conv. Total (cfs) 351656.8  Conv. (cfs) 73213.4 194277.6 84165.7 

 Length Wtd. (ft) 60.00  Wetted Per. (ft) 240.78 72.20 153.24 

 Min Ch El (ft) 198.00  Shear (lb/sq ft) 0.01 0.03 0.02 

 Alpha  2.60  Stream Power (lb/ft s) 1242.00 0.00 0.00 

 Frctn Loss (ft) 0.00  Cum Volume (acre-ft) 660.78 573.93 570.81 

 C & E Loss (ft) 0.00  Cum SA (acres) 155.78 64.16 142.70 
  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.311    Profile: 100-yr

 E.G. Elev (ft) 213.41  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 213.39  Reach Len. (ft) 60.00 60.00 60.00 

 Crit W.S. (ft)   Flow Area (sq ft) 1495.13 974.24 1322.57 

 E.G. Slope (ft/ft) 0.000043  Area (sq ft) 1495.13 974.24 1322.57 

 Q Total (cfs) 2440.00  Flow (cfs) 503.67 1344.17 592.16 

 Top Width (ft) 498.80  Top Width (ft) 271.48 71.11 156.21 

 Vel Total (ft/s) 0.64  Avg. Vel. (ft/s) 0.34 1.38 0.45 

 Max Chl Dpth (ft) 15.39  Hydr. Depth (ft) 5.51 13.70 8.47 

 Conv. Total (cfs) 372344.0  Conv. (cfs) 76860.3 205120.1 90363.7 

 Length Wtd. (ft) 60.00  Wetted Per. (ft) 272.13 72.20 157.10 

 Min Ch El (ft) 198.00  Shear (lb/sq ft) 0.01 0.04 0.02 

 Alpha  2.71  Stream Power (lb/ft s) 1242.00 0.00 0.00 

 Frctn Loss (ft) 0.00  Cum Volume (acre-ft) 799.94 633.90 706.41 

 C & E Loss (ft) 0.00  Cum SA (acres) 170.22 65.31 150.74 



  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.310    Profile: 2.33-yr

 E.G. Elev (ft) 207.63  Element Left OB Channel Right OB

 Vel Head (ft) 0.01  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 207.63  Reach Len. (ft) 80.00 80.00 80.00 

 Crit W.S. (ft) 200.01  Flow Area (sq ft) 516.06 665.77 423.31 

 E.G. Slope (ft/ft) 0.000022  Area (sq ft) 516.06 665.77 423.31 

 Q Total (cfs) 645.00  Flow (cfs) 88.30 466.52 90.17 

 Top Width (ft) 328.39  Top Width (ft) 155.82 80.87 91.70 

 Vel Total (ft/s) 0.40  Avg. Vel. (ft/s) 0.17 0.70 0.21 

 Max Chl Dpth (ft) 9.63  Hydr. Depth (ft) 3.31 8.23 4.62 

 Conv. Total (cfs) 138127.2  Conv. (cfs) 18910.6 99906.1 19310.6 

 Length Wtd. (ft) 80.00  Wetted Per. (ft) 156.07 82.00 92.17 

 Min Ch El (ft) 198.00  Shear (lb/sq ft) 0.00 0.01 0.01 

 Alpha  2.26  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft)   Cum Volume (acre-ft) 126.30 305.98 88.65 

 C & E Loss (ft)   Cum SA (acres) 75.74 59.25 76.61 
  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.310    Profile: 50-yr

 E.G. Elev (ft) 212.97  Element Left OB Channel Right OB

 Vel Head (ft) 0.01  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 212.95  Reach Len. (ft) 80.00 80.00 80.00 

 Crit W.S. (ft) 201.97  Flow Area (sq ft) 1516.04 1096.46 1015.26 

 E.G. Slope (ft/ft) 0.000032  Area (sq ft) 1516.04 1096.46 1015.26 

 Q Total (cfs) 2060.00  Flow (cfs) 413.72 1291.96 354.32 

 Top Width (ft) 520.23  Top Width (ft) 300.61 80.87 138.75 

 Vel Total (ft/s) 0.57  Avg. Vel. (ft/s) 0.27 1.18 0.35 

 Max Chl Dpth (ft) 14.95  Hydr. Depth (ft) 5.04 13.56 7.32 

 Conv. Total (cfs) 365866.2  Conv. (cfs) 73478.8 229458.7 62928.7 

 Length Wtd. (ft) 80.00  Wetted Per. (ft) 301.41 82.00 139.57 

 Min Ch El (ft) 198.00  Shear (lb/sq ft) 0.01 0.03 0.01 

 Alpha  2.81  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft)   Cum Volume (acre-ft) 658.78 572.53 569.25 

 C & E Loss (ft)   Cum SA (acres) 155.41 64.05 142.50 
  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.310    Profile: 100-yr

 E.G. Elev (ft) 213.41  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 213.39  Reach Len. (ft) 80.00 80.00 80.00 

 Crit W.S. (ft) 202.45  Flow Area (sq ft) 1649.41 1131.99 1077.21 

 E.G. Slope (ft/ft) 0.000038  Area (sq ft) 1649.41 1131.99 1077.21 

 Q Total (cfs) 2440.00  Flow (cfs) 517.70 1500.55 421.75 

 Top Width (ft) 530.51  Top Width (ft) 306.45 80.87 143.19 

 Vel Total (ft/s) 0.63  Avg. Vel. (ft/s) 0.31 1.33 0.39 

 Max Chl Dpth (ft) 15.39  Hydr. Depth (ft) 5.38 14.00 7.52 

 Conv. Total (cfs) 393487.7  Conv. (cfs) 83487.3 241986.2 68014.2 

 Length Wtd. (ft) 80.00  Wetted Per. (ft) 307.27 82.00 144.04 

 Min Ch El (ft) 198.00  Shear (lb/sq ft) 0.01 0.03 0.02 

 Alpha  2.82  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft)   Cum Volume (acre-ft) 797.77 632.45 704.75 

 C & E Loss (ft)   Cum SA (acres) 169.82 65.21 150.54 



  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.3   Culv Group:  Culvert #1   Profile: 2.33-yr

 Q Culv Group (cfs) 645.00  Culv Full Len (ft)  

 # Barrels  1  Culv Vel US (ft/s) 7.42 

 Q Barrel (cfs) 645.00  Culv Vel DS (ft/s) 10.07 

 E.G. US. (ft) 207.63  Culv Inv El Up (ft) 201.23 

 W.S. US. (ft) 207.63  Culv Inv El Dn (ft) 201.29 

 E.G. DS (ft) 204.96  Culv Frctn Ls (ft) 0.43 

 W.S. DS (ft) 204.94  Culv Exit Loss (ft) 1.64 

 Delta EG (ft) 2.67  Culv Entr Loss (ft) 0.60 

 Delta WS (ft) 2.69  Q Weir (cfs)  

 E.G. IC (ft) 206.88  Weir Sta Lft (ft)  

 E.G. OC (ft) 207.63  Weir Sta Rgt (ft)  

Culvert Control  Outlet  Weir Submerg   

 Culv WS Inlet (ft) 206.18  Weir Max Depth (ft)  

 Culv WS Outlet (ft) 205.03  Weir Avg Depth (ft)  

 Culv Nml Depth (ft)   Weir Flow Area (sq ft)  

 Culv Crt Depth (ft) 3.74  Min El Weir Flow (ft) 211.47 
  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.3   Culv Group:  Culvert #1   Profile: 50-yr

 Q Culv Group (cfs) 1686.44  Culv Full Len (ft)  

 # Barrels  1  Culv Vel US (ft/s) 11.32 

 Q Barrel (cfs) 1686.44  Culv Vel DS (ft/s) 14.00 

 E.G. US. (ft) 212.97  Culv Inv El Up (ft) 201.23 

 W.S. US. (ft) 212.95  Culv Inv El Dn (ft) 201.29 

 E.G. DS (ft) 207.98  Culv Frctn Ls (ft) 0.60 

 W.S. DS (ft) 207.93  Culv Exit Loss (ft) 2.99 

 Delta EG (ft) 4.98  Culv Entr Loss (ft) 1.39 

 Delta WS (ft) 5.02  Q Weir (cfs) 373.56 

 E.G. IC (ft) 212.79  Weir Sta Lft (ft) 657.36 

 E.G. OC (ft) 212.97  Weir Sta Rgt (ft) 822.52 

Culvert Control  Outlet  Weir Submerg  0.00 

 Culv WS Inlet (ft) 209.59  Weir Max Depth (ft) 1.50 

 Culv WS Outlet (ft) 207.93  Weir Avg Depth (ft) 0.90 

 Culv Nml Depth (ft)   Weir Flow Area (sq ft) 148.14 

 Culv Crt Depth (ft) 6.46  Min El Weir Flow (ft) 211.47 
  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.3   Culv Group:  Culvert #1   Profile: 100-yr

 Q Culv Group (cfs) 1767.84  Culv Full Len (ft)  

 # Barrels  1  Culv Vel US (ft/s) 11.38 

 Q Barrel (cfs) 1767.84  Culv Vel DS (ft/s) 13.10 

 E.G. US. (ft) 213.41  Culv Inv El Up (ft) 201.23 

 W.S. US. (ft) 213.39  Culv Inv El Dn (ft) 201.29 

 E.G. DS (ft) 208.82  Culv Frctn Ls (ft) 0.57 

 W.S. DS (ft) 208.77  Culv Exit Loss (ft) 2.61 

 Delta EG (ft) 4.59  Culv Entr Loss (ft) 1.41 

 Delta WS (ft) 4.62  Q Weir (cfs) 672.17 

 E.G. IC (ft) 213.25  Weir Sta Lft (ft) 651.43 

 E.G. OC (ft) 213.41  Weir Sta Rgt (ft) 832.21 

Culvert Control  Outlet  Weir Submerg  0.00 

 Culv WS Inlet (ft) 209.99  Weir Max Depth (ft) 1.95 

 Culv WS Outlet (ft) 208.77  Weir Avg Depth (ft) 1.25 

 Culv Nml Depth (ft)   Weir Flow Area (sq ft) 225.23 

 Culv Crt Depth (ft) 6.54  Min El Weir Flow (ft) 211.47 



  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.290    Profile: 2.33-yr

 E.G. Elev (ft) 204.96  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 204.94  Reach Len. (ft) 91.00 91.00 91.00 

 Crit W.S. (ft)   Flow Area (sq ft) 119.11 448.63 194.29 

 E.G. Slope (ft/ft) 0.000118  Area (sq ft) 119.11 448.63 194.29 

 Q Total (cfs) 645.00  Flow (cfs) 19.80 561.98 63.21 

 Top Width (ft) 293.54  Top Width (ft) 133.35 80.87 79.32 

 Vel Total (ft/s) 0.85  Avg. Vel. (ft/s) 0.17 1.25 0.33 

 Max Chl Dpth (ft) 6.94  Hydr. Depth (ft) 0.89 5.55 2.45 

 Conv. Total (cfs) 59389.1  Conv. (cfs) 1823.6 51745.3 5820.2 

 Length Wtd. (ft) 91.00  Wetted Per. (ft) 133.38 82.00 79.50 

 Min Ch El (ft) 198.00  Shear (lb/sq ft) 0.01 0.04 0.02 

 Alpha  1.92  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.01  Cum Volume (acre-ft) 126.30 305.59 88.65 

 C & E Loss (ft) 0.00  Cum SA (acres) 75.48 59.10 76.45 
  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.290    Profile: 50-yr

 E.G. Elev (ft) 207.98  Element Left OB Channel Right OB

 Vel Head (ft) 0.05  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 207.93  Reach Len. (ft) 91.00 91.00 91.00 

 Crit W.S. (ft)   Flow Area (sq ft) 563.93 690.51 451.59 

 E.G. Slope (ft/ft) 0.000191  Area (sq ft) 563.93 690.51 451.59 

 Q Total (cfs) 2060.00  Flow (cfs) 300.86 1465.48 293.66 

 Top Width (ft) 331.22  Top Width (ft) 157.15 80.87 93.19 

 Vel Total (ft/s) 1.21  Avg. Vel. (ft/s) 0.53 2.12 0.65 

 Max Chl Dpth (ft) 9.93  Hydr. Depth (ft) 3.59 8.54 4.85 

 Conv. Total (cfs) 149240.5  Conv. (cfs) 21796.3 106169.6 21274.6 

 Length Wtd. (ft) 91.00  Wetted Per. (ft) 157.44 82.00 93.69 

 Min Ch El (ft) 198.00  Shear (lb/sq ft) 0.04 0.10 0.06 

 Alpha  2.27  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.02  Cum Volume (acre-ft) 658.78 571.45 569.25 

 C & E Loss (ft) 0.00  Cum SA (acres) 154.99 63.91 142.29 
  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.290    Profile: 100-yr

 E.G. Elev (ft) 208.82  Element Left OB Channel Right OB

 Vel Head (ft) 0.05  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 208.77  Reach Len. (ft) 91.00 91.00 91.00 

 Crit W.S. (ft)   Flow Area (sq ft) 696.91 758.27 531.43 

 E.G. Slope (ft/ft) 0.000180  Area (sq ft) 696.91 758.27 531.43 

 Q Total (cfs) 2440.00  Flow (cfs) 410.85 1665.62 363.53 

 Top Width (ft) 338.48  Top Width (ft) 160.21 80.87 97.40 

 Vel Total (ft/s) 1.23  Avg. Vel. (ft/s) 0.59 2.20 0.68 

 Max Chl Dpth (ft) 10.77  Hydr. Depth (ft) 4.35 9.38 5.46 

 Conv. Total (cfs) 181791.3  Conv. (cfs) 30610.2 124096.1 27085.0 

 Length Wtd. (ft) 91.00  Wetted Per. (ft) 160.61 82.00 97.98 

 Min Ch El (ft) 198.00  Shear (lb/sq ft) 0.05 0.10 0.06 

 Alpha  2.27  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.02  Cum Volume (acre-ft) 797.77 631.19 704.75 

 C & E Loss (ft) 0.01  Cum SA (acres) 169.39 65.06 150.32 



  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.289    Profile: 2.33-yr

 E.G. Elev (ft) 204.95  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 204.92  Reach Len. (ft) 134.00 134.00 134.00 

 Crit W.S. (ft)   Flow Area (sq ft) 135.19 417.28 138.61 

 E.G. Slope (ft/ft) 0.000235  Area (sq ft) 135.19 417.28 138.61 

 Q Total (cfs) 645.00  Flow (cfs) 31.15 546.46 67.39 

 Top Width (ft) 326.35  Top Width (ft) 155.85 118.82 51.67 

 Vel Total (ft/s) 0.93  Avg. Vel. (ft/s) 0.23 1.31 0.49 

 Max Chl Dpth (ft) 4.92  Hydr. Depth (ft) 0.87 3.51 2.68 

 Conv. Total (cfs) 42032.7  Conv. (cfs) 2029.9 35611.1 4391.7 

 Length Wtd. (ft) 134.00  Wetted Per. (ft) 155.88 119.84 52.14 

 Min Ch El (ft) 200.00  Shear (lb/sq ft) 0.01 0.05 0.04 

 Alpha  1.70  Stream Power (lb/ft s) 1145.25 0.00 0.00 

 Frctn Loss (ft) 0.03  Cum Volume (acre-ft) 126.03 304.68 88.30 

 C & E Loss (ft) 0.00  Cum SA (acres) 75.17 58.89 76.31 
  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.289    Profile: 50-yr

 E.G. Elev (ft) 207.96  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 207.92  Reach Len. (ft) 134.00 134.00 134.00 

 Crit W.S. (ft)   Flow Area (sq ft) 680.16 773.03 303.03 

 E.G. Slope (ft/ft) 0.000218  Area (sq ft) 680.16 773.03 303.03 

 Q Total (cfs) 2060.00  Flow (cfs) 371.51 1468.49 219.99 

 Top Width (ft) 379.07  Top Width (ft) 202.50 118.82 57.74 

 Vel Total (ft/s) 1.17  Avg. Vel. (ft/s) 0.55 1.90 0.73 

 Max Chl Dpth (ft) 7.92  Hydr. Depth (ft) 3.36 6.51 5.25 

 Conv. Total (cfs) 139592.9  Conv. (cfs) 25175.1 99510.3 14907.6 

 Length Wtd. (ft) 134.00  Wetted Per. (ft) 202.63 119.84 58.91 

 Min Ch El (ft) 200.00  Shear (lb/sq ft) 0.05 0.09 0.07 

 Alpha  1.95  Stream Power (lb/ft s) 1145.25 0.00 0.00 

 Frctn Loss (ft) 0.03  Cum Volume (acre-ft) 657.49 569.92 568.46 

 C & E Loss (ft) 0.00  Cum SA (acres) 154.61 63.70 142.13 
  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.289    Profile: 100-yr

 E.G. Elev (ft) 208.80  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 208.76  Reach Len. (ft) 134.00 134.00 134.00 

 Crit W.S. (ft)   Flow Area (sq ft) 853.86 872.87 352.46 

 E.G. Slope (ft/ft) 0.000191  Area (sq ft) 853.86 872.87 352.46 

 Q Total (cfs) 2440.00  Flow (cfs) 495.58 1686.02 258.40 

 Top Width (ft) 389.53  Top Width (ft) 210.71 118.82 59.99 

 Vel Total (ft/s) 1.17  Avg. Vel. (ft/s) 0.58 1.93 0.73 

 Max Chl Dpth (ft) 8.76  Hydr. Depth (ft) 4.05 7.35 5.88 

 Conv. Total (cfs) 176325.9  Conv. (cfs) 35812.9 121839.9 18673.0 

 Length Wtd. (ft) 134.00  Wetted Per. (ft) 210.88 119.84 61.32 

 Min Ch El (ft) 200.00  Shear (lb/sq ft) 0.05 0.09 0.07 

 Alpha  1.96  Stream Power (lb/ft s) 1145.25 0.00 0.00 

 Frctn Loss (ft) 0.02  Cum Volume (acre-ft) 796.15 629.48 703.83 

 C & E Loss (ft) 0.00  Cum SA (acres) 169.00 64.85 150.15 



  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.2424    Profile: 2.33-yr

 E.G. Elev (ft) 204.92  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.  0.090 0.040  

 W.S. Elev (ft) 204.90  Reach Len. (ft) 1100.00 2060.00 1250.00 

 Crit W.S. (ft)   Flow Area (sq ft) 186.06 511.34  

 E.G. Slope (ft/ft) 0.000198  Area (sq ft) 186.06 511.34  

 Q Total (cfs) 645.00  Flow (cfs) 50.48 594.52  

 Top Width (ft) 299.34  Top Width (ft) 147.29 152.06  

 Vel Total (ft/s) 0.92  Avg. Vel. (ft/s) 0.27 1.16  

 Max Chl Dpth (ft) 4.98  Hydr. Depth (ft) 1.26 3.36  

 Conv. Total (cfs) 45863.1  Conv. (cfs) 3589.2 42273.9  

 Length Wtd. (ft) 1949.36  Wetted Per. (ft) 147.32 154.01  

 Min Ch El (ft) 199.92  Shear (lb/sq ft) 0.02 0.04  

 Alpha  1.46  Stream Power (lb/ft s) 1118.00 0.00 0.00 

 Frctn Loss (ft) 0.90  Cum Volume (acre-ft) 125.54 303.25 88.09 

 C & E Loss (ft) 0.03  Cum SA (acres) 74.71 58.48 76.23 
  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.2424    Profile: 50-yr

 E.G. Elev (ft) 207.93  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.090 0.040  

 W.S. Elev (ft) 207.89  Reach Len. (ft) 1100.00 2060.00 1250.00 

 Crit W.S. (ft)   Flow Area (sq ft) 705.37 979.20  

 E.G. Slope (ft/ft) 0.000192  Area (sq ft) 705.37 979.20  

 Q Total (cfs) 2060.00  Flow (cfs) 392.00 1668.00  

 Top Width (ft) 346.49  Top Width (ft) 186.22 160.27  

 Vel Total (ft/s) 1.22  Avg. Vel. (ft/s) 0.56 1.70  

 Max Chl Dpth (ft) 7.97  Hydr. Depth (ft) 3.79 6.11  

 Conv. Total (cfs) 148604.5  Conv. (cfs) 28278.0 120326.6  

 Length Wtd. (ft) 1633.94  Wetted Per. (ft) 186.43 162.76  

 Min Ch El (ft) 199.92  Shear (lb/sq ft) 0.05 0.07  

 Alpha  1.61  Stream Power (lb/ft s) 1118.00 0.00 0.00 

 Frctn Loss (ft) 0.42  Cum Volume (acre-ft) 655.35 567.23 567.99 

 C & E Loss (ft) 0.00  Cum SA (acres) 154.01 63.27 142.04 
  

Plan: Bean Exist    Baboosic Brook    Upstream Reach  RS: 9.2424    Profile: 100-yr

 E.G. Elev (ft) 208.78  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.090 0.040  

 W.S. Elev (ft) 208.74  Reach Len. (ft) 1100.00 2060.00 1250.00 

 Crit W.S. (ft)   Flow Area (sq ft) 864.88 1115.50  

 E.G. Slope (ft/ft) 0.000171  Area (sq ft) 864.88 1115.50  

 Q Total (cfs) 2440.00  Flow (cfs) 508.68 1931.32  

 Top Width (ft) 355.28  Top Width (ft) 192.10 163.18  

 Vel Total (ft/s) 1.23  Avg. Vel. (ft/s) 0.59 1.73  

 Max Chl Dpth (ft) 8.82  Hydr. Depth (ft) 4.50 6.84  

 Conv. Total (cfs) 186586.0  Conv. (cfs) 38898.4 147687.6  

 Length Wtd. (ft) 1604.82  Wetted Per. (ft) 192.36 165.79  

 Min Ch El (ft) 199.92  Shear (lb/sq ft) 0.05 0.07  

 Alpha  1.61  Stream Power (lb/ft s) 1118.00 0.00 0.00 

 Frctn Loss (ft) 0.33  Cum Volume (acre-ft) 793.51 626.43 703.29 

 C & E Loss (ft) 0.00  Cum SA (acres) 168.39 64.42 150.06 
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Bean Road       Plan: Bean Road - Natural Channel
River = Baboosic Brook   Reach = Upstream Reach      RS = 9.3182    Bean Road Approach Section (49200)
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Bean Road       Plan: Bean Road - Natural Channel
River = Baboosic Brook   Reach = Upstream Reach      RS = 9.310    Bean Road US Face
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River = Baboosic Brook   Reach = Upstream Reach      RS = 9.2424    Bean Road exit section (48800)

Station (ft)

E
le

va
tio

n 
(f

t)
Legend

WS 100-yr

WS 50-yr

WS 2.33-yr

Ground

Bank Sta

.09 .04



  

Plan: Bean Natural    Baboosic Brook    Upstream Reach  RS: 9.3182    Profile: 2.33-yr

 E.G. Elev (ft) 205.01  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.  0.090 0.040  

 W.S. Elev (ft) 204.99  Reach Len. (ft) 38.00 38.00 38.00 

 Crit W.S. (ft)   Flow Area (sq ft) 28.85 577.82  

 E.G. Slope (ft/ft) 0.000180  Area (sq ft) 28.85 577.82  

 Q Total (cfs) 645.00  Flow (cfs) 3.62 641.38  

 Top Width (ft) 239.16  Top Width (ft) 67.47 171.68  

 Vel Total (ft/s) 1.06  Avg. Vel. (ft/s) 0.13 1.11  

 Max Chl Dpth (ft) 6.85  Hydr. Depth (ft) 0.43 3.37  

 Conv. Total (cfs) 48114.0  Conv. (cfs) 270.2 47843.8  

 Length Wtd. (ft) 38.00  Wetted Per. (ft) 67.52 173.64  

 Min Ch El (ft) 198.14  Shear (lb/sq ft) 0.00 0.04  

 Alpha  1.08  Stream Power (lb/ft s) 1269.00 0.00 0.00 

 Frctn Loss (ft) 0.01  Cum Volume (acre-ft) 126.74 307.08 89.45 

 C & E Loss (ft) 0.00  Cum SA (acres) 75.98 59.46 76.76 
  

Plan: Bean Natural    Baboosic Brook    Upstream Reach  RS: 9.3182    Profile: 50-yr

 E.G. Elev (ft) 208.03  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 207.99  Reach Len. (ft) 38.00 38.00 38.00 

 Crit W.S. (ft)   Flow Area (sq ft) 299.29 1116.37 5.06 

 E.G. Slope (ft/ft) 0.000195  Area (sq ft) 299.29 1116.37 5.06 

 Q Total (cfs) 2060.00  Flow (cfs) 132.28 1926.78 0.94 

 Top Width (ft) 301.52  Top Width (ft) 112.69 182.00 6.84 

 Vel Total (ft/s) 1.45  Avg. Vel. (ft/s) 0.44 1.73 0.19 

 Max Chl Dpth (ft) 9.85  Hydr. Depth (ft) 2.66 6.13 0.74 

 Conv. Total (cfs) 147456.6  Conv. (cfs) 9468.8 137920.6 67.2 

 Length Wtd. (ft) 38.00  Wetted Per. (ft) 112.83 184.07 6.99 

 Min Ch El (ft) 198.14  Shear (lb/sq ft) 0.03 0.07 0.01 

 Alpha  1.33  Stream Power (lb/ft s) 1269.00 0.00 0.00 

 Frctn Loss (ft) 0.01  Cum Volume (acre-ft) 660.95 574.03 571.06 

 C & E Loss (ft) 0.00  Cum SA (acres) 155.60 64.27 142.66 
  

Plan: Bean Natural    Baboosic Brook    Upstream Reach  RS: 9.3182    Profile: 100-yr

 E.G. Elev (ft) 208.87  Element Left OB Channel Right OB

 Vel Head (ft) 0.05  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 208.82  Reach Len. (ft) 38.00 38.00 38.00 

 Crit W.S. (ft)   Flow Area (sq ft) 398.36 1267.94 12.35 

 E.G. Slope (ft/ft) 0.000174  Area (sq ft) 398.36 1267.94 12.35 

 Q Total (cfs) 2440.00  Flow (cfs) 187.50 2249.58 2.92 

 Top Width (ft) 317.91  Top Width (ft) 125.23 182.00 10.68 

 Vel Total (ft/s) 1.45  Avg. Vel. (ft/s) 0.47 1.77 0.24 

 Max Chl Dpth (ft) 10.68  Hydr. Depth (ft) 3.18 6.97 1.16 

 Conv. Total (cfs) 184955.6  Conv. (cfs) 14212.9 170521.5 221.2 

 Length Wtd. (ft) 38.00  Wetted Per. (ft) 125.40 184.07 10.93 

 Min Ch El (ft) 198.14  Shear (lb/sq ft) 0.03 0.07 0.01 

 Alpha  1.38  Stream Power (lb/ft s) 1269.00 0.00 0.00 

 Frctn Loss (ft) 0.01  Cum Volume (acre-ft) 800.46 634.07 706.89 

 C & E Loss (ft) 0.00  Cum SA (acres) 170.03 65.42 150.70 



  

Plan: Bean Natural    Baboosic Brook    Upstream Reach  RS: 9.311    Profile: 2.33-yr

 E.G. Elev (ft) 205.00  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 204.98  Reach Len. (ft) 60.00 60.00 60.00 

 Crit W.S. (ft)   Flow Area (sq ft) 115.31 375.56 266.88 

 E.G. Slope (ft/ft) 0.000153  Area (sq ft) 115.31 375.56 266.88 

 Q Total (cfs) 645.00  Flow (cfs) 22.30 518.74 103.96 

 Top Width (ft) 297.83  Top Width (ft) 125.40 71.11 101.32 

 Vel Total (ft/s) 0.85  Avg. Vel. (ft/s) 0.19 1.38 0.39 

 Max Chl Dpth (ft) 6.98  Hydr. Depth (ft) 0.92 5.28 2.63 

 Conv. Total (cfs) 52075.8  Conv. (cfs) 1800.0 41881.8 8393.9 

 Length Wtd. (ft) 60.00  Wetted Per. (ft) 125.43 72.20 101.50 

 Min Ch El (ft) 198.00  Shear (lb/sq ft) 0.01 0.05 0.03 

 Alpha  2.15  Stream Power (lb/ft s) 1242.00 0.00 0.00 

 Frctn Loss (ft) 0.01  Cum Volume (acre-ft) 126.68 306.67 89.33 

 C & E Loss (ft) 0.00  Cum SA (acres) 75.90 59.35 76.72 
  

Plan: Bean Natural    Baboosic Brook    Upstream Reach  RS: 9.311    Profile: 50-yr

 E.G. Elev (ft) 208.02  Element Left OB Channel Right OB

 Vel Head (ft) 0.05  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 207.97  Reach Len. (ft) 60.00 60.00 60.00 

 Crit W.S. (ft)   Flow Area (sq ft) 538.20 588.64 596.43 

 E.G. Slope (ft/ft) 0.000222  Area (sq ft) 538.20 588.64 596.43 

 Q Total (cfs) 2060.00  Flow (cfs) 309.16 1318.80 432.04 

 Top Width (ft) 338.96  Top Width (ft) 150.41 71.11 117.44 

 Vel Total (ft/s) 1.20  Avg. Vel. (ft/s) 0.57 2.24 0.72 

 Max Chl Dpth (ft) 9.97  Hydr. Depth (ft) 3.58 8.28 5.08 

 Conv. Total (cfs) 138358.1  Conv. (cfs) 20764.5 88576.2 29017.4 

 Length Wtd. (ft) 60.00  Wetted Per. (ft) 150.67 72.20 117.91 

 Min Ch El (ft) 198.00  Shear (lb/sq ft) 0.05 0.11 0.07 

 Alpha  2.36  Stream Power (lb/ft s) 1242.00 0.00 0.00 

 Frctn Loss (ft) 0.01  Cum Volume (acre-ft) 660.59 573.29 570.80 

 C & E Loss (ft) 0.00  Cum SA (acres) 155.49 64.16 142.60 
  

Plan: Bean Natural    Baboosic Brook    Upstream Reach  RS: 9.311    Profile: 100-yr

 E.G. Elev (ft) 208.86  Element Left OB Channel Right OB

 Vel Head (ft) 0.05  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 208.81  Reach Len. (ft) 60.00 60.00 60.00 

 Crit W.S. (ft)   Flow Area (sq ft) 665.42 647.97 695.89 

 E.G. Slope (ft/ft) 0.000207  Area (sq ft) 665.42 647.97 695.89 

 Q Total (cfs) 2440.00  Flow (cfs) 417.29 1494.12 528.59 

 Top Width (ft) 346.62  Top Width (ft) 154.56 71.11 120.96 

 Vel Total (ft/s) 1.21  Avg. Vel. (ft/s) 0.63 2.31 0.76 

 Max Chl Dpth (ft) 10.81  Hydr. Depth (ft) 4.31 9.11 5.75 

 Conv. Total (cfs) 169756.8  Conv. (cfs) 29032.1 103949.3 36775.4 

 Length Wtd. (ft) 60.00  Wetted Per. (ft) 154.90 72.20 121.52 

 Min Ch El (ft) 198.00  Shear (lb/sq ft) 0.06 0.12 0.07 

 Alpha  2.34  Stream Power (lb/ft s) 1242.00 0.00 0.00 

 Frctn Loss (ft) 0.01  Cum Volume (acre-ft) 799.99 633.24 706.58 

 C & E Loss (ft) 0.00  Cum SA (acres) 169.90 65.31 150.65 



  

Plan: Bean Natural    Baboosic Brook    Upstream Reach  RS: 9.310    Profile: 2.33-yr

 E.G. Elev (ft) 204.99  Element Left OB Channel Right OB

 Vel Head (ft) 0.03  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 204.96  Reach Len. (ft) 80.00 80.00 80.00 

 Crit W.S. (ft)   Flow Area (sq ft) 121.61 362.46 195.78 

 E.G. Slope (ft/ft) 0.000213  Area (sq ft) 121.61 362.46 195.78 

 Q Total (cfs) 645.00  Flow (cfs) 27.53 531.44 86.03 

 Top Width (ft) 293.89  Top Width (ft) 133.62 80.87 79.40 

 Vel Total (ft/s) 0.95  Avg. Vel. (ft/s) 0.23 1.47 0.44 

 Max Chl Dpth (ft) 4.96  Hydr. Depth (ft) 0.91 4.48 2.47 

 Conv. Total (cfs) 44166.7  Conv. (cfs) 1885.4 36390.6 5890.8 

 Length Wtd. (ft) 80.00  Wetted Per. (ft) 133.66 81.58 79.58 

 Min Ch El (ft) 200.00  Shear (lb/sq ft) 0.01 0.06 0.03 

 Alpha  2.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.02  Cum Volume (acre-ft) 126.52 306.16 89.01 

 C & E Loss (ft) 0.00  Cum SA (acres) 75.72 59.25 76.60 
  

Plan: Bean Natural    Baboosic Brook    Upstream Reach  RS: 9.310    Profile: 50-yr

 E.G. Elev (ft) 208.01  Element Left OB Channel Right OB

 Vel Head (ft) 0.05  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 207.95  Reach Len. (ft) 80.00 80.00 80.00 

 Crit W.S. (ft)   Flow Area (sq ft) 567.41 604.61 453.65 

 E.G. Slope (ft/ft) 0.000256  Area (sq ft) 567.41 604.61 453.65 

 Q Total (cfs) 2060.00  Flow (cfs) 352.02 1365.41 342.56 

 Top Width (ft) 331.42  Top Width (ft) 157.25 80.87 93.30 

 Vel Total (ft/s) 1.27  Avg. Vel. (ft/s) 0.62 2.26 0.76 

 Max Chl Dpth (ft) 7.95  Hydr. Depth (ft) 3.61 7.48 4.86 

 Conv. Total (cfs) 128808.9  Conv. (cfs) 22011.6 85377.3 21420.0 

 Length Wtd. (ft) 80.00  Wetted Per. (ft) 157.54 81.58 93.80 

 Min Ch El (ft) 200.00  Shear (lb/sq ft) 0.06 0.12 0.08 

 Alpha  2.21  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.02  Cum Volume (acre-ft) 659.82 572.47 570.08 

 C & E Loss (ft) 0.00  Cum SA (acres) 155.28 64.05 142.46 
  

Plan: Bean Natural    Baboosic Brook    Upstream Reach  RS: 9.310    Profile: 100-yr

 E.G. Elev (ft) 208.85  Element Left OB Channel Right OB

 Vel Head (ft) 0.06  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 208.79  Reach Len. (ft) 80.00 80.00 80.00 

 Crit W.S. (ft)   Flow Area (sq ft) 700.11 672.20 533.38 

 E.G. Slope (ft/ft) 0.000233  Area (sq ft) 700.11 672.20 533.38 

 Q Total (cfs) 2440.00  Flow (cfs) 470.43 1554.13 415.45 

 Top Width (ft) 338.66  Top Width (ft) 160.28 80.87 97.50 

 Vel Total (ft/s) 1.28  Avg. Vel. (ft/s) 0.67 2.31 0.78 

 Max Chl Dpth (ft) 8.79  Hydr. Depth (ft) 4.37 8.31 5.47 

 Conv. Total (cfs) 159936.5  Conv. (cfs) 30835.4 101869.7 27231.5 

 Length Wtd. (ft) 80.00  Wetted Per. (ft) 160.69 81.58 98.09 

 Min Ch El (ft) 200.00  Shear (lb/sq ft) 0.06 0.12 0.08 

 Alpha  2.19  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.02  Cum Volume (acre-ft) 799.05 632.33 705.73 

 C & E Loss (ft) 0.00  Cum SA (acres) 169.69 65.21 150.50 



  

Plan: Bean Natural    Baboosic Brook    Upstream Reach  RS: 9.290    Profile: 2.33-yr

 E.G. Elev (ft) 204.97  Element Left OB Channel Right OB

 Vel Head (ft) 0.03  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 204.94  Reach Len. (ft) 91.00 91.00 91.00 

 Crit W.S. (ft)   Flow Area (sq ft) 119.25 361.03 194.38 

 E.G. Slope (ft/ft) 0.000217  Area (sq ft) 119.25 361.03 194.38 

 Q Total (cfs) 645.00  Flow (cfs) 26.90 532.33 85.76 

 Top Width (ft) 293.56  Top Width (ft) 133.37 80.87 79.32 

 Vel Total (ft/s) 0.96  Avg. Vel. (ft/s) 0.23 1.47 0.44 

 Max Chl Dpth (ft) 4.94  Hydr. Depth (ft) 0.89 4.46 2.45 

 Conv. Total (cfs) 43803.3  Conv. (cfs) 1827.2 36151.8 5824.3 

 Length Wtd. (ft) 91.00  Wetted Per. (ft) 133.40 81.58 79.50 

 Min Ch El (ft) 200.00  Shear (lb/sq ft) 0.01 0.06 0.03 

 Alpha  1.99  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.02  Cum Volume (acre-ft) 126.30 305.49 88.65 

 C & E Loss (ft) 0.00  Cum SA (acres) 75.48 59.10 76.45 
  

Plan: Bean Natural    Baboosic Brook    Upstream Reach  RS: 9.290    Profile: 50-yr

 E.G. Elev (ft) 207.99  Element Left OB Channel Right OB

 Vel Head (ft) 0.06  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 207.93  Reach Len. (ft) 91.00 91.00 91.00 

 Crit W.S. (ft)   Flow Area (sq ft) 564.09 602.90 451.68 

 E.G. Slope (ft/ft) 0.000259  Area (sq ft) 564.09 602.90 451.68 

 Q Total (cfs) 2060.00  Flow (cfs) 350.77 1366.91 342.33 

 Top Width (ft) 331.22  Top Width (ft) 157.16 80.87 93.20 

 Vel Total (ft/s) 1.27  Avg. Vel. (ft/s) 0.62 2.27 0.76 

 Max Chl Dpth (ft) 7.93  Hydr. Depth (ft) 3.59 7.46 4.85 

 Conv. Total (cfs) 128061.9  Conv. (cfs) 21805.8 84975.1 21281.0 

 Length Wtd. (ft) 91.00  Wetted Per. (ft) 157.45 81.58 93.69 

 Min Ch El (ft) 200.00  Shear (lb/sq ft) 0.06 0.12 0.08 

 Alpha  2.21  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.02  Cum Volume (acre-ft) 658.78 571.36 569.25 

 C & E Loss (ft) 0.01  Cum SA (acres) 154.99 63.91 142.29 
  

Plan: Bean Natural    Baboosic Brook    Upstream Reach  RS: 9.290    Profile: 100-yr

 E.G. Elev (ft) 208.83  Element Left OB Channel Right OB

 Vel Head (ft) 0.06  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 208.77  Reach Len. (ft) 91.00 91.00 91.00 

 Crit W.S. (ft)   Flow Area (sq ft) 697.04 670.65 531.51 

 E.G. Slope (ft/ft) 0.000235  Area (sq ft) 697.04 670.65 531.51 

 Q Total (cfs) 2440.00  Flow (cfs) 469.32 1555.43 415.24 

 Top Width (ft) 338.49  Top Width (ft) 160.21 80.87 97.41 

 Vel Total (ft/s) 1.28  Avg. Vel. (ft/s) 0.67 2.32 0.78 

 Max Chl Dpth (ft) 8.77  Hydr. Depth (ft) 4.35 8.29 5.46 

 Conv. Total (cfs) 159188.7  Conv. (cfs) 30619.3 101478.5 27090.9 

 Length Wtd. (ft) 91.00  Wetted Per. (ft) 160.61 81.58 97.99 

 Min Ch El (ft) 200.00  Shear (lb/sq ft) 0.06 0.12 0.08 

 Alpha  2.19  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.02  Cum Volume (acre-ft) 797.77 631.10 704.75 

 C & E Loss (ft) 0.01  Cum SA (acres) 169.39 65.06 150.32 



  

Plan: Bean Natural    Baboosic Brook    Upstream Reach  RS: 9.289    Profile: 2.33-yr

 E.G. Elev (ft) 204.95  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 204.92  Reach Len. (ft) 134.00 134.00 134.00 

 Crit W.S. (ft)   Flow Area (sq ft) 135.19 417.28 138.61 

 E.G. Slope (ft/ft) 0.000235  Area (sq ft) 135.19 417.28 138.61 

 Q Total (cfs) 645.00  Flow (cfs) 31.15 546.46 67.39 

 Top Width (ft) 326.35  Top Width (ft) 155.85 118.82 51.67 

 Vel Total (ft/s) 0.93  Avg. Vel. (ft/s) 0.23 1.31 0.49 

 Max Chl Dpth (ft) 4.92  Hydr. Depth (ft) 0.87 3.51 2.68 

 Conv. Total (cfs) 42032.7  Conv. (cfs) 2029.9 35611.1 4391.7 

 Length Wtd. (ft) 134.00  Wetted Per. (ft) 155.88 119.84 52.14 

 Min Ch El (ft) 200.00  Shear (lb/sq ft) 0.01 0.05 0.04 

 Alpha  1.70  Stream Power (lb/ft s) 1145.25 0.00 0.00 

 Frctn Loss (ft) 0.03  Cum Volume (acre-ft) 126.03 304.68 88.30 

 C & E Loss (ft) 0.00  Cum SA (acres) 75.17 58.89 76.31 
  

Plan: Bean Natural    Baboosic Brook    Upstream Reach  RS: 9.289    Profile: 50-yr

 E.G. Elev (ft) 207.96  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 207.92  Reach Len. (ft) 134.00 134.00 134.00 

 Crit W.S. (ft)   Flow Area (sq ft) 680.16 773.03 303.03 

 E.G. Slope (ft/ft) 0.000218  Area (sq ft) 680.16 773.03 303.03 

 Q Total (cfs) 2060.00  Flow (cfs) 371.51 1468.49 219.99 

 Top Width (ft) 379.07  Top Width (ft) 202.50 118.82 57.74 

 Vel Total (ft/s) 1.17  Avg. Vel. (ft/s) 0.55 1.90 0.73 

 Max Chl Dpth (ft) 7.92  Hydr. Depth (ft) 3.36 6.51 5.25 

 Conv. Total (cfs) 139592.9  Conv. (cfs) 25175.1 99510.3 14907.6 

 Length Wtd. (ft) 134.00  Wetted Per. (ft) 202.63 119.84 58.91 

 Min Ch El (ft) 200.00  Shear (lb/sq ft) 0.05 0.09 0.07 

 Alpha  1.95  Stream Power (lb/ft s) 1145.25 0.00 0.00 

 Frctn Loss (ft) 0.03  Cum Volume (acre-ft) 657.49 569.92 568.46 

 C & E Loss (ft) 0.00  Cum SA (acres) 154.61 63.70 142.13 
  

Plan: Bean Natural    Baboosic Brook    Upstream Reach  RS: 9.289    Profile: 100-yr

 E.G. Elev (ft) 208.80  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 208.76  Reach Len. (ft) 134.00 134.00 134.00 

 Crit W.S. (ft)   Flow Area (sq ft) 853.86 872.87 352.46 

 E.G. Slope (ft/ft) 0.000191  Area (sq ft) 853.86 872.87 352.46 

 Q Total (cfs) 2440.00  Flow (cfs) 495.58 1686.02 258.40 

 Top Width (ft) 389.53  Top Width (ft) 210.71 118.82 59.99 

 Vel Total (ft/s) 1.17  Avg. Vel. (ft/s) 0.58 1.93 0.73 

 Max Chl Dpth (ft) 8.76  Hydr. Depth (ft) 4.05 7.35 5.88 

 Conv. Total (cfs) 176325.9  Conv. (cfs) 35812.9 121839.9 18673.0 

 Length Wtd. (ft) 134.00  Wetted Per. (ft) 210.88 119.84 61.32 

 Min Ch El (ft) 200.00  Shear (lb/sq ft) 0.05 0.09 0.07 

 Alpha  1.96  Stream Power (lb/ft s) 1145.25 0.00 0.00 

 Frctn Loss (ft) 0.02  Cum Volume (acre-ft) 796.15 629.48 703.83 

 C & E Loss (ft) 0.00  Cum SA (acres) 169.00 64.85 150.15 



  

Plan: Bean Natural    Baboosic Brook    Upstream Reach  RS: 9.2424    Profile: 2.33-yr

 E.G. Elev (ft) 204.92  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.  0.090 0.040  

 W.S. Elev (ft) 204.90  Reach Len. (ft) 1100.00 2060.00 1250.00 

 Crit W.S. (ft)   Flow Area (sq ft) 186.06 511.34  

 E.G. Slope (ft/ft) 0.000198  Area (sq ft) 186.06 511.34  

 Q Total (cfs) 645.00  Flow (cfs) 50.48 594.52  

 Top Width (ft) 299.34  Top Width (ft) 147.29 152.06  

 Vel Total (ft/s) 0.92  Avg. Vel. (ft/s) 0.27 1.16  

 Max Chl Dpth (ft) 4.98  Hydr. Depth (ft) 1.26 3.36  

 Conv. Total (cfs) 45863.1  Conv. (cfs) 3589.2 42273.9  

 Length Wtd. (ft) 1949.36  Wetted Per. (ft) 147.32 154.01  

 Min Ch El (ft) 199.92  Shear (lb/sq ft) 0.02 0.04  

 Alpha  1.46  Stream Power (lb/ft s) 1118.00 0.00 0.00 

 Frctn Loss (ft) 0.90  Cum Volume (acre-ft) 125.54 303.25 88.09 

 C & E Loss (ft) 0.03  Cum SA (acres) 74.71 58.48 76.23 
  

Plan: Bean Natural    Baboosic Brook    Upstream Reach  RS: 9.2424    Profile: 50-yr

 E.G. Elev (ft) 207.93  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.090 0.040  

 W.S. Elev (ft) 207.89  Reach Len. (ft) 1100.00 2060.00 1250.00 

 Crit W.S. (ft)   Flow Area (sq ft) 705.37 979.20  

 E.G. Slope (ft/ft) 0.000192  Area (sq ft) 705.37 979.20  

 Q Total (cfs) 2060.00  Flow (cfs) 392.00 1668.00  

 Top Width (ft) 346.49  Top Width (ft) 186.22 160.27  

 Vel Total (ft/s) 1.22  Avg. Vel. (ft/s) 0.56 1.70  

 Max Chl Dpth (ft) 7.97  Hydr. Depth (ft) 3.79 6.11  

 Conv. Total (cfs) 148604.5  Conv. (cfs) 28278.0 120326.6  

 Length Wtd. (ft) 1633.94  Wetted Per. (ft) 186.43 162.76  

 Min Ch El (ft) 199.92  Shear (lb/sq ft) 0.05 0.07  

 Alpha  1.61  Stream Power (lb/ft s) 1118.00 0.00 0.00 

 Frctn Loss (ft) 0.42  Cum Volume (acre-ft) 655.35 567.23 567.99 

 C & E Loss (ft) 0.00  Cum SA (acres) 154.01 63.27 142.04 
  

Plan: Bean Natural    Baboosic Brook    Upstream Reach  RS: 9.2424    Profile: 100-yr

 E.G. Elev (ft) 208.78  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.090 0.040  

 W.S. Elev (ft) 208.74  Reach Len. (ft) 1100.00 2060.00 1250.00 

 Crit W.S. (ft)   Flow Area (sq ft) 864.88 1115.50  

 E.G. Slope (ft/ft) 0.000171  Area (sq ft) 864.88 1115.50  

 Q Total (cfs) 2440.00  Flow (cfs) 508.68 1931.32  

 Top Width (ft) 355.28  Top Width (ft) 192.10 163.18  

 Vel Total (ft/s) 1.23  Avg. Vel. (ft/s) 0.59 1.73  

 Max Chl Dpth (ft) 8.82  Hydr. Depth (ft) 4.50 6.84  

 Conv. Total (cfs) 186586.0  Conv. (cfs) 38898.4 147687.6  

 Length Wtd. (ft) 1604.82  Wetted Per. (ft) 192.36 165.79  

 Min Ch El (ft) 199.92  Shear (lb/sq ft) 0.05 0.07  

 Alpha  1.61  Stream Power (lb/ft s) 1118.00 0.00 0.00 

 Frctn Loss (ft) 0.33  Cum Volume (acre-ft) 793.51 626.43 703.29 

 C & E Loss (ft) 0.00  Cum SA (acres) 168.39 64.42 150.06 
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River = Baboosic Brook   Reach = Upstream Reach      RS = 9.3182    Bean Road Approach Section (49200)
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River = Baboosic Brook   Reach = Upstream Reach      RS = 9.310    Bean Road US Face

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

WS 100-yr

WS 50-yr

WS 2.33-yr

Ground

Ineff

Bank Sta

.09 .04 .09



 

500 600 700 800 900 1000 1100 1200 1300
200

205

210

215

220

225

Bean Road       Plan: Bean Road - Alt. I 40' Span
River = Baboosic Brook   Reach = Upstream Reach      RS = 9.3      BR    Bean Rd. 40' Span

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

WS 100-yr

WS 50-yr

WS 2.33-yr

Ground

Ineff

Bank Sta

.09 .04 .09



 

500 600 700 800 900 1000 1100 1200 1300
200

205

210

215

220

225

Bean Road       Plan: Bean Road - Alt. I 40' Span
River = Baboosic Brook   Reach = Upstream Reach      RS = 9.3      BR    Bean Rd. 40' Span

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

WS 100-yr

WS 50-yr

WS 2.33-yr

Ground

Ineff

Bank Sta

.09 .04 .09



 

500 600 700 800 900 1000 1100 1200 1300
200

205

210

215

220

Bean Road       Plan: Bean Road - Alt. I 40' Span
River = Baboosic Brook   Reach = Upstream Reach      RS = 9.290    Bean Road DS Face

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

WS 100-yr

WS 50-yr

WS 2.33-yr

Ground

Ineff

Bank Sta

.09 .04 .09



 

500 600 700 800 900 1000 1100 1200
200

205

210

215

220

Bean Road       Plan: Bean Road - Alt. I 40' Span
River = Baboosic Brook   Reach = Upstream Reach      RS = 9.289    Bean Road DS Section

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

WS 100-yr

WS 50-yr

WS 2.33-yr

Ground

Bank Sta

.09 .04 .09



 

400 500 600 700 800 900 1000 1100 1200
198

200

202

204

206

208

210

212

214

216

218

Bean Road       Plan: Bean Road - Alt. I 40' Span
River = Baboosic Brook   Reach = Upstream Reach      RS = 9.2424    Bean Road exit section (48800)

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

WS 100-yr

WS 50-yr

WS 2.33-yr

Ground

Bank Sta

.09 .04



  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.3182    Profile: 2.33-yr

 E.G. Elev (ft) 206.06  Element Left OB Channel Right OB

 Vel Head (ft) 0.01  Wt. n-Val.  0.090 0.040  

 W.S. Elev (ft) 206.05  Reach Len. (ft) 38.00 38.00 38.00 

 Crit W.S. (ft)   Flow Area (sq ft) 109.42 764.86  

 E.G. Slope (ft/ft) 0.000071  Area (sq ft) 109.42 764.86  

 Q Total (cfs) 645.00  Flow (cfs) 18.24 626.76  

 Top Width (ft) 262.45  Top Width (ft) 83.54 178.91  

 Vel Total (ft/s) 0.74  Avg. Vel. (ft/s) 0.17 0.82  

 Max Chl Dpth (ft) 7.91  Hydr. Depth (ft) 1.31 4.28  

 Conv. Total (cfs) 76442.0  Conv. (cfs) 2161.2 74280.8  

 Length Wtd. (ft) 38.00  Wetted Per. (ft) 83.62 180.95  

 Min Ch El (ft) 198.14  Shear (lb/sq ft) 0.01 0.02  

 Alpha  1.20  Stream Power (lb/ft s) 1269.00 0.00 0.00 

 Frctn Loss (ft) 0.00  Cum Volume (acre-ft) 126.88 306.94 89.37 

 C & E Loss (ft) 0.00  Cum SA (acres) 75.83 59.39 76.67 
  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.3182    Profile: 50-yr

 E.G. Elev (ft) 210.45  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 210.43  Reach Len. (ft) 38.00 38.00 38.00 

 Crit W.S. (ft)   Flow Area (sq ft) 621.25 1560.50 35.50 

 E.G. Slope (ft/ft) 0.000059  Area (sq ft) 621.25 1560.50 35.50 

 Q Total (cfs) 2060.00  Flow (cfs) 198.89 1854.16 6.95 

 Top Width (ft) 355.14  Top Width (ft) 155.03 182.00 18.11 

 Vel Total (ft/s) 0.93  Avg. Vel. (ft/s) 0.32 1.19 0.20 

 Max Chl Dpth (ft) 12.29  Hydr. Depth (ft) 4.01 8.57 1.96 

 Conv. Total (cfs) 267780.3  Conv. (cfs) 25853.6 241022.7 903.9 

 Length Wtd. (ft) 38.00  Wetted Per. (ft) 155.25 184.07 18.53 

 Min Ch El (ft) 198.14  Shear (lb/sq ft) 0.01 0.03 0.01 

 Alpha  1.48  Stream Power (lb/ft s) 1269.00 0.00 0.00 

 Frctn Loss (ft) 0.00  Cum Volume (acre-ft) 660.96 573.98 570.93 

 C & E Loss (ft) 0.00  Cum SA (acres) 155.42 64.21 142.55 
  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.3182    Profile: 100-yr

 E.G. Elev (ft) 211.30  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 211.28  Reach Len. (ft) 38.00 38.00 38.00 

 Crit W.S. (ft)   Flow Area (sq ft) 760.49 1714.54 52.48 

 E.G. Slope (ft/ft) 0.000059  Area (sq ft) 760.49 1714.54 52.48 

 Q Total (cfs) 2440.00  Flow (cfs) 258.10 2170.19 11.72 

 Top Width (ft) 378.03  Top Width (ft) 174.00 182.00 22.02 

 Vel Total (ft/s) 0.97  Avg. Vel. (ft/s) 0.34 1.27 0.22 

 Max Chl Dpth (ft) 13.14  Hydr. Depth (ft) 4.37 9.42 2.38 

 Conv. Total (cfs) 317021.2  Conv. (cfs) 33533.6 281965.1 1522.5 

 Length Wtd. (ft) 38.00  Wetted Per. (ft) 174.24 184.07 22.53 

 Min Ch El (ft) 198.14  Shear (lb/sq ft) 0.02 0.03 0.01 

 Alpha  1.54  Stream Power (lb/ft s) 1269.00 0.00 0.00 

 Frctn Loss (ft) 0.00  Cum Volume (acre-ft) 800.29 633.95 706.65 

 C & E Loss (ft) 0.00  Cum SA (acres) 169.85 65.36 150.60 



  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.311    Profile: 2.33-yr

 E.G. Elev (ft) 206.06  Element Left OB Channel Right OB

 Vel Head (ft) 0.01  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 206.05  Reach Len. (ft) 60.00 60.00 60.00 

 Crit W.S. (ft)   Flow Area (sq ft) 258.35 451.89 379.41 

 E.G. Slope (ft/ft) 0.000069  Area (sq ft) 258.35 451.89 379.41 

 Q Total (cfs) 645.00  Flow (cfs) 53.00 472.43 119.57 

 Top Width (ft) 320.02  Top Width (ft) 140.65 71.11 108.26 

 Vel Total (ft/s) 0.59  Avg. Vel. (ft/s) 0.21 1.05 0.32 

 Max Chl Dpth (ft) 8.05  Hydr. Depth (ft) 1.84 6.35 3.50 

 Conv. Total (cfs) 77836.0  Conv. (cfs) 6395.5 57011.2 14429.4 

 Length Wtd. (ft) 60.00  Wetted Per. (ft) 140.72 72.20 108.53 

 Min Ch El (ft) 198.00  Shear (lb/sq ft) 0.01 0.03 0.01 

 Alpha  2.35  Stream Power (lb/ft s) 1242.00 0.00 0.00 

 Frctn Loss (ft) 0.01  Cum Volume (acre-ft) 126.72 306.41 89.20 

 C & E Loss (ft) 0.01  Cum SA (acres) 75.74 59.28 76.62 
  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.311    Profile: 50-yr

 E.G. Elev (ft) 210.45  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 210.42  Reach Len. (ft) 60.00 60.00 60.00 

 Crit W.S. (ft)   Flow Area (sq ft) 922.06 763.02 897.51 

 E.G. Slope (ft/ft) 0.000075  Area (sq ft) 922.06 763.02 897.51 

 Q Total (cfs) 2060.00  Flow (cfs) 417.02 1179.82 463.17 

 Top Width (ft) 363.82  Top Width (ft) 162.93 71.11 129.79 

 Vel Total (ft/s) 0.80  Avg. Vel. (ft/s) 0.45 1.55 0.52 

 Max Chl Dpth (ft) 12.42  Hydr. Depth (ft) 5.66 10.73 6.92 

 Conv. Total (cfs) 238331.0  Conv. (cfs) 48246.9 136498.3 53585.8 

 Length Wtd. (ft) 60.00  Wetted Per. (ft) 163.43 72.20 130.51 

 Min Ch El (ft) 198.00  Shear (lb/sq ft) 0.03 0.05 0.03 

 Alpha  2.31  Stream Power (lb/ft s) 1242.00 0.00 0.00 

 Frctn Loss (ft) 0.01  Cum Volume (acre-ft) 660.28 572.97 570.52 

 C & E Loss (ft) 0.04  Cum SA (acres) 155.28 64.10 142.49 
  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.311    Profile: 100-yr

 E.G. Elev (ft) 211.30  Element Left OB Channel Right OB

 Vel Head (ft) 0.03  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 211.27  Reach Len. (ft) 60.00 60.00 60.00 

 Crit W.S. (ft)   Flow Area (sq ft) 1061.95 823.18 1010.54 

 E.G. Slope (ft/ft) 0.000077  Area (sq ft) 1061.95 823.18 1010.54 

 Q Total (cfs) 2440.00  Flow (cfs) 526.07 1361.48 552.45 

 Top Width (ft) 376.33  Top Width (ft) 167.79 71.11 137.43 

 Vel Total (ft/s) 0.84  Avg. Vel. (ft/s) 0.50 1.65 0.55 

 Max Chl Dpth (ft) 13.27  Hydr. Depth (ft) 6.33 11.58 7.35 

 Conv. Total (cfs) 277610.7  Conv. (cfs) 59854.0 154901.9 62854.8 

 Length Wtd. (ft) 60.00  Wetted Per. (ft) 168.36 72.20 138.20 

 Min Ch El (ft) 198.00  Shear (lb/sq ft) 0.03 0.05 0.04 

 Alpha  2.32  Stream Power (lb/ft s) 1242.00 0.00 0.00 

 Frctn Loss (ft) 0.01  Cum Volume (acre-ft) 799.50 632.84 706.19 

 C & E Loss (ft) 0.05  Cum SA (acres) 169.70 65.25 150.54 



  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.310    Profile: 2.33-yr

 E.G. Elev (ft) 206.04  Element Left OB Channel Right OB

 Vel Head (ft) 0.11  Wt. n-Val.   0.040  

 W.S. Elev (ft) 205.93  Reach Len. (ft) 14.00 14.00 14.00 

 Crit W.S. (ft) 202.00  Flow Area (sq ft)  237.10  

 E.G. Slope (ft/ft) 0.000500  Area (sq ft) 257.65 440.68 274.54 

 Q Total (cfs) 645.00  Flow (cfs)  645.00  

 Top Width (ft) 312.00  Top Width (ft) 147.67 80.87 83.46 

 Vel Total (ft/s) 2.72  Avg. Vel. (ft/s)  2.72  

 Max Chl Dpth (ft) 5.93  Hydr. Depth (ft)  5.93  

 Conv. Total (cfs) 28847.3  Conv. (cfs)  28847.3  

 Length Wtd. (ft) 14.00  Wetted Per. (ft)  40.00  

 Min Ch El (ft) 200.00  Shear (lb/sq ft)  0.18  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.02  Cum Volume (acre-ft) 126.37 305.80 88.75 

 C & E Loss (ft) 0.14  Cum SA (acres) 75.54 59.18 76.49 
  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.310    Profile: 50-yr

 E.G. Elev (ft) 210.40  Element Left OB Channel Right OB

 Vel Head (ft) 0.41  Wt. n-Val.   0.040  

 W.S. Elev (ft) 209.98  Reach Len. (ft) 14.00 14.00 14.00 

 Crit W.S. (ft) 204.34  Flow Area (sq ft)  399.35  

 E.G. Slope (ft/ft) 0.000897  Area (sq ft) 893.95 768.71 653.33 

 Q Total (cfs) 2060.00  Flow (cfs)  2060.00  

 Top Width (ft) 348.95  Top Width (ft) 164.56 80.87 103.52 

 Vel Total (ft/s) 5.16  Avg. Vel. (ft/s)  5.16  

 Max Chl Dpth (ft) 9.98  Hydr. Depth (ft)  9.98  

 Conv. Total (cfs) 68782.5  Conv. (cfs)  68782.5  

 Length Wtd. (ft) 14.00  Wetted Per. (ft)  40.00  

 Min Ch El (ft) 200.00  Shear (lb/sq ft)  0.56  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.03  Cum Volume (acre-ft) 659.03 571.91 569.45 

 C & E Loss (ft) 0.21  Cum SA (acres) 155.06 64.00 142.33 
  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.310    Profile: 100-yr

 E.G. Elev (ft) 211.24  Element Left OB Channel Right OB

 Vel Head (ft) 0.50  Wt. n-Val.   0.040  

 W.S. Elev (ft) 210.74  Reach Len. (ft) 14.00 14.00 14.00 

 Crit W.S. (ft) 204.87  Flow Area (sq ft)  429.40  

 E.G. Slope (ft/ft) 0.000988  Area (sq ft) 1019.00 829.48 734.63 

 Q Total (cfs) 2440.00  Flow (cfs)  2440.00  

 Top Width (ft) 362.13  Top Width (ft) 168.28 80.87 112.98 

 Vel Total (ft/s) 5.68  Avg. Vel. (ft/s)  5.68  

 Max Chl Dpth (ft) 10.74  Hydr. Depth (ft)  10.74  

 Conv. Total (cfs) 77625.9  Conv. (cfs)  77625.9  

 Length Wtd. (ft) 14.00  Wetted Per. (ft)  40.00  

 Min Ch El (ft) 200.00  Shear (lb/sq ft)  0.66  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.03  Cum Volume (acre-ft) 798.07 631.71 704.98 

 C & E Loss (ft) 0.23  Cum SA (acres) 169.47 65.15 150.36 



  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.3     BR U    Profile: 2.33-yr

 E.G. Elev (ft) 205.89  Element Left OB Channel Right OB

 Vel Head (ft) 0.58  Wt. n-Val.   0.040  

 W.S. Elev (ft) 205.31  Reach Len. (ft) 40.00 40.00 40.00 

 Crit W.S. (ft) 203.98  Flow Area (sq ft)  105.56  

 E.G. Slope (ft/ft) 0.005743  Area (sq ft)  105.56  

 Q Total (cfs) 645.00  Flow (cfs)  645.00  

 Top Width (ft) 30.51  Top Width (ft)  30.51  

 Vel Total (ft/s) 6.11  Avg. Vel. (ft/s)  6.11  

 Max Chl Dpth (ft) 5.31  Hydr. Depth (ft)  3.46  

 Conv. Total (cfs) 8511.2  Conv. (cfs)  8511.2  

 Length Wtd. (ft) 40.00  Wetted Per. (ft)  33.01  

 Min Ch El (ft) 200.00  Shear (lb/sq ft)  1.15  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.30  Cum Volume (acre-ft) 126.32 305.71 88.71 

 C & E Loss (ft) 0.10  Cum SA (acres) 75.51 59.16 76.47 
  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.3     BR U    Profile: 50-yr

 E.G. Elev (ft) 210.16  Element Left OB Channel Right OB

 Vel Head (ft) 1.11  Wt. n-Val.   0.040  

 W.S. Elev (ft) 209.05  Reach Len. (ft) 40.00 40.00 40.00 

 Crit W.S. (ft) 207.22  Flow Area (sq ft)  243.90  

 E.G. Slope (ft/ft) 0.005652  Area (sq ft)  243.90  

 Q Total (cfs) 2060.00  Flow (cfs)  2060.00  

 Top Width (ft) 40.00  Top Width (ft)  40.00  

 Vel Total (ft/s) 8.45  Avg. Vel. (ft/s)  8.45  

 Max Chl Dpth (ft) 9.05  Hydr. Depth (ft)  6.10  

 Conv. Total (cfs) 27401.1  Conv. (cfs)  27401.1  

 Length Wtd. (ft) 40.00  Wetted Per. (ft)  46.38  

 Min Ch El (ft) 200.00  Shear (lb/sq ft)  1.86  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.35  Cum Volume (acre-ft) 658.89 571.75 569.35 

 C & E Loss (ft) 0.34  Cum SA (acres) 155.03 63.98 142.31 
  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.3     BR U    Profile: 100-yr

 E.G. Elev (ft) 210.98  Element Left OB Channel Right OB

 Vel Head (ft) 1.27  Wt. n-Val.   0.040  

 W.S. Elev (ft) 209.71  Reach Len. (ft) 40.00 40.00 40.00 

 Crit W.S. (ft) 207.81  Flow Area (sq ft)  270.21  

 E.G. Slope (ft/ft) 0.005850  Area (sq ft)  270.21  

 Q Total (cfs) 2440.00  Flow (cfs)  2440.00  

 Top Width (ft) 40.00  Top Width (ft)  40.00  

 Vel Total (ft/s) 9.03  Avg. Vel. (ft/s)  9.03  

 Max Chl Dpth (ft) 9.71  Hydr. Depth (ft)  6.76  

 Conv. Total (cfs) 31902.0  Conv. (cfs)  31902.0  

 Length Wtd. (ft) 40.00  Wetted Per. (ft)  47.69  

 Min Ch El (ft) 200.00  Shear (lb/sq ft)  2.07  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.36  Cum Volume (acre-ft) 797.90 631.53 704.87 

 C & E Loss (ft) 0.36  Cum SA (acres) 169.44 65.13 150.34 



  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.3     BR D    Profile: 2.33-yr

 E.G. Elev (ft) 205.49  Element Left OB Channel Right OB

 Vel Head (ft) 0.90  Wt. n-Val.   0.040  

 W.S. Elev (ft) 204.58  Reach Len. (ft) 26.00 26.00 26.00 

 Crit W.S. (ft) 203.98  Flow Area (sq ft)  84.50  

 E.G. Slope (ft/ft) 0.010505  Area (sq ft)  84.50  

 Q Total (cfs) 645.00  Flow (cfs)  645.00  

 Top Width (ft) 27.61  Top Width (ft)  27.61  

 Vel Total (ft/s) 7.63  Avg. Vel. (ft/s)  7.63  

 Max Chl Dpth (ft) 4.58  Hydr. Depth (ft)  3.06  

 Conv. Total (cfs) 6293.1  Conv. (cfs)  6293.1  

 Length Wtd. (ft) 26.00  Wetted Per. (ft)  29.77  

 Min Ch El (ft) 200.00  Shear (lb/sq ft)  1.86  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.06  Cum Volume (acre-ft) 126.32 305.62 88.71 

 C & E Loss (ft) 0.37  Cum SA (acres) 75.51 59.13 76.47 
  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.3     BR D    Profile: 50-yr

 E.G. Elev (ft) 209.47  Element Left OB Channel Right OB

 Vel Head (ft) 2.24  Wt. n-Val.   0.040  

 W.S. Elev (ft) 207.22  Reach Len. (ft) 26.00 26.00 26.00 

 Crit W.S. (ft) 207.22  Flow Area (sq ft)  171.35  

 E.G. Slope (ft/ft) 0.015852  Area (sq ft)  171.35  

 Q Total (cfs) 2060.00  Flow (cfs)  2060.00  

 Top Width (ft) 38.17  Top Width (ft)  38.17  

 Vel Total (ft/s) 12.02  Avg. Vel. (ft/s)  12.02  

 Max Chl Dpth (ft) 7.22  Hydr. Depth (ft)  4.49  

 Conv. Total (cfs) 16361.8  Conv. (cfs)  16361.8  

 Length Wtd. (ft) 26.00  Wetted Per. (ft)  41.58  

 Min Ch El (ft) 200.00  Shear (lb/sq ft)  4.08  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.12  Cum Volume (acre-ft) 658.89 571.56 569.35 

 C & E Loss (ft) 0.77  Cum SA (acres) 155.03 63.94 142.31 
  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.3     BR D    Profile: 100-yr

 E.G. Elev (ft) 210.26  Element Left OB Channel Right OB

 Vel Head (ft) 2.45  Wt. n-Val.   0.040  

 W.S. Elev (ft) 207.81  Reach Len. (ft) 26.00 26.00 26.00 

 Crit W.S. (ft) 207.81  Flow Area (sq ft)  194.06  

 E.G. Slope (ft/ft) 0.015618  Area (sq ft)  194.06  

 Q Total (cfs) 2440.00  Flow (cfs)  2440.00  

 Top Width (ft) 39.45  Top Width (ft)  39.45  

 Vel Total (ft/s) 12.57  Avg. Vel. (ft/s)  12.57  

 Max Chl Dpth (ft) 7.81  Hydr. Depth (ft)  4.92  

 Conv. Total (cfs) 19524.2  Conv. (cfs)  19524.2  

 Length Wtd. (ft) 26.00  Wetted Per. (ft)  43.54  

 Min Ch El (ft) 200.00  Shear (lb/sq ft)  4.35  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.12  Cum Volume (acre-ft) 797.90 631.32 704.87 

 C & E Loss (ft) 0.82  Cum SA (acres) 169.44 65.09 150.34 



  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.290    Profile: 2.33-yr

 E.G. Elev (ft) 205.06  Element Left OB Channel Right OB

 Vel Head (ft) 0.17  Wt. n-Val.   0.040  

 W.S. Elev (ft) 204.89  Reach Len. (ft) 91.00 91.00 91.00 

 Crit W.S. (ft)   Flow Area (sq ft)  195.60  

 E.G. Slope (ft/ft) 0.000949  Area (sq ft) 112.25 356.78 190.21 

 Q Total (cfs) 645.00  Flow (cfs)  645.00  

 Top Width (ft) 292.57  Top Width (ft) 132.60 80.87 79.10 

 Vel Total (ft/s) 3.30  Avg. Vel. (ft/s)  3.30  

 Max Chl Dpth (ft) 4.89  Hydr. Depth (ft)  4.89  

 Conv. Total (cfs) 20932.9  Conv. (cfs)  20932.9  

 Length Wtd. (ft) 91.00  Wetted Per. (ft)  40.00  

 Min Ch El (ft) 200.00  Shear (lb/sq ft)  0.29  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.04  Cum Volume (acre-ft) 126.29 305.49 88.65 

 C & E Loss (ft) 0.07  Cum SA (acres) 75.47 59.10 76.45 
  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.290    Profile: 50-yr

 E.G. Elev (ft) 208.34  Element Left OB Channel Right OB

 Vel Head (ft) 0.71  Wt. n-Val.   0.040  

 W.S. Elev (ft) 207.63  Reach Len. (ft) 91.00 91.00 91.00 

 Crit W.S. (ft)   Flow Area (sq ft)  305.27  

 E.G. Slope (ft/ft) 0.002196  Area (sq ft) 516.90 578.52 423.80 

 Q Total (cfs) 2060.00  Flow (cfs)  2060.00  

 Top Width (ft) 328.44  Top Width (ft) 155.84 80.87 91.73 

 Vel Total (ft/s) 6.75  Avg. Vel. (ft/s)  6.75  

 Max Chl Dpth (ft) 7.63  Hydr. Depth (ft)  7.63  

 Conv. Total (cfs) 43958.9  Conv. (cfs)  43958.9  

 Length Wtd. (ft) 91.00  Wetted Per. (ft)  40.00  

 Min Ch El (ft) 200.00  Shear (lb/sq ft)  1.05  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.05  Cum Volume (acre-ft) 658.74 571.33 569.22 

 C & E Loss (ft) 0.33  Cum SA (acres) 154.99 63.91 142.28 
  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.290    Profile: 100-yr

 E.G. Elev (ft) 209.23  Element Left OB Channel Right OB

 Vel Head (ft) 0.82  Wt. n-Val.   0.040  

 W.S. Elev (ft) 208.41  Reach Len. (ft) 91.00 91.00 91.00 

 Crit W.S. (ft)   Flow Area (sq ft)  336.54  

 E.G. Slope (ft/ft) 0.002226  Area (sq ft) 639.99 641.73 497.00 

 Q Total (cfs) 2440.00  Flow (cfs)  2440.00  

 Top Width (ft) 335.41  Top Width (ft) 158.93 80.87 95.60 

 Vel Total (ft/s) 7.25  Avg. Vel. (ft/s)  7.25  

 Max Chl Dpth (ft) 8.41  Hydr. Depth (ft)  8.41  

 Conv. Total (cfs) 51716.1  Conv. (cfs)  51716.1  

 Length Wtd. (ft) 91.00  Wetted Per. (ft)  40.00  

 Min Ch El (ft) 200.00  Shear (lb/sq ft)  1.17  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.04  Cum Volume (acre-ft) 797.71 631.07 704.72 

 C & E Loss (ft) 0.39  Cum SA (acres) 169.39 65.06 150.32 



  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.289    Profile: 2.33-yr

 E.G. Elev (ft) 204.95  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 204.92  Reach Len. (ft) 134.00 134.00 134.00 

 Crit W.S. (ft)   Flow Area (sq ft) 135.19 417.28 138.61 

 E.G. Slope (ft/ft) 0.000235  Area (sq ft) 135.19 417.28 138.61 

 Q Total (cfs) 645.00  Flow (cfs) 31.15 546.46 67.39 

 Top Width (ft) 326.35  Top Width (ft) 155.85 118.82 51.67 

 Vel Total (ft/s) 0.93  Avg. Vel. (ft/s) 0.23 1.31 0.49 

 Max Chl Dpth (ft) 4.92  Hydr. Depth (ft) 0.87 3.51 2.68 

 Conv. Total (cfs) 42032.7  Conv. (cfs) 2029.9 35611.1 4391.7 

 Length Wtd. (ft) 134.00  Wetted Per. (ft) 155.88 119.84 52.14 

 Min Ch El (ft) 200.00  Shear (lb/sq ft) 0.01 0.05 0.04 

 Alpha  1.70  Stream Power (lb/ft s) 1145.25 0.00 0.00 

 Frctn Loss (ft) 0.03  Cum Volume (acre-ft) 126.03 304.68 88.30 

 C & E Loss (ft) 0.00  Cum SA (acres) 75.17 58.89 76.31 
  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.289    Profile: 50-yr

 E.G. Elev (ft) 207.96  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 207.92  Reach Len. (ft) 134.00 134.00 134.00 

 Crit W.S. (ft)   Flow Area (sq ft) 680.16 773.03 303.03 

 E.G. Slope (ft/ft) 0.000218  Area (sq ft) 680.16 773.03 303.03 

 Q Total (cfs) 2060.00  Flow (cfs) 371.51 1468.49 219.99 

 Top Width (ft) 379.07  Top Width (ft) 202.50 118.82 57.74 

 Vel Total (ft/s) 1.17  Avg. Vel. (ft/s) 0.55 1.90 0.73 

 Max Chl Dpth (ft) 7.92  Hydr. Depth (ft) 3.36 6.51 5.25 

 Conv. Total (cfs) 139592.9  Conv. (cfs) 25175.1 99510.3 14907.6 

 Length Wtd. (ft) 134.00  Wetted Per. (ft) 202.63 119.84 58.91 

 Min Ch El (ft) 200.00  Shear (lb/sq ft) 0.05 0.09 0.07 

 Alpha  1.95  Stream Power (lb/ft s) 1145.25 0.00 0.00 

 Frctn Loss (ft) 0.03  Cum Volume (acre-ft) 657.49 569.92 568.46 

 C & E Loss (ft) 0.00  Cum SA (acres) 154.61 63.70 142.13 
  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.289    Profile: 100-yr

 E.G. Elev (ft) 208.80  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 208.76  Reach Len. (ft) 134.00 134.00 134.00 

 Crit W.S. (ft)   Flow Area (sq ft) 853.86 872.87 352.46 

 E.G. Slope (ft/ft) 0.000191  Area (sq ft) 853.86 872.87 352.46 

 Q Total (cfs) 2440.00  Flow (cfs) 495.58 1686.02 258.40 

 Top Width (ft) 389.53  Top Width (ft) 210.71 118.82 59.99 

 Vel Total (ft/s) 1.17  Avg. Vel. (ft/s) 0.58 1.93 0.73 

 Max Chl Dpth (ft) 8.76  Hydr. Depth (ft) 4.05 7.35 5.88 

 Conv. Total (cfs) 176325.9  Conv. (cfs) 35812.9 121839.9 18673.0 

 Length Wtd. (ft) 134.00  Wetted Per. (ft) 210.88 119.84 61.32 

 Min Ch El (ft) 200.00  Shear (lb/sq ft) 0.05 0.09 0.07 

 Alpha  1.96  Stream Power (lb/ft s) 1145.25 0.00 0.00 

 Frctn Loss (ft) 0.02  Cum Volume (acre-ft) 796.15 629.48 703.83 

 C & E Loss (ft) 0.00  Cum SA (acres) 169.00 64.85 150.15 



  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.2424    Profile: 2.33-yr

 E.G. Elev (ft) 204.92  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.  0.090 0.040  

 W.S. Elev (ft) 204.90  Reach Len. (ft) 1100.00 2060.00 1250.00 

 Crit W.S. (ft)   Flow Area (sq ft) 186.06 511.34  

 E.G. Slope (ft/ft) 0.000198  Area (sq ft) 186.06 511.34  

 Q Total (cfs) 645.00  Flow (cfs) 50.48 594.52  

 Top Width (ft) 299.34  Top Width (ft) 147.29 152.06  

 Vel Total (ft/s) 0.92  Avg. Vel. (ft/s) 0.27 1.16  

 Max Chl Dpth (ft) 4.98  Hydr. Depth (ft) 1.26 3.36  

 Conv. Total (cfs) 45863.1  Conv. (cfs) 3589.2 42273.9  

 Length Wtd. (ft) 1949.36  Wetted Per. (ft) 147.32 154.01  

 Min Ch El (ft) 199.92  Shear (lb/sq ft) 0.02 0.04  

 Alpha  1.46  Stream Power (lb/ft s) 1118.00 0.00 0.00 

 Frctn Loss (ft) 0.90  Cum Volume (acre-ft) 125.54 303.25 88.09 

 C & E Loss (ft) 0.03  Cum SA (acres) 74.71 58.48 76.23 
  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.2424    Profile: 50-yr

 E.G. Elev (ft) 207.93  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.090 0.040  

 W.S. Elev (ft) 207.89  Reach Len. (ft) 1100.00 2060.00 1250.00 

 Crit W.S. (ft)   Flow Area (sq ft) 705.37 979.20  

 E.G. Slope (ft/ft) 0.000192  Area (sq ft) 705.37 979.20  

 Q Total (cfs) 2060.00  Flow (cfs) 392.00 1668.00  

 Top Width (ft) 346.49  Top Width (ft) 186.22 160.27  

 Vel Total (ft/s) 1.22  Avg. Vel. (ft/s) 0.56 1.70  

 Max Chl Dpth (ft) 7.97  Hydr. Depth (ft) 3.79 6.11  

 Conv. Total (cfs) 148604.5  Conv. (cfs) 28278.0 120326.6  

 Length Wtd. (ft) 1633.94  Wetted Per. (ft) 186.43 162.76  

 Min Ch El (ft) 199.92  Shear (lb/sq ft) 0.05 0.07  

 Alpha  1.61  Stream Power (lb/ft s) 1118.00 0.00 0.00 

 Frctn Loss (ft) 0.42  Cum Volume (acre-ft) 655.35 567.23 567.99 

 C & E Loss (ft) 0.00  Cum SA (acres) 154.01 63.27 142.04 
  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.2424    Profile: 100-yr

 E.G. Elev (ft) 208.78  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.090 0.040  

 W.S. Elev (ft) 208.74  Reach Len. (ft) 1100.00 2060.00 1250.00 

 Crit W.S. (ft)   Flow Area (sq ft) 864.88 1115.50  

 E.G. Slope (ft/ft) 0.000171  Area (sq ft) 864.88 1115.50  

 Q Total (cfs) 2440.00  Flow (cfs) 508.68 1931.32  

 Top Width (ft) 355.28  Top Width (ft) 192.10 163.18  

 Vel Total (ft/s) 1.23  Avg. Vel. (ft/s) 0.59 1.73  

 Max Chl Dpth (ft) 8.82  Hydr. Depth (ft) 4.50 6.84  

 Conv. Total (cfs) 186586.0  Conv. (cfs) 38898.4 147687.6  

 Length Wtd. (ft) 1604.82  Wetted Per. (ft) 192.36 165.79  

 Min Ch El (ft) 199.92  Shear (lb/sq ft) 0.05 0.07  

 Alpha  1.61  Stream Power (lb/ft s) 1118.00 0.00 0.00 

 Frctn Loss (ft) 0.33  Cum Volume (acre-ft) 793.51 626.43 703.29 

 C & E Loss (ft) 0.00  Cum SA (acres) 168.39 64.42 150.06 



  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.3       Profile: 2.33-yr

 E.G. US. (ft) 206.04  Element Inside BR US Inside BR DS

 W.S. US. (ft) 205.93  E.G. Elev (ft) 205.89 205.49 

 Q Total (cfs) 645.00  W.S. Elev (ft) 205.31 204.58 

 Q Bridge (cfs) 645.00  Crit W.S. (ft) 203.98 203.98 

 Q Weir (cfs)   Max Chl Dpth (ft) 5.31 4.58 

 Weir Sta Lft (ft)   Vel Total (ft/s) 6.11 7.63 

 Weir Sta Rgt (ft)   Flow Area (sq ft) 105.56 84.50 

 Weir Submerg    Froude # Chl  0.58 0.77 

 Weir Max Depth (ft)   Specif Force (cu ft) 352.66 314.42 

 Min El Weir Flow (ft) 217.00  Hydr Depth (ft) 3.46 3.06 

 Min El Prs (ft) 214.88  W.P. Total (ft) 33.01 29.77 

 Delta EG (ft) 0.98  Conv. Total (cfs) 8511.2 6293.1 

 Delta WS (ft) 1.04  Top Width (ft) 30.51 27.61 

 BR Open Area (sq ft) 476.80  Frctn Loss (ft) 0.30 0.06 

 BR Open Vel (ft/s) 7.63  C & E Loss (ft) 0.10 0.37 

 Coef of Q    Shear Total (lb/sq ft) 1.15 1.86 

 Br Sel Method  Energy only  Power Total (lb/ft s) 593.50 593.50 
  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.3       Profile: 50-yr

 E.G. US. (ft) 210.40  Element Inside BR US Inside BR DS

 W.S. US. (ft) 209.98  E.G. Elev (ft) 210.16 209.47 

 Q Total (cfs) 2060.00  W.S. Elev (ft) 209.05 207.22 

 Q Bridge (cfs) 2060.00  Crit W.S. (ft) 207.22 207.22 

 Q Weir (cfs)   Max Chl Dpth (ft) 9.05 7.22 

 Weir Sta Lft (ft)   Vel Total (ft/s) 8.45 12.02 

 Weir Sta Rgt (ft)   Flow Area (sq ft) 243.90 171.35 

 Weir Submerg    Froude # Chl  0.60 1.00 

 Weir Max Depth (ft)   Specif Force (cu ft) 1413.49 1262.32 

 Min El Weir Flow (ft) 217.00  Hydr Depth (ft) 6.10 4.49 

 Min El Prs (ft) 214.88  W.P. Total (ft) 46.38 41.58 

 Delta EG (ft) 2.06  Conv. Total (cfs) 27401.1 16361.8 

 Delta WS (ft) 2.35  Top Width (ft) 40.00 38.17 

 BR Open Area (sq ft) 476.80  Frctn Loss (ft) 0.35 0.12 

 BR Open Vel (ft/s) 12.02  C & E Loss (ft) 0.34 0.77 

 Coef of Q    Shear Total (lb/sq ft) 1.86 4.08 

 Br Sel Method  Energy only  Power Total (lb/ft s) 593.50 593.50 
  

Plan: Alt. I 40'    Baboosic Brook    Upstream Reach  RS: 9.3       Profile: 100-yr

 E.G. US. (ft) 211.24  Element Inside BR US Inside BR DS

 W.S. US. (ft) 210.74  E.G. Elev (ft) 210.98 210.26 

 Q Total (cfs) 2440.00  W.S. Elev (ft) 209.71 207.81 

 Q Bridge (cfs) 2440.00  Crit W.S. (ft) 207.81 207.81 

 Q Weir (cfs)   Max Chl Dpth (ft) 9.71 7.81 

 Weir Sta Lft (ft)   Vel Total (ft/s) 9.03 12.57 

 Weir Sta Rgt (ft)   Flow Area (sq ft) 270.21 194.06 

 Weir Submerg    Froude # Chl  0.61 1.00 

 Weir Max Depth (ft)   Specif Force (cu ft) 1726.49 1552.70 

 Min El Weir Flow (ft) 217.00  Hydr Depth (ft) 6.76 4.92 

 Min El Prs (ft) 214.88  W.P. Total (ft) 47.69 43.54 

 Delta EG (ft) 2.01  Conv. Total (cfs) 31902.0 19524.2 

 Delta WS (ft) 2.32  Top Width (ft) 40.00 39.45 

 BR Open Area (sq ft) 476.80  Frctn Loss (ft) 0.36 0.12 

 BR Open Vel (ft/s) 12.57  C & E Loss (ft) 0.36 0.82 

 Coef of Q    Shear Total (lb/sq ft) 2.07 4.35 

 Br Sel Method  Energy only  Power Total (lb/ft s) 593.50 593.50 
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Bean Road       Plan: Bean Road - Alt. II 60' Span
River = Baboosic Brook   Reach = Upstream Reach      RS = 9.3182    Bean Road Approach Section (49200)
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Bean Road       Plan: Bean Road - Alt. II 60' Span
River = Baboosic Brook   Reach = Upstream Reach      RS = 9.311    Bean Road US Section
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Bean Road       Plan: Bean Road - Alt. II 60' Span
River = Baboosic Brook   Reach = Upstream Reach      RS = 9.310    Bean Road US Face
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River = Baboosic Brook   Reach = Upstream Reach      RS = 9.3      BR    Bean Rd. 60' Span
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Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.3182    Profile: 2.33-yr

 E.G. Elev (ft) 205.93  Element Left OB Channel Right OB

 Vel Head (ft) 0.01  Wt. n-Val.  0.090 0.040  

 W.S. Elev (ft) 205.91  Reach Len. (ft) 38.00 38.00 38.00 

 Crit W.S. (ft)   Flow Area (sq ft) 97.93 740.02  

 E.G. Slope (ft/ft) 0.000079  Area (sq ft) 97.93 740.02  

 Q Total (cfs) 645.00  Flow (cfs) 16.28 628.72  

 Top Width (ft) 259.41  Top Width (ft) 81.45 177.97  

 Vel Total (ft/s) 0.77  Avg. Vel. (ft/s) 0.17 0.85  

 Max Chl Dpth (ft) 7.77  Hydr. Depth (ft) 1.20 4.16  

 Conv. Total (cfs) 72377.9  Conv. (cfs) 1827.2 70550.7  

 Length Wtd. (ft) 38.00  Wetted Per. (ft) 81.52 179.99  

 Min Ch El (ft) 198.14  Shear (lb/sq ft) 0.01 0.02  

 Alpha  1.19  Stream Power (lb/ft s) 1269.00 0.00 0.00 

 Frctn Loss (ft) 0.00  Cum Volume (acre-ft) 126.86 306.73 89.36 

 C & E Loss (ft) 0.00  Cum SA (acres) 75.84 59.41 76.67 
  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.3182    Profile: 50-yr

 E.G. Elev (ft) 209.72  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 209.70  Reach Len. (ft) 38.00 38.00 38.00 

 Crit W.S. (ft)   Flow Area (sq ft) 514.06 1427.65 23.51 

 E.G. Slope (ft/ft) 0.000081  Area (sq ft) 514.06 1427.65 23.51 

 Q Total (cfs) 2060.00  Flow (cfs) 182.99 1872.30 4.70 

 Top Width (ft) 335.40  Top Width (ft) 138.66 182.00 14.74 

 Vel Total (ft/s) 1.05  Avg. Vel. (ft/s) 0.36 1.31 0.20 

 Max Chl Dpth (ft) 11.56  Hydr. Depth (ft) 3.71 7.84 1.59 

 Conv. Total (cfs) 228635.5  Conv. (cfs) 20310.2 207803.5 521.8 

 Length Wtd. (ft) 38.00  Wetted Per. (ft) 138.87 184.07 15.08 

 Min Ch El (ft) 198.14  Shear (lb/sq ft) 0.02 0.04 0.01 

 Alpha  1.43  Stream Power (lb/ft s) 1269.00 0.00 0.00 

 Frctn Loss (ft) 0.00  Cum Volume (acre-ft) 660.78 573.68 570.83 

 C & E Loss (ft) 0.00  Cum SA (acres) 155.42 64.23 142.55 
  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.3182    Profile: 100-yr

 E.G. Elev (ft) 210.48  Element Left OB Channel Right OB

 Vel Head (ft) 0.03  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 210.45  Reach Len. (ft) 38.00 38.00 38.00 

 Crit W.S. (ft)   Flow Area (sq ft) 623.99 1563.72 35.82 

 E.G. Slope (ft/ft) 0.000082  Area (sq ft) 623.99 1563.72 35.82 

 Q Total (cfs) 2440.00  Flow (cfs) 236.04 2195.66 8.31 

 Top Width (ft) 355.62  Top Width (ft) 155.43 182.00 18.19 

 Vel Total (ft/s) 1.10  Avg. Vel. (ft/s) 0.38 1.40 0.23 

 Max Chl Dpth (ft) 12.31  Hydr. Depth (ft) 4.01 8.59 1.97 

 Conv. Total (cfs) 268765.0  Conv. (cfs) 25999.7 241850.5 914.8 

 Length Wtd. (ft) 38.00  Wetted Per. (ft) 155.64 184.07 18.62 

 Min Ch El (ft) 198.14  Shear (lb/sq ft) 0.02 0.04 0.01 

 Alpha  1.48  Stream Power (lb/ft s) 1269.00 0.00 0.00 

 Frctn Loss (ft) 0.00  Cum Volume (acre-ft) 800.09 633.65 706.53 

 C & E Loss (ft) 0.00  Cum SA (acres) 169.85 65.38 150.60 



  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.311    Profile: 2.33-yr

 E.G. Elev (ft) 205.92  Element Left OB Channel Right OB

 Vel Head (ft) 0.01  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 205.91  Reach Len. (ft) 60.00 60.00 60.00 

 Crit W.S. (ft)   Flow Area (sq ft) 238.78 441.95 364.33 

 E.G. Slope (ft/ft) 0.000076  Area (sq ft) 238.78 441.95 364.33 

 Q Total (cfs) 645.00  Flow (cfs) 49.16 477.91 117.93 

 Top Width (ft) 317.61  Top Width (ft) 139.06 71.11 107.43 

 Vel Total (ft/s) 0.62  Avg. Vel. (ft/s) 0.21 1.08 0.32 

 Max Chl Dpth (ft) 7.91  Hydr. Depth (ft) 1.72 6.22 3.39 

 Conv. Total (cfs) 74143.7  Conv. (cfs) 5651.1 54936.2 13556.3 

 Length Wtd. (ft) 60.00  Wetted Per. (ft) 139.13 72.20 107.68 

 Min Ch El (ft) 198.00  Shear (lb/sq ft) 0.01 0.03 0.02 

 Alpha  2.33  Stream Power (lb/ft s) 1242.00 0.00 0.00 

 Frctn Loss (ft) 0.01  Cum Volume (acre-ft) 126.71 306.21 89.20 

 C & E Loss (ft) 0.01  Cum SA (acres) 75.75 59.30 76.63 
  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.311    Profile: 50-yr

 E.G. Elev (ft) 209.72  Element Left OB Channel Right OB

 Vel Head (ft) 0.03  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 209.69  Reach Len. (ft) 60.00 60.00 60.00 

 Crit W.S. (ft)   Flow Area (sq ft) 804.32 710.98 804.71 

 E.G. Slope (ft/ft) 0.000100  Area (sq ft) 804.32 710.98 804.71 

 Q Total (cfs) 2060.00  Flow (cfs) 390.11 1211.60 458.29 

 Top Width (ft) 354.74  Top Width (ft) 158.96 71.11 124.67 

 Vel Total (ft/s) 0.89  Avg. Vel. (ft/s) 0.49 1.70 0.57 

 Max Chl Dpth (ft) 11.69  Hydr. Depth (ft) 5.06 10.00 6.45 

 Conv. Total (cfs) 206300.1  Conv. (cfs) 39068.2 121336.6 45895.4 

 Length Wtd. (ft) 60.00  Wetted Per. (ft) 159.39 72.20 125.33 

 Min Ch El (ft) 198.00  Shear (lb/sq ft) 0.03 0.06 0.04 

 Alpha  2.31  Stream Power (lb/ft s) 1242.00 0.00 0.00 

 Frctn Loss (ft) 0.01  Cum Volume (acre-ft) 660.21 572.74 570.46 

 C & E Loss (ft) 0.03  Cum SA (acres) 155.29 64.12 142.49 
  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.311    Profile: 100-yr

 E.G. Elev (ft) 210.47  Element Left OB Channel Right OB

 Vel Head (ft) 0.03  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 210.44  Reach Len. (ft) 60.00 60.00 60.00 

 Crit W.S. (ft)   Flow Area (sq ft) 924.56 764.11 899.50 

 E.G. Slope (ft/ft) 0.000104  Area (sq ft) 924.56 764.11 899.50 

 Q Total (cfs) 2440.00  Flow (cfs) 494.58 1396.76 548.66 

 Top Width (ft) 364.05  Top Width (ft) 163.02 71.11 129.93 

 Vel Total (ft/s) 0.94  Avg. Vel. (ft/s) 0.53 1.83 0.61 

 Max Chl Dpth (ft) 12.44  Hydr. Depth (ft) 5.67 10.75 6.92 

 Conv. Total (cfs) 239018.2  Conv. (cfs) 48447.8 136824.2 53746.2 

 Length Wtd. (ft) 60.00  Wetted Per. (ft) 163.52 72.20 130.65 

 Min Ch El (ft) 198.00  Shear (lb/sq ft) 0.04 0.07 0.04 

 Alpha  2.31  Stream Power (lb/ft s) 1242.00 0.00 0.00 

 Frctn Loss (ft) 0.01  Cum Volume (acre-ft) 799.41 632.64 706.12 

 C & E Loss (ft) 0.03  Cum SA (acres) 169.71 65.27 150.53 



  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.310    Profile: 2.33-yr

 E.G. Elev (ft) 205.90  Element Left OB Channel Right OB

 Vel Head (ft) 0.10  Wt. n-Val.   0.040  

 W.S. Elev (ft) 205.81  Reach Len. (ft) 18.00 18.00 18.00 

 Crit W.S. (ft) 203.04  Flow Area (sq ft)  257.84  

 E.G. Slope (ft/ft) 0.000649  Area (sq ft) 239.96 334.42 264.52 

 Q Total (cfs) 645.00  Flow (cfs)  645.00  

 Top Width (ft) 309.75  Top Width (ft) 145.92 80.87 82.96 

 Vel Total (ft/s) 2.50  Avg. Vel. (ft/s)  2.50  

 Max Chl Dpth (ft) 4.31  Hydr. Depth (ft)  4.30  

 Conv. Total (cfs) 25314.7  Conv. (cfs)  25314.7  

 Length Wtd. (ft) 18.00  Wetted Per. (ft)  60.01  

 Min Ch El (ft) 201.50  Shear (lb/sq ft)  0.17  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.03  Cum Volume (acre-ft) 126.38 305.68 88.77 

 C & E Loss (ft) 0.12  Cum SA (acres) 75.55 59.19 76.49 
  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.310    Profile: 50-yr

 E.G. Elev (ft) 209.68  Element Left OB Channel Right OB

 Vel Head (ft) 0.30  Wt. n-Val.   0.040  

 W.S. Elev (ft) 209.39  Reach Len. (ft) 18.00 18.00 18.00 

 Crit W.S. (ft) 204.82  Flow Area (sq ft)  472.52  

 E.G. Slope (ft/ft) 0.000879  Area (sq ft) 796.09 623.78 592.27 

 Q Total (cfs) 2060.00  Flow (cfs)  2060.00  

 Top Width (ft) 343.79  Top Width (ft) 162.42 80.87 100.50 

 Vel Total (ft/s) 4.36  Avg. Vel. (ft/s)  4.36  

 Max Chl Dpth (ft) 7.89  Hydr. Depth (ft)  7.88  

 Conv. Total (cfs) 69476.8  Conv. (cfs)  69476.8  

 Length Wtd. (ft) 18.00  Wetted Per. (ft)  60.01  

 Min Ch El (ft) 201.50  Shear (lb/sq ft)  0.43  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.03  Cum Volume (acre-ft) 659.10 571.82 569.50 

 C & E Loss (ft) 0.23  Cum SA (acres) 155.07 64.01 142.34 
  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.310    Profile: 100-yr

 E.G. Elev (ft) 210.43  Element Left OB Channel Right OB

 Vel Head (ft) 0.35  Wt. n-Val.   0.040  

 W.S. Elev (ft) 210.08  Reach Len. (ft) 18.00 18.00 18.00 

 Crit W.S. (ft) 205.21  Flow Area (sq ft)  513.93  

 E.G. Slope (ft/ft) 0.000932  Area (sq ft) 909.04 679.59 662.85 

 Q Total (cfs) 2440.00  Flow (cfs)  2440.00  

 Top Width (ft) 350.43  Top Width (ft) 164.99 80.87 104.56 

 Vel Total (ft/s) 4.75  Avg. Vel. (ft/s)  4.75  

 Max Chl Dpth (ft) 8.58  Hydr. Depth (ft)  8.57  

 Conv. Total (cfs) 79918.0  Conv. (cfs)  79918.0  

 Length Wtd. (ft) 18.00  Wetted Per. (ft)  60.01  

 Min Ch El (ft) 201.50  Shear (lb/sq ft)  0.50  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.04  Cum Volume (acre-ft) 798.15 631.64 705.04 

 C & E Loss (ft) 0.24  Cum SA (acres) 169.48 65.17 150.37 



  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.3     BR U    Profile: 2.33-yr

 E.G. Elev (ft) 205.76  Element Left OB Channel Right OB

 Vel Head (ft) 0.50  Wt. n-Val.   0.040  

 W.S. Elev (ft) 205.25  Reach Len. (ft) 32.00 32.00 32.00 

 Crit W.S. (ft) 204.19  Flow Area (sq ft)  113.40  

 E.G. Slope (ft/ft) 0.005743  Area (sq ft)  113.40  

 Q Total (cfs) 645.00  Flow (cfs)  645.00  

 Top Width (ft) 37.72  Top Width (ft)  37.72  

 Vel Total (ft/s) 5.69  Avg. Vel. (ft/s)  5.69  

 Max Chl Dpth (ft) 3.75  Hydr. Depth (ft)  3.01  

 Conv. Total (cfs) 8511.2  Conv. (cfs)  8511.2  

 Length Wtd. (ft) 32.00  Wetted Per. (ft)  39.49  

 Min Ch El (ft) 201.50  Shear (lb/sq ft)  1.03  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.24  Cum Volume (acre-ft) 126.33 305.59 88.72 

 C & E Loss (ft) 0.07  Cum SA (acres) 75.52 59.17 76.48 
  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.3     BR U    Profile: 50-yr

 E.G. Elev (ft) 209.42  Element Left OB Channel Right OB

 Vel Head (ft) 1.05  Wt. n-Val.   0.040  

 W.S. Elev (ft) 208.37  Reach Len. (ft) 32.00 32.00 32.00 

 Crit W.S. (ft) 206.88  Flow Area (sq ft)  250.11  

 E.G. Slope (ft/ft) 0.006274  Area (sq ft)  250.11  

 Q Total (cfs) 2060.00  Flow (cfs)  2060.00  

 Top Width (ft) 50.16  Top Width (ft)  50.16  

 Vel Total (ft/s) 8.24  Avg. Vel. (ft/s)  8.24  

 Max Chl Dpth (ft) 6.87  Hydr. Depth (ft)  4.99  

 Conv. Total (cfs) 26007.9  Conv. (cfs)  26007.9  

 Length Wtd. (ft) 32.00  Wetted Per. (ft)  53.40  

 Min Ch El (ft) 201.50  Shear (lb/sq ft)  1.83  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.27  Cum Volume (acre-ft) 658.94 571.64 569.38 

 C & E Loss (ft) 0.20  Cum SA (acres) 155.04 63.98 142.32 
  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.3     BR U    Profile: 100-yr

 E.G. Elev (ft) 210.15  Element Left OB Channel Right OB

 Vel Head (ft) 1.17  Wt. n-Val.   0.040  

 W.S. Elev (ft) 208.98  Reach Len. (ft) 32.00 32.00 32.00 

 Crit W.S. (ft) 207.43  Flow Area (sq ft)  281.69  

 E.G. Slope (ft/ft) 0.006331  Area (sq ft)  281.69  

 Q Total (cfs) 2440.00  Flow (cfs)  2440.00  

 Top Width (ft) 52.62  Top Width (ft)  52.62  

 Vel Total (ft/s) 8.66  Avg. Vel. (ft/s)  8.66  

 Max Chl Dpth (ft) 7.48  Hydr. Depth (ft)  5.35  

 Conv. Total (cfs) 30666.2  Conv. (cfs)  30666.2  

 Length Wtd. (ft) 32.00  Wetted Per. (ft)  56.15  

 Min Ch El (ft) 201.50  Shear (lb/sq ft)  1.98  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.25  Cum Volume (acre-ft) 797.96 631.44 704.91 

 C & E Loss (ft) 0.14  Cum SA (acres) 169.45 65.14 150.35 



  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.3     BR D    Profile: 2.33-yr

 E.G. Elev (ft) 205.44  Element Left OB Channel Right OB

 Vel Head (ft) 0.75  Wt. n-Val.   0.040  

 W.S. Elev (ft) 204.70  Reach Len. (ft) 30.00 30.00 30.00 

 Crit W.S. (ft) 204.19  Flow Area (sq ft)  93.06  

 E.G. Slope (ft/ft) 0.010180  Area (sq ft)  93.06  

 Q Total (cfs) 645.00  Flow (cfs)  645.00  

 Top Width (ft) 35.49  Top Width (ft)  35.49  

 Vel Total (ft/s) 6.93  Avg. Vel. (ft/s)  6.93  

 Max Chl Dpth (ft) 3.20  Hydr. Depth (ft)  2.62  

 Conv. Total (cfs) 6392.7  Conv. (cfs)  6392.7  

 Length Wtd. (ft) 30.00  Wetted Per. (ft)  37.00  

 Min Ch El (ft) 201.50  Shear (lb/sq ft)  1.60  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.09  Cum Volume (acre-ft) 126.33 305.51 88.72 

 C & E Loss (ft) 0.30  Cum SA (acres) 75.52 59.14 76.48 
  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.3     BR D    Profile: 50-yr

 E.G. Elev (ft) 208.95  Element Left OB Channel Right OB

 Vel Head (ft) 1.70  Wt. n-Val.   0.040  

 W.S. Elev (ft) 207.25  Reach Len. (ft) 30.00 30.00 30.00 

 Crit W.S. (ft) 206.88  Flow Area (sq ft)  196.65  

 E.G. Slope (ft/ft) 0.012271  Area (sq ft)  196.65  

 Q Total (cfs) 2060.00  Flow (cfs)  2060.00  

 Top Width (ft) 45.70  Top Width (ft)  45.70  

 Vel Total (ft/s) 10.48  Avg. Vel. (ft/s)  10.48  

 Max Chl Dpth (ft) 5.75  Hydr. Depth (ft)  4.30  

 Conv. Total (cfs) 18596.2  Conv. (cfs)  18596.2  

 Length Wtd. (ft) 30.00  Wetted Per. (ft)  48.41  

 Min Ch El (ft) 201.50  Shear (lb/sq ft)  3.11  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.12  Cum Volume (acre-ft) 658.94 571.48 569.38 

 C & E Loss (ft) 0.62  Cum SA (acres) 155.04 63.95 142.32 
  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.3     BR D    Profile: 100-yr

 E.G. Elev (ft) 209.75  Element Left OB Channel Right OB

 Vel Head (ft) 1.64  Wt. n-Val.   0.040  

 W.S. Elev (ft) 208.11  Reach Len. (ft) 30.00 30.00 30.00 

 Crit W.S. (ft) 207.43  Flow Area (sq ft)  237.36  

 E.G. Slope (ft/ft) 0.010180  Area (sq ft)  237.36  

 Q Total (cfs) 2440.00  Flow (cfs)  2440.00  

 Top Width (ft) 49.13  Top Width (ft)  49.13  

 Vel Total (ft/s) 10.28  Avg. Vel. (ft/s)  10.28  

 Max Chl Dpth (ft) 6.61  Hydr. Depth (ft)  4.83  

 Conv. Total (cfs) 24183.7  Conv. (cfs)  24183.7  

 Length Wtd. (ft) 30.00  Wetted Per. (ft)  52.25  

 Min Ch El (ft) 201.50  Shear (lb/sq ft)  2.89  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.11  Cum Volume (acre-ft) 797.96 631.25 704.91 

 C & E Loss (ft) 0.56  Cum SA (acres) 169.45 65.10 150.35 



  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.290    Profile: 2.33-yr

 E.G. Elev (ft) 205.06  Element Left OB Channel Right OB

 Vel Head (ft) 0.16  Wt. n-Val.   0.040  

 W.S. Elev (ft) 204.90  Reach Len. (ft) 91.00 91.00 91.00 

 Crit W.S. (ft)   Flow Area (sq ft)  203.53  

 E.G. Slope (ft/ft) 0.001428  Area (sq ft) 113.84 261.22 191.15 

 Q Total (cfs) 645.00  Flow (cfs)  645.00  

 Top Width (ft) 292.80  Top Width (ft) 132.78 80.87 79.15 

 Vel Total (ft/s) 3.17  Avg. Vel. (ft/s)  3.17  

 Max Chl Dpth (ft) 3.40  Hydr. Depth (ft)  3.39  

 Conv. Total (cfs) 17067.8  Conv. (cfs)  17067.8  

 Length Wtd. (ft) 91.00  Wetted Per. (ft)  60.01  

 Min Ch El (ft) 201.50  Shear (lb/sq ft)  0.30  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.04  Cum Volume (acre-ft) 126.29 305.39 88.65 

 C & E Loss (ft) 0.07  Cum SA (acres) 75.47 59.10 76.45 
  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.290    Profile: 50-yr

 E.G. Elev (ft) 208.22  Element Left OB Channel Right OB

 Vel Head (ft) 0.47  Wt. n-Val.   0.040  

 W.S. Elev (ft) 207.75  Reach Len. (ft) 91.00 91.00 91.00 

 Crit W.S. (ft)   Flow Area (sq ft)  374.34  

 E.G. Slope (ft/ft) 0.001911  Area (sq ft) 535.14 491.44 434.55 

 Q Total (cfs) 2060.00  Flow (cfs)  2060.00  

 Top Width (ft) 329.52  Top Width (ft) 156.35 80.87 92.29 

 Vel Total (ft/s) 5.50  Avg. Vel. (ft/s)  5.50  

 Max Chl Dpth (ft) 6.25  Hydr. Depth (ft)  6.24  

 Conv. Total (cfs) 47124.0  Conv. (cfs)  47124.0  

 Length Wtd. (ft) 91.00  Wetted Per. (ft)  60.01  

 Min Ch El (ft) 201.50  Shear (lb/sq ft)  0.74  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.04  Cum Volume (acre-ft) 658.75 571.24 569.23 

 C & E Loss (ft) 0.21  Cum SA (acres) 154.99 63.91 142.28 
  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.290    Profile: 100-yr

 E.G. Elev (ft) 209.08  Element Left OB Channel Right OB

 Vel Head (ft) 0.52  Wt. n-Val.   0.040  

 W.S. Elev (ft) 208.56  Reach Len. (ft) 91.00 91.00 91.00 

 Crit W.S. (ft)   Flow Area (sq ft)  423.13  

 E.G. Slope (ft/ft) 0.001782  Area (sq ft) 663.61 557.21 511.25 

 Q Total (cfs) 2440.00  Flow (cfs)  2440.00  

 Top Width (ft) 336.69  Top Width (ft) 159.46 80.87 96.35 

 Vel Total (ft/s) 5.77  Avg. Vel. (ft/s)  5.77  

 Max Chl Dpth (ft) 7.06  Hydr. Depth (ft)  7.05  

 Conv. Total (cfs) 57800.3  Conv. (cfs)  57800.3  

 Length Wtd. (ft) 91.00  Wetted Per. (ft)  60.01  

 Min Ch El (ft) 201.50  Shear (lb/sq ft)  0.78  

 Alpha  1.00  Stream Power (lb/ft s) 1247.35 0.00 0.00 

 Frctn Loss (ft) 0.04  Cum Volume (acre-ft) 797.74 630.98 704.73 

 C & E Loss (ft) 0.24  Cum SA (acres) 169.39 65.06 150.32 



  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.289    Profile: 2.33-yr

 E.G. Elev (ft) 204.95  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 204.92  Reach Len. (ft) 134.00 134.00 134.00 

 Crit W.S. (ft)   Flow Area (sq ft) 135.19 417.28 138.61 

 E.G. Slope (ft/ft) 0.000235  Area (sq ft) 135.19 417.28 138.61 

 Q Total (cfs) 645.00  Flow (cfs) 31.15 546.46 67.39 

 Top Width (ft) 326.35  Top Width (ft) 155.85 118.82 51.67 

 Vel Total (ft/s) 0.93  Avg. Vel. (ft/s) 0.23 1.31 0.49 

 Max Chl Dpth (ft) 4.92  Hydr. Depth (ft) 0.87 3.51 2.68 

 Conv. Total (cfs) 42032.7  Conv. (cfs) 2029.9 35611.1 4391.7 

 Length Wtd. (ft) 134.00  Wetted Per. (ft) 155.88 119.84 52.14 

 Min Ch El (ft) 200.00  Shear (lb/sq ft) 0.01 0.05 0.04 

 Alpha  1.70  Stream Power (lb/ft s) 1145.25 0.00 0.00 

 Frctn Loss (ft) 0.03  Cum Volume (acre-ft) 126.03 304.68 88.30 

 C & E Loss (ft) 0.00  Cum SA (acres) 75.17 58.89 76.31 
  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.289    Profile: 50-yr

 E.G. Elev (ft) 207.96  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 207.92  Reach Len. (ft) 134.00 134.00 134.00 

 Crit W.S. (ft)   Flow Area (sq ft) 680.16 773.03 303.03 

 E.G. Slope (ft/ft) 0.000218  Area (sq ft) 680.16 773.03 303.03 

 Q Total (cfs) 2060.00  Flow (cfs) 371.51 1468.49 219.99 

 Top Width (ft) 379.07  Top Width (ft) 202.50 118.82 57.74 

 Vel Total (ft/s) 1.17  Avg. Vel. (ft/s) 0.55 1.90 0.73 

 Max Chl Dpth (ft) 7.92  Hydr. Depth (ft) 3.36 6.51 5.25 

 Conv. Total (cfs) 139592.9  Conv. (cfs) 25175.1 99510.3 14907.6 

 Length Wtd. (ft) 134.00  Wetted Per. (ft) 202.63 119.84 58.91 

 Min Ch El (ft) 200.00  Shear (lb/sq ft) 0.05 0.09 0.07 

 Alpha  1.95  Stream Power (lb/ft s) 1145.25 0.00 0.00 

 Frctn Loss (ft) 0.03  Cum Volume (acre-ft) 657.49 569.92 568.46 

 C & E Loss (ft) 0.00  Cum SA (acres) 154.61 63.70 142.13 
  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.289    Profile: 100-yr

 E.G. Elev (ft) 208.80  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.090 0.040 0.090 

 W.S. Elev (ft) 208.76  Reach Len. (ft) 134.00 134.00 134.00 

 Crit W.S. (ft)   Flow Area (sq ft) 853.86 872.87 352.46 

 E.G. Slope (ft/ft) 0.000191  Area (sq ft) 853.86 872.87 352.46 

 Q Total (cfs) 2440.00  Flow (cfs) 495.58 1686.02 258.40 

 Top Width (ft) 389.53  Top Width (ft) 210.71 118.82 59.99 

 Vel Total (ft/s) 1.17  Avg. Vel. (ft/s) 0.58 1.93 0.73 

 Max Chl Dpth (ft) 8.76  Hydr. Depth (ft) 4.05 7.35 5.88 

 Conv. Total (cfs) 176325.9  Conv. (cfs) 35812.9 121839.9 18673.0 

 Length Wtd. (ft) 134.00  Wetted Per. (ft) 210.88 119.84 61.32 

 Min Ch El (ft) 200.00  Shear (lb/sq ft) 0.05 0.09 0.07 

 Alpha  1.96  Stream Power (lb/ft s) 1145.25 0.00 0.00 

 Frctn Loss (ft) 0.02  Cum Volume (acre-ft) 796.15 629.48 703.83 

 C & E Loss (ft) 0.00  Cum SA (acres) 169.00 64.85 150.15 



  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.2424    Profile: 2.33-yr

 E.G. Elev (ft) 204.92  Element Left OB Channel Right OB

 Vel Head (ft) 0.02  Wt. n-Val.  0.090 0.040  

 W.S. Elev (ft) 204.90  Reach Len. (ft) 1100.00 2060.00 1250.00 

 Crit W.S. (ft)   Flow Area (sq ft) 186.06 511.34  

 E.G. Slope (ft/ft) 0.000198  Area (sq ft) 186.06 511.34  

 Q Total (cfs) 645.00  Flow (cfs) 50.48 594.52  

 Top Width (ft) 299.34  Top Width (ft) 147.29 152.06  

 Vel Total (ft/s) 0.92  Avg. Vel. (ft/s) 0.27 1.16  

 Max Chl Dpth (ft) 4.98  Hydr. Depth (ft) 1.26 3.36  

 Conv. Total (cfs) 45863.1  Conv. (cfs) 3589.2 42273.9  

 Length Wtd. (ft) 1949.36  Wetted Per. (ft) 147.32 154.01  

 Min Ch El (ft) 199.92  Shear (lb/sq ft) 0.02 0.04  

 Alpha  1.46  Stream Power (lb/ft s) 1118.00 0.00 0.00 

 Frctn Loss (ft) 0.90  Cum Volume (acre-ft) 125.54 303.25 88.09 

 C & E Loss (ft) 0.03  Cum SA (acres) 74.71 58.48 76.23 
  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.2424    Profile: 50-yr

 E.G. Elev (ft) 207.93  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.090 0.040  

 W.S. Elev (ft) 207.89  Reach Len. (ft) 1100.00 2060.00 1250.00 

 Crit W.S. (ft)   Flow Area (sq ft) 705.37 979.20  

 E.G. Slope (ft/ft) 0.000192  Area (sq ft) 705.37 979.20  

 Q Total (cfs) 2060.00  Flow (cfs) 392.00 1668.00  

 Top Width (ft) 346.49  Top Width (ft) 186.22 160.27  

 Vel Total (ft/s) 1.22  Avg. Vel. (ft/s) 0.56 1.70  

 Max Chl Dpth (ft) 7.97  Hydr. Depth (ft) 3.79 6.11  

 Conv. Total (cfs) 148604.5  Conv. (cfs) 28278.0 120326.6  

 Length Wtd. (ft) 1633.94  Wetted Per. (ft) 186.43 162.76  

 Min Ch El (ft) 199.92  Shear (lb/sq ft) 0.05 0.07  

 Alpha  1.61  Stream Power (lb/ft s) 1118.00 0.00 0.00 

 Frctn Loss (ft) 0.42  Cum Volume (acre-ft) 655.35 567.23 567.99 

 C & E Loss (ft) 0.00  Cum SA (acres) 154.01 63.27 142.04 
  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.2424    Profile: 100-yr

 E.G. Elev (ft) 208.78  Element Left OB Channel Right OB

 Vel Head (ft) 0.04  Wt. n-Val.  0.090 0.040  

 W.S. Elev (ft) 208.74  Reach Len. (ft) 1100.00 2060.00 1250.00 

 Crit W.S. (ft)   Flow Area (sq ft) 864.88 1115.50  

 E.G. Slope (ft/ft) 0.000171  Area (sq ft) 864.88 1115.50  

 Q Total (cfs) 2440.00  Flow (cfs) 508.68 1931.32  

 Top Width (ft) 355.28  Top Width (ft) 192.10 163.18  

 Vel Total (ft/s) 1.23  Avg. Vel. (ft/s) 0.59 1.73  

 Max Chl Dpth (ft) 8.82  Hydr. Depth (ft) 4.50 6.84  

 Conv. Total (cfs) 186586.0  Conv. (cfs) 38898.4 147687.6  

 Length Wtd. (ft) 1604.82  Wetted Per. (ft) 192.36 165.79  

 Min Ch El (ft) 199.92  Shear (lb/sq ft) 0.05 0.07  

 Alpha  1.61  Stream Power (lb/ft s) 1118.00 0.00 0.00 

 Frctn Loss (ft) 0.33  Cum Volume (acre-ft) 793.51 626.43 703.29 

 C & E Loss (ft) 0.00  Cum SA (acres) 168.39 64.42 150.06 



  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.3       Profile: 2.33-yr

 E.G. US. (ft) 205.90  Element Inside BR US Inside BR DS

 W.S. US. (ft) 205.81  E.G. Elev (ft) 205.76 205.44 

 Q Total (cfs) 645.00  W.S. Elev (ft) 205.25 204.70 

 Q Bridge (cfs) 645.00  Crit W.S. (ft) 204.19 204.19 

 Q Weir (cfs)   Max Chl Dpth (ft) 3.75 3.20 

 Weir Sta Lft (ft)   Vel Total (ft/s) 5.69 6.93 

 Weir Sta Rgt (ft)   Flow Area (sq ft) 113.40 93.06 

 Weir Submerg    Froude # Chl  0.58 0.75 

 Weir Max Depth (ft)   Specif Force (cu ft) 309.15 276.74 

 Min El Weir Flow (ft) 214.81  Hydr Depth (ft) 3.01 2.62 

 Min El Prs (ft) 213.35  W.P. Total (ft) 39.49 37.00 

 Delta EG (ft) 0.85  Conv. Total (cfs) 8511.2 6392.7 

 Delta WS (ft) 0.91  Top Width (ft) 37.72 35.49 

 BR Open Area (sq ft) 534.99  Frctn Loss (ft) 0.24 0.09 

 BR Open Vel (ft/s) 6.93  C & E Loss (ft) 0.07 0.30 

 Coef of Q    Shear Total (lb/sq ft) 1.03 1.60 

 Br Sel Method  Energy only  Power Total (lb/ft s) 593.50 593.50 
  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.3       Profile: 50-yr

 E.G. US. (ft) 209.68  Element Inside BR US Inside BR DS

 W.S. US. (ft) 209.39  E.G. Elev (ft) 209.42 208.95 

 Q Total (cfs) 2060.00  W.S. Elev (ft) 208.37 207.25 

 Q Bridge (cfs) 2060.00  Crit W.S. (ft) 206.88 206.88 

 Q Weir (cfs)   Max Chl Dpth (ft) 6.87 5.75 

 Weir Sta Lft (ft)   Vel Total (ft/s) 8.24 10.48 

 Weir Sta Rgt (ft)   Flow Area (sq ft) 250.11 196.65 

 Weir Submerg    Froude # Chl  0.65 0.89 

 Weir Max Depth (ft)   Specif Force (cu ft) 1277.60 1172.16 

 Min El Weir Flow (ft) 214.81  Hydr Depth (ft) 4.99 4.30 

 Min El Prs (ft) 213.35  W.P. Total (ft) 53.40 48.41 

 Delta EG (ft) 1.46  Conv. Total (cfs) 26007.9 18596.2 

 Delta WS (ft) 1.64  Top Width (ft) 50.16 45.70 

 BR Open Area (sq ft) 534.99  Frctn Loss (ft) 0.27 0.12 

 BR Open Vel (ft/s) 10.48  C & E Loss (ft) 0.20 0.62 

 Coef of Q    Shear Total (lb/sq ft) 1.83 3.11 

 Br Sel Method  Energy only  Power Total (lb/ft s) 593.50 593.50 
  

Plan: Alt II 60'    Baboosic Brook    Upstream Reach  RS: 9.3       Profile: 100-yr

 E.G. US. (ft) 210.43  Element Inside BR US Inside BR DS

 W.S. US. (ft) 210.08  E.G. Elev (ft) 210.15 209.75 

 Q Total (cfs) 2440.00  W.S. Elev (ft) 208.98 208.11 

 Q Bridge (cfs) 2440.00  Crit W.S. (ft) 207.43 207.43 

 Q Weir (cfs)   Max Chl Dpth (ft) 7.48 6.61 

 Weir Sta Lft (ft)   Vel Total (ft/s) 8.66 10.28 

 Weir Sta Rgt (ft)   Flow Area (sq ft) 281.69 237.36 

 Weir Submerg    Froude # Chl  0.66 0.82 

 Weir Max Depth (ft)   Specif Force (cu ft) 1570.40 1467.05 

 Min El Weir Flow (ft) 214.81  Hydr Depth (ft) 5.35 4.83 

 Min El Prs (ft) 213.35  W.P. Total (ft) 56.15 52.25 

 Delta EG (ft) 1.35  Conv. Total (cfs) 30666.2 24183.7 

 Delta WS (ft) 1.51  Top Width (ft) 52.62 49.13 

 BR Open Area (sq ft) 534.99  Frctn Loss (ft) 0.25 0.11 

 BR Open Vel (ft/s) 10.28  C & E Loss (ft) 0.14 0.56 

 Coef of Q    Shear Total (lb/sq ft) 1.98 2.89 

 Br Sel Method  Energy only  Power Total (lb/ft s) 593.50 593.50 
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Scour Analysis 
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Contraction Scour

Left Channel Right

Input Data

Average Depth (ft): 1.93 9.10 5.10

Approach Velocity (ft/s): 0.19 1.17 0.35

Br Average Depth (ft): 5.63

BR Opening Flow (cfs): 2440.00

BR Top WD (ft): 50.74

Grain Size D50 (mm): 0.38 0.38 0.38

Approach Flow (cfs): 65.37 2299.00 75.63

Approach Top WD (ft): 182.19 215.56 42.43

K1 Coefficient: 0.590 0.640 0.590

Results

Scour Depth Ys (ft): 16.23

Critical Velocity (ft/s): 1.74

Equation: Clear

Abutment Scour

Left Right

Input Data

Station at Toe (ft): 991.50 1008.50

Toe Sta at appr (ft): 991.50 1008.50

Abutment Length (ft): 297.76 125.42

Depth at Toe (ft): 9.57 9.57

K1 Shape Coef: 0.55 - Spill-through abutment

Degree of Skew (degrees): 90.00 90.00

K2 Skew Coef: 1.00 1.00

Projected Length L' (ft): 20.00 20.00

Avg Depth Obstructed Ya (ft): 4.64 7.41

Flow Obstructed Qe (cfs): 1254.32 872.46

Area Obstructed Ae (sq ft): 1380.21 929.22

Results

Scour Depth Ys (ft): 6.86 9.98

Qe/Ae = Ve: 0.91 0.94

Froude #: 0.07 0.06

Equation: Froehlich Froehlich

Combined Scour Depths

Left abutment scour + contraction scour (ft): 23.09

Right abutment scour + contraction scour (ft): 26.21
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Contraction Scour

Left Channel Right

Input Data

Average Depth (ft): 1.93 9.10 5.10

Approach Velocity (ft/s): 0.19 1.17 0.35

Br Average Depth (ft): 5.63

BR Opening Flow (cfs): 2440.00

BR Top WD (ft): 50.74

Grain Size D50 (mm): 330 330 330

Approach Flow (cfs): 65.37 2299.00 75.63

Approach Top WD (ft): 182.19 215.56 42.43

K1 Coefficient: 0.590 0.590 0.590

Results

Scour Depth Ys (ft): 0.00

Critical Velocity (ft/s): 16.58

Equation: Clear

Abutment Scour

Left Right

Input Data

Station at Toe (ft): 991.50 1008.50

Toe Sta at appr (ft): 991.50 1008.50

Abutment Length (ft): 297.76 125.42

Depth at Toe (ft): 9.57 9.57

K1 Shape Coef: 0.55 - Spill-through abutment

Degree of Skew (degrees): 90.00 90.00

K2 Skew Coef: 1.00 1.00

Projected Length L' (ft): 20.00 20.00

Avg Depth Obstructed Ya (ft): 4.64 7.41

Flow Obstructed Qe (cfs): 1254.32 872.46

Area Obstructed Ae (sq ft): 1380.21 929.22

Results

Scour Depth Ys (ft): 6.86 9.98

Qe/Ae = Ve: 0.91 0.94

Froude #: 0.07 0.06

Equation: Froehlich Froehlich
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Contraction Scour

Left Channel Right

Input Data

Average Depth (ft): 3.15 10.73 6.36

Approach Velocity (ft/s): 0.26 1.31 0.40

Br Average Depth (ft): 6.38

BR Opening Flow (cfs): 3330.00

BR Top WD (ft): 56.19

Grain Size D50 (mm): 0.38 0.38 0.38

Approach Flow (cfs): 173.21 3040.26 116.53

Approach Top WD (ft): 212.43 215.56 45.26

K1 Coefficient: 0.590 0.640 0.640

Results

Scour Depth Ys (ft): 19.77

Critical Velocity (ft/s): 1.79

Equation: Clear

Abutment Scour

Left Right

Input Data

Station at Toe (ft): 991.50 1008.50

Toe Sta at appr (ft): 991.50 1008.50

Abutment Length (ft): 328.00 128.25

Depth at Toe (ft): 11.06 11.06

K1 Shape Coef: 0.55 - Spill-through abutment

Degree of Skew (degrees): 90.00 90.00

K2 Skew Coef: 1.00 1.00

Projected Length L' (ft): 328.00 128.25

Avg Depth Obstructed Ya (ft): 5.75 8.86

Flow Obstructed Qe (cfs): 1754.35 1187.48

Area Obstructed Ae (sq ft): 1885.75 1135.86

Results

Scour Depth Ys (ft): 28.60 15.25

Qe/Ae = Ve: 0.00 1.05

Froude #: 0.27 0.06

Equation: HIRE Froehlich

Combined Scour Depths

Left abutment scour + contraction scour (ft): 48.37

Right abutment scour + contraction scour (ft): 35.03
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Contraction Scour

Left Channel Right

Input Data

Average Depth (ft): 3.15 10.73 6.36

Approach Velocity (ft/s): 0.26 1.31 0.40

Br Average Depth (ft): 6.38

BR Opening Flow (cfs): 3330.00

BR Top WD (ft): 56.19

Grain Size D50 (mm): 330 330 330

Approach Flow (cfs): 173.21 3040.26 116.53

Approach Top WD (ft): 212.43 215.56 45.26

K1 Coefficient: 0.590 0.590 0.590

Results

Scour Depth Ys (ft): 0.00

Critical Velocity (ft/s): 17.05

Equation: Clear

Abutment Scour

Left Right

Input Data

Station at Toe (ft): 991.50 1008.50

Toe Sta at appr (ft): 991.50 1008.50

Abutment Length (ft): 328.00 128.25

Depth at Toe (ft): 11.06 11.06

K1 Shape Coef: 0.55 - Spill-through abutment

Degree of Skew (degrees): 90.00 90.00

K2 Skew Coef: 1.00 1.00

Projected Length L' (ft): 328.00 128.25

Avg Depth Obstructed Ya (ft): 5.75 8.86

Flow Obstructed Qe (cfs): 1754.35 1187.48

Area Obstructed Ae (sq ft): 1885.75 1135.86

Results

Scour Depth Ys (ft): 28.60 15.25

Qe/Ae = Ve: 0.00 1.05

Froude #: 0.27 0.06

Equation: HIRE Froehlich
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Project Description 
 
The Town of Merrimack, New Hampshire (Town) is proposing the replacement of Bean Road over 
Baboosic Brook (NHDOT Bridge No. 072/155, NHDOT Project No. 29736) due to structural 
deficiency.   
 
Bean Road over Baboosic Brook is an elliptical 21-foot span, corrugated metal plate arch with 
sloped end cuts that was installed in 1981. The bridge was recently added to the Municipal Redlist, 
has been rated as structurally deficient with a sufficiency rating of 40.4%, and is currently posted 
for 10 tons. Bean Road is a low volume traveled road with a 2011 AADT of 850. 
 
The Town wishes to move forward with the replacement of the Bean Road Bridge as soon as 
possible.  The project is currently under design and is authorized for construction under the 
NHDOT Municipally Managed Bridge Aid Program in FY 2016 (July 1, 2015). 
 

Description of the Proposed Work 
 
The proposed alternative includes modifications to the roadway geometrics and replacement of the 
existing 21-foot span, corrugated metal plate arch with a 64-foot clear span steel beam bridge with 
integral abutments and a 32-foot out-to-out width. The span was determined by hydraulic analyses 
and geometry of the site. This bridge structure would be founded on steel piles with concrete pile 
caps. Keyed stone fill will be placed in front of the pile caps and wingwalls to prevent erosion and 
scour. 
 
The proposed roadway will have a 24-foot paved width and 2-foot wide gravel shoulders, thus 
providing a total roadway width of 28 feet out-to-out. The existing low point of the roadway will be 
raised approximately 3 feet to mitigate intermittent overtopping of the roadway. 
 
An existing 12-inch waterline constructed under the elliptical arch will be relocated upstream out of 
the bridge work zone. 
 

Outcome of NHDHR Record’s Search 
 
Rick Wolf, Jr. of Quantum Construction Consultants, LLC (QCC) performed a records search at the 
Division of Historical Resources office on February 25, 2015.  The search returned no records 
regarding the existing bridge, or any houses on Bean Road or the surrounding area.  
 
 

Land Use / Archaeological Resources 
 

The majority of the proposed work is within the roadway right-of-way.  Some areas of slope fill fall 
outside the right-of-way and will require easements for construction. Realignment of the waterline 
will be immediately outside of the right-of-way. Overall the disturbances to existing grades will be 
shallow except where the installation of the new bridge abutments and wingwalls requires 
excavation within the footprint of the roadway embankment. Horizontal subsurface drilling of the 
new waterline will temporarily disturb wetland areas during the process. 
 
The Town of Merrimack is not aware of any uses in this area, other than for transportation. 
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PHOTO #1: Taken from downstream, looking upstream of Baboosic Brook at existing culvert 

crossing beneath Bean Road (Looking North, March 2015). 
 

 
PHOTO #2: View looking down Bean Road from near future abutment A location (Boring B-1) 

(Looking Northeast, March 2015). 
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PHOTO #3: View looking down Bean Road from near future abutment B location (Boring B-2) 

(Looking East, March 2015). 
 

 
PHOTO #4: View from Bean Road looking towards the existing bridge (Looking Northeast, 

October 2014). 
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PHOTO #5: View from the existing culvert outlet looking at severely deteriorated corrugated 

metal pipe arch (Looking West, October 2014). 
 
 

 
PHOTO #6: View from the existing culvert outlet looking upstream at severely deteriorated 

corrugated metal pipe arch (Looking North, October 2014). 
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NH DOT Project and Number and/or Project Title: Bean Road over Baboosic Brook (NHDOT Project 
29736, NHDOT Bridge No. 072/155) 
 

DHR R&C #: 

RPR Table 1: PREVIOUSLY SURVEYED OR LISTED PROPERTIES 
NH DHR Property Name / Historic District Name NH DHR 

Inventory # 
National 
Register-listed, 
Eligible, or Not 
Eligible 

Date of 
Determination 
(mm/dd/yy) 

National Register 
Criteria of 
Significance 
(if applicable) 

None     
     
     
     
     
     
     
**Add rows as necessary     
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NH DOT Name and Number and/or Project Title: Bean Road over Baboosic 
Brook (NHDOT Project 29736, NHDOT Bridge No. 072/155) 
 

DHR R&C #: 

RPR Table 2: PROPERTIES WITHIN THE AREA OF POTENTIAL EFFECT; NOT YET SURVEYED 
Resource Identification 
(property address, parcel number, mile marker etc. with ability 
to link to mapping and photos) 

Estimated Age Basis for age: owner 
info., visual, municipal 
records etc. 

1 Profile Drive (6B-180) 40 yrs Tax Records 
4 Profile Drive (6B-147) 40 yrs Tax Records 
6 Profile Drive (6B-148) 40 yrs Tax Records 
French Court (6B-87-99) Land Only Tax Records 
52 Bean Road (6B-104) 41 yrs Tax Records 
55 Bean Road (6B-146) 38 yrs Tax Records 
56 Bean Road (6B-105) 39 yrs Tax Records 
58 Bean Road (6B-106) 37 yrs Tax Records 
**Add rows as necessary   
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4 Profile Drive, Merrimack, 

6B‐147 
Built in 1975 

 

 
52 Bean Road, Merrimack 

6B‐104 
Built in 1974 
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55 Bean Road, Merrimack 

6B‐146 
Built in 1977 

 

 
56 Bean Road, Merrimack 

6B‐105 
Built in 1976 
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58 Bean Road, Merrimack 

6B‐106 
Built in 1978 

 
 
 
 
 
 
 
 
 
 
 
 



New	Hampshire	Recordation	of	Bridges	that	Apply	to	the	Program	Comment	
for	Common	Post‐1945	Concrete	&	Steel	Bridges	

 

Reviewed by:    Date Reviewed:   
  NHDOT Cultural Resources Staff     
       

Approved ☐  Not Approved ☐  Justification:   

RPR Number:________  Reviewed under PA: ________     
       
Created March 27, 2014  Updated September 15, 2014     
 
 

Project Name:  Bean Road over Baboosic Brook   
       
State Number:  Project #29736  FHWA Number:  N/A 
       
Form Completed by:  Rick Wolf, Jr.  Date:  03/12/15 
Email if not NHDOT staff:  rwolf@quantum‐cc.com     
       
 
 

 

 

 

 

 

 

 

Town  Merrimack  NHDOT Bridge No.  072/155 
       
Year Built (rebuilt)  1981  Owner  Town of Merrimack 
       
Road carrying  Bean Road  Over feature  Baboosic Brook 
       
Bridge/culvert Type  Corrugated Metal Plate Arch  Number of Spans  1 
       
Length  21’ span  Width  56’ 
       
Abutment style  N/A  Pier style  N/A 
       
Rail Type  Beam guardrail with wood post  Rail installation date:  1981 
       
Designer/Engineer 
(if known) 

Unknown  Bridge Plaques or 
Engravings? 

None 
 



NH Program Comment Recordation Form    Page 2 of 2 
 

Please refer to the NHDOT Guidance on Using the Program Comment for Common Post‐1945 Concrete and Steel Bridges, 
located on the NHDOT Bureau of Environment Website, for information on using this form: 
http://www.nh.gov/dot/org/projectdevelopment/environment/units/program‐management/cultural.htm 

Information on specific bridges can be found on the NHDOT Bureau of Bridge Design Bridge Summary Spreadsheet: 
http://www.nh.gov/dot/org/projectdevelopment/bridgedesign/documents.htm.  

 
(Additional photographs may be attached here if needed). 
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  New Hampshire Natural Heritage Bureau 

NHB DataCheck Results Letter 

Department of Resources and Economic Development DRED/NHB 
Division of Forests and Lands  PO Box 1856 
(603) 271-2214     fax:  271-6488  Concord  NH   03302-1856 

 To: Daniel Evans, Quantum Construction Consultants 
27 Locke Road 
Concord, NH  03301 

 

 From: NH Natural Heritage Bureau 

 Date: 2/27/2015 (valid for one year from this date) 

 Re: Review by NH Natural Heritage Bureau of request submitted 2/17/2015 

   

NHB File ID: NHB15-0724 Applicant: Kyle Fox 
    

Location: Merrimack 
Tax Maps: 6B 87-99,104-106,146,147 

Project 
Description:

  
Replacement of the existing culvert with a new bridge approximately 
70 feet in span, and all associated roadway reconstruction.  A section 
of the existing water main under the current roadway will also be 
replaced. 

 
The NH Natural Heritage database has been checked by staff of the NH Natural Heritage Bureau 
and/or the NH Nongame and Endangered Species Program for records of rare species and 
exemplary natural communities near the area mapped below. The species considered include 
those listed as Threatened or Endangered by either the state of New Hampshire or the federal 
government. 
 
It was determined that, although there was a NHB record (e.g., rare wildlife, plant, and/or natural 
community) present in the vicinity, we do not expect that it will be impacted by the proposed 
project. This determination was made based on the project information submitted via the NHB 
Datacheck Tool on 2/17/2015, and cannot be used for any other project. 



  
  New Hampshire Natural Heritage Bureau 

NHB DataCheck Results Letter 

Department of Resources and Economic Development DRED/NHB 
Division of Forests and Lands  PO Box 1856 
(603) 271-2214     fax:  271-6488  Concord  NH   03302-1856 

MAP OF PROJECT BOUNDARIES FOR: NHB15-0724 
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CONCEPTUAL PLANS OF ALTERNATIVES 
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