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1.0 Introduction 

This report is a reconnaissance-level study and conceptual design for replacement of culverts at two 
stream crossing in the Herring Brook watershed in the Town of Wellfleet, Massachusetts.  The subject 
culverts are 1) the Old Kings Highway (OKH) stream crossing of Herring Brook, and 2) the School House 
Hill Road (SHHR) stream crossing of Patience Brook.  

The objectives of the project work include: 

1. Evaluating whether the existing stream crossings inhibit upstream and downstream movement of 

target fish species/life stages; 

2. Assessing potential sources of erosion in the vicinity of the two stream crossings; and 

3. Developing conceptual (30%) design materials for replacement of the two stream crossings. 

The target fish species considered in this study are anadromous alewife (Alosa psuedoharengus) and 
blueback herring (Alosa aestivalis), which are collectively referred to in this report as river herring, and 
catadromous American eel (Anguilla rostrata).  Target life stages for river herring that are considered in 
this report include adults during spring spawning migration through the Herring River watershed and 
juvenile (young-of-year [YOY]) river herring during out-migrations from the Herring River in the late 
summer and fall.  Target life stages for American eel include upstream movement of elver in the spring, 
movement of sexually immature adults (yellow eels), and seaward migration of sexually mature adults 
(silver eels) in the late summer and fall. 

This report does not explicitly address factors related to movement of fauna other than the identified 
target fish species.  Subsequent sections of this report briefly address stream crossing (culvert) criteria 
that may be relevant to wildlife passage at stream crossings.  Based on the observed conditions at the two 
project sites, a critical need for wildlife passage through the two project stream crossings was not 
identified at this site.  The bases for this determination include: 

1) That the roadway embankments at the two stream crossings are relatively low; 

2) That the roadways are unpaved; and 

3) That the roadways have little traffic. 

Stantec Consulting Services Inc. (Stantec) prepared this report under contract to the Friends of Herring 
River, Wellfleet/Truro Inc. (FOHR).  Information presented in this report is based on observations by 
Robin MacEwan and Michael Chelminski of Stantec during a visit to the two subject culverts and adjacent 
areas on Wednesday, May 7, 2014; discussions with others during the site visit; and Stantec’s experience 
with similar evaluations.  Mr. Don Palladino of FOHR, Martha Rheinhardt of the Cape Cod Conservation 
District (CCCD) and others also participated in the site visits. 

Additional work performed as part of this study included development of topographic survey maps of the 
two project sites.  The topographic survey work was performed by Slade Associates, Inc. of Wellfleet, 
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Massachusetts, under contract to FOHR, and is referenced to the North American Vertical Datum 1988 
(NAVD88) and the North American Datum 1983 (NAD83) horizontal coordinate system; subsequent 
elevation references in this report are based on the NADV88 vertical datum. 
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2.0 Project Sites 

The two project culverts are located in the Herring River watershed in the Town of Wellfleet, 
Massachusetts.  The Old Kings Highway stream crossing is a culverted crossing of the Herring River 
downstream from Herring Pond, and the Old School House Hill Road stream crossing is a culverted 
crossing of Patience Brook between Higgins Pond and Herring Pond.  Stantec understands that the 
stream crossings are located within, or immediately adjacent to, the U.S. National Park Service (NPS) 
Cape Cod National Seashore (CACO).  Ownership of the road rights-of-way and immediately adjacent 
parcels was not confirmed as a part of this study. 

Robin MacEwan and Michael Chelminski of Stantec performed site visits to the stream crossings on 
Wednesday, May 7, 2014, on behalf of FOHR.  The following individuals accompanied Stantec on the site 
visits. 

• Don Palladino, FOHR; 

• Alan Platt, FOHR; 

• Martha Rheinhardt, CCCD; 

• Jo Ann Muramoto, Association to Preserve Cape Cod, Massachusetts Bays Program; 

• Tim Smith, NPS, CACO; 

• Nick Picariello, FOHR volunteer; 

• Andrea Pluhar (owner of land and dwelling adjacent to OKH culvert crossing [Old Kings Highway 
culvert crossing only]); and 

• Annamarie Pluhar (sibling of Andrea Pluhar [OKH culvert crossing only]). 

Photographs of the Old Kings Highway and School House Hill Road stream crossings are included 
Appendix A, respectively.  Existing conditions topographic plans prepared by Slade Associates are 
included in Appendix B. 

Existing information that was provided to Stantec as part of the preparation of this report was limited to 
maps depicting the locations of the two stream crossings and adjacent waterbodies. 

2.1 HERRING RIVER AT THE OLD KINGS HIGHWAY STREAM CROSSING 

This section presents general information on the Herring River at the Old Kings Highway stream crossing.  
The Old Kings Highway stream crossing is comprised of a clay tile conduit with an internal diameter of 2.5 
feet (ft) along with a cast-in-place concrete box structure at the downstream end of the culvert.  The 
estimated length of the clay tile conduit is approximately 12.5 ft from the upstream side of the culvert to 
where it abuts the cast-in-place concrete box structure, which is approximately 4 ft long.  The total length 
of the culvert is approximately 16.5 ft.  The estimated width of the concrete box structure is approximately 
3 ft and its height above the streambed is approximately 2 ft. 
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Old Kings Highway is a single-lane, unpaved roadway constructed of native sand.  The travel lane over the 
Old Kings Highway stream crossing is approximately 9 ft wide and is approximately 6 ft above the 
adjacent thalweg of the Herring River.  The roadway embankment adjacent to the upstream end of the 
culvert is sloped and partially wooded, and there is a wood retaining wall adjacent to the outlet of the 
culvert along the downstream side of the culvert.  Staked hay bales were present along the downstream 
side of the travel lane over the wood retaining wall. 

The Old Kings Highway stream crossing is located at the approximate bottom of a vertical curve (sag), 
which is expected to result in stormwater runoff flowing down towards the Herring River.  Although there 
are drainage swales along the downstream side of the road on both sides of the Herring River, the swales 
are cut through sandy material that is subject to erosion and the swales do not discharge to catch basins 
that may limit subsequent movement of sediment into the river. 

The stream banks along the upstream and downstream reaches of the Herring River appear to be stable 
with the exception of the right1 streambank immediately downstream from the culvert, where it appears 
that pedestrian use has inhibited growth of vegetation and contributed to some erosion of the 
streambank. 

The reach of the river immediately upstream from this stream crossing has a bankfull width of 
approximately 10 ft.  The observed depth along the thalweg was approximately 1 ft and observed flow 
speeds were estimated to be less than 1 foot-per-second.  This reach has well-defined banks that are near-
vertical and range in height from approximately 1.5 to 2.5 ft, and shrub vegetation forms a near-complete 
canopy over the brook.  Observed substrates included sand-size material and organic detritus.  This reach 
may be described as a run, and the presence of relatively fine-grained sediment (compared to the reach 
downstream from the culvert) and organic detritus suggests that the Old Kings Highway culvert has 
resulted in some alteration to this reach of the river. 

The reach of the river immediately downstream from the Old Kings Highway stream crossing has a 
bankfull width of approximately 9 to 10 ft and is largely comprised of riffles with depths of water of 0.5 ft 
or less and gravel substrates.  The banks along this reach have are also well defined, near-vertical in some 
locations, and range in height from approximately 1 to 3 ft, with the taller banks along the left side of the 
brook immediately downstream from the culvert.  There is a mix of tree and shrub vegetative canopy 
along this reach with some gaps. 

The observed differences in the characteristics of the river upstream and downstream from this culvert 
indicate that this culvert affects flow and channel morphology immediately upstream from the culvert.  
The primary characteristic on which this determination is based was the observed presence of sand-size 
and finer mineral material on the streambed upstream from the culvert, which appears to have 
accumulated as a result of the backwater effect from the culvert. 

1 Directionals “right” and “left” refer to an observer facing downstream. 
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Observations by FOHR following previously high-flow events in the Herring River indicate that sediment 
may accumulate in the waterway immediately upstream from the culvert; it is expected that this may have 
resulted from inadequate hydraulic conveyance through the culvert, which would have resulted in 
increased water surface elevations and reduced shear stress in the reach of the river upstream from the 
culvert.  Accumulation of debris in the culvert would contribute to increased upstream water surface 
elevations, reduced shear stress, and accumulation of sediment upstream from the culvert. 

While the culvert is relatively small, it may be sufficient to convey high flows without overtopping of Old 
Kings Highway because of the approximately 5 ft of freeboard between the normal water surface at the 
culvert inlet and the crest of the roadway.  Attendees at the site visit did not recall Old Kings Highway 
having been overtopped during a high-flow event, and it is expected that overtopping of the road would 
have resulted in substantial erosion and loss of the roadway because of its apparent composition of sand.  
However, the relatively small size of the culvert suggests that it is susceptible to debris accumulation, 
which would reduce its hydraulic conveyance, and could contribute to overtopping of the roadway. 

Based on the observed conditions, this stream crossing is in good condition.  Deficiencies were noted, 
however, including 1) the absence of functional guardrails (there is a single, displaced guardrail post along 
the upstream side of the roadway embankment, 2) the narrow roadway, and 3) the use of hay bales above 
the outlet of the culvert to control erosion into the river suggest that improvement of this stream crossing 
is warranted.  In addition, reduction and/or control of sediment runoff from the roadway approaches to 
the stream crossing is appropriate. 

2.2 PATIENCE BROOK AT THE SCHOOL HOUSE HILL ROAD STREAM CROSSING 

The School House Hill Road stream crossing of Patience Brook is located between Higgins Pond 
(upstream) and Herring Pond (downstream).  The School House Hill Road stream crossing consists of a 
15-ft-long, 2.5-ft diameter corrugated metal pipe (CMP).  There is very little freeboard at this stream 
crossing, and the water surface at the culvert inlet was approximately 2 ft below the roadway over the 
culvert during the site visit.  The roadway embankment is at the approximate elevation of the adjacent 
land north of the culvert, but slopes upward south of the culvert. 

School House Hill Road is a single-lane, unpaved roadway that appears to be comprised of native, sandy 
soil.  The travel lane over the stream crossing is approximately 10 ft wide and approximately 3 ft above the 
adjacent thalweg of Patience Brook.  There are concrete guardrail posts on the upstream and downstream 
sides of the stream crossing with timber guardrails; both the guardrail posts and rails are severely 
deteriorated along the upstream side of the stream crossing. 

The stream banks along the upstream and downstream reaches of Patience Brook appear to be stable with 
the exception of the left streambank immediately downstream from the culvert, where it appears that 
pedestrian use has inhibited growth of vegetation and contributed to some minor erosion of the bank.   

The reach of the brook immediately upstream from this stream crossing has a bankfull width of 
approximately 10 ft and the depth of water in reach during the site visit was approximately 1 ft.  The 
stream banks along the upstream reach of the culvert are approximately 1 to 1.5 ft high.  The observed 
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flow during the site visit was almost imperceptible, and observed substrates included sand-size material 
and organic detritus.  This reach appears to be overly wide as a result of it being an excavated channel 
from the outlet of Higgins Pond.  There is a partial canopy of shrubs and mature trees along this reach.   

The reach of the river immediately downstream from the School House Hill Road stream crossing has a 
bankfull width of approximately 9 ft and is comprised of riffles with depths of water of 0.5 ft with sand 
and gravel substrates.  The banks along this reach vary from shallow slopes to near-vertical and range in 
height up to approximately 1.5 ft.  There is a mix of tree and shrub vegetative canopy immediately 
downstream from the culvert and a partial canopy of shrubs as the brook enters a marshy area at the 
upstream end of Herring Pond. 

Similar to observed conditions at the Old Kings Highway stream crossing of the Herring River, the 
observed presence of finer-grained substrates and organic detritus upstream from this stream crossing 
suggests that the School House Hill Road stream crossing has resulted in some alteration to hydraulic 
conditions in Patience Brook.  In addition, it is apparent that water surface elevations in Higgins Pond, 
and by extension, Gull Pond, are controlled by conditions in the reach of Patience Brook between Higgins 
Pond and Herring Pond. 

It is expected that the School House Hill Road culvert is overtopped during high-flow conditions due to 
the small size of the culvert and the low freeboard (approximately 2 ft) of the road relative to the normal 
water surface elevation in the brook.  Overtopping of School House Hill Road may not result in 
deterioration of the roadway, however, due to the relatively low height of the roadway relative to the 
adjacent landscape. 

A notable observation during the site visit was a raft of floating reeds against the culvert inlet, which 
suggests the potential for clogging of the culvert inlet and may pose a barrier to upstream and 
downstream fish passage under some conditions. 

Based on the observed conditions, this stream crossing is in poor condition.  Specific factors that 
contribute to this condition assessment include 1) the shallow cover (less than 1 ft) over the CMP barrel, 
and 2) the deteriorated condition of the guardrails on the stream crossing. 

2.3 ADJACENT INFRASTRUCTURE 

Existing infrastructure that would influence the selection or design of replacement stream crossings was 
not observed at either of the two project sites.  Constraints related to existing infrastructure are therefore 
not given further consideration in this report.  Subsequent evaluation and design work would need to 
include determination of whether there is existing infrastructure that could be impacted by construction 
of new stream crossings, including whether there is buried infrastructure that could be impacted by 
project work. 
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2.4 FEMA 

Both stream crossings are depicted on Federal Emergency Management Agency (FEMA) Flood Insurance 
Rate Map (FIRM) Community-Panel No. 250014-0234J (Revised July 16, 2014).  Both stream crossings 
are located in areas designated on the FIRMS as Zone A, which indicates that base flood elevations and 
flood hazard factors were not quantitatively evaluated.  A consequence of the Zone A designation is that 
no hydrologic statistics (peak flows) were developed as part of the FEMA Flood Insurance Study for the 
two project sites that are the focus of this study. 

A “FIRMette” of this FIRM is provided in Appendix C. 

2.5 FISH PASSAGE 

A primary objective of the proposed work is to provide for upstream and downstream passage of fish.  
Target species and life stages include upstream passage of pre-spawn and downstream passage of post-
spawn adult river herring in the spring, downstream passage of YOY river herring in the late summer and 
fall, upstream passage of American eel elver in the spring, and seasonal movement of yellow and silver 
American eel. 

Upstream-migrating, adult river herring were observed loitering immediately downstream from and 
passing through the two project culverts during the site visit.  The observed loitering may contribute to a 
small temporal delay in upstream adult migration.  American eel elver where observed while wading in 
the Herring River during the site visit to the Old Kings Highway stream crossing when streambed 
substrates were disturbed but were not observed actively swimming upstream. 

2.6 HYDROLOGY 

No existing information was obtained on hydrology (flows) in the Herring River or Patience Brook.  
Preliminary information relevant to project hydrology was developed from sources including: 

1. The Massachusetts StreamStats online software program (StreamStats); and  

2. Information obtained from the U.S. Geological Survey (USGS) stream gaging station on the 
Herring River2 in North Harwich, Massachusetts (USGS Station No. 01105880). 

StreamStats was used to determine the tributary surface water drainage area (1.8 square miles) upstream 
from the Old Kings Highway stream crossing of the Herring River.  While StreamStats can be used to 
calculate peak flows using regression equations, such equations are not available for Cape Cod.  Rainfall 
runoff relations are strongly influenced by the geologic origin of Cape Cod, which is a terminal moraine 
with outwash plains from the Laurentine ice sheet during the Pleistocene geological era. 

In the absence of suitable regression equations, a preliminary analysis of peak flows was performed using 
peak flow data from USGS Station No. 01105880 (Herring River, North Harwich).  USGS reports the 
drainage area at this gaging station as 9.40 square miles; while this drainage area is approximately 5 

2 This is a different river from the Herring River that flows under Old Kings Highway in Wellfleet. 
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times the size of the drainage area at the Old Kings Highway stream crossing, the results are informative.  
The peak flow analysis was performed using the U.S. Army Corps of Engineers Hydrologic Engineering 
Center Statistical Software Package (HEC-SSP) using the Bulletin 17B (“Guidelines for Determining Flood 
Flow Frequency” [March 1982]) peak flow frequency analysis methodology. 

Results of the statistical analysis of high flows are presented in Columns C, D, and E in Table 1.  The 
expected probability flows (peak flows) in Column D of Table 1 are taken here to represent the return 
interval flows (Column A) in Table 1.  

Column F in Table 1 presents half of the calculated expected probability flows and is intended to present 
reasonable upper-bound approximations of peak flows at the two project sites.  Because of the close 
proximity of the two project sites and the uncertainty regarding the preliminary hydrologic statistics that 
are referenced here, these statistics are used here for both sites despite the marginally larger tributary 
drainage area at the Old Kings Highway stream crossing. 

A useful visualization of flood conditions at the Old Kings Highway and School House Hill Road stream 
crossings can be developed using the topographic survey information obtained by Slade Associates, Inc.  
Survey data collected in late May and early June of 2014 indicates that water surface elevations in 
Patience Brook immediately upstream from the School House Hill Road stream crossing were at an 
elevation of approximately 5 ft, and that water surface elevations in the Herring River were at an 
approximate elevation of 4.5 ft.  The crest of Old Kings Highway where it crosses the Herring River is at 
an elevation of 10.6 ft, and overtopping of Old Kings Highway would therefore require a minimum water 
surface elevation at the School House Hill Road stream crossing on Patience Brook of 10.6 ft, which is 
over 5 ft higher than the normal water surface elevation and would result in over 3 ft of water over the 
School House Hill Road stream crossing, which has a crest elevation of 7.2 ft.  By extension, the water 
surface elevations in Higgins Pond and Gull Pond would also need to be over 5 ft higher (i.e., higher than 
the roadway crest elevation of 10.6 ft at Old Kings Highway). 

Table 1: Peak Flow Statistics 

Column A Column B Column C Column D Column E Column F 

Return 
Interval 
(years) 

Percent 
Chance 

Exceedance  

Computed 
Curve Flow 

(cfs) 

Expected 
Probability 
Flow (cfs) 

Confidence Limits 

1/2 of 
Expected 

Probability 
Flow (cfs) 0.05 0.95 

500 0.2% 107.3 123.5 150.1 86 62 

200 0.5% 94.4 104.7 127.6 77.3 52 

100 1% 85.1 92.1 112 70.8 46 

50 2% 76.2 80.7 97.4 64.5 40 

20 5% 64.8 67.1 79.6 56.1 34 

10 10% 56.4 57.6 67.1 49.6 29 

5 20% 47.9 48.4 55.2 42.8 24 

2 50% 35.6 35.6 39.7 31.9 18 
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Stakeholder comments on a draft version of this report referenced a report that was previously prepared 
by Woods Hole Group (WHG) for FOHR as a potential source of hydrologic and hydraulic information at 
the two study sites.  Stantec was subsequently provided with information on streamflow measurements 
from the Herring River at the Old Kings Highway stream crossing but did not receive requested 
information on peak flows.  Based on associated correspondence, Stantec understands that the two 
project stream crossings are located landward from the upstream limit of the body of the referenced work 
that was performed by WHG and that previous reports prepared by WHG may therefore be of limited 
applicability to this study. 
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3.0 Replacement Stream Crossings 

This section presents information on apparent opportunities, constraints, and recommendations for 
replacement of the two stream crossings.  Replacement stream crossing alternatives were developed with 
consideration of engineering criteria that are described in this section.  This section also briefly addresses 
inquiries received from stakeholders regarding the potential for abandonment of the subject stream 
crossing and/or use of fords. 

3.1 REPLACEMENT STREAM CROSSING CRITERIA 

Relevant criteria for evaluation and selection of potentially suitable replacement stream crossing designs 
at the two project sites include site-specific conditions, hydraulic conveyance, channel morphology, fish 
passage, and regulatory criteria. 

3.1.1 Site-Specific Criteria 

Site-specific conditions vary substantially at the two project sites, with the height of the existing roadway 
embankments representing the most apparent difference.  Reducing the height of the roadway 
embankment at the Old Kings Highway stream crossing does not appear to be feasible as this would 
require steeper approach grades on both sides of the Herring River; steeper grades combined with the 
sandy composition of the embankment and road surface would result in increased erosion from the 
roadway and could limit use by vehicles under some conditions  Increasing the height of the roadway 
embankment at this site would result in encroachment of fill onto adjacent land and/or installation of 
retaining walls along the approach roadways, which does not appear to be practical or desirable.  An 
additional site-specific factor at the Old Kings Highway stream crossing is management of erosion from 
the roadway approaches adjacent to the stream crossing. 

The School House Hill Road stream crossing is similarly constrained by the low roadway embankment.  
Increasing the height of the roadway embankment would require encroachment of fill adjacent to the 
existing roadway, and installation of retaining walls intended to limit fill encroachment would inhibit 
movement of small animals along the riparian corridor. 

3.1.2 Hydraulic Conveyance 

The existing culverts at the two project sites appear to have limited hydraulic conveyance due to the 
relatively small diameters of the culverts (2.5 ft at both sites), but site-specific factors suggest that the 
existing culverts may be hydraulically adequate.  Specifically, the relatively high roadway embankment at 
the Old Kings Highway stream crossing allows for surcharging at the culvert entrance, which provides 
increased energy and flow through the culvert.  Conversely, the relatively low freeboard and absence of an 
elevated roadway embankment at the School House Hill Road stream crossing allows for overtopping of 
the roadway with limited potential for damage. 
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An additional concern regarding the existing culverts is that the relatively small open areas are more 
prone to accumulation of debris and blockage relative to a larger culvert.  While overtopping of the 
roadway at School House Hill Road is not expected to result in substantial damage to the roadway, it is 
expected that occlusion of the Old Kings Highway culvert by debris could result in washing out of the 
roadway embankment. 

The diameters of the existing culverts are approximately one-quarter the identified bankfull width and 
have affected the channel morphology at each site.  The most apparent effect is settling of organic detritus 
upstream from each culvert.  While neither culvert appears to have resulted in large-scale adverse 
impacts, such as pronounced scour pools adjacent to the culvert outlet, wider culverts would alleviate 
most of the observed adverse impacts to channel morphology. 

3.1.3 Fish Passage 

While the existing culverts appear to provide for upstream fish passage under some flow conditions, the 
small size of the culverts may result in flow speeds that are too high for upstream passage for some fish 
during higher flows.  In addition, the existing culverts are relatively small and prone to partial occlusion 
by debris, which can inhibit or prevent both upstream and downstream fish passage.  Stream crossings 
with larger openings are therefore expected to provide for improved fish passage. 

3.1.4 Massachusetts River and Stream Crossing Standards 

The primary regulatory criteria referenced here is the Massachusetts River and Stream Crossing 
Standards (Standards)3.  The Standards present criteria that are intended to provide for more effective 
aquatic organism passage (AOP) and wildlife passage and for continuity of fluvial processes at stream 
crossings.  The Standards are generally consistent with a “stream simulation"4 approach to stream 
crossing design.  “General Standards” that are presented in the Standards include: 

1. Preference for open-bottomed structures; 

2. Minimum embedment of 2 ft for culvert structures with bottoms, including a minimum 
embedment of 25% for round pipe culverts; 

3. Structure widths (maximum width) that are at least 1.2-times the bankfull width; 

4. Natural stream channel substrates through the stream crossing structure; 

5. Site-relevant geomorphic features (e.g., bed forms) through the stream crossing; 

6. Openness ratio (open area/length) of 0.82 ft (0.25 meters [m]); and 

7. Defined stream banks within the culvert that mimic the adjacent stream banks. 

3 Jackson, S., A. Bowden, B. Lambert, and A. Singler. 2011. Massachusetts river and stream crossing standards. 
University of Massachusetts, Amherst, The Nature Conservancy, Boston, Massachusetts Division of Ecological 
Restoration, Boston, and American Rivers, Northampton, Massachusetts. 

4 U.S. Forest Service, 2008, Stream Simulation: An ecological approach to providing passage for aquatic organisms at 
road-stream crossings, WEB: http://www.stream.fs.fed.us/fishxing/aop_pdfs.html. 
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In addition to the General Standards that are presented above, the Standards also present “Optimum 
Standards”, which include: 

1. Use a bridge; 

2. Span the streambed and banks; 

3. Natural stream channel substrates through the stream crossing structure; 

4. Site-relevant geomorphic features (e.g., bed forms) through the stream crossing, with a 
preference to preserving the existing stream channel (this is only appropriate to new structures); 

5. A minimum internal height of 8 ft and an openness ratio of 2.46 ft (0.75 m) if the stream crossing 
site significantly inhibit wildlife passage, and a minimum high of 6 ft and an openness ratio of 
1.64 ft (0.5 m) if the stream crossing site does not significantly inhibit wildlife passage; and 

6. Defined stream banks within the culvert that mimic the adjacent stream banks and provide 
sufficient headroom for dry passage of wildlife. 

The relevance, applicability, and feasibility of the General and Optimum Standards presented in the 
Standards vary for the two project stream crossing and are described in subsequent sections of this report. 

3.1.5 Environmental and Cultural Resources 

Both stream crossings are located within and adjacent to regulated local, state and federal resources, 
including jurisdictional wetlands and waterways, mapped habitat of state-listed species, and cultural 
resources.  The planning, design and construction of replacement crossings will be required to address 
applicable local, state and federal regulations as discussed in subsequent sections of this report. 

3.2 ALTERNATIVE APPROACHES TO REPLACEMENT OF STREAM CROSSINGS 

This section addresses alternatives to replacement of the project stream crossings, including 
abandonment and use of fords. 

3.2.1 Abandonment 

Abandonment would eliminate the use of a stream crossing and the immediately adjacent roadway; it is 
assumed here that abandonment would include removal of the existing structures and may include 
removal of some of the adjacent roadway. 

Abandonment of either of the two project stream crossings would require consultation with the owners of 
the stream crossings and other entities, including emergency response services and users of the roadways 
and stream crossings, including owners of property that is accessed via the stream crossings.  Given that 
there are residential structures in close proximity to both of the project stream crossings, it is expected 
that a proposal to abandon either stream crossing would be controversial. 
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3.3 FORDS 

Fords are not commonly used in Massachusetts for stream crossings except for agricultural and forestry 
activities.  Safety concerns associated with fords include hazards associated with crossing a ford under 
higher flow conditions.  Expected environmental impacts include degradation of the streambed and 
erosion of streambanks.  In addition, there is the potential for release of fuels and lubricants from 
motorized vehicles into a waterway.  In summary, it is Stantec’s opinion that fords are not an appropriate 
or reasonable means to provide for pedestrian or vehicular crossings or waterways on public right-of-ways 
or roads due to potential safety concerns and expected environmental impacts. 
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4.0 Design Alternatives Assessment 

This section presents criteria for assessment of project alternatives, describes and evaluates a suite of 
design alternatives at the two project stream crossings, and identifies a recommended alternative for each 
stream crossing. 

Section 4.1 presents alternatives assessment criteria that are used to evaluate the stream crossing 
alternatives.  The Old Kings Highway stream crossing alternatives are presented in Section 4.2, suggested 
approaches to managing erosion along Old Kings Highway are discussed in Section 4.3, and the Old 
School House Hill Road stream crossing alternatives are presented in Section 4.4.  Section 4.5 presents 
decision matrices for the evaluation stream crossing alternatives, and Section 4.6 presents recommended 
alternatives at the two stream crossings. 

4.1 ALTERNATIVES ASSESSMENT CRITERIA 

This section presents alternative assessment criteria for the Old Kings Highway and School House Hill 
Road stream crossing alternatives presented in Sections 4.2 and 4.4, respectively.  The alternatives 
assessments are based on o the five qualitative assessment criterion, which are used to rate the evaluated 
alternatives at each site.  Descriptions of the five assessment criterion are presented here along with 
assigned rating, which are applied relative to other evaluated alternatives for each site. 

4.1.1 Achieves Project Objectives Criterion 

The primary assessment criterion for the evaluated alternatives is whether they achieve project objectives 
for fish passage and for maintenance of fluvial processes, including hydraulic conveyance, sediment 
transport, and aquatic organism passage (assessment of additional project objectives related to 
infrastructure and impacts are addressed as a part of subsequent criteria).  Alternatives that do not 
meeting this primary assessment criteria were not rated for the balance of the assessment criteria. 

An evaluated alternative either achieves or does not achieve this assessment criterion. 

4.1.2 Suitability for Project Site Criterion 

This assessment criterion reflects Stantec’s opinion of the suitability of an alternative for the project site.  
Factors considered in rankings assigned to this criterion include apparent capacity to achieve or exceed 
the project objectives, design considerations, expected cost, functionality for intended uses (this applies 
primarily to use of the roadways), and constructability. 

Potential ratings for this criterion are low, moderate, and high. 
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4.1.3 Impact Criterion 

This assessment criterion reflects Stantec’s assessment of expected adverse and beneficial impacts 
associated with project construction and long-term use and function.  Factors considered in rankings 
assigned to this criterion include short- and long-term impacts to environmental resources that may occur 
during construction and use of the evaluated alternative 

Assignments of ratings for this criterion are based on Stantec’s opinion of net impacts.  Potential ratings 
for this criterion are adverse, balanced, and beneficial. 

4.1.4 Sustainability Criterion 

This assessment criterion reflects Stantec’s opinion of the sustainability of an alternative, including the 
long-term functionality and benefits that may accrue from implementation of each alternative. 

Potential ratings for this criterion are low, moderate, and high. 

4.1.5 Cost-Effective Criterion 

This assessment criterion reflects Stantec’s opinion of the cost-effectiveness of each stream crossing 
alternative relative to the other evaluated alternatives at each site.  Detailed opinions of probable cost 
(OPC) for each alternative were not developed as part of this study, and assignment of ratings for this 
criterion are therefore based on Stantec’s professional opinion. 

Potential ratings for this criterion are low, moderate, and high. 

4.2 OLD KINGS HIGHWAY STREAM CROSSING 

The existing roadway geometry at Old Kings Highway allows for multiple potential alternatives for 
replacement of this stream crossing.  The identified design objectives at this site are: 

• Increasing hydraulic conveyance; 

• Maintaining or increasing the roadway width; 

• Improving conditions for upstream and downstream fish passage;  

• Reducing erosion of material from Old Kings Highway into the adjacent landscape and the 
Herring River; and 

• Minimizing construction impacts. 

The primary identified constraint is the need to maintain the existing vertical alignment of the roadway.  
Because the roadway is approximately 6 ft above the thalweg in the adjacent reach of the Herring River, a 
replacement stream crossing will require headwalls at the culvert inlet and outlet to maintain the existing 
footprint width of the stream crossing where it passes over the river, or the width of the footprint will 
need to be increased.  Increasing the width of the roadway footprint would require impacts (e.g., 
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placement of fill) adjacent to the existing waterway, which is determined here to be inappropriate and 
therefore is not considered in the design alternatives presented in this report. 

The alternatives presented here are based on a bankfull width of 10 ft and a corresponding minimum 
culvert width of 1.2-times the bankfull width (12 ft). 

Following here are six conceptual alternatives for replacement of the Old Kings Highway stream crossing. 

4.2.1 OKH Alternative A: No Action 

The no-action alternative is presented as a basis for comparison with the five action alternatives (OKH 
Alternatives B – F).  This alternative would result in no immediate work intended to address identified 
deficiencies at the Old Kings Highway stream crossing.  The no-action alternative would not achieve 
objectives for increasing hydraulic conveyance, increasing the roadway width, improving upstream and 
downstream fish passage, or reducing erosion from the roadway approach embankments. 

4.2.2 OKH Alternative B: Replacement In-Kind 

Replacement in-kind of the existing culvert is presented as a typical approach to repair of damaged stream 
crossings, but may not be appropriate where existing deficiencies are perpetuated and project-specific 
goals are not achieved by in-kind replacement of the existing culvert design.  Work as part of this 
alternative would include reconstruction of the existing stream crossing, including removal of the existing 
clay conduit and concrete box structure and installation of new, 2.5-ft-diameter CMP conduit with a 
length of approximately 16.5 ft.  This alternative would also include installation of a new guardrail system. 

This alternative is not considered appropriate at this site because of the narrow overall width of the 
stream crossing (approximately 16.5 ft) and the need to maintain stable side slopes.  While a wooden 
retaining wall similar to the existing wood and hay bale retaining could be constructed adjacent to the 
culvert outlet, this approach is not expected to provide for long-term stability.  This alternative would not 
achieve the site-specific objectives and is therefore not given further consideration as part of this study. 

4.2.3 OKH Alternative C: Multiple Culvert Barrels 

Installation of multiple, adjacent culvert barrels is an approach to increasing conveyance capacity at 
culverts.  This approach may be appropriate at sites where there is limited cover between the top of the 
culvert barrels and the roadway. 

The existing vertical alignment of Old Kings Highway does not allow for sufficient adequate depth-of-
cover for a single structure with a suitably large opening at this site, and this alternative is therefore 
determined here to be inappropriate at this site and is not given further consideration as part of this 
study. 
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4.2.4 OKH Alternative D: Bottomless Culvert 

Installation of bottomless culvert systems (e.g., arch, box systems) is encouraged by the Standards as an 
alternative for replacement of culverted stream crossings.  If properly sized, the primary benefits of 
bottomless culvert systems is that they can allow for continuity of fluvial processes and mimic the 
characteristics of the adjacent stream reaches.  The primary potential deficiency of bottomless culvert 
systems is that they require substructure elements (footings) to support the overlying, bottomless culvert, 
and the substructure elements are subject to scour similar to the substructure elements (i.e., abutments, 
piers) of bridges.  In practice, a bottomless culvert system may be defined as a bridge depending on 
regulatory definitions. 

It is expected that a properly designed and constructed bottomless culvert system at this site can achieve 
the identified design objectives.  Conceptual design criteria are presented here that follow on observed 
conditions at the project site, topographic survey data, and criteria described in the Standards. 

A necessary component of bottomless culvert systems is support footings under each side of the culvert, 
and a primary consideration related to performance of bottomless culvert systems is scour and 
undermining of the footings.  Scour potential may be reduced by increasing the culvert size to reduce flow 
speeds into and through the culvert and to minimize contraction scour. 

To comply with the bankfull requirement identified in the Standards, the minimum span of a bottomless 
culvert at this location would be 12 ft (i.e., 1.2 times the identified bankfull width of 10ft in the adjacent 
reaches of the Herring River).  Maintaining the roadway over the stream crossing at the existing elevation 
of 10.6 ft and the downstream thalweg elevation is 4.5 ft, provides for approximately 6 ft of freeboard.  
Based on a minimum depth-of-cover of 2 ft over an installed culvert section, the maximum height of the 
culvert would be 4 ft above the downstream thalweg.  Based on an internal height of 4 ft and a width of 12 
ft, the open area of this culvert would vary from approximately 30 square feet (sq. ft.) to 48 sq. ft. 
depending on the culvert shape, and for a culvert length of 17 ft would exceed the minimum openness 
criteria of 0.82 ft that is presented in the Standards.  Note that the maximum identified internal height of 
4 ft precludes meeting the 8-ft height specified by the Optimal Standard in the Standards. 

In practice, it is often necessary to set the tops of the footings below the expected streambed to protect 
against scour to depths below the existing streambed elevation.  For this alternative, it is assumed that the 
top of the footings is set 2 ft below the adjacent existing streambed elevation, which results in a top-of-
footing elevation of 2 ft.  Based on a footing thickness of 2 ft, the base of the footing would be at an 
elevation of 0 ft, or approximately 4 ft below the streambed thalweg.  The potential need for subgrade 
treatments underneath the footing, such as installation of a compacted gravel surface, would need to be 
determined as part of future design work. 

A necessary component of a bottomless culvert at this site would be retaining walls along the upstream 
and downstream sides of the culvert.  Extension of the retaining walls along the roadway approaches may 
be necessary to reduce erosion from the roadway, but should be limited so as not to limit movement of 
fauna along the adjacent riparian corridors. 
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In concept, bottomless culvert systems are similar or equivalent to bridges and may largely provide for 
unhindered riverine processes through a stream crossing.  For narrow culverts, however, potential 
benefits may not be fully achieved because footings will extend laterally under each side of the landing of 
the overlying culvert and will therefore extend under the waterway.  Based on the preliminary dimensions 
provided above and a footing width of 4 ft centered under the landing of the culvert, the footings would 
extend 2 ft below the waterway under each side of the culvert opening and therefore result in a “hard-
bottom” under 4 ft (or one-third) of the total open width. 

4.2.5 Buried Culvert Systems 

Buried culvert systems use standard culverts (e.g., barrels, box structures) with the bottom set below the 
adjacent waterway thalweg elevations and have natural substrates installed over the bottom of the culvert.  
Installation of culverts with buried bottoms is an approach to achieving a simulated streambed through a 
culverted stream crossing. An advantage of buried culvert systems relative to bottomless culvert systems 
is that risks associated with scour and displacement of substructure elements (footings) are not applicable 
to buried culvert systems.  Where a culvert is installed on a slope that is similar to that of the adjacent 
stream system and there is suitable open area through the culvert, the substrate material size may be 
similar to that of the adjacent stream system. 

It is expected that a properly designed and construction buried culvert system at this site can achieve the 
identified design objectives; conceptual design criteria are presented here that following on observed 
conditions at the project site, topographic survey data, and criteria described in the Standards. 

To comply with the bankfull requirement identified in the Standards, the minimum span of buried culvert 
at this location would be 12 ft (i.e., 1.2 times the identified bankfull width of 10ft in the adjacent reaches of 
the Herring River).  As previously described in this report, the height between the streambed thalweg 
elevation immediately downstream from the stream crossing and the roadway crest over the culvert is 
approximately 6 ft.  These site-specific conditions are used in evaluating the following two buried culvert 
systems alternatives at Old Kings Highway along with the identified need to provide headwall elements to 
maintain the existing roadway embankment footprint. 

OKH Alternatives E and F are for buried culvert systems with metal and concrete culvert structures, 
respectively. 

4.2.6 OKH Alternative E: Buried Metal Culvert 

Buried metal culverts typically use circular, elliptical, and pipe-arch conduits.  The potential suitability of 
these three metal conduit option are evaluated here for use as buried culverts at this site. 

4.2.6.1 OKH Alternative E.1 – Circular Metal Conduit 

Based on this minimum span, a circular conduit option would have a diameter of 12 ft (radius of 6 ft); if 
the horizontal axis of a circular opening was set at the downstream thalweg elevation (4.5 ft), this would 
result in the top of the culvert being at an elevation of 10.5 ft, which would preclude any cover based on 
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the elevation of the existing roadway.  Based on this factor and the previously identified constraints to 
raising the roadway elevation, a 12-ft-diameter circular conduit would not meet the design objectives.  
While a larger-diameter circular conduit could be installed, this would require setting the invert relatively 
deep, requiring a correspondingly larger construction footprint. 

4.2.6.2 OKH Alternative E.2 – Elliptical Pipe 

An elliptical culvert option for this site would be placed with the major axis oriented horizontal and the 
minor axis oriented vertical.  As with a circular culvert, setting the maximum width of the culvert at the 
elevation of the streambed would minimize the overall internal (stream) width in the culvert; the 
suitability of this approach is assessed in this evaluation.  The depth of the culvert invert below the 
streambed would be equivalent to the height of the culvert above the streambed.  Based on a maximum 
available internal height of 4 ft with the major axis at an elevation of 4.0 ft, the bottom of the culvert 
would be at an elevation of 0 ft.  As part of this preliminary evaluation, Stantec reviewed readily available 
manufacturer information on elliptical culvert geometries, and identified a potentially suitable standard 
design5.  This culvert has a span of 12 ft and a rise (internal height) of 8 ft, which when half buried, would 
result in 4 ft of internal height.  This option requires approximately 2 ft to 2.5 ft of cover depending on 
roadway loading criteria.  The open area of this buried culvert option would be approximately 36 sq. ft, 
and with a culvert length of 17 ft would exceed the minimum openness criteria of 0.82 ft that is presented 
in the Standards. 

4.2.6.3 OKH Alternative E.3 – Pipe-Arch 

A pipe-arch culvert is similar to the elliptical culvert geometry with the bottom curve truncated to a flatter 
ellipse.  As with the previously described, buried culvert options, it is assumed the pipe-arch buried 
culvert option would have a maximum internal width of 4 ft and that the widest section of the culvert 
would be set at the approximate elevation of the upstream thalweg (elevation 4 ft).  As part of this 
preliminary evaluation, Stantec reviewed readily available manufacturer information on pipe-arch culvert 
geometries, and identified a potentially suitable standard design6.  This culvert has a span of 12.2 ft and a 
rise (internal height) of 7.5 ft, and requires approximately 2.5 ft of cover, which would result in 
approximately 4 ft of internal height and a buried depth of approximately 3.5 ft.  The open area of this 
buried culvert option would be approximately 35 sq. ft, and with a culvert length of 17 ft would exceed the 
minimum openness criteria of 0.82 ft that is presented in the Standards. 

4.2.6.4 Preliminary Evaluation of OKH Alternatives E.1 – E.3 

The preliminary assessment of buried metal culverts for OKH Alternative E indicates that a circular metal 
conduit is not suitable at this site if the minimum span is 12 ft, but that elliptical or pipe-arch metal 
conduits may be appropriate.  The suitability and selection of one of these as options at this site would 
need to be further evaluated as part of detailed design.  In addition to the culvert system, this alternative 

5 Atlantic Industries Limited “Bolt-A-Plate” No. 30HE10 6.85 

6 Atlantic Industries Limited “Bolt-A-Plate” No. 18 PA 10-12 6.61 
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would require headwall elements to accommodate the overlying roadway and existing embankment 
footprint. 

4.2.7 OKH Alternative F: Buried Concrete Culvert 

Concrete culvert systems can be installed with the invert set below the adjacent streambed elevations to 
provide for natural substrates within the culvert.  This alternative considers a concrete box structure; 
other geometries of concrete structures, such as circular conduits, are not considered here, as the 
preceding evaluations indicate that circular conduits with diameters necessary to achieve the 1.2-times 
bankfull width criteria will not provide for reasonable depths-of-cover and would require substantial 
subgrade excavation. 

This alternative includes a buried concrete box structure with an internal width of 12 ft, a minimum 
internal height above the streambed of 3 ft, a minimum substrate depth of 2 ft through the culvert, and a 
culvert length of approximately 17 ft.  The culvert geometry would have an open area of 36 sq. ft. and the 
openness ratios would exceed the minimum openness criteria of 0.82 ft that is presented in the 
Standards.  The suitability and selection of one of these as options at this site would need to be further 
evaluated as part of detailed design.  In addition to the culvert system, this alternative would require 
headwall elements to accommodate the overlying roadway and existing embankment footprint. 

4.3 EROSION ALONG OLD KINGS HIGHWAY ADJACENT TO THE STREAM CROSSING 

Erosion of material from Old Kings Highway is identified as a primary source of sediment loading to the 
Herring River adjacent to the Old Kings Highway stream crossing.  The primary identified source of this 
sediment is the sandy material that comprises the roadway, which appears to be constructed of locally-
sourced sand.  Factors that contribute to erosion include 1) the construction of the roadway and 
embankment from sandy material, and 2) confined runoff in the roadway. 

The objective of this study is to identify and evaluate potential means to reduce erosion of material from 
Old Kings Highway and transport of this material into the Herring River adjacent to the Old Kings 
Highway stream crossing.  While reconstruction of the roadway approach embankments using course 
material (e.g., gravel) would reduce erosion of sandy material from the roadway, this approach is not 
consistent with the study objective of reducing erosion from the existing roadway.  The focus this this 
section if therefore on means to reduce and/or manage erosion from the existing roadway. 

Stormwater runoff and vehicle use have resulted in substantial rutting of Old Kings Highway adjacent to 
the Herring River.  The rutting is more pronounced to the north of the Herring River in the vicinity of the 
intersection of Old Kings Highway with Black Pond Road.  Contributing sources of runoff in the vicinity of 
this intersection include Old Kings Highway north of the intersection, which slopes up gradually moving 
away from the intersection, and Black Pond Road to the west and east of the intersection.  Immediately 
adjacent to the intersection and south (down-gradient) from this intersection, Old Kings Highway is 
incised below the adjacent land, which results in runoff flow down Old Kings Highway towards the 
Herring River. 
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Ruts in Old Kings Highway immediately south from the Herring River appear to have a similar effect in 
concentrating and maintaining flow of runoff in the roadway. 

The suggested approach to management of stormwater runoff along Old Kings Highway on both sides of 
the Herring River stream crossing is to control stormwater runoff by diverting stormwater runoff away 
from the roadway.  The proposed means to divert stormwater runoff is to install and maintain water bars 
in the roadway at selected locations along Old Kings Highway on north and south of the Herring River. 

Following here are descriptions of three potential water bar methods, including 1) a gravel berm, 2) a 
rubber razor bar, and 3) an open-top culvert. 

4.3.1  Gravel Berm Water Bar 

The gravel berm method is a ridge or mound constructed with gravel material with a base width of 6 ft, a 
height of 8 to 12 inches, and side slopes of 3:1 (horizontal:vertical).  A rut or channel is constructed on the 
up-gradient side of the berm with a minimum height from the bottom of the rut/channel to the top of the 
gravel berm to collect the stormwater run-off.  The gravel berm would span beyond the width of the road 
and be constructed diagonally to the road to divert stormwater off the roadway and into a stable and well-
vegetated area. 

Note that while this method is similar to a speed bump and would require motorists to travel over it 
slowly, the existing conditions of Old Kings Highway is not suitable for high speeds and abutters to the 
road may appreciate that this feature would require motorists to drive slowly when passing over the water 
bars. 

4.3.2 Rubber Razor Water Bar 

The rubber razor bar method is a 7 inch wide by 3/8 inch thick rubber blade that is fastened between two 
2”x6” pressure treated lumber in a sandwiched fashion.  The pressure treated lumber is buried below the 
road surface to expose approximately 4 inches of the rubber blade above the road surface to divert 
stormwater run-off.  The rubber razor bar would span the width of the road at a diagonal, generally at a 
30-degree-angle, to divert stormwater into a stable and well-vegetated area. 

Driving over the rubber razor would be similar to driving over a rubber hose. 

4.3.3 Open-Top Culvert Water Bar 

The open-top culvert is a box culvert constructed with two 2”x6” pressure treated lumber for sides and a 
2’x8’ pressure treated lumber for the bottom.  Spacers (spikes, washers/bolts/nuts, pipe, or 1’ pieces of 
wood) are placed between the two 2”x6” boards to maintain structure of the culvert.  This would look 
similar to an open ended trough.  The open-top culvert would be buried flush to the road surface to collect 
and divert road surface stormwater, which would result in a 3.5-inch-wide “crack” across the road.  The 
open-top culvert would span the width of the road at a diagonal to divert stormwater off the roadway and 
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into a stable and well-vegetated area.  Motorists would experience a minor bump similar to a small 
pothole while traveling over an open-top culvert. 

4.3.4 Discussion of Stormwater Runoff Management Approaches 

The three evaluated water control methods are similar in intent and would require regular inspection and 
maintenance and following significant storm events.  Winter plowing over all of these methods is not 
recommended and will cause damage if plowed over.  If plowing is necessary, both ends of the water bar 
should be properly marked to alert the plow driver of its location.  If properly implemented and 
maintained, however, the evaluated alternatives could reduce stormwater runoff and resulting erosion of 
material from the roadway and transport of this material into the Herring River. 

4.3.5 Recommended Alternative 

The recommended alternative is the gravel berm water bar method.  The basis for this recommendation is 
that this alternative could be construction of readily available gravel, maintained with relative ease, and is 
not as easily damaged as the other evaluated alternatives.  The expected cost to construct the gravel berm 
water bars is less than $10,000. 

It is recommended that priority be given to installation of erosion control measures on Old Kings 
Highway north of the stream crossing.  The basis for this recommendation is that that section of Old 
Kings Highway receives more concentrated stormwater runoff and associated runoff than the section of 
road to the south of the stream crossing. 

Suggested locations for gravel berm water bars are presented on the conceptual plan sheets that are 
included in Appendix D.1. 

4.4 SCHOOL HOUSE HILL ROAD STREAM CROSSING 

The identified design objectives at this site are: 

• Increasing hydraulic conveyance; 

• Maintaining or increasing the roadway width; 

• Maintaining existing upstream water surface elevations; 

• Improving conditions for upstream and downstream fish passage; and 

• Minimizing construction impacts. 

The primary identified constraint at this site is that the roadway is very low relative to the adjacent reach 
of Patience Brook (the vertical distance between the stream thalweg and roadway surface is approximately 
3 ft).  Potentially suitable alternatives for replacement of the School House Hill Road stream crossing are 
primarily constrained by the low roadway embankment.  Increasing the height of the roadway 
embankment would require encroachment of fill adjacent to the existing roadway, and installation of 
retaining walls intended to limit fill encroachment would inhibit movement of small animals along the 
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riparian corridor.  Based on observed conditions, increasing the height of the roadway approach 
embankments does not appear to be practical, and the conceptual alternatives for this stream crossing are 
therefore based on maintain the elevation of the roadway within 1 ft of the elevation of the roadway over 
the existing culvert. 

The existing culvert and immediately downstream reach of Patience Brook function to control water 
surface elevations in Patience Brook, and by extension, Higgins Pond and Gull Pond, upstream from the 
existing School House Hill Road stream crossing.  Maintaining similar conditions is therefore a design 
objective for replacement of this stream crossing.  Based on observed conditions, it is expected that 
maintaining existing water surface elevations in the upstream areas can be accomplished by maintaining 
the existing channel morphology and streambed elevations in the reach of Patience Brook between this 
stream crossing and Herring Pond downstream from School House Hill Road. 

The alternatives presented here are based on a bankfull width of 10 ft and a corresponding minimum 
culvert width of 1.2-times the bankfull width (i.e., 12 ft). 

Following here are five conceptual alternatives for replacement of the School House Hill Road stream 
crossing. 

4.4.1 SHHR Alternative A: No Action 

The no-action alternative is presented as a basis for comparison with the four action alternatives (SHHR 
Alternatives B – E).  This alternative would result in no immediate work intended to address identified 
deficiencies at the School House Hill Road stream crossing.  The no-action alternative would not achieve 
objectives for increasing hydraulic conveyance, increasing the roadway width, or improving upstream and 
downstream fish passage. 

4.4.2 SHHR Alternative B: Replacement In-Kind 

Replacement in-kind of the existing culvert is presented as a typical approach to repair of damaged stream 
crossings, but may not be appropriate where existing deficiencies are perpetuated and project-specific 
goals are not achieved by in-kind replacement of the existing culvert design.  Replacement in-kind of the 
existing culvert is presented as a typical approach to repair of existing stream crossings.  Work as part of 
this alternative would include reconstruction of the existing stream crossing, including removal of the 
existing CMP, installation of new, 2.5-ft-diameter CMP conduit with a length of approximately 15 ft, and 
installation of a new guardrail system. 

The depth-of-cover over the existing culvert appears to be insufficient, and retrofitting of a new culvert 
system with an identified deficiency is not appropriate.  Furthermore, this alternative would not achieve 
the site-specific objectives and is therefore not given further consideration as part of this study. 
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4.4.3 SHHR Alternative C: Multiple Culvert Barrels 

Multiple culvert barrels are sometimes used where there is insufficient depth-of-cover or other constraints 
that preclude installation of a conduit with a larger opening.  The objective of this approach is to provide 
an increase in open-area to compensate for the smaller individual openings. 

This approach is considered here to be deficient and unsuitable because of insufficient depth-of-cover for 
installation of pipe culverts, poor debris-passing ability, and the potential for partial or full occlusion of 
the multiple small openings by debris and/or sediment. 

4.4.4 SHHR Alternative D: Bottomless Culvert 

Installation of bottomless culvert systems (e.g., arch, box systems) is constrained at this site by the very 
limited depth-of-cover.  Consideration of this alternative is limited to a bottomless concrete three-sided 
box structure, as the absence of potential depth-of-cover of 2-ft or greater larger precludes use of metal 
culvert systems for a bottomless culvert at this site.  Three-sided box structures are in the shape of an 
inverted “U” with 90-degree corners and must be set on suitable footings, which may be constructed with 
pre-cast, cast-in-place, or hybrid systems comprised of pre-cast and cast-in-place concrete.  While 
concrete arch culvert systems are available, the minimum depth-of-cover also constrains the culvert 
shape, and concrete arch culverts are therefore deemed to be inappropriate for this site. 

It is expected that a properly designed and constructed three-side concrete box culvert system at this site 
can achieve the identified design objectives, and that the top of the culvert system would be the roadway 
surface over the stream crossing structure.  Conceptual design criteria are presented here that following 
on observed conditions at the project site, topographic survey data, and criteria described in the 
Standards. 

A necessary component of bottomless culvert systems is support footings under each side of the culvert, 
and a primary consideration related to performance of bottomless culvert systems is scour and 
undermining of the footings.  Scour potential may be reduced by increasing the culvert size to reduce flow 
speeds into and through the culvert and to minimize contraction scour. 

To comply with the bankfull requirement identified in the Standards, the minimum span of a bottomless 
culvert at this location would be 12 ft (i.e., 1.2 times the identified bankfull width of 10ft in the adjacent 
reaches of the Herring River).  Maintaining the roadway over the stream crossing maintained at the 
existing elevation of 7.2 ft and the downstream thalweg elevation is 4.2 ft, provides for approximately 3 ft 
of freeboard.  The observed water surface elevation during the site visit was approximately 5 ft, and there 
is therefore only approximately 2 ft between the normal water surface elevation and the roadway crest 
over the crossing.  Based on an assumed thickness of the horizontal section of a three-sided concrete box 
of 1 ft, a three-sided, bottomless box culvert at this location would have approximately 1 ft of freeboard 
between the normal water surface and the top of the inside of the concrete box.  Based on an internal 
height of 2 ft and a width of 12 ft, the open area of this culvert would be approximately 24 square feet (sq. 
ft) if stream banks are not installed through the culvert.  Based on a length of the culvert of 16 ft, the 
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openness ratio would be 1.5 and would therefore exceed the minimum openness criteria of 0.82 ft that is 
presented in the Standards. 

This alternative is based on setting the tops of the required footings 2 ft below the streambed, at an 
elevation of approximately 2 ft, to protect against scour to depths below the existing streambed elevation.  
Based on a footing thickness of 2 ft, the bottom of the footings would be set at an elevation of 0 ft.  The 
potential need for subgrade treatments underneath the footing, such as installation of a compacted gravel 
surface, would need to be determined as part of future design work. 

A potentially appropriate component of a bottomless culvert at this site would be low wingwalls adjacent 
to the culvert inlet and outlet to provide for smooth grade transitions.  Future design phases should 
include consideration of the need for wingwalls or similar retaining structures and consideration of 
constructing banks along the inside of the culvert, which would raise grades and may alleviate the need 
for wingwalls or other earth-retaining systems at this site. 

As previously discussed for OKH Alternative D, bottomless culvert systems are similar or equivalent to 
bridges and may largely provide for unhindered fluvial processes through a stream crossing.  For narrow 
culverts, however, potential benefits may not be fully achieved because footings will extend laterally under 
each side of the landing of the overlying culvert and will therefore extend under the waterway.  Based on 
the preliminary dimensions provided above and a footing width of 4 ft centered under the landing of the 
culvert, the footings would extend 2 ft under the waterway under each side of the culvert opening, and 
therefore result in a “hard-bottom” under 4 ft (or one-third) of the total open width. 

4.4.5 SHHR Alternative E: Buried Concrete Culvert 

A buried concrete culvert is a potentially suitable alternative at this site with the top of the structure 
functioning as the roadway surface over the stream crossing.  Based on the lack of suitable depth-of-cover 
(e.g., at least 2 ft), metal culvert systems are not considered to be feasible as part of a buried culvert 
system at this site. 

This alternative includes a buried, 4-sided concrete box structure with an internal width of 12 ft and an 
internal opening height of 4 ft with.  With a concrete thickness of 1 ft and the top of the culvert set at the 
approximate elevation of the existing roadway (7.2 ft), the overall height of the culvert would be 6 ft and 
the bottom would be set at an elevation of 1 ft.  The geometry would provide for 3 vertical ft of open-height 
and at least 2 ft of streambed material through the culvert above the bottom of the culvert opening 
(elevation 2 ft).  The culvert geometry would have an open area of 24 sq. ft. and the openness ratio for a 
16-ft-long culvert would be approximately 1.5 and therefore exceed the minimum openness criteria of 
0.82 ft that is presented in the Standards.  As with SHHR Alternative D, further design should include 
consideration of the need for wingwalls or similar retaining structures and consideration of constructing 
banks along the inside of the culvert, which would raise grades and may alleviate the need for wingwalls 
or other earth-retaining systems at this site. 
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4.5 ALTERNATIVES ASSESSMENT DECISION MATRICES 

This section presents alternatives assessment decision matrices for the Old Kings Highway and School 
House Hill Road stream crossing alternatives presented in Sections 4.2 and 4.4, respectively.  The 
decision matrix for the Old Kings Highway stream crossing alternatives is presented in Table 2, and the 
decision matrix for the School House Hill Road stream crossing alternatives is presented in Table 3.  In 
addition to the five rating criteria, the two tables include recommendations for the site-specific conceptual 
designs that were prepared as part of this study. 
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Table 2: Old Kings Highway Stream Crossing Alternatives Decision Matrix 

Alternative 

Achieves 
Project 

Objectives 
Suitability for 

Project Site Impacts Sustainability Cost-Effective 

Recommended 
for Conceptual 

Design 

Alternative A: 
No Action NO N/A N/A N/A N/A NO 

Alternative B: 
Replacement 

In-Kind 
NO N/A N/A N/A N/A NO 

Alternative C: 
Multiple 

Culvert Barrels 
NO N/A N/A N/A N/A NO 

Alternative D: 
Bottomless 

Culvert 
YES MODERATE BENEFICIAL MODERATE MODERATE NO 

Alternative E: 
Buried Metal 

Culvert 
YES HIGH BENEFICIAL MODERATE HIGH 

YES 
(Alternative E.3) 

Alternative F: 
Buried 

Concrete 
Culvert 

YES MODERATE BENEFICIAL HIGH HIGH NO 

“N/A” – Not applicable 
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Table 3: School House Hill Road Stream Crossing Alternatives Decision Matrix 

Alternative 

Achieves 
Project 

Objectives 
Suitability for 

Project Site Impacts Sustainability Cost-Effective 

Recommended 
for Conceptual 

Design 

Alternative A: 
No Action NO N/A N/A N/A N/A NO 

Alternative B: 
Replacement 

In-Kind 
NO N/A N/A N/A N/A NO 

Alternative C: 
Multiple 

Culvert Barrels 
NO N/A N/A N/A N/A NO 

Alternative D: 
Bottomless 

Culvert 
YES MODERATE BENEFICIAL MODERATE MODERATE NO 

Alternative E: 
Buried 

Concrete 
Culvert 

YES MODERATE BENEFICIAL HIGH HIGH 
YES 

(Alternative E) 

“N/A” – Not applicable 
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4.6 RECOMMENDED ALTERNATIVES 

This section presents recommendations for alternatives at the two project stream crossings. 

4.6.1 Recommended Alternative – Old Kings Highway Stream Crossing 

The recommended alternative at the Old Kings Highway stream crossing of the Herring River is a buried 
metal pipe-arch culvert (OKH Alternative E.3) with a span of 12.2 ft and a rise (internal height) of 7.5 ft 
installed with an embedment depth of 3.5 ft along the centerline of the culvert.  As previously described, 
the reference thalweg elevation is the existing channel bed immediately upstream from the culvert, which 
has a thalweg elevation of 4.0 ft. 

The bases for recommendation of this alternative relative to the other evaluated alternatives include: 

• This alternative would substantially achieve stream crossing criteria described in the Standards; 

• This alternative does not require installation of footings, which would necessitate dewatering of 
relatively deep subsurface excavation; 

• Construction of this alternative would result in reduced short-term impacts; 

• This alternative would provide for a sustainable stream crossing; and 

• This alternative would be cost-effective. 

This alternative would include installation of headwalls and retaining walls along the upstream and 
downstream side of Old Kings Highway.  The primary basis for recommendation of this alternative is the 
potential for this alternative to provide a stream crossing that meets the project objectives and provide for 
shallower depths of excavation relative to the other evaluated alternatives. 

The expected service life of the recommended metal pipe-arch alternative is from 25 to 50 years 
depending on the selected components of the design and with appropriate maintenance. 

A conceptual design for OKH Alternative E.3 is presented in Appendix D.1. 

4.6.2 Recommended Alternative - School House Hill Road Stream Crossing 

The recommended alternative at the School House Hill Road stream crossing of Patience Brook is a 
buried concrete box culvert (SHHR Alternative E) with internal dimension of 12 ft wide and 4 ft high with 
the box culvert invert set 2 ft below the existing thalweg elevation (4.0 ft) immediately upstream from this 
culvert.  The primary basis for recommendation of this alternative is the potential for this alternative to 
provide a stream crossing that meets the project objectives, a shallow-depth roadway deck, and relative 
ease of construction and minimized duration of construction relative to SHHR Alternative D. 

 

 4.29 



SITE RECONNAISSANCE AND CONCEPTUAL DESIGN FOR CULVERT REPLACEMENT  
HERRING RIVER, WELLFLEET, MA 

Design Alternatives Assessment  
December 9, 2014 

The bases for recommendation of this alternative relative to the other evaluated alternatives include: 

• This alternative would substantially improve hydraulic conveyance and fish passage while 
accommodating the relatively low roadway elevation; 

• Construction of this alternative would result in beneficial long-term impacts; 

• This alternative would provide for a sustainable stream crossing; and 

• This alternative would be cost-effective. 

The expected service life of the recommended pre-cast concrete box culvert alternative is 50 years 
depending on the selected components of the design and with appropriate maintenance. 

A conceptual design for SHHR Alternative E is presented in Appendix D.2. 
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5.0 Regulatory Coordination and Conceptual Design  

This section presents information on anticipated project environmental and cultural resources regulatory 
coordination and conceptual design information for the recommended stream crossing alternatives at the 
two project sites. 

5.1 ENVIRONMENTAL AND CULTURAL RESOURCE REGULATORY COORDINATION AND 
PERMITTING 

It is anticipated that environmental regulatory review and permitting requirements for the two project 
stream crossings would be similar to those for other culvert replacement projects in Massachusetts and 
will include local, state, and federal regulatory coordination and permits.  Additional regulatory 
coordination and approvals are expected to be required, however, for project work located on land that is 
owned by the NPS. 

Early coordination with the NPS and the Wellfleet Conservation Commission during the stakeholder 
outreach process, as well as pre-application coordination with other local, state, and federal 
environmental regulators, is recommended to facilitate an efficient regulatory review process. 

Anticipated regulatory coordination, review, and permit requirements include: 

• National Environmental Policy Act (NEPA) compliance, potential including development of an 

Environmental Assessment (EA) and/or other documentation; 

• National Historic Preservation Act (NHPA) compliance, including Section 106 review; 

• Endangered Species Act (ESA) and Massachusetts Endangered Species Act (MESA) compliance; 

• Expanded Environmental Notification Form (EENF) under the Massachusetts Environmental 

Protection Act (MEPA); 

• Notice of Intent (NOI) under the Massachusetts Wetlands Protection Act and Wellfleet 

Environmental Protection Bylaw; 

• Water Quality Certification (WQC) from MassDEP; 

• Authorization under Category II of the General Permit of the New England District of the U.S. 

Army Corp of Engineers; and 

• Federal Consistency Review under the federal Coastal Zone Management Act. 

Additional regulatory coordination, permits, or authorizations may be required based on project 
development and coordination with regulators.  Potential additional permits and authorizations not 
included in the OPC provided in this report may include: 
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• Chapter 91 Waterways License and/or Permit: The potential requirement for a Chapter 91 License 

and/or Permit for this project should be confirmed with MassDEP early in the project planning 

process.  

• FEMA Coordination: The project site is apparently located in a mapped 100-year floodplain, and 

coordination with FEMA may be necessary as the replacement culvert may result in some changes 

to flood elevations. 

• Additional Municipal Review and/or Permits: Additional municipal permits or reviews may be 

identified based on a review of municipal ordinances and related coordination with municipal 

officials. 

The Massachusetts Executive Office of Energy and Environmental Affairs (EEA) is in the process of 
revising certain state environmental regulations and related permitting requirements.  The future release 
of revised environmental regulations may necessitate changes to the conceptual approach to regulatory 
coordination and permitting identified in this study. 

5.2 OLD KINGS HIGHWAY STREAM CROSSING CONCEPTUAL DESIGN 

The recommended stream crossing design at the Old Kings Highway stream crossing along the Herring 
River is a buried metal pipe arch culvert with a span of 12.2 ft and a rise (internal height) of 7.5 ft installed 
with an embedment depth of approximately 3.5 ft below the existing upstream thalweg elevation (4.0 ft).  
This alternative would include installation of headwalls and retaining walls along the upstream and 
downstream side of Old Kings Highway.  The approximate length of the culvert is 17 ft and would set 
without a slope (i.e., “flat”), as there is little slope in the adjacent reaches of the Herring River. 

Additional component of this alternative would include regrading and installation of erosion and 
sedimentation controls along the Old Kings Highway approaches to the stream crossing.  Based on the 
observed conditions, opportunities for erosion and sedimentation control along Old Kings Highway are 
limited by the existing condition of the road (i.e., unpaved and consisting of highly erodible material).   
Suggested erosion and sedimentation controls include 1) maintaining the road (e.g., regular grading), and 
2) installation and maintenance of sediment traps along the road.  The suggested approach to maintain 
sediment traps is to provide drainage bars along the road that discharge away from the Herring River and 
are allowed to revegetate but are cleared of accumulated sediment on a regular basis. 

The figures presented in Appendix D.1 depict the conceptual layout of this alternative.  The depicted 
alignment has the culvert structure aligned with the Herring River and slightly skewed to the road.  The 
proposed wingwalls extend further from the culvert on the downstream side of the stream crossing to 
accommodate steeper grades and to limit disturbance to land along the upstream side of the stream 
crossing that would result from construction of longer wingwalls. 

The conceptual design presented here does not include appurtenances, including guardrails or curbing.  
There are guardrails at the existing crossing, and it is expected that installation of guardrails would be 
required as part of a new crossing.  It is also recommended that shallow (e.g., 0.5 ft) curbing be installed 
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on the upstream and downstream sides of the culvert, headwalls, and wingwalls to reduce the potential for 
sand and other materials to wash off the roadway and discharge directly to the Herring River. 

5.2.1.1 Design and Permitting Approach 

This section presents information on the suggested approach to project design and permitting for the Old 
Kings Highway stream crossing. 

The three identified elements of the design and permitting approach include: 

1) Data collection and desktop studies; 

2) Engineering Design; and 

3) Regulatory Coordination and Environmental Permitting. 

Identified components of each of these three elements are described here. 

The data collection and desktop studies design and permitting elements include work for subsequent 
project design and permitting.  Work as part of this element include identification of appropriate roadway 
design criteria, additional surveying and mapping to build upon survey work performed as part of this 
study, identification of regulated natural resources, limited hydrologic and hydraulic analyses, 
preliminary historic resource consultation, preliminary coordination with the Massachusetts Natural 
Heritage and Endangered Species Program (NHESP), and preliminary coordination with the NPS. 

Opinions of probable costs (OPCs) for each of the identified components listed above are provided in 
Table 4.  Note that the expected level-of-effort and associated OPC for each of the identified components 
assume limited work, and do not include studies such as those that may be required for investigation of 
historical resources, quantitative assessment of potential changes to flood levels, or other work that is not 
explicitly described here. 

The engineering design element includes preparation of preliminary and final design materials.  The 
preliminary design item includes limited geotechnical investigations (i.e., soil borings), design of the 
culvert for hydraulic capacity, roadway design, including appurtenances (e.g., guardrails), geotechnical 
design for the stream crossing based on the selected design and roadway classification, and structural 
design.  It is assumed that the final design reflects minor changes to the preliminary design.  The OPC for 
the preliminary design and final design work are provided in Table 4. 

The regulatory coordination and environmental permitting element includes regulatory coordination and 
preparation and submittal of permit applications based on the anticipated requirements identified in 
Section 4 of this study.  The OPC presented in Table 4 assume the two replacement stream crossings will 
be permitted separately; if permitted together, as a part of a single project, the associated costs may 
change.  The scope and scale of necessary work for compliance with NEPA, including the need to prepare 
documentation of compliance (e.g., preparation of an Environmental Assessment) would need to be 
determined through consultation with the NPS.  Costs for compliance with NEPA are not provided in the 
OPC in Table 4. 
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The OPC presented in Table 4 assumes that required coordination associated with NHPA compliance is 
limited to submittal of a Project Notification Form (PNF) to applicable local, state and federal entities, 
and that subsequent Section 106 review yields a determination that the project will not result in 
significant impacts to historic or archaeological resources and does not require additional study or 
mitigation. Similarly, the OPC assumes that rare species coordination is limited to submittal of a “MESA 
Checklist” to NHESP and that subsequent NHESP review results in a formal determination that the 
project will not impact state-listed species or their habitat, and that additional studies and/or mitigation 
are not required. 

5.2.2 Construction Approach 

The suggested approach to construction at this site is to install the new culvert on a similar alignment as 
the existing culvert.  Provisions for a temporary crossing of the brook during construction are not 
included in this approach, as a temporary crossing would require construction of a temporary stream 
crossing upstream or downstream from the existing stream crossing and would result in substantial 
impacts to adjacent areas.  The feasibility of this approach would need to be verified as part of subsequent 
design, and would require coordination with regular users of the road and emergency response agencies.  
If a temporary stream crossing is required at this site, it is recommended that it be installed upstream 
from the existing culvert. 

The suggested approach to construction is to stage required materials for construction in the vicinity of 
the project area prior to construction, such as in the vicinity of the intersection of Old Kings Highway with 
Black Pond Road.  These materials will need to include the replacement culvert, engineered backfill 
materials (if needed), erosion and sedimentation control materials, and equipment and materials for 
temporary water diversion during construction.  Based on the suggested approach that a temporary 
stream crossing not be incorporated into the proposed work, it is expected that construction equipment 
could be operated in the roadway during project construction, but that materials would need to be stored 
in the suggested staging area at the intersection of Old Kings Highway and Black Pond Road. 

Temporary erosion on sedimentation control measures will need to be installed prior to initiation of 
construction, and should include barriers surrounding the work area.  Potentially suitable erosion and 
sediment control barriers may include entrenched silt fence and/or mulch berms. 

Instream flows in the Herring River will need to be maintained during project construction.  Potentially 
suitable approaches include pumping around the work area and/or diversion of flows.  The feasibility of 
pumping is dependent on the flow in the Herring River and restrictions based on aquatic resources, such 
as seasonal outmigration of YOY river herring. 

While the relatively high roadway embankment does not lend itself to construction of a temporary 
bypassing of flows, substantial excavation of the road will be required to install the proposed culvert, and 
some over-excavation may allow for construction of a bypass route.  If a bypass is used, it is recommended 
that it be construction using conduit in lieu of an open channel to limit potential for entrainment of sand 
into the waterway. 
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Assuming that construction equipment is mobilized to the north side of this stream crossing, it may be 
possible to construction a temporary water diversion system immediately to the south of the work area.  
Such a diversion system would consist of temporary sandbag coffer dams located approximately 15 ft 
upstream and downstream from the existing culvert and be connected by a temporary diversion conduit 
with a diameter of approximately 1.5 ft set in an excavated ditch through the existing roadway along the 
southern limit of excavation. 

Excavation for installation of a new stream crossing will require removal of existing fill to a depth of at 
least 3 ft below the existing streambed, and installation of a new structure will require some dewatering of 
the excavation.  Dewatering discharge will need to be routed through an appropriate sedimentation 
control system, such as a single chamber sediment containment system (SCS).  The expected footprint of 
the SCS is approximately 10 ft by 20 ft, and will need to be set back from the work area.  It is suggested 
that a SCS be set in the relative flat area to the north of the Herring River and downstream from Old Kings 
Highway, as this could allow discharged water to flow through a well-vegetated buffer prior to reentering 
the river. 

The timing of construction must consider regulatory and seasonal use of Old Kings Highway, including 
seasonal fisheries time-of-year (TOY) restrictions established by the Massachusetts Division of Marine 
Fisheries (DMF), including seasonal migration periods for upstream migration of adult river herring 
(April 1 – June 30) and outmigration of YOY river herring (September 1 – November 15) and recreational 
and residential use of the road.  Note that the TOY restrictions presented here are based on published 
information; site-specific TOY restrictions would need to be determined in consultation with regulatory 
agencies and may need to address factors that are not identified in this report, such as other species 
and/or river-specific migration periods.  Our initial assessment is that construction during the early fall or 
late winter may be feasible and appropriate. 

The expected duration of construction is approximately two weeks, but that the duration of road closure 
would be shorter (e.g., one week); the actual duration of construction will depend on factors including the 
selected culvert geometry and design needs that may be identified as part of further project design, such 
as the potential need to dewater the excavated area and install subgrade material under the culvert. 

5.3 SCHOOL HOUSE HILL ROAD STREAM CROSSING CONCEPTUAL DESIGN 

The recommended stream crossing design at the School House Hill Road stream crossing at Patience 
Brook is a buried box culvert with internal dimensions 12 ft wide and 4 ft high and with the invert of the 
concrete box set 2 ft below the streambed at an elevation of 2.0 ft, which results in a thalweg elevation 
through the culvert of 4 ft.  The approximate length of the culvert is 15 ft.  The culvert would be set 
without a slope (i.e., “flat”), as there is little slope in the adjacent reaches of Patience Brook. 

Figures presented in Appendix D.2 depict the conceptual layout of this alternative.  The depicted 
alignment has the culvert structure aligned with Patience Brook and slightly skewed to the road, and 
could be constructed with two pre-cast concrete elements; this approach is considered here to be 
preferable to aligning the culvert with the road and skewed to the brook.  While skewed ends could be 
added to the culvert, this would require at least three pre-cast concrete elements. 
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The conceptual design presented here does not include appurtenances, including guardrails or curbing.  
There are guardrails at the existing crossing, and it is expected that installation of guardrails would be 
required as part of a new crossing.  It is recommended that shallow (e.g., 0.5 ft) curbing be installed on 
the upstream and downstream sides of the culvert to reduce the potential for sand and other materials to 
wash off the culvert and discharge directly to Patience Brook.  Wingwalls are not recommended for this 
alternative because of the shallow height of the roadway relative to the streambed. 

5.3.1.1 Design and Permitting Approach 

This section presents information on the suggested approach to project design and permitting for the 
School House Hill Road stream crossing. 

The three identified elements of the design and permitting approach include: 

1) Data collection and desktop studies; 

2) Engineering Design; and 

3) Regulatory Coordination and Environmental Permitting. 

Identified components of each of these three elements are described here. 

The data collection and desktop studies design and permitting elements include work for subsequent 
project design and permitting.  Work as part of this element include identification of appropriate roadway 
design criteria, additional surveying and mapping to build upon survey work performed as part of this 
study, identification of regulated natural resources, limited hydrologic and hydraulic analyses, 
preliminary historic resource consultation preliminary coordination with NHESP, and preliminary 
coordination with the NPS. 

OPCs for each of the identified components listed above are provided in Table 5.  Note that the expected 
level-of-effort and associated OPC for each of the identified components assume limited work, and do not 
include studies such as those that may be required for investigation of historical resources, quantitative 
assessment of potential changes to flood levels, or other work that is not explicitly described here. 

The engineering design element includes preparation of preliminary and final design materials.  The 
preliminary design item includes limited geotechnical investigations (i.e., soil borings), design of the 
culvert for hydraulic capacity, roadway design, including appurtenances (e.g., guardrails), geotechnical 
design for the stream crossing based on the selected design and roadway classification, and structural 
design.  It is assumed that the final design reflects minor changes to the preliminary design.  OPCs for the 
preliminary design and final design work are provided in Table 5. 

The regulatory coordination and environmental permitting element includes regulatory coordination and 
preparation and submittal of permit applications based on the anticipated requirements identified in 
Section 4 of this study.  The OPC presented in Table 5 assume the two replacement stream crossings will 
be permitted separately; if permitted together, as a part of a single project, the associated costs may 
change. 
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The scope and scale of necessary work for compliance with NEPA, including the need to prepare 
documentation of compliance (e.g., preparation of an Environmental Assessment) would need to be 
determined through consultation with the NPS.  Costs for compliance with NEPA are not provided in the 
OPC in Table 5. 

The OPC presented in Table 5 assumes that required coordination associated with NHPA compliance is 
limited to submittal of a PNF to applicable local, state and federal entities, and that subsequent Section 
106 review yields a determination that the project will not result in significant impacts to historic or 
archaeological resources and does not require additional study or mitigation.  Similarly, the OPC assumes 
that rare species coordination is limited to submittal of a “MESA Checklist” to NHESP and that 
subsequent NHESP review results in a formal determination that the project will not impact state-listed 
species or their habitat, and that additional studies and/or mitigation are not required. 

5.3.2 Construction Approach 

The suggested approach to construction at this site is to install the new culvert along a similar alignment 
as the existing culvert.  Provisions for a temporary crossing of the brook during construction are not 
included in this approach, as a temporary crossing would require construction of a temporary stream 
crossing upstream or downstream from the existing stream crossing and would result in substantial 
impacts to adjacent areas.  The feasibility of this approach would need to be verified as part of subsequent 
design, and would require coordination with regular users of the road and emergency response agencies. 

The suggested approach to construction is to stage required materials for construction in the vicinity of 
the project area prior to construction.  These materials will need to include the replacement culvert, 
engineered backfill materials (if needed), erosion and sedimentation control materials, and equipment 
and materials for temporary water diversion during construction.  Based on the suggested approach that a 
temporary stream crossing not be incorporated into the proposed work, it is expected that construction 
equipment could be operated in the roadway during project construction, but that materials would need 
to be stored in a turnout.  The existing turnout along School House Hill Road approximately 100 ft to the 
north of the crossing may be suitable for storage of equipment. 

Temporary erosion on sedimentation control measures will need to be installed prior to initiation of 
construction, and should include barriers surrounding the work area.  Potentially suitable erosion and 
sediment control barriers may include entrenched silt fence and/or mulch berms. 

Instream flows in Patience Brook will need to be maintained during project construction.  Potentially 
suitable approaches include pumping around the work area and/or diversion of flows.  The feasibility of 
pumping is dependent on the flow in Patience Brook and restrictions based on aquatic resources, such as 
seasonal outmigration of YOY river herring.  It may be possible to maintain instream flows by installing a 
temporary diversion structure around the work area. 

Assuming that construction equipment is mobilized to the north side of this stream crossing, it may be 
possible to construction a temporary water diversion system immediately to the south of the work area.  
Such a diversion system would consist of temporary sandbag coffer dams located approximately 10 ft 
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upstream and downstream from the existing culvert and be connected by a temporary diversion conduit 
with a diameter of approximately 1.5 ft set in an excavated ditch through the existing roadway. 

Excavation for installation of a new stream crossing will require removal of existing fill to a depth of at 
least 3 ft below the existing streambed, and installation of a new structure will require some dewatering of 
the excavation.  Dewatering discharge will need to be routed through an appropriate SCS.  The expected 
footprint of the SCS is approximately 10 ft by 15 ft (this is smaller than what is suggested for work at the 
Old Kings Highway stream crossing as the expected depth of excavation is shallower at this site), and will 
need to be set back from the work area.  Ideally, this would be set on the south side of the stream crossing 
so as minimize disruption of construction activities.  In addition, the SCS should be located so that 
discharged water flows through a well-vegetated buffer prior to reentering Patience Brook. 

The timing of construction must consider regulatory and seasonal use of School House Hill Road, 
including seasonal fisheries TOY restrictions established by DMF, including seasonal migration periods 
for upstream migration of adult river herring (April 1 – June 30) and outmigration of YOY river herring 
(September 1 – November 15) and recreational use of the road7.  Note that the TOY restrictions presented 
here are based on published information; project-specific TOY restrictions would need to be determined 
in consultation with regulatory agencies and may need to address factors that are not identified in this 
report, such as other species and/or river-specific migration periods.  Our initial assessment is that 
construction during the early fall or late winter may be feasible and appropriate. 

The expected duration of construction is approximately one week, but that the duration of road closure 
would be shorter (e.g., 3 days); the actual duration of construction will depend on factors including the 
selected culvert geometry and design needs that may be identified as part of further project design, such 
as the potential need to dewater the excavated area and install subgrade material under the culvert. 

5.4 CONSTRUCTION MANAGEMENT 

This section describes information regarding construction management at each site, including 
preparation of specification and bid documents, construction administration, and construction 
observation. 

It is expected that replacement of the two stream crossings would be subject to a public bidding process, 
and that preparation of “book” specifications and bid documents would be required.  In addition to these 
two items, it is expected that full-time construction observation would be required.  Costs associated with 
these work items are included in the OPCs that are presented in Section 6.0 for each stream crossing. 

7 Persistently occupied residential dwellings were not apparent adjacent to this stream crossing. 
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6.0 Opinions of Probable Costs and Project Schedules 

This section presents OPCs and project schedules for engineering design, permitting, construction, and 
construction contract administration, including construction observation, at each stream crossing.  OPCs 
for design, permitting, and construction of replacement stream crossings at each site are contingent on 
factors including the selected design, conditions that may identified as part of subsequent design work 
(e.g., subsurface conditions), and the outcome of project regulatory coordination, including requirements 
specified in project permits. 

The OPCs and schedules for the two project sites are provided in similar formats with similar project 
elements but vary based on site-specific factors identified as part of this study. 

The OPC and schedule for the Old Kings Highway stream crossing are provided in Table 4, and the OPC 
for the School House Hill Road stream crossing is presented in Table 5.  The higher OPC for the Old Kings 
Highway stream crossing reflects the suggested installation of headwalls and wingwalls as part of the 
culvert system and to manage erosion from the Old Kings Highway roadway approaches. 
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Table 4: OPC and Schedule for Old Kings Highway Stream Crossing Design, Permitting, 
and Construction 

 

1 2 3 4 1 2 3 4
Coordination 
and Design Construction

Data Collection and Desktop Studies
Roadway Design Criteria $2,000
Surveying and Mapping $2,000
Identification of Regulated Natural Resources $3,000
Hydrology and Hydraulics $4,000
Historic Resource Consultation $4,000
Coordination with CACO $4,000

Subtotal: $19,000
Engineering Design

Preliminary Engineering Design
Geotechnical Investigations $5,000
Culvert Design $10,000
Roadway Design $15,000
Geotechnical Design $8,000
Structural Design $10,000

Final Engineering Design $10,000
Subtotal: $58,000

Environmental Permitting
Regulatory Coordination $15,000
Preparation of Permit Applications $30,000

Subtotal: $45,000
$122,000

Phase 2: Construction
$25,000
$25,000

$180,000
Construction Observation $15,000

$245,000
$122,000 $245,000

Total: $367,000

Phase 2 Subtotal:
Subtotals:

Phase 1: Engineering Design and Permitting

Construction  

Phase 1 Subtotal:

Construction Administration
Preparation of Specifications and Bid Documents

Work Item

Year/Quarter
Opinion of Probable CostsYear 1 Year 2
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Table 5: OPC and Schedule for School House Hill Road Stream Crossing Design, 
Permitting, and Construction 

 

 

1 2 3 4 1 2 3 4
Coordination 
and Design Construction

Data Collection and Desktop Studies
Roadway Design Criteria $2,000
Surveying and Mapping $2,000
Identification of Regulated Natural Resources $3,000
Hydrology and Hydraulics $4,000
Historic Resource Consultation $4,000
Coordination with CACO $4,000

Subtotal: $19,000
Engineering Design

Preliminary Engineering Design
Geotechnical Investigations $5,000
Culvert Design $5,000
Roadway Design $6,000
Geotechnical Design $8,000
Structural Design $5,000

Final Engineering Design $10,000
Subtotal: $39,000

Environmental Permitting
Regulatory Coordination $15,000
Preparation of Permit Applications $30,000

Subtotal: $45,000
$103,000

Phase 2: Construction
$20,000
$20,000

$120,000
Construction Observation $10,000

$170,000
$103,000 $170,000

Total: $273,000

Work Item

Year/Quarter
Opinion of Probable CostsYear 1 Year 2

Subtotals:

Phase 1: Engineering Design and Permitting

Phase 1 Subtotal:

Preparation of Specifications and Bid Documents
Construction Administration
Construction  

Phase 2 Subtotal:
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 Site Photographs Appendix A

Appendix A.1: Old Kings Highway Stream Crossing 

Appendix A.2: School House Hill Road Stream Crossing 
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A.1 OLD KINGS HIGHWAY STREAM CROSSING 

Photo 1: Inlet of Old Kings Highway Culvert 

 
 

Photo 2: Inside of Old Kings Highway Culvert from Upstream 
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Photo 3: Herring River Facing Upstream from Old Kings Highway Culvert 

 
 

Photo 4: Herring River Upstream from Old Kings Highway Culvert 
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Photo 5: Outlet of Old Kings Highway Culvert (1) 

 
 

Photo 6: Outlet of Old Kings Highway Culvert (2) 
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Photo 7: Inlet and Upstream Roadway Embankment at Old Kings Highway Culvert 

 
 

Photo 8: Outlet and Downstream Headwall of Old Kings Highway Culvert 
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Photo 9: Inside of Old Kings Highway Culvert from Downstream 

  
 

Photo 10: Herring River Downstream from Old Kings Highway Culvert 
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Photo 11: Old Kings Highway over Culvert (flow is from right to left) (1) 

 
 

Photo 12: Old Kings Highway over Culvert (flow is from right to left) (1) 
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Photo 13: Old Kings Highway over Culvert (flow is from left to right) (1) 

 
 

Photo 14: Old Kings Highway over Culvert (flow is from left to right) (2) 
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Photo 15: Old Kings Highway South from Culvert 

 
 

Photo 16: Drainage Swale along Old Kings Highway Adjacent to Culvert 
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A.2 SCHOOL HOUSE HILL ROAD STREAM CROSSING 

Photo 17: Inlet to School House Hill Road Culvert (1) 

 
 

Photo 18: Inlet to School House Hill Road Culvert (2) 
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Photo 19: Inlet of School House Hill Road Culvert from Patience Brook 

 
 

Photo 20: Patience Brook Upstream from School House Hill Road 
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Photo 21: Outlet of School House Hill Road Culvert 

 
 

Photo 22: Patience Brook Immediately Downstream from School House Hill Road 
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Photo 23: Patience Brook and School House Hill Road Culvert from Downstream 

 
 

Photo 24: Patience Brook Downstream from School House Hill Road 
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Photo 25: River Herring in Patience Brook Immediately Downstream from Culvert 

 
 

Photo 26: River Herring in Patience Brook Downstream from Culvert 
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Photo 27: Deteriorated Guardrail along Upstream Side of Roadway 
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Photo 28: Deteriorated Guardrail along Downstream Side of Roadway 
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Photo 29: School House Hill Road North of Culvert 

 
 

Photo 30: School House Hill Road South of Culvert 
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Photo 31: School House Hill Road over Culvert (flow is from right to left) 

 
 

Photo 32: School House Hill Road over Culvert (flow is from left to right) 
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 Topographic Survey Plans Appendix B

Appendix B.1: Old Kings Highway Survey Plan 

Appendix B.2: School House Hill Road Survey Plan 
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B.1 OLD KINGS HIGHWAY SURVEY PLAN 

  

 B.20 





SITE RECONNAISSANCE AND CONCEPTUAL DESIGN FOR CULVERT REPLACEMENT  
HERRING RIVER, WELLFLEET, MA 

Appendix B  Topographic Survey Plans  
December 9, 2014 

B.2 SCHOOL HOUSE HILL ROAD SURVEY PLAN 
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 FEMA Firmette Appendix C
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 Conceptual Design Figures Appendix D

Appendix D.1: Old Kings Highway Conceptual Design Figures 

Appendix D.2: School House Hill Road Conceptual Design Figures 
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D.1 OLD KINGS HIGHWAY CONCEPTUAL DESIGN FIGURES 
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D.2 SCHOOL HOUSE HILL ROAD CONCEPTUAL DESIGN FIGURES 
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