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TECHNICAL MEMORANDUM 
 

 

To: Danielle Filio, Town of Stockbridge  

Richard Seltzer, Stockbridge Bowl Association  

Lauren Gaherty, Berkshire Regional Planning Commission 

From:   Mike Burke, P.E. 

Primary Author: Kristen Coveleski, Ph.D., P.E.  

Date:   06/30/2017 

Re:   Stockbridge Bowl Watershed Assessment  

Task 4: Conceptual BMPs Technical Memorandum  

_________________________________________________________________________________________ 

 

1. Introduction 
This memorandum documents three conceptual-level site-scale BMPs that may incrementally mitigate sediment 

delivery to Stockbridge Bowl as a component of an overall sedimentation management strategy. The overall 

strategy may also include additional investigation of sedimentation patterns in the lake and associated factors, 

education and outreach activities dispersed throughout the watershed, as well as potential future localized 

dredging applications. Please refer to the Task2 and Task3 memoranda (Inter-Fluve 2016, 2017) for additional 

detail on the earlier field reconnaissance, watershed and sediment-yield assessments and analyses, geomorphic 

syntheses, and recommendations for future activities that contribute to the overall study.  

 

The sites detailed herein were selected for development of conceptual-level BMPs following the earlier field 

reconnaissance and analyses, and discussions with the stakeholder committee. The detail included below on each 

of the three BMP sites includes a description of existing site conditions, narrative and figures describing the 

proposed BMP, and an order-of-magnitude conceptual cost opinion. The approach to each of the three sites is 

similar, generally consisting of grading channels upstream and downstream of the subject stream crossings to 

eliminate nuisance erosion, and replacement of the associated culverts to provide better continuity of stream 

conditions to result in an overall more stable reach of stream. This approach will eliminate erosion of the bed and 

banks associated with flow contractions and expansions associated with the culverts, thereby reducing sediment 

generation and downstream sediment delivery.  
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2. BMP Site 1: Bean Hill Road Culvert #2 (BHR #2) 

2.1 SITE DESCRIPTION  

An unnamed tributary to Lily Brook drains the northeast shoulder of Rattlesnake Hill before passing through a 

culvert under Bean Hill Road just upstream of the Mahkeenac Lake Road crossing (BHR #2, Figure 1). During the 

field reconnaissance, modest gullies were observed along the roadway on the upstream side of the culvert, with an 

accumulation of fine sediments noted in the upstream drainage swale that drains to the tributary. The 

accumulation of fine sediment in the swale provides short term storage for the material, but it is available to be 

mobilized and carried downstream during larger runoff events. Flow is conveyed beneath Bean Hill Rd. through an 

approximately 36” diameter corrugated metal pipe (Figure 2). The inlet of the pipe has evidence of erosion along 

the banks, and a large boulder has been placed on top of the structure, resulting in deformation of the pipe.  

 

 
Figure 1. Location of Bean Hill Road Site 2 (BHR 2) within the northern portion of the Stockbridge Bowl reconnaissance 
locations.  
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Figure 2. Inlet of culvert under Bean Hill Road. Note the lack of headwall to direct flow and protect the road prism. 

Downstream of the road crossing, a 30” HDPE pipe has been installed inside of the metal culvert (Figure 3).  The 

prior conditions necessitating this retrofit are not known. The culvert remains undersized and appears to force 

downstream scour. A plunge pool has formed downstream of the culvert outlet with a scour zone extending 

approximately 30 feet downstream. The channel bed has fine sediment deposition on the surface, which likely 

mobilizes during moderate flows.     

 

 
Figure 3. The outlet of the culvert under Bean Hill Road. A 30” HDPE pipe has been installed inside the original 36” metal 
pipe. 
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2.2 BMP GENERAL APPROACH AND DESCRIPTION  

There are three elements to the suggested approach for this location (Appendix A, Sheet 2). Upstream of the 

culvert, the storm water flow will be rerouted from the gully/ditch upstream of the road into a constructed 

meandering channel and into the tributary, reducing gullying and bank erosion along Bean Hill Road. While a 

topographic survey and hydraulic analysis will need to be performed in future phases to confirm the final channel 

dimensions prior to construction, the upstream channel design is estimated to have a 10-foot bankfull width and 2-

foot-high banks graded at a 2 horizontal to 1 vertical (2H:1V) sideslope. A portion of the proposed may fall on 

private property, so early coordination is recommended. 

 

The second suggested improvement at this site is replacement of the culvert under Bean Hill Road with a 

countersunk pre-cast concrete box culvert (Figure 4). The crossing would be designed to comply with the 

Massachusetts Stream Crossing Handbook (MADER 2012), which would typically require the culvert opening to be 

at least 20% greater in width than the bankfull width of the stream. While the final configuration of the culvert is 

dependent on the results of the additional analyses, it would have a continuous streambed and channel banks 

from the constructed upstream channel to the downstream reach (Figure 4). The continuity of streambed and 

bank surfaces allow for passage of organisms, but more importantly provide a more stable configuration for the 

stream reach that extends through the crossing, reducing erosion of sediment from the local area. Based on the 

estimated 10 foot channel width, the estimated width for the culvert in the concept design is 12 feet. Based on 

subsequent detailed design review and analysis which would include more in-depth evaluation of the bordering 

stream segments, it may be possible to reduce the width of the box culvert while still attaining the goals listed 

above. This may also facilitate project approvals as culverts that exceed 10 feet in width are typically subjected to 

the Massachusetts DOT Chapter 85 review process. However, at the current level of design conservative 

assumptions have been made in order to provide estimated costs that are suitable for project planning. 

 

The third proposed modification at this site is to regrade the channel and banks downstream of the culvert, 

including through the plunge pool and bell‐shaped scour zone. The proposed regrading will extend approximately 50 

feet downstream of the culvert, with geometry similar to that of the upstream channel, tying into the existing 

channel dimensions at the downstream end. 

 

The United States Geological Service (USGS) program Streamstats 4.0 was used to prepare a preliminary estimate 

of the drainage area that contributes to this road crossing (0.22 square miles). The drainage area was applied to 

regional regression equations to calculate predicted flood magnitudes at various recurrence intervals (Table 1; 

Zariello 2016). These values, in combination with field observations, were used to prepare the conceptual channel 

designs (Appendix A).  

 

Table 1. Preliminary peak flow magnitude estimates for Bean Hill Road Culvert #2 

Recurrence Interval Estimated Flood Magnitude (cfs) 

2 years 19 

5 years 34 

10 years 46 

25 years 65 

50 years 81 

100 years 99 
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Figure 4. Conceptual sketch of a buried box culvert. The scale depicted is larger than specified for the conceptual BMPS, but 
the sketch is provided to demonstrate general proposed concept and configuration. Points of emphasis include relationship 
of opening width to stream, and the countersunk culvert bottom. 

 

2.3 OPERATION AND MAINTENANCE CONSIDERATIONS 

The intent for this work is to foster long‐term stability of this section of stream to reduce future sediment 

recruitment from this area. Following construction, the slopes of the disturbed areas would be revegetated with 

native plants. This BMP should require only modest long-term maintenance, outside of periodic inspections and 

occasional response to specific conditions encountered (approximately every 5 years on average).  

 

Routine inspections should be conducted annually, prior to the snowmelt in the spring, and consist of a visual and 

nondestructive condition assessment. The purpose of the routine inspection is to document conditions of the 

structure over time, including its performance and how the system components are aging, and whether any 

external factors such as debris may compromise the intended function. Routine inspections seek to identify 

changes in condition since the initial inspection and any previously recorded inspections. It is suggested that the 

Town utilize a simple checklist to ensure consistent evaluations, similar to the checklist provided in Appendix A or 

one that is already in use locally. Alternatively, the Town may want to utilize the procedure from the Culvert and 

Storm Drain System Inspection Manual (NCHRP 14-26) from the Transportation Research Board, which has recently 

been revised (Beaver and Richie 2016) and is scheduled for release in late summer 2017. 

 

Annual maintenance activities may include clearing minor debris, though this should be minimized by the larger 

culvert size. Less frequent maintenance activities (every 5 years on average, or less) may include supplementing 

streambed materials, or trimming and thinning vegetative growth. 
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2.4 ORDER OF MAGNITUDE COST OPINION  

  

Item Quantity Unit Unit Cost Total Cost

Mobilization 1            LS 6,406$         6,406$         

Prep and Site Management 1            LS 25,625$       25,625$       

Upstream Channel Construction 225 LF 100$            22,500$       

Culvert Replacement & Associated 

Work 1 LS 60,000$       60,000$       

Culvert Removal 1 LS 5,000$         5,000$         

Downstream Channel Construction 50 LF 200$            10,000$       

Revegetate 1 LS 5,000$         5,000$         

Estimated Construction Sub-Total 134,531$       

30% Conceptual-Level Contingency 40,359$          

Estimated Construction Total 174,891$       

Estimated Operation and Maintenance Costs

Annual Inspection & Maintenance $500

Periodic Maintenance & Repair (every 5 years, on average) $2500 to $5000

Project Delivery (PM, Permitting, Engineering, Etc.) 61,212$          

-Estimated at 35%
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3. BMP Site 2: Mahkeenac Road Culvert #3 (MR 3) 

3.1 SITE DESCRIPTION  

An unnamed tributary to Duck Pond Brook drains a portion of the west slope of Rattlesnake Hill before crossing 

beneath the road at the Mahkeenac Road Culvert #3 site (Figure 5). An approximately 3.5 foot tall headcut has 

migrated 100 feet upstream of the roadway, contributing an estimated 4000 cubic feet of eroded sediment to the 

system (Figure 6). The headcut is likely a direct result of the change in channel slope associated with the 

installation of the roadway and culvert, and will continue to migrate upstream until it reaches the exposed 

bedrock, roughly 100 feet upstream of its current location. After the channel headcuts up to the bedrock, the 

channel will likely undergo a period of widening until it reaches a stable channel form, resulting in continued 

sediment contribution to the downstream channel.  Independent of the sediment erosion associated with the 

migrating headcut, additional erosion was observed along the left bank 20 feet upstream of the headcut (Figure 7). 

This bank erosion is estimated to have contributed approximately 270 cubic feet of sediment to the system. Riprap 

has been placed near the culvert and roadway to address the immediate risks to the infrastructure associated with 

the observed erosion and to stabilize channel banks immediately adjacent to the roadway.  However, no grade 

control was placed within the channel, where the primary instability remains.  

 
Figure 5. Southern portion of the Stockbridge Bowl reconnaissance locations.  MR culverts are along Mahkeenac Road, BWD 
culverts cross Beachwood Drive, and MLR culverts cross Mahkeenac Lake Road. 
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Figure 6. Headcut upstream of MR #3 shown in left frame. Exposed bedrock limits upstream extent of headcut migration, as 
shown in right frame. 

 

 
Figure 7. Channel incision and erosion undercutting bank vegetation upstream of MR #3. 
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In addition to the erosion observed upstream of the culvert, the downstream side of the culvert is perched 

approximately 1.5 feet above the current channel bed with evidence of ongoing erosion (Figure 8). It appears that 

the sediment that is eroded from the upstream side of the roadway is continuing through the system and does not 

accumulate for long periods in the channel immediately downstream of the culvert.  

 

 
Figure 8. Perched outlet of MR #3 is elevated about 1.5 feet above existing stream bed. 

3.2 BMP GENERAL APPROACH AND DESCRIPTION  

The first element of the proposed treatment for this site (Appendix A, Sheet 3) involves grading and stabilizing the 

channel banks upstream of the culvert to reduce additional sediment delivery due to headcut migration and the 

associated channel widening that would occur once the headcut reaches the bedrock outcrop. The grading 

treatment would involve excavating the material along the sides of the channel from the bed to the existing bank 

elevation at a minimum of a 2H:1V slope through the portion of the channel that the headcut has already eroded. 

Upstream of this location, additional channel excavation would occur to remove the material that would be eroded 

if the headcut continued upstream, with the banks graded at a stable side slope (2H:1V, or flatter).  

Based on the channel dimensions measured in the eroded zone during the field reconnaissance, the preliminary 

proposed channel dimensions upstream of the culvert include bottom width of 6-8 feet and a bankfull width of 18-

24 feet.  These dimensions are wider than the native geometry of the stream because of the headcut which has 

already passed through the reach. The stabilization approach in this zone is to respond to the eroded conditions 

that are present at the site. 

Bed stabilization would be added as needed to prevent further channel incision and instability. This would be in the 

form of constructed streambed armor consisting of boulders, cobble and gravel. The need for the bed stabilization, 

and the final sizing of the stabilization materials would be determined during the detailed design phase, based on 

detailed design-focused geomorphic review of the upstream channel, topographic survey of the channel, and 

hydraulic modeling.   The proposed channel would gradually transition to a 10 foot top width at the Mahkeenac 

Road crossing, which is the estimated native channel geometry for the tributary, based on the field reconnaissance 

upstream and downstream of the eroded reach. 



 

11 | P a g e  

 

The second element of the conceptual design is to replace the culvert system with a countersunk reinforced 

concrete box culvert similar in concept and dimensions to that described earlier for Bean Hill Road Culvert #2. See 

Section 2.2 for additional detail. Based on subsequent detailed design review and analysis which would include 

more in-depth evaluation of the bordering stream segments, it may be possible to reduce the width of the box 

culvert while still attaining the goal of establishing a more stable reach of stream that eliminates nuisance erosion 

in the local area and downstream transport of sediment. This may also facilitate project approvals as culverts that 

exceed 10 feet in width are typically subjected to the Massachusetts DOT Chapter 85 review process. However, as 

with the BHR #2 site at the current level of design conservative assumptions have been made in order to provide 

estimated costs that are suitable for project planning. 

Lastly, grading of the channel bed and banks is also proposed downstream of the culvert outlet, including 

incorporation of suitably‐sized bed substrate to guard against channel scour. This would be in the form of 

constructed streambed armor consisting of boulders, cobble and gravel. The final sizing of the stabilization materials 

would be determined during the detailed design phase, based on detailed design-focused topographic survey of the 

channel, and hydraulic modeling.   Currently, erosion downstream of the culvert has resulted in scour below the 

outlet and a perched configuration that will likely continue to contribute sediment to the downstream channel. 

Grading the channel and banks to the estimated native channel dimensions (10 foot top width and 2H:1V side 

slopes) will result in a more stable configuration that is continuous in function with the upstream channel and new 

culvert system. The final channel dimensions would be verified during the detailed design phase. Following 

construction, all disturbed banks will be revegetated to enhance stabilization.  

The USGS Streamstats 4.0 program was used to estimate the contributing drainage area, but the results were 

assessed to be inaccurate when compared to manually-delineated watershed area. Hence, the manually-

delineated drainage area of 0.06 square miles was applied to the regional regression equations to predict 

anticipated flood magnitudes (Table 2; Zariello 2016).  

Table 2. Preliminary estimate of flood magnitudes at Mahkeenac Road Culvert 3 using regional regression equations 

Recurrence Interval Estimated Flood Magnitudes (cfs) 

2 years 7 

5 years 13 

10 years 17 

25 years 25 

50 years 31 

100 years 38 

 

3.3 OPERATION AND MAINTENANCE CONSIDERATIONS 

Similar to that described at Bean Hill Road earlier in the memo, the intent for this work is to foster long‐term 

stability of this section of stream to reduce future sediment recruitment from this area. Following construction, the 

slopes of the disturbed areas would be revegetated with native plants. This BMP should require only modest long-

term maintenance, outside of periodic inspections and occasional response to specific conditions encountered 

(approximately every 5 years on average).  

 

As described in Section 2.3, routine inspections should be conducted annually, prior to the snowmelt in the spring 

and consist of a visual and nondestructive condition assessment utilizing forms and methods described there. In 
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addition, special attention should be paid to signs of instability and erosion along the upstream channel segment 

following stabilization. 

 

Annual maintenance activities may include clearing minor debris, though this should be minimized by the larger 

culvert size. Less frequent maintenance activities (every 5 years on average, or less) may include supplementing 

streambed materials, or trimming and thinning vegetative growth. 

 

3.4 ORDER OF MAGNITUDE COST OPINION 

 
  

Item Quantity Unit Unit Cost Total Cost

Mobilization 1            LS 7,500$         7,500$         

Prep and Site Management 1            LS 30,000.00$   30,000$       

Upstream Channel Construction 200 LF 200.00$       40,000$       

Culvert Replacement & Associated 

Work 1 LS 60,000$       60,000$       

Culvert Removal 1 LS 5,000$         5,000$         

Downstream Channel Construction 50 LF 200.00$       10,000$       

Revegetate 1 LS 5,000.00$    5,000$         

Estimated Construction Sub-Total 157,500$       

30% Conceptual-Level Contingency 47,250$          

Estimated Construction Total 204,750$       

Estimated Operation and Maintenance Costs

Annual Inspection & Maintenance $500

Periodic Maintenance & Repair (every 5 years, on average) $2500 to $5000

Project Delivery (PM, Permitting, Engineering, Etc.) 71,663$          

-Estimated at 35%
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4. BMP Site 3: Mahkeenac Road Culvert #5 (MR 5) 

4.1 SITE DESCRIPTION  

An unnamed tributary to Stockbridge Bowl drains the northwest shoulder of Rattlesnake Hill before crossing 

beneath the road at the Mahkeenac Road Culvert #5 site (Figure 5). The tributary skirts around the eastern margin 

of Mahkeenac Heights, and then to the northwest towards Mahkeenac Lake Road. The tributary combines with 

roadside drainage passes through a 24” corrugated metal pipe culvert beneath the road and into the lake 

approximately 450 feet downstream of the road.  

 

Modest active gullying occurs along the upstream side of Mahkeenac Road, in the vicinity of MR Culvert #5 (Figure 

5). This is an ongoing problem, as evidenced by the two patches of riprap that were used to repair older gullies and 

scour, and prevent additional erosion. Stormwater washes off of the road through the gullies and is channeled into 

the drainage swale parallel to the roadway, which also has signs of active erosion. This erosion and gullying have 

resulted in bank instability along the roadway, as evidenced by unstable concrete posts (Figure 9). The culvert 

outlet is perched 3 feet above the current downstream channel bed (Figure 10). The erosion at this location has 

resulted in a large scour pool downstream of the outlet and bank erosion on both sides of the channel. We 

estimated that these conditions have contributed approximately 1260 cubic feet of sediment to the system.   

 

 
Figure 9. Erosion along the roadside ditch, as seen on the left of the photograph and evidenced by the leaning posts and 
riprap treatment along the road. 
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Figure 10. Outlet of MR #5, perched 3 feet above the channel. 

4.2 BMP GENERAL APPROACH AND DESCRIPTION  

The proposed alternative for Mahkeenac Road Culvert #5 involves replacing the perched culvert and stabilizing the 

upstream and downstream channel bed and banks (Appendix A, Sheet 4). The current routing of the watershed 

drainage and the roadside flows has resulted in instabilities both upstream and downstream of the culvert. 

Replacing the existing culvert with a countersunk larger, pre-cast concrete box culvert with streambed and banks 

that extend through the structure will enhance continuity of flow through the reach, resulting in an overall more 

stable stream segment, and reducing nuisance erosion.  Similar to the BHR 2 site, the crossing would also comply 

with the Massachusetts Stream Crossing Handbook (MADER 2012), which would typically require the culvert 

opening to be at least 20% greater in width than the bankfull width of the stream. While additional survey and 

calculations need to be performed prior to finalizing the design, the estimated width for the culvert in the concept 

design is 12 feet. Based on subsequent detailed design review and analysis which would include more in-depth 

evaluation of the bordering stream segments, it may be possible to reduce the width of the box culvert while still 

attaining the goals listed above. This may also facilitate project approvals as culverts that exceed 10 feet in width 

are typically subjected to the Massachusetts DOT Chapter 85 review process. However, as with the other sites at 

the current level of design conservative assumptions have been made in order to provide estimated costs that are 

suitable for project planning.   

Following the replacement of the culvert, the channel upstream and downstream will need to be stabilized for 

long-term project success. The conceptual-level designs (Appendix A, Sheet 4) assume channel dimensions based 

on observed site conditions. Upstream of the culvert, coarser streambed material will be installed and the banks 

will be graded to stabilize the roadside channel. The addition of coarse bed material (small boulders, cobbles, 

gravel) will increase channel roughness, slowing down the flow, likely resulting in some initial sediment deposition 

along the channel bottom. Additional opportunities to enhance trapping and management of road sand could be 

explored in the detailed design phase through incorporation of small check dams if site conditions allow. Additions 

such as these, if ultimately included, are within the overall scope of the design concept. 

Downstream of the culvert, the existing scour pool and eroded banks will be graded and coarse streambed 

material will be added to aid in energy dissipation and stabilize the reach. This would be in the form of constructed 

streambed armor consisting of boulders, cobble and gravel. The final sizing of the stabilization materials would be 

determined during the detailed design phase, topographic survey of the channel, and hydraulic modeling. Following 

construction, the banks will be revegetated to enhance stability of the disturbed slopes.  



 

15 | P a g e  

 

 The USGS Streamstats 4.0 program was used to estimate the contributing drainage area at the site, but the results 

were assessed to be inaccurate when compared to manually-delineated watershed area. Hence, the manually-

delineated drainage area of 0.1 square miles was applied to the regional regression equations to predict 

anticipated flood magnitudes (Table 2; Zariello 2016).  

Table 3. Preliminary estimate of flood magnitudes at Mahkeenac Road Culvert 5 using regional regression equations. 

Recurrence Interval Estimated Flood Magnitudes (cfs) 

2 years 10 

5 years 18 

10 years 25 

25 years 35 

50 years 44 

100 years 53 

 

4.3 OPERATION AND MAINTENANCE CONSIDERATIONS 

Similar to that described for the other sites earlier in the memo, the intent for this work is to foster long‐term 

stability of this section of stream to reduce future sediment recruitment from this area. Following construction, the 

slopes of the disturbed areas would be revegetated with native plants. This BMP should require only modest long-

term maintenance, outside of periodic inspections and occasional response to specific conditions encountered 

(approximately every 5 years on average).  

 

As described in Section 2.3, routine inspections should be conducted annually, prior to the snowmelt in the spring 

and consist of a visual and nondestructive condition assessment utilizing forms and methods described there. In 

addition, special attention should be paid to signs of instability and erosion along the upstream channel segment 

following stabilization. 

 

Annual maintenance activities may include clearing minor debris, though this should be minimized by the larger 

culvert size. Less frequent maintenance activities (every 5 years on average, or less) may include supplementing 

streambed materials, or trimming and thinning vegetative growth. 
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4.4 ORDER OF MAGNITUDE COST OPINION 

 
  

Item Quantity Unit Unit Cost Total Cost

Mobilization 1            LS 6,875$         6,875$         

Prep and Site Management 1            LS 27,500.00$   27,500$       

Upstream Channel Construction 200 LF 100.00$       20,000$       

Culvert Replacement & Associated 

Work 1 LS 60,000.00$   60,000$       

Culvert Removal 1 LS 5,000.00$    5,000$         

Downstream Channel Construction 100 LF 200.00$       20,000$       

Revegetate 1 LS 5,000.00$    5,000$         

Estimated Construction Sub-Total 137,500$       

30% Conceptual-Level Contingency 41,250$          

Estimated Construction Total 178,750$       

Estimated Operation and Maintenance Costs

Annual Inspection & Maintenance $500

Periodic Maintenance & Repair (every 5 years, on average) $2500 to $5000

Project Delivery (PM, Permitting, Engineering, Etc.) 62,563$          

-Estimated at 35%
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6. Appendix A: 30% (Conceptual) Design Drawings 
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7. Appendix B: Maintenance Checklist 
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Culvert Inspection Checklist 
Date: ______________________________ 
Type of Inspection:     Storm    Annual 
Culvert: ____________________________ 

 Inspector(s):_______________________________________ 

 

Defect Conditions When 

Maintenance is Needed 

Maintenance 

 (needed or 

performed) 

Comments 

Structural Condition 

Structural 

Damage 

Cracks> 0.5 inches wide or 

holes that allow ground water 

seepage, threatening the 

structural stability of the 

culvert 

  

Headwall 

Damage 

Cracks> 0.5 inches wide, 

buckled/bulging headwall, 

erosion behind or around ends 

of headwall 

  

Stability Signs of settling, including 

cracking of culvert, headwalls, 

wingwalls, or roadway. Signs of 

piping or sub-flow. 

  

Flow, Sediment and Vegetation 

Sediment and 

Debris 

Accumulated sediment and 

debris exceeds 1 foot above 

the design channel bed 

  

Vegetation 

Blockage 

Flow into or through the 

culvert is impeded 

  

Channel 

Stability 

Visual signs of erosion or 

removal of streambed and 

banks constructed upstream, 

downstream and through 

culvert (note dimensions of 

observed erosion) 

  

Downstream 

pipe end 

(culvert outlet) 

Pool depth in stream 

immediately below culvert less 

than 1.25 times the culvert 

drop height 

  

Upstream pipe 

end (culvert 

inlet) 

Channel bottom immediately 

upstream of culvert less than 1 

foot below the culvert inlet 

  

 


