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INTRODUCTION
Culverts represent a road-associated factor that can be harmful to aquatic resources. In general, culverts harm aquatic resources when they restrict passage and/or when they are improperly sized. Culverts that are not installed to proper stream grade often develop outlets not in contact with stream bottoms (i.e. those with waterfalls). These unnatural waterfalls do not allow passage of all life history stages of fish, and pose a habitat/migration barrier (Meehan 1991). In addition, movement of other aquatic species, such as macroinvertebrates and amphibians, can be restricted because many organisms have no jumping ability or are too small to negotiate the height of the falls. These habitat barriers can isolate small populations, limiting or preventing genetic exchange between populations, and alter the distribution of aquatic species. This results in detrimental effects on restoration efforts by preventing the recolonization of historic or recovering habitats.

Fish passage and habitat connectivity have been identified as one of the prime limiting factors within the Clearwater River Subbasin. Therefore, an inventory of the condition of culverts within the watershed is conducted to evaluate whether removal or modifications are necessary. Culvert/stream crossings that are barriers to aquatic organisms have been prioritized for repairs and replacement. Each new replacement culvert is sized for the active stream channel (minimum standard) or the 100-year flood event. Culvert inlet and outlet elevations will be embedded to allow for natural streambed simulation. 

The goal of this culvert inventory and monitoring program is to assess the effectiveness of the culvert replacements and their role in the effort to restore connectivity of the Lolo Creek watershed.
Background
The Lolo Creek watershed is located in north central Idaho and is a tributary to the Clearwater River (Figure 1).  A culvert inventory and assessment has been completed previously in the Lolo Creek watershed (McRoberts, et al. April, 2005).  As a result of this inventory, culvert replacements and removals have been prioritized for the drainage to aid in future implementation decisions.  A cooperative effort began in 2001 between the Clearwater National Forest and the Nez Perce Tribe in the Lolo watershed that has resulted in the replacement and removal of several barrier culverts to date.  A post-construction monitoring and evaluation protocol has been developed to assess these replacements and removals effectiveness in achieving the desired goals.  This report presents the data and results from the initial post-construction survey for 17 culverts that have been replaced or removed in the three watersheds.  

[image: image1]
Figure 1.  Lolo Creek Watershed.
Location

Table 1 is a list of those culvert crossings that were monitored between May and November of 2005 in the Lolo watershed.  Included in the table is a schedule of future monitoring activities scheduled to occur at each site per the culvert monitoring protocol (NPT, 2005).  

In the Lolo Creek drainage a total of 17 culverts were surveyed, 14 culverts were replaced and 3 removed (see Figure 1).  Construction years for these culverts range from 2 culverts in 2001 to 6 locations that were completed in the fall of 2005.  
	Lolo Watershed
	 
	(Completed activities shown in blue.)
	 
	 
	A = Asbuilt
	 
	
	 

	Culvert
	Const. Yr.
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Mox
	2001
	X
	 
	 
	 
	 
	 
	X
	 
	 
	 
	 

	Chamook
	2001
	X
	 
	 
	 
	 
	 
	X
	 
	 
	 
	 

	Musselshell Trib.
	2002
	 
	 
	X
	 
	 
	 
	 
	X
	 
	 
	 

	Gold
	2002
	X
	 
	X
	 
	 
	 
	 
	X
	 
	 
	 

	Cedar 1
	2003
	X
	 
	 
	X
	 
	 
	 
	 
	X
	 
	 

	Burnt 1 (removal)
	2003
	X
	 
	 
	X
	 
	 
	 
	 
	X
	 
	 

	Bat (removal)
	2003
	X
	 
	 
	X
	 
	 
	 
	 
	X
	 
	 

	Burnt 2
	2003
	X
	 
	 
	X
	 
	 
	 
	 
	X
	 
	 

	Burnt 3 (removal)
	2003
	X
	 
	 
	X
	 
	 
	 
	 
	X
	 
	 

	Cedar 2
	2004
	X
	 
	 
	 
	X
	 
	 
	 
	 
	X
	 

	Nevada
	2004
	X
	 
	 
	 
	X
	 
	 
	 
	 
	X
	 

	Blonde 1
	2005
	A
	X
	 
	 
	 
	X
	 
	 
	 
	 
	X

	Blonde 3
	2005
	A
	X
	 
	 
	 
	X
	 
	 
	 
	 
	X

	Eva 
	2005
	A
	X
	 
	 
	 
	X
	 
	 
	 
	 
	X

	Kate
	2005
	A
	X
	 
	 
	 
	X
	 
	 
	 
	 
	X

	Dora
	2005
	A
	X
	 
	 
	 
	X
	 
	 
	 
	 
	X

	Weaver 1
	2005
	A
	X
	 
	 
	 
	X
	 
	 
	 
	 
	X

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Table 1.  Culverts surveyed in 2005 and proposed monitoring schedule.
METHODS
Culvert improvement projects are monitored at regular intervals to assess the success of the improvements:  an as-built survey to be done in the year of construction (year 0), and a monitoring survey to be done at prescribed intervals thereafter (year 1, year 5, and year 10) to assess changes and effectiveness.
Data collected for culvert monitoring consists of general site information, culvert condition, presence/absence of internal structures, and the degree of substrate retention within the culvert.  Photographs will be taken to document the condition of the culvert inlet and outlet, views upstream and downstream in a manner consistent with the as-built survey.  Pebble counts will be conducted and substrate material composition data will be summarized.  Channel cross-sections, and a longitudinal profile will be surveyed.  Longitudinal profile and cross-section data will be graphed to further assist in the process of stream simulation.  In addition, the survey will affirm whether or not the project was constructed according to construction details. Fish presence/absence will be sampled to gauge whether the replacement is no longer a fish passage barrier, and will allow aquatic species access to critical habitat and spawning areas.
[image: image2.jpg]



Figure 2.  Monitoring crew surveying at the Weaver Creek #3 site.
RESULTS
Results will be presented in the following pages in the form of a recap of each culvert improvement project surveyed.  Specific information for each project will include costs, location, goals, and results.

2001 Culvert Improvement Project Summary
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Nez Perce Tribe

Department of Fisheries Resources Management
Watershed Division

	Fish Passage Project:
	Yes
	 X 
	No
	  

	Partnership:
	Clearwater National Forest
	Funding:
	$          0  BPA

$ 21,000  PSCRF

$          0 Partnership

	Project Name:
	Mox Culvert Replacement
	Total Project Cost:
	$ 21,000


Project Purpose/Objectives:  The purpose of this project is to provide access to stream habitat for fish and other aquatic species by removing and replacing barrier culverts.  Replacement culverts are designed to span the bankfull width of the channel, to have the same slope as the channel, and to have a natural substrate bottom, thus, simulating the conditions in the stream channel.  In addition, they are designed to pass the 100-year flood.     
Work Performed:  

In 2001, we replaced a culvert across Mox Creek on Road 520 with a fully passable embedded pipe-arch culvert.  Mox Creek is a tributary to Chamook Creek which flows into Lolo Creek, which is a major tributary to the Clearwater River.  The 48” diameter corrugated metal pipe was far undersized for the channel, which has a bankfull width of 8 feet. The pipe was a barrier to adults and juveniles at both high and low flows. The new fully passable structure is an 8.5’ wide embedded pipe-arch seeded with channel substrate.  Further work is planned upstream on Mox Creek to replace additional barrier culverts and open more habitat.
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Results:  

Fish and other organisms will be able to pass freely through the new crossing, which is essentially “invisible” to stream organisms.  The culvert is now large enough to pass the 100-year flood.  Efforts to achieve complete stream simulation are continuing.  Substrate retention has been only partial successful.  Efforts are underway in 2006 to place rock to restore subgrade retention structures inside the culvert to achieve stream simulation.
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Partners: The Nez Perce Tribe and Clearwater National Forest have been working together to fund replacement of barrier culverts since the year 2000.
Types of TE Species:  Westslope Cutthroat Trout, Steelhead        
Miles of Habitat Opened/Restored:    3.6 miles

2001 Culvert Improvement Project Summary
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Nez Perce Tribe

Department of Fisheries Resources Management
Watershed Division

	Fish Passage Project:
	Yes
	 X 
	No
	  

	Partnership:
	Clearwater National Forest
	Funding:
	$          0  BPA

$ 30,000  PSCRF

$          0 Partnership

	Project Name:
	Chamook Culvert Replacement
	Total Project Cost:
	$ 30,000


Project Purpose/Objectives:  The purpose of this project is to provide access to stream habitat for fish and other aquatic species by removing and replacing barrier culverts.  Replacement culverts are designed to span the bankfull width of the channel, to have the same slope as the channel, and to have a natural substrate bottom, thus, simulating the conditions in the stream channel.  In addition, they are designed to pass the 100-year flood.     

Work Performed:  

In 2001, we replaced a culvert across Chamook Creek on Road 520 with a fully passable embedded pipe-arch culvert.  Chamook Creek is a tributary to Yoosa Creek which flows into Lolo Creek, which is a major tributary to the Clearwater River.  The 48” diameter corrugated metal pipe was far undersized for the channel.  There was no substrate in the pipe.  The pipe was a barrier to adults and juveniles at both high and low flows.  The new fully passable structure is an 8.5’ wide embedded pipe-arch seeded with channel substrate.  
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Results:  

Fish and other organisms will be able to pass freely through the new crossing, which is essentially “invisible” to stream organisms.  This structure will open up 2.0 miles of fish habitat for all aquatic species. In addition, this culvert is now large enough to pass the 100-year flood.  The essential elements of stream simulation have been achieved, the culvert is wider than the stream bankfull width, has natural substrate material throughout, and the outlet drop has been removed.  Additional substrate retention structures were added to the culvert in 2003.
[image: image23.jpg]



Partners:  The Nez Perce Tribe and Clearwater National Forest have been working together to fund replacement of barrier culverts since the year 2000.

Types of TE Species:    Westslope Cutthroat Trout, Steelhead        
Miles of Habitat Opened/Restored:    2.0 miles

2002 Culvert Improvement Project Summary
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Nez Perce Tribe

Department of Fisheries Resources Management
Watershed Division

	Fish Passage Project:
	Yes
	 X 
	No
	  

	Partnership:
	Clearwater National Forest
	Funding:
	$          0  BPA

$ 11,600  PSCRF

$          0 Partnership

	Project Name:
	Musselshell Tributary Culvert Replacement
	Total Project Cost:
	$ 11,600


Project Purpose/Objectives:  The purpose of this project is to provide access to stream habitat for fish and other aquatic species by removing and replacing barrier culverts.  Replacement culverts are designed to span the bankfull width of the channel, to have the same slope as the channel, and to have a natural substrate bottom, thus, simulating the conditions in the stream channel.  In addition, they are designed to pass the 100-year flood.     

Work Performed:  

In 2001, we replaced a culvert across a tributary to Musselshell Creek on Road 5056 with a fully passable embedded pipe-arch culvert.  Musselshell Creek flows into Lolo Creek, which is a major tributary to the Clearwater River.  The 18” diameter corrugated metal pipe was far undersized for the channel.  There was no substrate in the pipe.  The pipe was a barrier to adults and juveniles at both high and low flows.  The new fully passable structure is a 5.3’ wide embedded pipe-arch.  
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Results:  

Fish and other organisms will be able to pass freely through the new crossing, which is essentially “invisible” to stream organisms.  This structure will open up 0.5 miles of fish habitat for all aquatic species. In addition, this culvert is now large enough to pass the 100-year flood.  Most essential elements of stream simulation have been achieved, the culvert is wider than the stream bankfull width, and natural substrate material partially exists throughout the culvert.
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Partners:  The Nez Perce Tribe and Clearwater National Forest have been working together to fund replacement of barrier culverts since the year 2000.

Types of TE Species:    Westslope Cutthroat Trout      

Miles of Habitat Opened/Restored:    0.5 miles

2002 Culvert Improvement Project Summary
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Nez Perce Tribe

Department of Fisheries Resources Management
Watershed Division

	Fish Passage Project:
	Yes
	 X 
	No
	  

	Partnership:
	Clearwater National Forest
	Funding:
	$          0  BPA

$ 12,000  PSCRF

$          0 Partnership

	Project Name:
	Gold Creek Culvert Replacement
	Total Project Cost:
	$ 12,000
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Project Purpose/Objectives:  The purpose of this project is to provide access to stream habitat for fish and other aquatic species by removing and replacing barrier culverts.  Replacement culverts are designed to span the bankfull width of the channel, to have the same slope as the channel, and to have a natural substrate bottom, thus, simulating the conditions in the stream channel.  In addition, they are designed to pass the 100-year flood.     
Work Performed:  

In 2002, we replaced a culvert across Gold Creek on Road 5156 with a fully passable embedded pipe-arch culvert.  Gold Creek is a tributary to Musselshell Creek which flows into Lolo Creek, which is a major tributary to the Clearwater River.  The 36” diameter corrugated metal pipe was far undersized for the channel.  There was no substrate in the pipe.  The pipe was a barrier to adults and juveniles at both high and low flows.  The new fully passable structure is a 6.75’ wide embedded pipe-arch seeded with channel substrate.  
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Results:  

Fish and other organisms will be able to pass freely through the new crossing, which is essentially “invisible” to stream organisms.  This structure will open up 0.75 miles of fish habitat for all aquatic species. In addition, this culvert is now large enough to pass the 100-year flood.  The essential elements of stream simulation have been achieved, the culvert is wider than the stream bankfull width, has natural substrate material throughout, and the outlet drop has been removed.
Partners:  The Nez Perce Tribe and Clearwater National Forest have been working together to fund replacement of barrier culverts since the year 2000.

Types of TE Species:    Steelhead, Westslope Cutthroat Trout        

Miles of Habitat Opened/Restored:    0.75 miles
2003 Culvert Improvement Project Summary
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Nez Perce Tribe

Department of Fisheries Resources Management
Watershed Division

	Fish Passage Project:
	Yes
	 X 
	No
	  

	Partnership:
	Clearwater National Forest
	Funding:
	$          0  BPA

$ 43,500  PSCRF

$          0 Partnership

	Project Name:
	Cedar #1 Culvert Replacement
	Total Project Cost:
	$ 43,500


Project Purpose/Objectives:  The purpose of this project is to provide access to stream habitat for fish and other aquatic species by removing and replacing barrier culverts.  Replacement culverts are designed to span the bankfull width of the channel, to have the same slope as the channel, and to have a natural substrate bottom, thus, simulating the conditions in the stream channel.  In addition, they are designed to pass the 100-year flood.     

Work Performed:  

In 2003, we replaced a culvert across Cedar Creek on Road 500 with a fully passable embedded pipe-arch culvert.  Cedar Creek is a tributary to Eldorado Creek which flows into Lolo Creek, which is a major tributary to the Clearwater River.  The 60” diameter corrugated metal pipe was far undersized for the channel. There was no substrate in the pipe.  The pipe was a barrier to adults and juveniles at both high and low flows.  The new fully passable structure is an 11.8’ wide embedded pipe-arch seeded with channel substrate.  
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Results:  

Fish and other organisms will be able to pass freely through the new crossing, which is essentially “invisible” to stream organisms.  This structure will open up 4.8 miles of fish habitat for all aquatic species. In addition, this culvert is now large enough to pass the 100-year flood.  Most essential elements of stream simulation have been achieved, the culvert is wider than the stream bankfull width and natural substrate material partially exists throughout the culvert.  Additional retention structures have been added to aid in substrate retention.
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Partners:  The Nez Perce Tribe and Clearwater National Forest have been working together to fund replacement of barrier culverts since the year 2000.

Types of TE Species:    Steelhead, Westslope Cutthroat Trout 

Miles of Habitat Opened/Restored:    4.8 miles


2003 Culvert Improvement Project Summary
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Nez Perce Tribe

Department of Fisheries Resources Management
Watershed Division

	Fish Passage Project:
	Yes
	 X 
	No
	  

	Partnership:
	Potlatch Corporation
	Funding:
	$ 1,500 BPA

$        0 PSCRF

$    500 Partnership

	Project Name:
	Burnt Creek Culvert Removals
	Total Project Cost:
	$ 2,000


Project Purpose/Objectives:  The purpose of this project is to provide additional access to stream habitat for fish and other aquatic species by removing barrier culverts.  The removal sites are designed to span the bankfull width of the channel, to have the same slope as the channel, and to have a natural substrate bottom, thus, simulating the conditions in the stream channel above and below the construction zone.    

Work Performed:  

In 2003, we removed two culverts across Burnt Creek on a private road.  Burnt Creek is a tributary to Jim Brown Creek which eventually flows into Lolo Creek, a major tributary to the Clearwater River.  Log culverts were removed at two locations on Burnt Creek.  Both were complete barriers to fish passage.  Rock and log grade control structures were placed in the stream channel and the channel was restored to its natural width and depth.  



Results:  

Fish and other organisms will be able to pass freely through the removed crossings, which is essentially “invisible” to stream organisms.  The removals will open up 0.1 miles of fish habitat for all aquatic species. The original streambed has been shaped to its natural topography and slope.  The riparian zone has been re-vegetated with native trees and shrubs restoring stream cover, bank stability and natural erosion control. 
Partners:  This is the initial project in an effort between the Nez Perce Tribe and Potlatch Corporation to collaborate on watershed and stream improvements in the Lolo Creek drainage.
Types of TE Species:    Westslope Cutthroat Trout, Steelhead
Miles of Habitat Opened/Restored:    0.1 miles


2003 Culvert Improvement Project Summary
Nez Perce Tribe

Department of Fisheries Resources Management
Watershed Division

	Fish Passage Project:
	Yes
	 X 
	No
	  

	Partnership:
	Potlatch Corporation
	Funding:
	$   8,400 BPA

$          0 PSCRF

$   2,000 Partnership

	Project Name:
	Burnt Creek #2 Replacement
	Total Project Cost:
	$ 10,400


Project Purpose/Objectives:  The purpose of this project is to provide access to stream habitat for fish and other aquatic species by removing and replacing barrier culverts.  Replacement culverts are designed to span the bankfull width of the channel, to have the same slope as the channel, and to have a natural substrate bottom, thus, simulating the conditions in the stream channel.  In addition, they are designed to pass the 100-year flood.     
Work Performed:  

In 2003, we replaced a culvert across Burnt Creek on a private road.  Burnt Creek is a tributary to Jim Brown Creek which eventually flows into Lolo Creek, a major tributary to the Clearwater River.  The existing log culvert was a barrier to adults and juveniles at both high and low flows.  The new fully passable structure is a 6.1’ wide embedded pipe-arch with channel substrate that is passable to adult and juvenile fish.  



Results:  

Fish and other organisms will be able to pass freely through the new crossing, which is essentially “invisible” to stream organisms.  This structure will open up 0.2 miles of fish habitat for all aquatic species. In addition, this culvert is now large enough to pass the 100-year flood.  The essential elements of stream simulation have been achieved, the culvert is wider than the stream bankfull width, has natural substrate material throughout, and the outlet drop has been removed.  

Partners:  This is the initial project in an effort between the Nez Perce Tribe and Potlatch Corporation to collaborate on watershed and stream improvements in the Lolo Creek drainage.

Types of TE Species:    Westslope Cutthroat Trout, Steelhead

Miles of Habitat Opened/Restored:    0.2 miles


2003 Culvert Improvement Project Summary
Nez Perce Tribe

Department of Fisheries Resources Management
Watershed Division

	Fish Passage Project:
	Yes
	 
	No
	X

	Partnership:
	Potlatch Corporation
	Funding:
	$ 1,900 BPA

$        0 PSCRF

$ 1,100 Partnership

	Project Name:
	Bat Creek Crossing Improvement
	Total Project Cost:
	$ 3,000


Project Purpose/Objectives:  The purpose of this project is to provide access to stream habitat for fish and other aquatic species by removing and replacing barrier culverts.  Replacement culverts are designed to span the bankfull width of the channel, to have the same slope as the channel, and to have a natural substrate bottom, thus, simulating the conditions in the stream channel.  In addition, they are designed to pass the 100-year flood.     
Work Performed:  

In 2003, we repaired a failed bridge crossing across Bat Creek on a private road.  Bat Creek is a tributary to Jim Brown Creek which eventually flows into Lolo Creek, a major tributary to the Clearwater River.  The existing crossing was the site of an old log bridge that had deteriorated to the point of being unusable. A permanent small vehicle ford was installed at the site.  Rock and log grade control structures were placed in the stream channel and the channel was restored to its natural width and depth.  



Results:  

Fish and other organisms will be able to pass freely through the repaired crossing, which is essentially “invisible” to stream organisms.  The removal assures access to the upstream reaches for fish habitat for all aquatic species. The original streambed has been shaped to its natural topography and slope.  The riparian zone has been re-vegetated with native trees and shrubs restoring stream cover, bank stability and natural erosion control. 


Partners:  This is the initial project in an effort between the Nez Perce Tribe and Potlatch Corporation to collaborate on watershed and stream improvements in the Lolo Creek drainage.

Types of TE Species:    Westslope Cutthroat Trout, Steelhead

Miles of Habitat Opened/Restored:    0 miles


2004 Culvert Improvement Project Summary
Nez Perce Tribe

Department of Fisheries Resources Management
Watershed Division

	Fish Passage Project:
	Yes
	 X 
	No
	  

	Partnership:
	Clearwater National Forest
	Funding:
	$ 57,800  BPA

$          0  PSCRF

$          0 Partnership

	Project Name:
	Cedar #2 Culvert Replacement
	Total Project Cost:
	$ 57,800


Project Purpose/Objectives:  The purpose of this project is to provide access to stream habitat for fish and other aquatic species by removing and replacing barrier culverts.  Replacement culverts are designed to span the bankfull width of the channel, to have the same slope as the channel, and to have a natural substrate bottom, thus, simulating the conditions in the stream channel.  In addition, they are designed to pass the 100-year flood.     
Work Performed:  

In 2004, we replaced a culvert across Cedar Creek on Road 5125 with a fully passable embedded pipe-arch culvert.  Cedar Creek is a tributary to Eldorado Creek which flows into Lolo Creek, which is a major tributary to the Clearwater River.  The 48” diameter corrugated metal pipe was far undersized for the channel, which has a bankfull width of 11 feet.  There was no substrate in the pipe.  The pipe was a barrier to adults and juveniles at both high and low flows with a sizable outlet drop.  The new fully passable structure is a 13.7’ wide embedded pipe-arch seeded with substrate.  


Results:  

Fish and other organisms will be able to pass freely through the new crossing, which is essentially “invisible” to stream organisms.  This structure will open up 4.9 miles of fish habitat for steelhead and westslope cutthroat trout. In addition, this culvert is now large enough to pass the 100-year flood.  This area is subject to mass wasting and debris torrents.  The larger culvert spanning the width of the channel should pass much of this debris.  The essential elements of stream simulation have been achieved, the culvert is wider than the stream bankfull width, has natural substrate material, and the outlet drop has been removed.


Partners:  The Nez Perce Tribe and Clearwater National Forest have been working together to fund replacement of barrier culverts since the year 2000.

Types of TE Species:    Steelhead, Westslope Cutthroat Trout 

Miles of Habitat Opened/Restored:    4.9 miles
2004 Culvert Improvement Project Summary
Nez Perce Tribe

Department of Fisheries Resources Management
Watershed Division

	Fish Passage Project:
	Yes
	 X 
	No
	  

	Partnership:
	Clearwater National Forest
	Funding:
	$ 18,700  RAC

$          0  PSCRF

$          0 Partnership

	Project Name:
	Nevada Creek Culvert Removal
	Total Project Cost:
	$ 18,700


Project Purpose/Objectives:  The purpose of this project is to provide access to stream habitat for fish and other aquatic species by removing and replacing barrier culverts.  Replacement culverts are designed to span the bankfull width of the channel, to have the same slope as the channel, and to have a natural substrate bottom, thus, simulating the conditions in the stream channel.  In addition, they are designed to pass the 100-year flood.     
Work Performed:  

In 2004, we replaced a culvert across Nevada Creek on Road 5132 with a fully passable embedded pipe-arch culvert.  Nevada Creek flows into Lolo Creek, which is a major tributary to the Clearwater River.  The 36” diameter corrugated metal pipe was far undersized for the channel. There was no substrate in the pipe.  The pipe was a barrier to adults and juveniles at both high and low flows with a sizable outlet drop.  The new fully passable structure is a 7.25’ wide embedded pipe-arch seeded with substrate.  



Results:  

Fish and other organisms will be able to pass freely through the new crossing, which is essentially “invisible” to stream organisms.  This structure will open up 0.9 miles of fish habitat for steelhead and westslope cutthroat trout. In addition, this culvert is now large enough to pass the 100-year flood. The essential elements of stream simulation have been achieved; the culvert is wider than the stream bankfull width and has natural substrate material throughout the culvert.

Partners:  The Nez Perce Tribe and Clearwater National Forest have been working together to fund replacement of barrier culverts since the year 2000.

Types of TE Species:    Westslope Cutthroat Trout 

Miles of Habitat Opened/Restored:    0.9 miles
2005 Culvert Improvement Project Summary
Nez Perce Tribe

Department of Fisheries Resources Management
Watershed Division

	Fish Passage Project:
	Yes
	 X 
	No
	  

	Partnership:
	Potlatch Corporation
	Funding:
	$ 1,000 BPA

$ 6,000 PSCRF

$        0 Partnership

	Project Name:
	Blonde Creek Culvert Removals
	Total Project Cost:
	$ 7,000


Project Purpose/Objectives:  The purpose of this project is to provide additional access to stream habitat for fish and other aquatic species by removing barrier culverts.  The removal sites are designed to span the bankfull width of the channel, to have the same slope as the channel, and to have a natural substrate bottom, thus, simulating the conditions in the stream channel above and below the construction zone.    

Work Performed:  

In 2005, we removed two culverts across Burnt Creek on a private road.  Burnt Creek is a tributary to Jim Brown Creek which eventually flows into Lolo Creek, a major tributary to the Clearwater River.  Exiting metal and log culverts were complete barriers to fish and served to isolate wetland areas.  Both culverts were removed and the riparian zone was replanted.   Rock and log grade control structures were placed in the stream channel and the channel was restored to its natural width and depth.  



Results:  

Fish and other organisms will be able to pass freely through the removed crossings, which are essentially “invisible” to stream organisms.  The removals will open up 1.3 miles of fish habitat for all aquatic species. The original streambed has been shaped to its natural topography and slope.  The existing riparian wetland area has been re-connected.  The riparian zone has been re-vegetated with native trees and shrubs restoring stream cover, bank stability and natural erosion control.  Removing these culverts, along with other culvert replacements on Blonde Creek have opened up the entire stream length in the watershed for fish habitat.

Partners:  The Nez Perce Tribe and Potlatch Corporation have been working together to fund replacement and removal of barrier culverts in the Lolo Creek watershed since the year 2004.

Types of TE Species:    Westslope Cutthroat Trout, Steelhead

Miles of Habitat Opened/Restored:    1.3 miles
2005 Culvert Improvement Project Summary
Nez Perce Tribe

Department of Fisheries Resources Management
Watershed Division

	Fish Passage Project:
	Yes
	 X 
	No
	  

	Partnership:
	Potlatch Corporation
	Funding:
	$   3,000  BPA
$ 10,600  PSCRF

$   2,000  Partnership

	Project Name:
	Blonde Creek #1 Culvert Replacement
	Total Project Cost:
	$ 15,600


Project Purpose/Objectives:  The purpose of this project is to provide access to stream habitat for fish and other aquatic species by removing and replacing barrier culverts.  Replacement culverts are designed to span the bankfull width of the channel, to have the same slope as the channel, and to have a natural substrate bottom, thus, simulating the conditions in the stream channel.  In addition, they are designed to pass the 100-year flood.     
Work Performed:  

In 2005, we replaced a culvert across Blonde Creek on a private road with a fully passable embedded pipe-arch culvert.  Blonde Creek flows into Musselshell Creek, which flows into Lolo Creek, a major tributary to the Clearwater River.  The 36” diameter corrugated metal pipe was far undersized for the channel. There was no substrate in the pipe.  The pipe was a barrier to adults and juveniles at both high and low flows with a sizable outlet drop.  The new fully passable structure is a 6.1’ wide embedded pipe-arch.  

Results:  

Fish and other organisms will be able to pass freely through the new crossing, which is essentially “invisible” to stream organisms.  This structure will open up 0.1 miles of fish habitat for steelhead and westslope cutthroat trout. In addition, this culvert is now large enough to pass the 100-year flood. The essential elements of stream simulation have been partially achieved, the culvert is wider than the stream bankfull width and the culvert was countersunk to allow for the natural accumulation of substrate material throughout the culvert over time.

Partners:  The Nez Perce Tribe and Potlatch Corporation have been working together to fund replacement and removal of barrier culverts in the Lolo Creek watershed since the year 2004.

Types of TE Species:    Westslope Cutthroat Trout, Steelhead 

Miles of Habitat Opened/Restored:    0.1 miles
2005 Culvert Improvement Project Summary
Nez Perce Tribe

Department of Fisheries Resources Management
Watershed Division

	Fish Passage Project:
	Yes
	 X 
	No
	  

	Partnership:
	Potlatch Corporation
	Funding:
	$   4,000  BPA

$   7,400  PSCRF

$   3,000  Partnership

	Project Name:
	Blonde Creek #3 Culvert Replacement
	Total Project Cost:
	$ 14,400


Project Purpose/Objectives:  The purpose of this project is to provide access to stream habitat for fish and other aquatic species by removing and replacing barrier culverts.  Replacement culverts are designed to span the bankfull width of the channel, to have the same slope as the channel, and to have a natural substrate bottom, thus, simulating the conditions in the stream channel.  In addition, they are designed to pass the 100-year flood.     
Work Performed:  

In 2005, we replaced a culvert across Blonde Creek on a private road with a fully passable embedded pipe-arch culvert.  Blonde Creek flows into Musselshell Creek, which flows into Lolo Creek, a major tributary to the Clearwater River.  The existing crossing was a failed log culvert. The culvert was a barrier to adults and juveniles at both high and low flows.  The log culvert was removed and a new metal culvert was installed in its place.  The new fully passable structure is a 6.1’ wide embedded pipe-arch.  


Results:  

Fish and other organisms will be able to pass freely through the new crossing, which is essentially “invisible” to stream organisms.  This structure will open up 0.3 miles of fish habitat for steelhead and westslope cutthroat trout. In addition, this culvert is now large enough to pass the 100-year flood. The essential elements of stream simulation have been partially achieved, the culvert is wider than the stream bankfull width and the culvert was countersunk to allow for the natural accumulation of substrate material throughout the culvert over time.


Partners:  The Nez Perce Tribe and Potlatch Corporation have been working together to fund replacement and removal of barrier culverts in the Lolo Creek watershed since the year 2004.

Types of TE Species:    Westslope Cutthroat Trout, Steelhead 

Miles of Habitat Opened/Restored:    0.3 miles
2005 Culvert Improvement Project Summary
Nez Perce Tribe

Department of Fisheries Resources Management
Watershed Division

	Fish Passage Project:
	Yes
	 X 
	No
	  

	Partnership:
	Clearwater National Forest
	Funding:
	$ 16,000 BPA

$ 20,000 PSCRF

$   1,000 Partnership

	Project Name:
	Eva Creek Culvert Replacement
	Total Project Cost:
	$ 37,000


Project Purpose/Objectives:  The purpose of this project is to provide access to stream habitat for fish and other aquatic species by removing and replacing barrier culverts.  Replacement culverts are designed to span the bankfull width of the channel, to have the same slope as the channel, and to have a natural substrate bottom, thus, simulating the conditions in the stream channel.  In addition, they are designed to pass the 100-year flood.     

Work Performed:  

In 2005, we replaced a culvert across Eva Creek on Road 500 with a fully passable embedded pipe-arch culvert.  Eva Creek is a tributary to Eldorado Creek which flows into Lolo Creek, which is a major tributary to the Clearwater River.  The 36” diameter corrugated metal pipe was far undersized for the channel, which has a bankfull width of 6.5 feet.  There was no substrate in the pipe.  The pipe was a barrier to adults and juveniles at both high and low flows.  The new fully passable structure is a 9.75’ wide embedded pipe arch seeded with channel substrate.  


Results:  
Fish and other organisms will be able to pass freely through the new crossing, which is essentially “invisible” to stream organisms.  This structure will open up 1.0 miles of fish habitat for bull trout and westslope cutthroat trout. In addition, this culvert is now large enough to pass the 100-year flood.  The essential elements of stream simulation have been achieved, the culvert is wider than the stream bankfull width, and has natural substrate material.


Partners:  The Nez Perce Tribe and Clearwater National Forest have been working together to fund replacement of barrier culverts since the year 2000.
Types of TE Species:    Westslope Cutthroat Trout
Miles of Habitat Opened/Restored:    1.0 miles
2005 Culvert Improvement Project Summary
Nez Perce Tribe

Department of Fisheries Resources Management
Watershed Division

	Fish Passage Project:
	Yes
	 X 
	No
	  

	Partnership:
	Clearwater National Forest
	Funding:
	$ 10,000 BPA

$ 10,000 PSCRF

$          0 Partnership

	Project Name:
	Kate Creek Culvert Replacement
	Total Project Cost:
	$ 20,000


Project Purpose/Objectives:  The purpose of this project is to provide access to stream habitat for fish and other aquatic species by removing and replacing barrier culverts.  Replacement culverts are designed to span the bankfull width of the channel, to have the same slope as the channel, and to have a natural substrate bottom, thus, simulating the conditions in the stream channel.  In addition, they are designed to pass the 100-year flood.     
Work Performed:  

In 2005, we replaced a culvert across Kate Creek on Road 500 with a fully passable embedded pipe-arch culvert.  Kate Creek is a tributary to Eldorado Creek which flows into Lolo Creek, which is a major tributary to the Clearwater River.  The 24” diameter corrugated metal pipe was far undersized for the channel, which has a bankfull width of 7.0 feet.  There was no substrate in the pipe.  The pipe was a barrier to adults and juveniles at both high and low flows.  The new fully passable structure is a 7.25’ wide embedded pipe arch. 


Results:  
Fish and other organisms will be able to pass freely through the new crossing, which is essentially “invisible” to stream organisms.  This structure will open up 1.5 miles of fish habitat for westslope cutthroat trout and other species.  In addition, this culvert is now large enough to pass the 100-year flood.  The essential elements of stream simulation have been partially achieved, the culvert is wider than the stream bankfull width and the culvert was countersunk to allow for the natural accumulation of substrate.

Partners:  The Nez Perce Tribe and Clearwater National Forest have been working together to fund replacement of barrier culverts since the year 2000.
Types of TE Species:    Westslope Cutthroat Trout
Miles of Habitat Opened/Restored:    1.5 miles
2005 Culvert Improvement Project Summary
Nez Perce Tribe

Department of Fisheries Resources Management
Watershed Division

	Fish Passage Project:
	Yes
	 X 
	No
	  

	Partnership:
	Clearwater National Forest
	Funding:
	$ 10,400 BPA

$   9,600 PSCRF

$          0 Partnership

	Project Name:
	Dora Creek Culvert Replacement
	Total Project Cost:
	$ 20,000


Project Purpose/Objectives:  The purpose of this project is to provide access to stream habitat for fish and other aquatic species by removing and replacing barrier culverts.  Replacement culverts are designed to span the bankfull width of the channel, to have the same slope as the channel, and to have a natural substrate bottom, thus, simulating the conditions in the stream channel.  In addition, they are designed to pass the 100-year flood.     

Work Performed:  

In 2005, we replaced a culvert across Dora Creek on Road 5121 with a fully passable embedded circular culvert.  Dora Creek is a tributary to Eldorado Creek which flows into Lolo Creek, a major tributary to the Clearwater River.  The 18” diameter corrugated metal pipe was far undersized for the channel.  There was no substrate in the pipe.  The pipe was a barrier to adults and juveniles at both high and low flows with a considerable outlet drop.  The new fully passable structure is a 7.25’ wide embedded round pipe.  


Results:  
Fish and other organisms will be able to pass freely through the new crossing, which is essentially “invisible” to stream organisms.  This structure will open up 0.5 miles of fish habitat for bull trout and westslope cutthroat trout. In addition, this culvert is now large enough to pass the 100-year flood.  The essential elements of stream simulation have been partially achieved, the culvert is wider than the stream bankfull width and the culvert was countersunk to allow for the natural accumulation of substrate.


Partners:  The Nez Perce Tribe and Clearwater National Forest have been working together to fund replacement of barrier culverts since the year 2000.
Types of TE Species:    Westslope Cutthroat Trout

Miles of Habitat Opened/Restored:    0.5 miles
2005 Culvert Improvement Project Summary
Nez Perce Tribe

Department of Fisheries Resources Management
Watershed Division

	Fish Passage Project:
	Yes
	 X 
	No
	  

	Partnership:
	Clearwater National Forest
	Funding:
	$ 18,800 BPA

$ 15,000 PSCRF

$   8,200 Partnership

	Project Name:
	Weaver Creek #3 Culvert Replacement
	Total Project Cost:
	$ 42,000


Project Purpose/Objectives:  The purpose of this project is to provide access to stream habitat for fish and other aquatic species by removing and replacing barrier culverts.  Replacement culverts are designed to span the bankfull width of the channel, to have the same slope as the channel, and to have a natural substrate bottom, thus, simulating the conditions in the stream channel.  In addition, they are designed to pass the 100-year flood.     
Work Performed:  

In 2005, we replaced a culvert across Weaver Creek on Road 542 with a fully passable embedded circular culvert.  Weaver Creek is a tributary to Jim Brown Creek which flows into Lolo Creek, which is a major tributary to the Clearwater River.  The 48” diameter corrugated metal pipe was far undersized for the channel, which has a bankfull width of 8 feet.  There was no substrate in the pipe.  The pipe was a barrier to adults and juveniles at both high and low flows with a considerable outlet drop.  The new fully passable structure is a 9’ wide embedded round pipe seeded with channel substrate.  Future replacements are planned on other Weaver Creek road crossings. 


Results:  
Fish and other organisms will be able to pass freely through the new crossing, which is essentially “invisible” to stream organisms.  This structure will open up 1.5 miles of fish habitat for bull trout and westslope cutthroat trout. In addition, this culvert is now large enough to pass the 100-year flood.  The essential elements of stream simulation have been achieved, the culvert is wider than the stream bankfull width, has natural substrate material, and the outlet drop has been removed.


Partners:  The Nez Perce Tribe and Clearwater National Forest have been working together to fund replacement of barrier culverts since the year 2000.
Types of TE Species:    Westslope Cutthroat Trout

Miles of Habitat Opened/Restored:    1.5 mile

DISCUSSION
A summary of the results for all of the culverts surveyed in 2005 is presented in Table 2.  Selected data from the monitoring survey is presented to gauge the success of each culvert improvement with respect to the goals of assessing 1) conformance with the project design, 2) fish passage, and 3) stream simulation.   This is the initial site monitoring for all of the culverts replaced since the year 2000.  As stated above monitoring is scheduled at improvement sites on a periodic basis for 10 years after construction.  Further data analysis can be completed in subsequent years to assess changes over time at each of these project sites.
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CulvertStream width / Culvert CulvertCulvert Habitat

Culvert ConstructionMonitoring Width Width Bankfull Substrate DesignActualStream Outlet Accessed

Year Year (ft.) (ft.) Width Retention Slope Slope Slope Condition (miles)

Mox 2001 2005 8.5 - - partial 1.50% 3.00% backwater 3.6

Chamook 2001 2005 8.5 - - partial 2.30% 2.60% backwater 2.0

Gold 2002 2005 6.8 - - continuous 2.60% 0.50% 1.13% at grade 0.5

Cedar 1 2003 2005 11.8 10.0 1.2 partial 1.80% 1.20% 1.70% at grade 4.8

Burnt 1 (removal) 2003 2005 - 4.5 - continuous 1.20% 1.20% 1.20% at grade 0.1

Bat (removal) 2003 2005 - 7.6 - continuous 0.90% 0.90% 0.90% at grade 0.0

Burnt 2  2003 2005 6.1 6.3 1.0 partial 0.57% 0.50% 0.58% backwater 0.2

Burnt 3 (removal) 2003 2005 - 8.0 - continuous 6.00% 6.00% 6.00% at grade -

Cedar 2 2004 2005 13.7 8.8 1.6 continuous 1.00% 1.62% 1.23% backwater 4.9

Nevada 2004 2005 7.3 7.2 1.0 continuous 2.20% - - backwater 0.9

Blonde 1 2005 2005 6.1 5.5 1.1 partial 2.00% 2.45% 2.24% backwater 0.1

Blonde 3 2005 2005 6.1 5.5 1.1 none 6.00% 5.00% 6.90% at grade 0.3

Eva  2005 2005 9.8 6.5 1.5 continuous 2.20% 2.25% 2.88% backwater 1.0

Kate 2005 2005 7.3 8.2 0.9 partial 4.40% 4.91% 5.80% backwater 1.5

Dora 2005 2005 7.3 5.6 1.3 partial 4.00% 2.97% 1.70% backwater 0.3

Weaver 3 2005 2005 9.0 8.0 1.1 continuous 3.00% 2.90% 2.80% backwater 1.5

TOTALS 1.2 2.7% 2.4% 2.7% 21.7


                            Table 2.  2005 culvert improvement monitoring results.

Project Design
All of the projects surveyed generally conformed to the plans and specifications.  Field installation of culverts sometimes requires modifications and adjustment to design criteria due to unforeseen problems with bedrock, soft areas, ground water, etc.  Actual installed culvert slopes were in most cases very similar to those called for in the design, with the exception of Gold Creek culvert, which showed a variance from the design culvert slope.  Outlet conditions in all cases were designed to pass fish either with outlets at stream grade or below.  All of the culverts monitored were installed to meet these conditions.  In the Lolo Creek watershed the total miles of accessible fish habitat has been increased by 22 miles as a result of the design and successful completion of these projects.

Fish Passage  
Random fish presence/absence surveys were completed on a selected number of the sites monitored in 2005.  Fish were found to be present upstream from the Blonde Creek #1 site and the Nevada Creek site, and no fish were observed at the Blonde Creek #3 and Cedar #2 replacement sites.  The presence/absence surveys were done at a limited number of sites in 2005 however fish passage inside a culvert is implied, if not assured by simulating the stream characteristics in the culvert (Barnard, 2003).
Stream Simulation
The essential elements of stream simulation are culvert width, culvert slope, substrate conditions, and outlet conditions.  On all of the surveyed projects where data was available in Lolo Creek the width of the culvert was essentially as wide as or wider than the observed stream bankfull width.  The average culvert width to bankfull width ratio for these 10 replacements was 1.2 indicating that stream simulation was being met.  The observed culvert slopes also very closely mimicked the existing conditions with the average stream slope being 2.7% and the average culvert slope being 2.4%.  The Dora Creek and Mox Creek culverts were at the extreme being 1.3-1.5% steeper than the neighboring stream reaches.  Substrate conditions varied from no substrate to continuous substrate throughout the culvert.  Eight of the surveyed improvement projects had continuous substrate and met the guidelines for stream simulation.  The project design for many of the replacements did not call for substrate to be installed in the culvert at time of construction due to the smaller, confining size of the culvert (Burnt #2, Blonde #1, Blond #3, Kate, and Dora).  The design theory is that the culvert is countersunk to allow the infiltration of natural substrate material from upsteam over time to achieve a continuous bed in the culvert.  Some time is needed for this to be accomplished (perhaps 2-3 spring runoffs) and further monitoring will gauge the progress of the substrate.  Modifications and additions of rock substrate retention structures have been made in the older improvement projects completed in 2001, 2002, and 2003 that do not show continuous substrate (Mox, Chamook, and Cedar #1).  Additional retention structure work is scheduled for Mox Creek in 2006.  Outlet conditions also simulated stream conditions at all culvert replacements, being at stream grade or backwatered to create a pool at the outlet.
Observations
Over widened channel areas were observed at the inlet and outlet within construction zone, emphasis should be made in both design and implementation to construct a bankfull width (and area) channel in the construction zone.   Incised channels with small headcuts upstream from the culvert replacement were observed at the Kate, Dora, and Eva Creek culverts.  Consideration in design should be given to constructing a suitably sized channel and a floodplain may also need to be constructed (lowered).  The floodplain area of concern is usually small and could easily be lowered and replanted with the existing vegetation.  Management of surface erosion during and after the project construction continues to be an issue at some sites.  The Cedar Creek #2 culvert experienced a small mass failure near the inlet and the Chamook Creek culvert experienced a small road fill failure after construction.  Restoration has occurred at both sites and they seem stable at this time but efforts to control and manage erosion both in the near and long term at replacement sites should continue to be improved. 
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Figure 3.  Over widened channel at Cedar #3 and incised channel at Kate Creek.

Summary
The culvert replacements and removals that were monitored in Lolo Creek in 2005 in general met the objective of removing fish barriers and creating a crossing that simulates stream conditions.  Culverts were installed in general conformance with the essential items of the plans and speciation and have done a good job at simulating stream channel conditions.  There are areas of improvement that were noted in the area of substrate retention, bankfull widths, and erosion control. The lessons learned will be invaluable in improving current and future replacement projects.  Overall these projects have met the desired goals and these 17 improvement projects completed since 2001 have opened up 22 miles of previously blocked fish habitat.

Figure 4.  Outlet of the Cedar Creek #2 culvert replacement.
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Completed project looking upstream through the culvert.











Gold after replacement.  Note grade control and substrate in culvert.





Inlet of completed project.








Inlet of completed project.








Chamook after replacement and installation of additional retention structures.





Outlet of completed project.











Mox Creek after replacement.


Note lack of continuous substrate.





Chamook after replacement and installation of additional retention structures.





Inlet of the Cedar Creek culvert.





Substrate retention structure inside of the Cedar Creek culvert.








Burnt Creek #3 culvert removal site.





Burnt Creek #1 culvert removal site.








Burnt 


Creek #1 culvert removal


 site.








Burnt Creek #2 culvert outlet.





Burnt Creek #1 culvert removal site.








Bat Creek ford restoration site.





Bat Creek ford looking upstream.





Cedar 2 before construction.  Note the outlet drop.





Cedar Creek 2 outlet after construction.








Nevada Creek culvert after construction.  Note the substrate material.





Nevada Creek inlet during construction.








Blonde Creek inlet after construction.








Blonde Creek #1 culvert inlet before construction. 





Blonde Creek culvert being removed. site.








Blonde Creek upper culvert removal site.





Blonde Creek #3 culvert before construction. 





Blonde Creek #3 during construction.








Inlet of the completed project.








Eva creek culvert during construction. 





Weaver Creek #3 culvert before construction. Note the outlet drop.





Outlet of the completed project.








Kate Creek culvert during construction.





Inlet of the completed project.








Dora Creek culvert inlet after construction





Outlet of the completed project.
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Lolo

		

														Culvert

										Culvert		Stream		width /		Culvert		Culvert		Culvert						Habitat

				Culvert		Construction		Monitoring		Width		Width		Bankfull		Substrate		Design		Actual		Stream		Outlet		Accessed

						Year		Year		(ft.)		(ft.)		Width		Retention		Slope		Slope		Slope		Condition		(miles)

				Mox		2001		2005		8.5		-		-		partial				1.50%		3.00%		backwater		3.6

				Chamook		2001		2005		8.5		-		-		partial				2.30%		2.60%		backwater		2.0

				Gold		2002		2005		6.8		-		-		continuous		2.60%		0.50%		1.13%		at grade		0.5

				Cedar 1		2003		2005		11.8		10.0		1.2		partial		1.80%		1.20%		1.70%		at grade		4.8

				Burnt 1 (removal)		2003		2005		-		4.5		-		continuous		1.20%		1.20%		1.20%		at grade		0.1

				Bat (removal)		2003		2005		-		7.6		-		continuous		0.90%		0.90%		0.90%		at grade		0.0

				Burnt 2		2003		2005		6.1		6.3		1.0		partial		0.57%		0.50%		0.58%		backwater		0.2

				Burnt 3 (removal)		2003		2005		-		8.0		-		continuous		6.00%		6.00%		6.00%		at grade		-

				Cedar 2		2004		2005		13.7		8.8		1.6		continuous		1.00%		1.62%		1.23%		backwater		4.9

				Nevada		2004		2005		7.3		7.2		1.0		continuous		2.20%		-		-		backwater		0.9

				Blonde 1		2005		2005		6.1		5.5		1.1		partial		2.00%		2.45%		2.24%		backwater		0.1

				Blonde 3		2005		2005		6.1		5.5		1.1		none		6.00%		5.00%		6.90%		at grade		0.3

				Eva		2005		2005		9.8		6.5		1.5		continuous		2.20%		2.25%		2.88%		backwater		1.0

				Kate		2005		2005		7.3		8.2		0.9		partial		4.40%		4.91%		5.80%		backwater		1.5

				Dora		2005		2005		7.3		5.6		1.3		partial		4.00%		2.97%		1.70%		backwater		0.3

				Weaver 3		2005		2005		9.0		8.0		1.1		continuous		3.00%		2.90%		2.80%		backwater		1.5

				TOTALS										1.2				2.7%		2.4%		2.7%				21.7

				Musselshell Trib														4.00%





Meadow

		

								Culvert		Stream		Culvert		Culvert		Culvert		Culvert						Habitat

		Culvert		Construction		Monitoring		Width		Width		width /		Substrate		Design		Actual		Stream		Outlet		Accessed

				Year		Year		(ft.)		(ft.)		bankfull width		Retention		Slope		Slope		Slope		Condition		(miles)

		Doe		2005		2005		11.3		10.0		1.1		continuous		6.35%		5.80%		6.20%		at grade		1.0

		Frog Pond		2005		2005								continuous		4.49%						at grade		-

		TOTALS										1.1												1.0

		Storm

		Covert





Mill

		

								Culvert		Stream		Culvert		Culvert		Culvert		Culvert						Habitat

		Culvert		Construction		Monitoring		Width		Width		width /		Substrate		Design		Actual		Stream		Outlet		Accessed

				Year		Year		(ft.)		(ft.)		bankfull width		Retention		Slope		Slope		Slope		Condition		(miles)

		Corral		2004		2005		9.3		-		-		partial		5.10%								2.5

		TOTALS										0.0												2.5

		Camp

		Merton

		Hepner

		Little Whitebird






