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Project Description
Cave Springs Campground is located 15 miles south of Flagstaff in the Coconino Nation Forest Adjacent to Oak Creek and Highway 89.  The area of interest is used seasonally during the spring and summer months. The campground provides camp sites, hiking trails and other recreational activities. 
The project site is bordered to the North by a low water crossing. The crossing is the access road into and out of the campground. The Cave springs road runs along the western edge of the project area and Highway 89 borders the project site to the east.  The stabilization of an eroding concrete bank on Oak Creek is of main concern.  The stream divides into two channels; the right channel is responsible for the eroding of the concrete bank and the left channel borders a Narrow-headed Garter snake habitat. The division of the stream has created an island of sediment, which supports mature riparian trees. Figure 1.0 shows the existing surface of the project site.
In 1996 the U.S Forest Service and the USDA Natural Resource Conservation Services (NRCS) designed and built a grouted rock bank. The rock bank interior included structural rebar and polyethylene tubing for internal drainage.  The design overtime has failed in the following ways:
Severe undercutting of the grout rock bank leaving an overhanging cantilevered structure that is prone to collapsing
Loss of integrity of whole sections of grouted bank, due to interior drainage and loss of supporting soil matrix and vegetative influences
Exposure of elements of the rock grout bank, especially rebar pieces that present hazards
The Cave Springs stream reach has scoured out the channel bed, thus increasing the depth and it has sent a head-cut moving up channel. The stream has scoured deep enough to undercut the cemented rip-rap bank armoring and consequently dismantling the bank. 
The head-cut results in the down cutting migrating up-stream threatening the low water crossing and undermining the campground’s access road. The head-cut is producing an accelerated amount of sedimentation in the stream. Further considerations will consider the Narrow-headed Garter snake habitat and public safety. 





Background
The existing surface at Caves Springs Campground (CSC) was surveyed by our team to include some of the surrounding topography and structures. Our survey provides details on the roads, bridge, island features and tributary channels. These features all impact our project area (tributaries and bridge) and provide project limitations (roads confining project area).
Control Points
Control points were established throughout the entire site and tied into some benchmarks located along Highway 89A. The elevations used for this site were based on a relative elevation of 1000 feet. Table 1 lists all the control points used for the CSC Oak Creek Stream stabilization site. Table 1 provides the relative Northing, Easting and Elevations for each control point.

Table 1: Control points for Cave Springs Campground Survey
Full Description	Easting	Northing	Point Elevation
CP4	20247.8372'	20090.4572'	1006.57'
CP5	19986.5924'	20119.6096'	1002.07'
CP6	20132.9899'	20296.0209'	998.32'
CP7	20188.5037'	19855.6620'	984.58'
CP8 [ADOT]	20365.2492'	20183.9671'	1021.25'
CP9 [ADOT]	20548.2105'	20273.4890'	1027.61'
CP10 [ADOT]	20576.3108'	20287.1305'	1028.42'
CP11 [ADOT]	20755.4329'	20432.1296'	1029.72'
CP20	20518.5949'	20444.8217'	1017.26'
CP23	20391.6913'	20324.4264'	1018.30'
CP21	20597.9371'	20574.6269'	1019.94'
CP24	20446.0443'	20583.6153'	1013.51'
CP25	20179.3988'	20568.6426'	1002.47'
CP22A	20018.6474'	20292.2988'	999.68'
CP1A	19999.6456'	20000.3247'	999.95'
CP26	20220.9848'	19685.4069'	980.94'
CP12	20665.8223'	20527.3410'	1021.27'

Site Features
	The existing surface has several features acting together to complicate the restoration project. The project area is flanked by 89A on the east side of the canyon and the campground service road on the west side. Just to the north of the start of the project area is a low water crossing structure. At the upstream end of the project area an ephemeral channel enters the main Oak Creek channel (89-OC confluence). At the same end as the 89-OC confluence the main Oak Creek channel is braided into two channels. The smaller channel which is closer to the campground service road is confined and entrenched and appears to be head cutting and cutting into the banks. Downstream of the 89-OC confluence the main channel has a large head cut with the flow directed toward the campground service road. At this location a previous project attempted to armor the bank with concrete for an approximate length of 800 feet. The concrete along the entire length is either severely undercut or entirely collapsed. On the left bank of the main channel is a large floodplain with a spring and small channel on the opposite side. The Spring Channel is confined by the floodplain and 89A. The Spring Channel receives excess flows from Oak Creek just above the head cut and ephemeral flows from a culvert and 89A drainage. The project site ends just downstream from the Oak Creek-Spring Channel confluence.
Site obstacles and limitations
	This project calls for stabilizing the Oak Creek channel between infrastructure which should not be disturbed and protecting habitat for the threatened Narrowheaded Garter Snake. The Narrowheaded Garter Snake habitat can currently be found surrounding both confluences and the Spring Channel.




Reference Reach
Our team dedicated a day to survey Oak Creek in Oak Creek Canyon searching for a stable reach that would qualify as a reference reach. The valley type for this section of Oak Creek is a Rosgen Valley Type 1, a V shaped canyon. This valley type is present from the head waters of Oak Creek down to the Trout Farm a few miles south. At the Trout Farm the canyon begins to open up.
Location of reference reach
The reference reach site was selected upstream of our project site. This site was also chosen because we were able to tie in a benchmark from the National Geodetic Survey, Vertical Control Mark: N 491 1982.
	A reach was also surveyed directly downstream of our project site as an additional reference reach in order to analyze the stable dimensions at this particular location. This reference reach begins where our project site ends at the Oak Creek-Spring channel confluence.
Site Features
	The reference reach at Vertical Control Mark: N 491 appeared to be a Rosgen B-2 type channel based on the cross sectional shape and the cobble and boulders that make up the channel bed. The banks were well vegetated with grasses and shrubs and the overall channel did not have any signs of instability.
Reference reach Calculations
The following data was calculated using 10 cross sections from each reference reach and averaging the data for a more site appropriate channel type. 
High Flow Rate: 1427.9 cfs
Average Bankfull Width: 55.74 ft.
Average W/D Ratio: 11.68
Average Wetted Perimeter: 58.45 ft.
Average E/R: 1.5
Actual 2x Bankfull Width: 88.18
Average Cross Sectional Area: 168.44 sq. ft.
Actual Depth: 4.77
	The High Flow Rate was calculated using Manning’s equation at a bankfull cross sectional area. The average bankfull width averaged all the bankfull widths for all 20 cross sections. The W/D Ratio was calculated using Average Bankfull Width and Actual Depth. The W/D Ratio is less than the Rosgen Wildland Hydrology classification for a B type of stream. The Average Wetted Perimeter was the average of the 20 measured cross sections. The Average Entrenchment Ratio was determined by dividing the Average 2x Bankfull Depth by the Average Wetted Perimeter. The E/R is consistent with the Rosgen Wildland Hydrology classification for a B type of stream. The Actual 2x Bankfull Width was the average of all 20 cross sections. Several of the cross sections in the reference reach downstream of our site had a 2x Bankfull width in excess of the terrain surveyed and were therefore determined to have a width of 100 feet. This assumption of 100 feet was a group consensus based on our experience at the site. The Average Cross Sectional Area and the Actual Depth were determined by averaging the data from the 20 cross sections used in our analysis.



4.0 Design Alternatives
Three design alternatives were created for this project due to the site difficulties which limited the practicality of using the reference reach based design. The Site specific design used the limitations of the locations to create the most cost effective channel based off the reference reach based design. All three design alternatives follow the same new channel path approximately equidistant from 89A and the campground road at the middle of the alignment. The alignment has a sinuosity of 1.055 and a slope of 2.47%. The sinuosity of the selected channel is slightly less than the Rosgen Wildland Hydrology suggests but the slope is consistent with a B type of channel. The project area covers approximately 102,000 sq. ft.
Reference reach based design, DA-1
Design Alternative 1 (DA-1), was entirely based on the data calculated from the reference reach. The 2x Bank-full Width used was 88.2 feet, giving an elevation difference between the over bank and Thalweg of 9.54 feet. The horizontal distance from overbank to the top bank is 16.225 feet with a decrease in elevation of 4.77 feet. From top bank to bottom bank the horizontal distance is 10 feet and a decrease in elevation of 3.53 feet. From bottom bank to the inner berm the horizontal distance is 5.375 and an increase in elevation of 0.4 feet. From the inner berm to the thalweg the horizontal distance was 12.5 feet with a decrease in elevation of 2.4 feet.	
The increase in elevation between the bottom bank and the inner berm was intended to keep the base flow within the main channel and provide low area where aquatic vegetation could establish. This idea is carried over to Design Alternative 2 (DA-2) but removed in Design Alternative 3 (DA-3) due to concerns over instability of the channel bed and banks. 
	The total cut/fill balance for this design was in excess of 12,000 cubic yards and would make this design alternative too expensive to be practical.
Site specific design, DA-2
DA-2 is almost entirely the same as DA-1 except the overbanks were removed in order to make the restoration more affordable. Removing the overbanks also has the hydraulic benefit of making a floodplain more accessible, which would reduce the velocities in the channel during high flows. The floodplain would also create habitat for riparian plant and animal species such as the Narrow-Headed Garter snake. The cut/fill was balanced to near zero in this design.
Site specific design, DA-3
DA-3 is similar to DA-2 except the inner berm was removed and the channel bottom was flattened into a trapezoidal shape. The trapezoidal shape of the channel bottom is more consistent with the natural conditions of Oak Creek. The bottom of the channel was expanded 4 feet in each direction giving the channel an 8 foot width with equal elevations as the thalweg. The extra cut from the channel bed expansion was used to reduce the slope next to the campground road. The overall cut/fill was balanced near zero.
Additional design notes
The steep bank slope on the bottom half of the project directly adjacent to the campground has an established though unofficial trail system providing easy and relatively safe access to the channel and flood plain. The cross sectional area should be constructed as described above and the project’s start and end locations blended into the topography at their respective locations. The concrete armoring contains rebar and synthetic tubing and should be disassembled and disposed of properly. There is approximately 960 cubic feet of armoring on site. A list of trees on the project site is also included. This list indicates which trees need to be removed during construction based on the root protection zone (RPZ). The RPZ was determined using the tree diameter, trees over 12 inches in diameter, multiplied by a factor of 1.5 feet per inch diameter. The RPZ used is a conservative estimate for the tree removal.



5.0 Final Design
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