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PURPOSE AND SCOPE

Presented in this memorandum is a conceptual analysis of Coyote Gulch channel instability, which includes an evaluation of the current condition of the channel, an estimate of flood peaks and sediment loads, and a discussion of alternative solutions.  This information can provide a basis for developing a more detailed scope and budget for preliminary and final design of channel stabilization measures.  Two alternatives were evaluated to provide a “ball-park” range of alternative costs.  Several hybrid variations of the two alternatives is possible and are discussed below.

The analysis is limited to approximately 700 linear feet of Coyote Gulch extending upstream of Bear Creek Lake.  A field reconnaissance of this reach of the channel was undertaken on May 19, 2004.  Those involved included staff from the US Army Corps, the Bureau of Land Management, City of Lakewood, and Lakewood Parks and Recreation, along with Jim Wulliman and William P. Ruzzo.  The observations and comments made during the reconnaissance provide the basis for this memorandum. 

A supplemental field investigation was conducted on June 24, 2004 by Karen Sitoski and Bill Ruzzo to estimate the total vertical drop from the upstream end of the channel reach at the plunge pool to the Reservoir.  This was accomplished by using a hand level, which resulted in 33 feet drop for an average slope of 4- to 5-% through the reach in question.

Condition of the Channel

The current state of the channel is described below:

1. The channel is severely incised down past a cobble/gravel layer and into claystone or mudstone, where the vertical degradation appears to have been slowed down.  It is uncertain if additional vertical degradation through the bedrock and cobble layer would occur over time.  It would depend on the competency of the bedrock, stability of the cobble layer, and hydrology of the watershed.  Note, however, that degradation appears to have gone through other cobble layers (see item 2).

2. Near vertical banks on the east side are unstable, but appear to be in different materials than west banks, including loams, sands and cobble layers.  The channel may be able to sustain steeper slopes, provided the toe of the slope is protected.  Note that one sloughed east bank now has vegetation

3. The west bank is also unstable in most locations.  Sloughing is evident with minimal vegetation at the bottom.  The west bank may need flatter slopes than for east bank to produce sable conditions.

The reach of Coyote Gulch in question was also the subject of fieldwork for the riparian corridor restoration class conducted by the Bureau of Land Management.  The conclusion of the class, as reported by Karen Sitoski, was that the channel was “functional, at risk with a tendency towards self healing”.  

Hydrologic Analysis

Using the Green Mountain flood hazard area delineation study
, an estimate of the 10- and 100-year flood peaks, storm event sediment loads, and annual sediment loads for Coyote Gulch were prepared.  Coyote Gulch tributary area at Bear Creek Lake is approximately 1-square mile.  The results are presented on Figure 1 and 2 and on the attached calculation sheet.

Based on this analysis, the preliminary estimate of design conditions for Coyote Gulch are presented in the following table:

Table 1 – Summary of Hydrologic Design Parameters

	10-year Peak Storm Runoff (cfs)
	600

	100-year Peak Storm Runoff (cfs)
	950

	10-year Storm Runoff Volume (af)
	45

	100-year Storm Runoff Volume (af)
	80

	Mean Annual Sediment Load (cy)
	148

	10-year Storm Sediment Load (cy) 
	60


Alternative Concepts

For purposes of discussion, two distinct alternatives are possible that represent the “ends of the spectrum” for stabilizing Coyote Gulch.  These are described as follows.

Channel Reinforcement.  This alternative would keep the existing channel largely in place, with selected grade control and bank protection improvements to reinforce the channel.  The alternative would seek to help the channel “heal itself” through natural processes and would take advantage of existing bedrock grade controls.

Concepts:

· In reaches where banks are near stable, consider toe protection only to minimize additional bank slope instabilities.

· East bank and west banks may need different treatments due to different geology and different physical limitations on bank slopes.

· Upper portion of the reach likely requires several check structures to improve long-term vertical stability.

· Steep knick-point founded in bedrock may need a cutoff wall upstream to provide some margin of safety against further headcutting.

· The channel reach is in various states of instability/stability, providing opportunities for education on the natural processes.  The channel further upstream could be considered a reference reach for natural stability under changed hydrologic conditions.

·  Removing some bank material and sloping back at least a portion of the channel banks would reduce further erosion and would increase safety for park users.

Alternative Components:

1. Construct a sediment basin immediately upstream of Bear Creek Lake to provide for sediment control during construction and water quality enhancement after the construction period.  The average-annual sediment load has been estimated to be about 150-cubic yards and 10-year storm load has been estimated to be about 60-cubic yards.

2. Construct several cutoff walls in project reach and one cutoff wall above knick-point to increase long-term stability.

3. Flatten bank slopes.

4. Provide toe protection along bank slopes, as required.

An order-of-magnitude opinion of cost of this alternative, including design, construction, construction oversight, and administration, is from $420,000 to $490,000 with annual O&M being from $6,000 to $9,000.

Full Reconstruction.  This alternative would fill in the existing deep, eroded channel and would re-establish a new stabilized channel at the surface, near the grade of the existing top of channel banks.  The reconstructed channel would emulate a natural stream system and would be armored as necessary and provided with grade controls to resist erosion on the relatively steep slope down to the lake.

Concepts:
· To provide for sediment control during construction and water quality enhancement after the construction period, the same sort of water quality basin proposed in Alternative 1 is recommended in this alternative.

· The channel cross section at the top of the banks includes a relatively flat portion to the west of the current channel.  This may provide a good location for a reconstructed channel.  If flows from Coyote Gulch are allowed to spread out and remain shallow, the erosive power of the flow will be reduced.

· A significant amount of earth material would be required to fill the existing eroded gulch. This material would be to be generated nearby, perhaps as a result of constructing the water quality basin. 

· Armoring and grade control structures would be designed to appear as natural as possible to preserve the aesthetic value of the park.

· Since the channel is raised, a drop structure would be required before the channel dissipates into the water quality basin.  For estimation purposes, a sculpted drop was considered.

· An advantage of this alternative is the elimination of steep, high slopes that could present a safety concern for park users.  A disadvantage is a higher anticipated cost to construct the improvements.

Alternative Components:

1. Construct sediment basin near outlet.  Annual sediment load about 150-cubic yards and 10-year storm about 60-cubic yards.

2. Excavate material in the right (west) bank and/or sediment basin and place/compact within the incised channel.

3. Create a cobble channel sized for frequent storm events and emulating a natural step-pool sequence.

4. Construct larger drop structures if needed. 

An order-of-magnitude opinion of cost of this alternative, including design, construction, construction oversight, and administration, is from $600,000 to $700,000 with annual O&M being from $6,000 to $9,000.

Hybrid Alternatives:  As mentioned previously, “hybrid” alternatives could be constructed that combine elements of the two alternatives described above.  For instance, the exposed bedrock drop located at the upstream end of the project reach may be preserved and the steep banks flanking the drop could be sloped back.  Fom that point downstream a flatter gradient could be established so that the channel would “daylight” near the existing top of banks and be stabilized as a shallow channel from there down.  

Another hybrid alternative would be to pipe the larger flood flows through the reach, but allow base flows and some storm runoff to be conveyed in a more natural channel on the surface.  This approach would “mimic” natural conditions, since surface runoff can be limited to natural, undeveloped watershed conditions, such that the channel would be restored, not just stabilized.
Another hybrid alternative would be based on the classification of the channel reach as functional but at risk with a tendency toward self-healing.  This classification suggests that the risks of significant, additional erosion is such that minimal stabilization measures might be acceptable, such as fewer check/drop structures, smaller sediment pond, and less total length of bank stabilization.
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Figure 1 – Unit Discharge versus Drainage Area

Figure 2 – Runoff Volume versus Drainage Area
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� Hydro Triad, Ltd. 1978.  Green Mountain Area Flood Hazard Area Delineation Study.
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		COYOTE GULCH CHANNEL STABILITY ANALYSIS

		HYDROLOGIC ANALYSIS

		Note:  Coyote  Gulch tributary area approximately 1 square mile

						Runoff Peak				Unit Discharge				Runoff Volume

		Drainageway		Area		Q10		Q100		Q10		Q100		Q10		Q100

		B		0.246		250		420		1016		1707		10.9		20.4

				0.659		580		950		880		1442		33.1		58

		J		0.389		260		460		668		1183		14.6		29.8

				0.545		370		660		679		1211		20.4		41.6

				1.153		630		1150		546		997		43.5		88.6

				1.852		820		1340		443		724		72.5		144.9

				2.606		1200		2080		460		798		104.4		206.1

		K		0.313		200		350		639		1118		12.3		24.6

				0.695		360		630		518		906		32.3		59

				1.18		620		980		525		831		57.4		102.4

				1.32		660		1050		500		795		64.8		115

				0.484		270		390		558		806		25.1		43.4

		L		0.264		190		330		720		1250		11.7		22.1

				0.45		350		550		778		1222		20.2		37.8

				0.598		470		750		786		1254		28		51.2

				0.784		530		750		676		957		37.6		67.8
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		Sediment Load Analysis

		Mean Annual Runoff

				Drainage area =		640		acres

						400		mg/l (assumed higher due to steep slopes and soils)

				Rv =		0.3		for I = 40%

				Mean annual runoff =		13.76		inches

				Runoff volume =		220		acre feet

				TSS =		239534		lbs

				Sediment density =		60		pcf (mostly fine sand)

				TSS Volume =		148		cubic yards

		Storm Load

				Storm =		10-year

				Runoff volume =		45		af (see "hydrology" spreadsheet

						800		mg/l (estimate based on Cottonwood Crk)

				TSS =		97920		lbs

				Sediment density =		60		pcf (mostly fine sand)

				TSS Volume =		60		cubic yards
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		Sediment Load Analysis

		Mean Annual Runoff

				Drainage area =		640		acres

						400		mg/l (assumed higher due to steep slopes and soils)

				Rv =		0.3		for I = 40%

				Mean annual runoff =		13.76		inches

				Runoff volume =		220		acre feet

				TSS =		239534		lbs

				Sediment density =		60		pcf (mostly fine sand)

				TSS Volume =		148		cubic yards

		Storm Load

				Storm =		10-year

				Runoff volume =		45		af (see "hydrology" spreadsheet

						800		mg/l (estimate based on Cottonwood Crk)

				TSS =		97920		lbs

				Sediment density =		60		pcf (mostly fine sand)

				TSS Volume =		60		cubic yards





		






