Appendix E – Evaluation of Potential Hillslope Treatments  
Introduction

Numerous hillslope ground cover treatments were evaluated that may mitigate flooding in burned watersheds.  Watersheds considered for treatment ranged from very small scale (about 1,000-3,000 acres) with high potential values at risk, such as residences, businesses and infrastructure (roads, bridges, etc.) to large-scale (i.e., 10,000-40,000 acres and larger).  This multi-scale approach allowed consideration of treatments in areas where values at risk vary by density and type.  Small watersheds of focus included Pheneger, Juan Higuera and Pfeiffer-Redwood creeks in the immediate Big Sur area; Hot Springs Canyon further south along the coast; and an unnamed watershed that directs flow toward the Tassajara Hot Springs Zen Center.  Larger scale watersheds considered included the Big and Little Sur Rivers, and various tributaries of the Arroyo Seco and Carmel Rivers.   
Emergency stabilization hillslope treatments following wildfires are intended to reduce the expected increase in runoff and erosion resulting from loss of vegetation and decreased water infiltration. These treatments, designed to increase post-fire ground cover, fall into two broad categories – live cover (seeding) and non-living cover (mulch materials such as hydromulch, straw, wood chips or manufactured wood strands).  These tools are potential BAER treatments considered in most burned watersheds, and are evaluated using site-specific criteria to determine which, if any, may be effective in mitigating expected runoff increases.  
Treatment Evaluation Criteria and Potential Treatments
Treatment evaluation criteria are guidelines for determining the physical and economic feasibility as well as the effectiveness of a particular treatment.  Each criterion is evaluated in combination with the others to derive treatment feasibility.  Most of the time, no single criterion can stand alone to determine treatment applicability.  
For the Basin-Indians fire, BAER hillslope treatment criteria on national forest land included:

· Slope/watershed area: At least 30% of high and moderate burn severity on slopes less than 60% may be considered as a first screen, but for more reliably effective treatment at least 40% of high and moderate burn severity should be present on slopes less than 50%.  
· Burn severity distribution – the location, slope position and size of high and moderate burn severity polygons should be considered since they affect post-fire runoff patterns and the ability to effectively apply cover treatments (i.e., large burned blocks – if treatable based criteria above - are likely to produce more runoff and are more effectively treated than small, scattered blocks with breaks of low and unburned areas.   
· Vegetation type - chaparral or conifer vegetation (grasslands excluded)

· Treatment retention – ability of treatment to resist movement by water, wind or gravity before and during damaging storms

· Values at risk – high values at risk (usually life and property)
· Treatment effectiveness – High probability of mitigating flood risk

· Cost-effectiveness – the cost of the treatment relative to effectiveness in protecting values at risk

· Logistics – feasibility of conducting treatment (staging areas, material storage, water availability, safety, etc.)
· Timing - ability to complete treatments prior to first damaging storms

Ground cover treatments evaluated against the above criteria included a) live cover - grass seeding, and b) immediate cover - aerially applied hydromulch, weed-free straw and manufactured wood strands.  

Treatment Evaluation Results  
Grass seeding – This tool was considered but eliminated as a treatment because it didn’t meet effectiveness criteria.  While seeding can be done over large areas and might be able to be logistically conducted before winter storms, it is rarely effective during the first damaging storms or first winter based on evaluations over the past 20-30 years (Napper 2006).  This is because grass seed (1) needs consistent low-intensity fall rains to germinate and grow, (2) rarely provides sufficient cover or root growth in the first storms or during the first winter to effectively reduce post-fire runoff and erosion, (3) does not adhere well to steep slopes during application, and is subject to washing off these slopes during the first rains.  In addition, grass seeding has been shown to interfere with native plant recovery in some cases doesn’t sufficiently produce more cover the second winter compared with natural recovery, is a questionable BAER treatment in wilderness (e.g., Ventana Wilderness) and would require a costly seed mix since Forest Service policy calls for use of native seed.  
Weed-free straw - This technique does not meet slope/area treatment, retention and logistical evaluation criteria.  Straw may be applied to some slopes up to 65% (Napper 2006), but 50% is often considered an overall operational slope limit for a mulching project. However, two other factors are perhaps more important – wind and logistics.  Straw is highly subject to movement by wind, which is a feature on the steep coastal slopes.  Straw application is also limited by sling load flight safety requirements and large staging areas.  On the coastal slopes it would be difficult if not prohibitive to find areas were fly-overs could avoid populated areas and roads since open loads of straw cannot be flown in such locations.  Overall, even if logistics were feasible, the steep, windy slopes would likely render the treatment less effective than needed. 

Manufactured wood strands – this material, wood cut into about 6” by ¼” fibers, is a processed product that is a straw surrogate with the benefit of better resisting wind and gravity erosion, and providing more water erosion control with less cover applied compared with straw.  However, it is much more expensive than straw and has very limited availability for watershed-scale treatment.  Treatment costs are in the same order of magnitude as aerially applied Hydromulch, and there is not enough of this product available at this time to come close to treating acreage considered.  
Aerial hydromulch - This material is recommended for slopes up to 50% (Napper 2006) but has been observed to stick to slopes up to 60%.  Thus, it was initially considered as the treatment with the most potential for mitigating runoff and erosion on small-scale watersheds with high values at risk, such as the “face” watersheds in the Big Sur area.  This high cost technique has been shown to have variable effectiveness based on past monitoring, though on-going monitoring indicates that it may be more consistently effective.  However, due to the extreme steepness of these watersheds there was not sufficient treatable watershed area to consider treatment to be effective (Table 1 displays data for selected watersheds to illustrate the results of the evaluation regarding life/safety values at risk).  Also, hydromulching logistics include the need for large staging areas and lots of water very near the application sites, both of which are limited here.  In addition, hydromulching feasible watershed acreage would not provide assurance of protection against debris flows, which were the more damaging event than flooding in the Molera fire of 1972 and are expected to occur again.  It should be noted that at the larger watershed scale in the fire area (i.e., Big Sur River, Arroyo Seco and some of its larger tributaries), aerial hydromulch application would not be cost effective – treating several thousands of acres would cost tens of millions of dollars since application currently costs about $4,000/acre.  Also, completing treatment of such acreage before winter would not be achievable.    
Table 1.  Slope-watershed area hillslope treatment evaluation for selected watersheds  
	Watershed Name
	Size (acres)
	Treatable Area - Percent of high and moderate burn severity  in watershed, by slope class



	
	
	Less than 60%
	Less than 50%

	Pheneger Creek
	521
	33   
	21  

	Juan Higuera Creek
	1,160
	26  
	15  

	Pfeiffer-Redwood Creek
	598
	33  
	21

	Hot Springs Canyon
	2,685
	251
	151

	Unnamed tributary to Tassajara Creek at Tassajara Zen Center
	798
	39  
	26  

	Big Sur River at Big Sur State Park
	29,443
	43  
	28  


1 – Based on major flood source area of high and moderate burn severity in the southeast portion of watershed. 
As can be seen in Table 1, there is very limited treatable area in these watersheds.  For example, Pheneger Creek is 33% treatable if considering slopes up to 60% but only 21% if treating slopes up to 50%.  Considering the range of treatable acreage between 21 and 33% does not indicate a likelihood of effective treatment.  
Summary
Land treatments that might mitigate flooding effects caused by the Basin-Indians fire were considered by the BAER team watershed staff.  However, the combination of treatment criteria considered were not met regarding seeding or applying other types of immediate ground cover described above. 
The landscape in the fire area is predominantly too steep for effective land treatments in the small coastal watersheds that were burned.  Land treatments in the larger watersheds such as the Big Sur River are not cost effective or logistically feasible. The inland side of the fire – Arroyo Seco and San Antonio River drainages - is generally too steep at the small scale and too large otherwise for land treatments to be effective.  Overall, the extremely steep topography in the Basin-Indians fire is beyond the reasonable limits of known land treatment techniques that would provide effective mitigation of flooding.  The focus of efforts to minimize risks to life and property is best applied by protecting the downstream values at risk where they occur.   
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