
BURNED AREA EMERGENCY STABILIZATION PLAN

2007 SOUTHERN CALIFORNIA FIRES

SOIL AND WATERSHED RESOURCE ASSESSMENT

I. OBJECTIVES

· Assess overall soil and watershed changes caused by the fire, particularly those that pose substantial threats to human life and property, and critical natural and cultural resources. This includes evaluating changes to soil conditions, hydrologic function, and watershed response to precipitation events,

· Develop a map of soil burn severity, runoff potential, and debris flow potential
· Identify potential flood and erosion source areas and sediment deposition areas,
· Identify potential threats to life, property, and critical natural and cultural resources in relation to flooding, debris flows, erosion, and sediment deposition, 
· Develop treatment recommendations, if necessary, and
· Identify future monitoring needs, if necessary.
II. ISSUES

· Risk to human life and property from floods, mudflows and debris flows within and downstream of the Poomacha, Witch and Harris fires 
· Risk to municipal water supplies from flooding, sedimentation, and water quality degradation

III.
OBSERVATIONS

A.
Background
1. Physiography/Geology
The three Southern California Fires assessed in this report burned approximately 303,019 acres with over 1,000 homes destroyed. Low humidity coupled with Santa Ana (refer to Section 3 – Climate) winds in excess of 90 mph fueled flames for several days over varied terrain. Several years of drought caused low fuel moistures that contributed to extreme fire conditions. The fires assessed in this report are the Witch (163,111 acres), the Harris (90,345 acres), and the Poomacha (49,563 acres). The Poomacha and Witch Fires reburned 54,919 acres of the 2003 Paradise Fire area and 40,614 acres of the 2003 Cedar Fire. The Harris fire reburned 25,778 acres of the 2003 Otay fire area. All three fires occurred in San Diego County.

Land ownership is a complicated mosaic of federal, state, county, tribal, and private lands. Lands evaluated for this report were the Department of the Interior lands managed by the Bureau of Indian Affairs (BIA), Bureau of Land Management (BLM), and Fish and Wildlife Service (FWS). BIA lands include the following reservations: Barona, La Jolla, Mesa Grande, Pala, Pauma, and Rincon. Affected BLM lands are the San Diego County Border Mountains Planning Area and San Diego County Management Area. The San Diego National Wildlife Refuge comprised the FWS land was evaluated.

The areas burned are characterized by high relief and steep slopes with narrow canyon bottoms and outwash alluvial fans. The Palomar Range and foothills with associated southwest-draining canyons dominate the areas of Witch and Poomacha Fires. San Miguel Mountain and the Jamul Mountains border the western edge of the Harris Fire with canyons cross-cutting the landscape to the east. The elevations of the Witch Fire range from 40 feet above mean sea level (MSL) to 4,139 feet. The elevations of the Harris Fire range from 245 feet above MSL to 3,883 feet. The Poomacha Fire covered the area of greatest relief with elevations ranging from 823 feet above MSL to 5,655 feet near the summit of Palomar Mountain. Major drainages affected by the fires include the San Luis Rey River, San Dieguito River, Barona Creek, Cottonwood Creek, and Dulzura Creek, all of which drain generally to the west.

San Diego County can be divided into three distinct geomorphic regions: the Coastal Plain region exposed west of the Peninsular Ranges, the Peninsular Range region, and the Salton Trough region exposed east of the Peninsular Ranges (USDA, 1973). The geomorphic division reflects a basic geologic difference between the three regions, with Mesozoic metavolcanic, metasedimentary, and plutonic rocks predominating in the Peninsular Ranges, and primarily Cenozoic sedimentary rocks predominating to the west and east of the central mountain range. The plutonic rocks are predominantly granites ranging from quartz diorite to granodiorite. The decomposition of these materials produce coarse grained sand called decomposed granite. Weathering of these materials can be deep, creating potential for high rates of erosion, particularly in areas where vegetation has been removed by wildfires. Bedrock in these regions can be covered with Tertiary and Quaternary alluvium and colluvium deposits including marine and river terraces, fans, fluvial, and lacustrine structures. Structure is dominated by San Andreas style transpressional deformation creating a mosaic of right lateral strike-slip faulting and associated thrusting. 
2. Soils

The NRCS soil survey divided San Diego County into four major physiographic provinces of Desert, Mountains, Foothills, and Coastal Plain. These provinces reflect differences in climate, soils, landform, and land use. Soils within the three fires in San Diego County (Harris, Poomacha, and Witch) have been mapped by the Natural Resource Conservation Service (NRCS) (USDA, 1973). The majority of the soils lie in the Foothills and Mountain provinces with a minor component in the Coastal Plain.

Brief descriptions of the dominant general soil associations that occur within the three fires follows: 

· Cieneba-Fallbrook Association, Very Rocky (23% of Harris Fire; 30% of Witch Fire;  53% of Poomacha Fire): Excessively drained to well-drained coarse sandy loams and sandy loams that have a sandy clay loam subsoil over decomposed granodiorite; 9 to 75% slopes. This association occurs in the Foothills and is made up of soils that developed in material weathered in place from decomposed tonalite or granodiorite. Erosion hazard is high to very high.
· Holland-Boomer Association, stony (20% of Poomacha fire; 10% of Witch Fire): Well-drained stony fine sandy loams and stony loams that have a subsoil of sandy clay loam and stony clay loam over weathered micaceous schist and decomposed gabbro; 9-60% slopes. This association occurs in the Mountains and is made up of soils on steep to very steep slopes that developed in material weathered in place from mica schist and gabbro. Erosion hazard is moderate to high on unprotected slopes.

· Crouch Association, Rocky (23% of Poomacha Fire): Well-drained coarse sandy loams over weathered granodiorite; 30-75% slopes. These associations occur in the Mountains and are made up of soils that developed in material weathered from granodiorite. Erosion hazard is high to very high.

· Tollhouse-La Posta-Rock Land Association (11% of Poomacha Fire): Excessively drained and some what excessively drained coarse sandy loams and loamy coarse sands over granitic rock, and areas of rock land; 9 to 65% slopes. This association occurs on uplands in the Mountains and is made up of soils that developed in material derived from decomposed granodiorite. Erosion hazard is high to very high.

· Exchequer-San Miguel Association, Rocky (15% of Harris Fire): Well-drained silt loams over metavolcanic rock; 30 to 75% slopes. This association is occurs in the Foothills and is made up of soils that developed in hard metavolcanic rock. Erosion hazard is moderate to high.

· Rock Land Association (23% of Harris Fire): Dominantly exposed bedrock and very large boulders. This association occurs in the Mountains and Foothills, and is 50 to 90% exposed bedrock and very large boulders.

· Friant-Escondido association, eroded (21% of Harris Fire): Well-drained fine sandy loam and very fine sandy loam over metasedimentary rock; 30-70% slopes. Erosion hazard is high to very high. 
3. Climate

San Diego County has hot, dry summers and cool, wet winters. The Coastal Plains has the most equable climate of any of the physiographic provinces with only a light frost in the winter. The Foothills have more variation in temperature and more precipitation than the Coastal Plains. The Mountain area has a wider range of temperature and receives more precipitation than either the Coastal Plains or the Foothills. The Desert has the greatest variation in temperature and receives the least amount of precipitation.

The Coastal Plains has an average total precipitation of 13 inches and the Mountains average about 25 to 35 inches annually. The Foothills average between 14 and 24 inches annually. The amount of rainfall diminishes rapidly down the east slope of the Mountains and averages 5 inches in the Desert. The rainy season is commonly cited as October through April) although more than 85% of the region's rainfall occurs in the period between November through March. Humidity is fairly high on the Coastal Plains in summer because of the marine layer along the coast and relatively low in the Desert. Rainfall is highly variable and heaviest during the period of November to April. Rain is infrequent in summer, along with the occurrence of thunderstorms and tropical storms. Occasional amounts of hail occur, snowfall is rare and when recorded is trace amounts in the valleys, heavier in the mountains. Historically significant weather events are documented in southern California that includes heavy rain, snow events, severe thunderstorms, and strong winds (NOAA, 2007a).

Temperatures in all provinces are coolest in January and warmest in August with the exception of the Desert which experiences the warmest temperatures in July. The Coastal Plains have a mean high temperature of 71.2° F and a mean low of 63.2° F. The Foothills have a mean high temperature of 75.1° F and a mean low of 48.9° F. The Mountains have a mean high of 68.1° F and a mean low of 45.0° F. The Desert has a mean high of 84.1° F and a mean low of 52.5° F. Hot, dry winds named after the Santa Ana Canyon commonly occur between October and February. The Santa Ana winds are due to the pressure gradient between high pressure in the plateaus of the Great Basin and lower pressure over the Pacific Ocean (NOAA, 2007b).

The 90-day outlook for the southwest region predicts that La Nina conditions which have developed within the past few months will continue to strengthen (NOAA, 2007c). La Nina conditions are likely to last through the winter (NOAA, 2007d). The seasonal drought outlook indicates these conditions will persist or intensify. Future temperatures are expected to be above normal over most of the country while precipitation is expected to vary by region. For the southwest region, below median precipitation amounts are expected (NWS, 2007).
4. Hydrology/Water Quality
The three fires burned within San Diego County across numerous watersheds that drain into the Pacific Ocean. The USGS Hydrologic Units (HU) that contain the fires are the San Luis Rey-Escondido (HU 18070303; 766 mi2), the San Diego (HU 18070304; 1390 mi2), and the Cottonwood-Tijuana (HU 18070305; 477 mi2 within California).  Within these units, the major rivers are the San Luis Rey River, the San Diego River, and Cottonwood Creek, respectively. 
The Poomacha Fire burned the central portion of the San Luis Rey River watershed in smaller watersheds that are tributary to the central reach of the river. Henshaw Reservoir (259,000 acre feet), owned by Vista Irrigation District, drains the upper one third of the watershed (unburned) and therefore regulates the river to a degree.

The Witch Fire burned the upper parts of the San Diego River above El Capitan Reservoir (564,000 acre feet), which is directly upstream from the metropolitan San Diego area. The fire also burned a major portion of Santa Ysabe Creek watershed, a major tributary to the San Dieguito River that enters the ocean near Del Mar. Sutherland Lake (148,000 acre feet) is situated in the upper Santa Ysabe Creek watershed and provides a degree flow regulation.

The Harris Fire burned small watersheds tributary to the lower reaches of the Sweetwater River, which also drains to the southern part of the metropolitan San Diego area via Sweetwater Reservoir (150,000 acre feet). It also burned small watersheds tributary to the central reaches of Cottonwood Creek, which flows to the ocean near Tijuana, Mexico.

The natural hydrologic regime in the area exhibits runoff mainly due to rainfall; however, smaller amounts of runoff can be attributed to urban water use, snowmelt, and artesian springs (Wright et al., 2005). Due to the regional climate of generally dry summers and wet winters, an examination of gage data shows that mean monthly discharges are generally the highest in January through March, and lowest in July and August. Most annual maximum peak discharges and associated flooding concerns occur in the late winter through early spring. 

Dispersed within the fire-affected watersheds are numerous reservoirs that were developed primarily for irrigation and municipal supply. Significantly, the San Diego County Water Authority (SDCWA) and its member agencies own and operate twenty-four surface reservoirs within the Authority's service area, with a combined capacity of approximately 571,000 acre feet (SDCWA, 2007). They provide, in effect, regulated stream systems in the middle and lower reaches of most of the major streams in the fire area. A network of pipelines in an aqueduct system delivers water to member agencies. 
An inspection of the Clean Water Act Section 303(d) List offers a perspective of water quality concerns in the affected watersheds (EPA, 2007). In the HU affected, the majority of impairment listings are for coastal shorelines, bays, and harbors that are related to urban influences. Notable stream listings include the San Luis Rey River, listed for chlorides and total dissolved solids; the lower San Diego River is listed for fecal coliform, low dissolved oxygen, phosphorous, and total dissolved solids; Sutherland Reservoir is listed for color. 
B.     Reconnaissance Methodology and Results 
The purpose of a burned area assessment is to determine if the fire caused emergency watershed conditions and if there are potential values at risk from these conditions. Identification of values at risk occurs through consultation with the individuals, tribes, State and federal agencies and through field investigation. Not all values initially identified are determined to be at risk. (Refer to Supporting Documents Appendix V.) If emergency watershed conditions are found, and values at risk are identified and confirmed, then the magnitude and scope of the emergency is mapped and described, values at risk and resources to be protected are analyzed, and treatment prescriptions are developed to protect values at risk. The most significant factor leading to emergency watershed conditions is loss of ground cover, which leads to erosion and changes in hillslope hydrologic function in the form of decreased infiltration and increased runoff. Such conditions lead to increased flooding, sedimentation and deterioration of soil condition.

Burned area evaluations included:

· Identifying fire-caused changes in soil properties and hydrologic function;

· Determining spatial extent and strength of hydrophobic soil conditions;

· Determining post-fire infiltration rates;

· Verifying and modifying the Burned Area Reflectance Classification (BARC) image to create a soil burn severity map, and if appropriate a runoff potential map; 
· Identifying sediment source areas and erosion potential;

· Determining current channel and culvert capacities; 
· Identifying potential flood zones; and

· Identifying potential threats to human life, property, and critical natural and cultural resources (values at risk).
The Interagency BAER Team hydrologists and soil scientists conducted aerial reconnaissance flights and field visits to review resource conditions after the fires. The main objectives of the field visits were to 1) evaluate soil burn severity and watershed response in order to identify potential flood and erosion source areas as well as debris flow hazards; 2) identify and inventory values at risk, 3) identify the physical and biological mechanisms that are creating risks; 4) review channel morphology and riparian conditions; 5) inspect hillslope conditions; and 6) determine needs for emergency stabilization.
Values at risk are human life and property, and critical natural and cultural resources located within or downstream of the fire that may be subject to damage from flooding, ash, mud and debris deposition, and hillslope erosion. 
1. Soil Burn Severity

Soil burn severity mapping is intended to reflect the degree of effects caused by the fire to soil characteristics that affect soil health and hydrologic function, hence erosion rate, and runoff potential. It is not a map of vegetation consumption. In mapping soil burn severity, the team evaluated field-observable parameters such as the amount and condition of surface litter and duff remaining, soil aggregate stability, amount and condition of fine and very fine roots remaining, and surface infiltration rate (water repellency). Water repellency was evaluated by observing the length of time a water drop remained beaded on the soil. If water repellency was present, the depth and thickness of this water repellant layer was also measured. Ash and soil color may also indicate how intense the heat was and how long it remained at a given place (residence time). These parameters are compared to similar soils under unburned conditions to estimate the degree of change caused by the fire. 
While soil burn severity is not based primarily on fire effects to vegetation, the team used post-fire vegetative condition as one of the visual indicators in assessing soil burn severity. In some cases there may be complete consumption of vegetation by fire, with little effect on soil properties, such as in a shrub ecosystem. Denser vegetation, with a deeper litter and duff layer, results in longer heat residence time, hence more severe effects on soil properties. For example, deep ash after a fire usually indicates a deeper litter and duff layer prior to the fire, which generally supports longer residence times. This promotes loss of soil organic cover and organic matter which are important for erosion resistance, and the formation or exacerbation of water repellent layers at or near the soil surface. The results are increased potential for runoff and soil particle detachment and transport by water, wind, and gravity.  This would be mapped as high soil burn severity.  
Conversely, sparse or light pre-fire vegetation such as grasses or sparse shrubs usually have negligible litter layer and surface fuels and experience extremely rapid consumption and spread rates, with very little heat residence time at the soil surface. The result is very little alteration of soil organic matter and little or no change in soil structural stability. Water repellency, usually present under shrubs before the fire, may or may not be exacerbated by the fire. Areas between shrubs or grass crowns usually had very little fuel to burn, thus only experienced brief radiant heat as the flashy grasses and sparse shrubs burned. In these cases, soil burn severity would be low. 
In between these extremes, the moderate class of soil burn severity is far more diverse in observed soil conditions and can include various vegetation types, ranging from forests to shrub communities. In the case of a forest, the litter layer may be largely consumed, but scorched needles and leaves remain in the canopy and will rapidly become mulch. This is important in re-establishing protective ground cover and soil organic matter. This factor can result in the classification of the area as moderate, rather than high. Generally, however, there will also be less destruction of soil organic matter, roots, and structure in an area mapped as moderate. In a shrub ecosystem, even where pre-fire canopy density was high, litter layer is generally thin, and while the shrub canopy may have been completely consumed by the fire, the soil structure, roots, and litter layer may remain intact beneath a thin ash layer. Above ground indicators such as size of unconsumed twigs remaining to help the team determine how long the heat may have persisted on the site. If only root stobs and large diameter twigs remain, it was likely a more intense fire with longer heat residence time, and combined with other observations of soil conditions may result in a call of high soil burn severity. More common in chaparral is a condition of remaining small diameter twigs, indicating a flashy fire with short residence time. Combined with other observations of soil conditions this usually resulted in a classification of moderate soil burn severity even though the canopy was partially consumed. 
Satellite image-derived maps called Burned Area Reflectance Classification (BARC) to help us map soil burn severity classes throughout the burned landscape. A BARC is a map of degree of post-fire changes in spectral reflectance. The BARC is created by comparing near infrared and shortwave infrared reflectance values and measuring the difference between pre-fire and post-fire satellite images (see http://www.fs.fed.us/eng/rsac/baer/barc.html for more information). Since vegetation condition is the primary factor affecting post-fire spectral response in remotely sensed images, the BARC must be adjusted to fit ground observations before it can accurately be referred to as a soil burn severity map. Field and aerial observations provided the field data necessary to make adjustments to the BARC to create the map of soil burn severity classes. The pre-fire image was a 30m Landsat 5 scene acquired September 11, 2007, and the post-fire image was a composite of AWiFS 56m images acquired on October 26 and October 30, 2007.

2. Soil Erosion/Debris Flow 
Soil erosion potential following a fire is generally increased over pre-fire potential. This is largely due to loss of soil cover (forb, grass, leaf, and needle litter), surface horizon soil organic matter responsible for structural stability, and in some cases, increased water repellency at or near the soil surface. The amount of increase over pre-fire condition is related to the degree of soil changes. 
Important factors in any erosion model that are most affected by fire are the same; the amount of effective soil cover, the inherent susceptibility to soil particle detachment by wind, water, or gravity (a function of soil texture and structural stability), and the surface infiltration rate. As discussed above, these characteristics vary by degree of soil burn severity, and an area of high soil burn severity can be expected to show a larger increase in sediment production than an area of low soil burn severity. It is important to understand pre-fire erosion behavior when assessing post-fire erosion, since some areas have water repellant surfaces and inherently high erosion potential even before the fire.

For the Poomacha, Witch, and Harris fires, the Erosion Risk Management Tool (ERMiT, 2006) was used to estimate erosion under both pre-fire and post-fire conditions. The ERMiT tool is an interface developed specifically for post-fire rapid assessments, and uses the Water Erosion Prediction Project (WEPP, 2006) erosion model, which considers soil burn severity. 
Debris flow potential was modeled for a 2-year, 3-hour storm and for a 10-year, 3-hour storm for selected sub-basins in the Poomacha fire using a methodology developed by Cannon, et al. (2007). The Witch and the Harris fires were not modeled for debris flow potential due to backlog of priority modeling of other southern California burned areas with steeper slopes.  In general, the slopes and values at risk in the Witch and Harris fire areas were not as extreme as in the Poomacha fire area. 
The debris flow hazard model considers slope gradient, aspect, soil burn severity distribution, soil characteristics, and precipitation parameters. Storm event information was obtained from NOAA Atlas 14 data, and sub-basins were selected based on potential values at risk identified by team members during field reconnaissance. 
3. Watershed Response

Overland flow occurs as a result of rainfall that exceeds soil infiltration capacity and the storage capacity of depressions. On the unburned forest floor, overland flow often doesn’t occur at all and when it does it follows a myriad of interlinking flow paths that constantly change as organic material (litter and duff layers) and inorganic material (rock) are encountered (Huggins and Burney, 1982). Consumption of the forest floor by fire alters the path of overland flow by reducing the overall length of the flow path, resulting in the concentration of flow into a shorter flow path. This concentration of overland flow increases the hydraulic energy of the flow and can result in rill erosion. At the watershed scale, the reduction of hillslope flow path lengths and the formation of rills that have a high water conveyance capacity reduce the times of concentration or the amount of time for overland flow to reach a defined point within the watershed.

Overland flow is also increased if there is an increase in water repellency (hydrophobicity) of the soils because of the fire. This can reduce infiltration and increase overland flow (runoff) (DeBano et al., 1967). Infiltration curves for water repellent soils reflect increasing wettability over time once the soil is placed in contact with water. Water repellency decreases (hence infiltration increases) with time as the substances responsible for hydrophobicity begin to break down, thereby increasing wettability. In general, fire-induced hydrophobicity is broken up or is sufficiently washed away within one to two years after a fire (Robichaud, 2000). The thicker and deeper the water repellant layer, the longer it will take to dissipate. Also, as noted above, many of the soils in these vegetation communities are water repellant prior to the fire (i.e.: not fire-induced), and in these cases the water repellency will likely persist. However, once soil cover and vegetative canopy begin to recover, this persistent water repellency becomes less significant to the runoff response since the litter and canopy quickly restore protection of soil and obstruction of overland flow, thus enhancing infiltration and reducing energy for runoff and erosion.

Raindrops striking exposed mineral soil with sufficient force can dislodge soil particles. This is known as splash erosion. These dislodged particles can fill in and seal pores in the soil thereby reducing infiltration. Further, once soil particles are detached by splash erosion they are more easily transported in overland flow. Surface erosion is defined as the movement of individual soil particles by a force (wind, water, or gravity), and is initiated by the planar removal of material from the soil surface (sheet erosion) or by concentrated removal of material in a downslope direction (rill erosion). Surface erosion is a function of four factors: 1) susceptibility of the soil to detachment, 2) magnitude of external forces (raindrop impact or overland flow), 3) the amount of protection available by material that reduces the magnitude of the external force (soil cover), and 4) management practices that can reduce erosion (Foster, 1982; Megahan, 1986). 
On-the-ground field observations and aerial reconnaissance within and downstream of the burned area were conducted to determine potential watershed response. Channel morphology related to transport and deposition processes were noted, along with channel crossings and stream outlets. Observations included condition of riparian vegetation and the volume of sediment stored in channels and on slopes that could be mobilized. The soil burn severity map was then combined with pre-fire vegetation type to create a runoff potential map. This map reflects the degree of change in rainfall runoff for the first year following the fire.
C. Findings
1. Soil Burn Severity

The Poomacha and Witch fires were dominated by low and moderate soil burn severity, with a with high soil burn severity occurring in isolated patches in the headwaters of basins at higher elevations and in pockets of denser forest vegetation. Very low and unburned areas are also extensive within the fire perimeters. Within the Harris fire perimeter there were no areas of high soil burn severity identified, only small areas of moderate, and extensive areas of low and very low to unburned. Acres of the soil burn severity classes in each fire are listed in Table 1. The general characteristics of the soil burn severity classes as mapped in the three fires are described in Table 2.


 Table 1. Acres of Soil Burn Severity Class by Fire Name

	FIRE NAME
	Soil Burn Severity Class
	 Acres
	Percent of Fire

	Harris Fire
	1 - Unburned to Very Low
	49,691
	55.0

	 
	2 - Low
	39,359
	43.6

	 
	3 - Moderate
	1,294
	1.4

	
	4 - High
	0
	0

	Harris Fire Total
	90,345
	100.0

	Poomacha Fire
	1 - Unburned to Very Low
	17,810
	35.9

	 
	2 - Low
	12,669
	25.6

	 
	3 - Moderate
	16,966
	34.2

	 
	4 - High
	2,117
	4.3

	Poomacha Fire Total
	49,563
	100.0

	Witch Fire
	1 - Unburned to Very Low
	89,910
	55.1

	 
	2 - Low
	49,118
	30.1

	 
	3 - Moderate
	23,780
	14.6

	 
	4 - High
	302
	0.2

	Witch Fire Total
	163,111
	100.0

	Grand Total
	 
	303,019
	


Table 2. General characteristics of the soil burn severity classes.
	Soil Burn Severity
	Characteristics

	Unburned to Very Low
	Unburned islands within the fire perimeter, and areas where very low severity ground fire occurred. Vegetation canopy, ground cover, and soil characteristics are not altered significantly from pre-fire conditions. A thin water repellant layer occurs throughout these areas.

	Low
	Shrub canopy and grasses may be scorched or consumed. Unburned and charred, but recognizable, grasses and shrub litter are present at the surface. A moderate, thin water repellent layer may be present at the ash-soil interface, under or near vegetation clumps. The water repellent layer is discontinuous and may not be fire-induced. Little to no water repellency observed between vegetation clumps. There were unburned patches of bare ground between shrubs. In forested areas, light ground fire may have occurred but litter and duff remain largely intact and forest canopy is generally unaffected. 

	Moderate
	In chaparral areas, shrub canopy is consumed, with stobs and stems remaining. Unburned and recognizable charred leaf litter and twigs remain beneath the ash in shrub areas; a moderate, thin water repellent layer may be present but discontinuous under trees and shrubs. In forest areas, leaf litter and fine surface fuels may be consumed, but conifer or hardwood canopy is scorched but not consumed and will soon become soil cover/mulch. Unburned patches between shrubs and trees are smaller but still present.

	High
	Generally areas where conifer or hardwood canopy cover was dense (greater than 60-80%) and pre-fire litter layer was deeper and more continuous. Some charred, but recognizable organic material may be present in or beneath a thick ash layer. Water repellency may be present, but is also present under unburned hardwood litter and may not be fire-exacerbated.  


2. Erosion Potential/Debris Flow Potential
Potential erosion has increased in the burned areas as a result of the fires. The most significant increases occurred in areas where soil burn severity was moderate or high, and where slopes are steep (greater than 35%). A high percentage of the burned areas are underlain by coarse-textured soils derived from granitic and granodiorite rocks. These soils have low cohesion and high inherent erodibility, especially on slopes over about 35%, and after removal of litter and canopy by fire. In the Poomacha fire area this is especially significant on the steep southwest-facing slopes of Palomar Mountain. The steep slopes and channels in several of these southwest-facing basins contain large amounts of loose soil and stored sediment with high potential for mobilization into surface erosion and debris flows if significant precipitation occurs over a short period of time.
A comparison of overall pre-fire surface erosion rates with post-fire surface rates in the three fire areas was made using the ERMiT erosion modeling tool. The fires are a complex mix of various combinations of soil type, burn severity, slope, and pre-fire vegetation type. The fire-caused changes in the dominant combinations were modeled, and the results are displayed in Appendix V. The absolute numbers may not be close to actual observed results, due to assumptions made in the model, and on the actual storm events that occur in the first year or two following the fire. However, it is useful in making general comparisons of expected magnitude of change following the fire.
The steep slopes and deep, unconsolidated coarse-textured soils on the southwest-facing slopes below Palomar Mountain in the Poomacha fire area are inherently unstable and susceptible to debris flows during intense rainfall events. Ample evidence of past large-scale debris flows is found in the alluvial fan deposits and in the channels flowing from those slopes, upon which the communities along the mountain front are located. Debris flows are extremely dangerous, high-energy, fast-moving events. The likelihood of debris flow occurrence in the sub-basins on these slopes is increased following fires, and is related to the overall basin gradient, basin aspect, burn severity distribution, soil properties and storm rainfall characteristics. The post-fire debris flow hazard in a number of sub-basins in the Poomacha fire area is high (Cannon, 2007). 
Appendix V includes tables of the basins and their relative ratings of likelihood and volume for a 2-year, 3-hour storm event and for a 10-year, 3-hour storm event. This combination of probability and volume results in a composite hazard rating. Four of the thirty-seven sub-basins analyzed ranked as high hazard for the 2-year, 3-hour storm event, while nine ranked as high hazard for the 10-year, 3-hour storm event. 
For the 2-year storm event four sub-basins have a high probability of debris flows. Reservoir Channel and Adams sub-basin have high hazard with a probability of 81% to 100% and a predicted volume range of 1,000 to 10,000 cubic meters. Tin Can Flat and Amago East sub-basins have a 61% to 80% probability of occurrence and a predicted volume range of 10,000 and 100,000 cubic meters.
For the same 2-year storm, the Pauma sub-basin had a lower probability of occurrence but a higher predicted volume greater than 100,000 cubic meters. Cedar Creek watershed, above the La Jolla campground, and the Frey, Agua Tibia, Yuima, and Potrero sub-basins have volume predictions of 10,000 to 100,000 cubic meters with probability of 21% to 60%. 
For the 10-year storm event nine sub-basins have a high probability of debris flows. Of those, Tin Can Flat and the Amago East sub-basins have a predicted volume of between 10,000 and 100,000 cubic meters. The Pauma sub-basin has a lower probability of occurrence but a higher predicted volume of over 100,000 cubic meters. Agua Tibia, Frey, Potrero, Yuima, Dyche, and Cedar Creek sub-basins have a some what higher probability of occurrence under this storm event than the 2-year storm event.
The significance of these probabilities and volumes modeled lies in the risk to the communities and roads that are constructed in the potential outflow and depositional areas that would be impacted by events of this magnitude. In the event of high intensity storm events, especially if soils are already saturated, these debris flow events can transport car-sized boulders and boulder-laden material with high speed. 
3. Watershed Response

The Witch and the Harris fires were not specifically modeled for changes in storm runoff because either no values-at-risk were identified downstream or downslope of burned areas; or the values-at-risk were determined to be at low risk of damage due to post-fire storms. The focus of the watershed modeling was the Poomacha Fire, primarily due to the numerous residential structures situated in drainage bottoms and adjacent to streams and rivers. 

The USGS National Flood Frequency (NFF) Program was used to estimate peak flows for the watersheds shown on Runoff Analysis Watersheds Map located in Appendix IV. The NFF program is a computer program used to estimate the magnitude and frequency of floods for ungaged streams based on regional regression analyses of gaged basins. California is divided into six hydrologic regions with regression equations for estimating peak discharges having recurrence intervals that range from 2 to 100 years. The Poomacha Fire is located within the South Coast Region which has the following regression equations: 
Q2      =
0.14 A0.72 P1.62
Q5      =
0.40 A0.77 P1.69
Q10    =
0.63 A0.79 P1.75
Q25    =
1.10 A0.81 P1.81

Q50    =
1.50 A0.82 P1.85
        
Q100    =1.95 A0.83 P1.87
The explanatory basin variables used in the equations are drainage area (A), in square miles; mean annual precipitation (P), in inches determined from the Mean Annual Precipitation in the California Region map developed by Rantz (1969). The regression equations were developed using stream peak-discharge records of 10 years or longer, available as of 1975, at more than 700 gaging stations throughout the State. The standard errors of estimate for the regression equations range from 60 to over 100%. Waananen and Crippen (1977) referenced by the California NFF, includes an approximate procedure for increasing a rural discharge to account for the effect of urban development, as well a discussion of the influences of fire and other basin changes on flood magnitudes. According to this report researched and published by the USGS, wildfires in Southern California mountainous areas “have repeatedly been followed by debris-laden flows” and showed post-fire flood increases of 2 to 30 times in the first year following the fire (Waananen and Crippen,1977). Furthermore, annual erosion rates increased an average of 35 times in the first year following complete consumption of dense chapparral cover and required 8-10 years before erosion rates returned to those observed prior to the fire. Based on the rainfall distribution in the fire area, the NFF peak flow results were increased only in the low range (2-5 times) to estimate post-fire flood magnitudes for the same return intervals. The results table is in Appendix V. The absolute numbers may not be close to actual observed results, due to assumptions made in the model, and on the actual storm events that occur in the first year or two following the fire. However, it is useful in making general comparisons of expected magnitude of change following the fire.
Channel cross-sections were surveyed at selected locations of concern so that channel flood capacity could be estimated and compared to modeled flood peaks obtained from the NFF Program. Channel hydraulics were analyzed using the WinXSPro Channel Cross-Section Analyzer developed by the USDA Forest Service Stream Team (Hardy, 2005). Estimated channel capacity based on hydraulic analysis of channel cross-sections were compared to pre- and post-fire flood magnitudes in Table 3.
It is apparent from the results in Table 3, as well as from field review, that many of the structures throughout the burned area that were identified as having an increased threat after the fire were flood prone prior to the fire as well. Private owners and public entities affected by the Harris, Poomacha, and Witch fires should obtain engineering and scientific help for more specific information and guidance. Treatments such as culvert enlargement, installation of small dikes or sandbags, ditch cleaning, spillway upgrades, debris removal, and protective barriers from debris flow were recommended. In many cases monitoring of sites, or maintenance, is recommended to ensure structures continue to function to their full capability. Warning signs are recommended on roads, bridges, and culverts that are vulnerable to overtopping or washout. Refer to the Values At Risk and Treatments Maps located in Appendix IV and to Section IV Recommendations, Part B Emergency Stabilization for more site specific information.

Table 3. Estimated channel capacities.

	Channel Cross-Section
	Approximate Stage of Concern
	Estimated Channel Capacity
	Passable Pre-fire Flood and Return Interval
	Passable Post-fire Flood (2-5 times increase) and Return Interval

	Paradise Creek at JH16 - House
	4 feet
	700 cfs
	5-yr flood = 418 cfs

May not pass 10-yr flood = 829 cfs
	2-5 yr flood

(500 – 800 cfs)

	Cedar Creek at La Jolla Campground
	7 feet
	2,200 cfs
	25-yr flood = 1880 cfs
	5-10 yr flood

(1,700 – 2,100 cfs)

	East Amago Canyon upstream of Hwy 76 bridge
	9 feet
	11,000 cfs
	500-yr flood = 6,940 cfs
	50-500 yr flood

(10,000 – 14,000 cfs)

	West Amago upstream of Hwy 76 bridge
	7 feet
	2,700 cfs
	500-yr flood = 2,380 cfs
	25-100 yr flood

(2,000 – 2,400 cfs)

	Reservoir Channel at BR01 with tire dump
	2 feet
	1,600 cfs
	500-yr flood = 868 cfs
	50-500 yr flood

(1,400 – 1,700 cfs)

	Agua Tibia upstream of Hwy 76 bridge
	13 feet
	11,000 cfs
	500-yr flood = 7,070 cfs
	50-100 yr flood

(6,000 – 11,000 cfs)

	Valley Center Road Bridge and Casino, San Luis Rey River
	9 feet
	31,000 cfs
	25-year flood = 28,900 cfs 
	5-10 yr flood

(24,000 – 29,000 cfs)


Overall, the Harris Fire was mapped as predominantly low runoff potential with isolated areas of moderate runoff potential, corresponding with the mosaic of predominately unburned and low soil burn severity. The Witch Fire contained more areas of moderate and high runoff potential than the Harris Fire, but still was predominantly a mosaic of unburned and low, also corresponding to the large amount of unburned and low soil burn severity. The primary watershed response of the Harris and Witch fires is expected to include: 1) an initial flush of ash and organic debris; and 2) small amounts of localized erosion and deposition in response to typical precipitation events. Field investigations indicated moderate water repellency in unburned areas, as well as areas within the fire, indicating a natural tendency to repel water. As a result, post-fire runoff and erosion are not expected to increase significantly over pre-fire levels. Debris deposition and recent alluvial deposits were observed in channels and foothills of the burned area. These are expected to continue to occur at natural background levels with a minimal increase of sediment or debris as a result of the fire. Temporary increases in spring flow and stream baseflow may occur due to the reduction in interception and evapotransportation where dense shrub canopies were consumed by the fire. However, these short-term increases are expected to return to pre-fire levels within 1-5 years as fire-adapted shrub communities re-sprout. 

In contrast, the primary watershed response of the Poomacha fire is largely dependent on the type of precipitation events that occurs following the fire. If rain events are low-intensity, and limited in total rain amount, an initial flush of ash and organic debris and localized erosion and deposition are expected. However, if rain events are higher in intensity or total rainfall amount, similar to storms experienced in the area throughout the past (NOAA, 2007a), the watershed response can be expected to include similar damaging events, such as significant flash flooding, debris flows, and extensive damage to property and infrastructure. The potential for increased threats from flooding can extend miles from the fire perimeter, as documented for these earlier events, especially once flood waters are in the San Luis Rey River channel. Low soil permeability, existing soil surface crusting, slope steepness, and occurrence of rainfall anomalies are all important factors contributing to the potential for runoff and debris flows from the Poomacha Fire. 
Throughout all fire areas, vegetation recovery is largely dependant on climatic cycles. If wet winters occur, vegetation recovery could be rapid, with forbs and grasses providing ground cover similar to that observed in unburned areas throughout the fires. By the second winter season, forbs, grasses, and re-established shrubs should provide sufficient cover to reduce any increase in watershed response to near pre-fire levels. Once sprouting vegetation begins to produce brushy crowns and a duff/litter layer, watershed response will be reduced further. However, if winters are dry, vegetation recovery will be slow, and thus the establishment of ground cover and shrub communities will be slow, and watershed response will remain slightly elevated over pre-fire conditions. The recovery of some areas of these Southern California fires may also be slowed than what past experience suggests, due to the extended drought and extensive wildfires in recent years. In particular, those areas of the current fires that overlap with areas that burned in 2003 may experience significant delay in reestablishment of the chaparral communities (Keeley, 2007, personal communication).
The First Year Runoff Potential Map found in Appendix IV reflects the degree of change in rainfall runoff for the first year following the fire. It captures both changes in soil function and canopy cover, reflecting the expected hydrologic response for the first year. The map is a modification of the soil burn severity classification. In areas of dense shrubs and moderate soil burn severity, the runoff potential is rated high to reflect the loss of leaf canopy. After the first year following the fire, recovery of vegetative canopy is generally sufficient to reduce the runoff potential significantly, thus reducing the runoff potential back to near pre-fire levels over the next several years. 
The effect of wildfires on storm runoff is well documented. Wildfires typically cause an increase in watershed responsiveness to precipitation events. Burned watersheds can quickly yield runoff due to the removal of protective tree and shrub canopies and litter and duff layers, thus producing flash floods. Burned areas often respond to the local storm events in a much flashier way. The amount of water yield increase is variable and it is often orders of magnitude larger than pre-fire events. These negative impacts are predominantly true in watersheds that experienced significant consumption of the shrub community and moderate to high soil burn severity effects. Fires may increase the number of runoff events as well since it generally takes a smaller storm to trigger runoff until vegetation begins to recover. Peak flow increases from the fire may also be augmented by debris flows of floatable and transportable material within the active channel areas and steep, incised drainages. 
Most of the drainages of concern in the Poomacha Fire are small, steep basins comprised of naturally erodible soils subject to an orographic effect created by the Palomar ridgeline which causes storms to stall out and essentially dump large amounts of rain. Therefore, significant runoff, erosion, sediment and debris delivery is possible along the southwest-facing slopes along State Highway 76 and the west-facing drainages along Valley Center Road. This includes the communities of Rincon, Pauma, Pala, and La Jolla within the Pauma Valley. 
A consequence of significant runoff, erosion, sediment and debris delivery is a short-term degradation of water quality as ash, sediment, and burned organic debris are delivered to streams and reservoirs within and downstream of burned areas. The impacts of this effect depend largely on the vegetative recovery times in combination with storm characteristics in the same time period.

4. Values at Risk
Aerial reconnaissance and field evaluations were conducted throughout the three fires to determine if threats to life, property, or critical cultural or natural resources were present on federal lands and in a few instances private lands in close proximity to federal lands. Numerous commercial, residential, and out-buildings structures; campgrounds; water conveyance and impoundment facilities; roads; and cultural sites were evaluated for risk from increased erosion, flooding or debris flows. Over one hundred values at risk are listed in Table 4 and displayed on the Values at Risk Map in Appendix IV. Each value at risk on the map can be cross referenced with the Field ID code.
A preliminary assessment of risk to non-federal lands and to major travel routes from increased runoff, erosion, and debris flow was conducted using a GIS process (refer to Areas at Risk and Major Travel Routes at Risk Maps in Appendix IV).  This process intersected the first year runoff response areas of moderate and high with slope.  Slopes greater than 35% combined with greater than 50% runoff potential were rated as high risk. Slopes less than 35% combined with greater than 50% runoff potential were rated as moderate risk.  The non-federal lands that were selected as a result of this process were the areas along the west and southwest-facing slopes of Palomar Mountain in the Poomacha fire and the areas south and west of Black Mountain Lookout in the Witch Fire. The major travel routes that were selected as a result of this process were Highway 76, South Grade Road, and Black Canyon Road.  These findings are consistent with the team’s aerial reconnaissance and field evaluations.   
Table 4. Values at Risk
	Field ID
	Fire
	Value at Risk
	Potential Threat
	Level of Risk
	Treatment
	Comments

	CJ01
	Harris
	Road
	Flooding
	Moderate
	Asphalt Waterbar
	San Miguel Mtn Road

	CJ02
	Harris
	Road
	Flooding
	Moderate
	Asphalt Waterbar
	San Miguel Mtn Road

	CJ03
	Harris
	Road
	Flooding
	Moderate
	Install Drain Outlet
	San Miguel Mtn Road

	CJ04
	Harris
	Road
	Flooding
	Moderate
	Trail Re-Contour
	San Miguel Mtn Road

	CJ05
	Harris
	Road
	Flooding
	Moderate
	Asphalt Waterbar
	San Miguel Mtn Road

	CJ06
	Harris
	Road
	Flooding
	Moderate
	Basin Cleanout
	San Miguel Mtn Road

	CJ08
	Harris
	Road
	Flooding
	Moderate
	Install Drain Outlet
	San Miguel Mtn Road

	CJ09
	Harris
	Road
	Flooding
	Moderate
	Install Drain Outlet
	San Miguel Mtn Road

	CJ10
	Harris
	Road
	Flooding
	Moderate
	Install Drain Outlet
	San Miguel Mtn Road

	CJ11
	Harris
	Road
	Flooding
	Moderate
	Asphalt Waterbar
	San Miguel Mtn Road

	CJ12
	Harris
	Road
	Flooding
	Moderate
	Asphalt Waterbar
	San Miguel Mtn Road

	JG01
	Harris
	House
	Flooding
	Low
	None
	Mitrovich Residence

	JG02
	Harris
	Low Water Crossing
	Flooding
	High
	Flood Hazard Signs
	

	JG03
	Harris
	Pond / Dam
	Flooding
	Low
	Spillway Repair
	Waterfowl pond with dam; eroded spillway

	JG04
	Harris
	Culvert
	Flooding
	Low
	None
	3x 7-FT CMPs downstream, 12 inch scrubline

	JG05
	Harris
	Low Water Crossing
	Flooding
	Moderate
	Flood Hazard Signs
	

	JG06
	Harris
	Campground
	Flooding
	Moderate
	None
	THOUSAND TRAILS CAMPGROUND

	JG11
	Harris
	Culvert
	Flooding
	Low
	None
	5-36in Concrete Pipes w/ headwall (2003 VAR)

	JG12
	Harris
	Culvert
	Flooding
	Low
	None
	6-ft CMP w/ 12-in scrubline, Marron Road

	JG13
	Harris
	Culvert
	Flooding
	Moderate
	None
	3-ft CMP headwall, 6-in scrubline, Marron Rd

	JG14
	Harris
	Bridge
	Debris Flow
	High
	Flood Hazard Signs
	Existing high risk

	JG15
	Harris
	Low Water Crossing
	Flooding
	Moderate
	Flood Hazard Sign
	Otay Lakes Road

	JG16
	Harris
	Low Water Crossing
	Flooding
	Moderate
	Flood Hazaed Sign
	Low water crossings

	JG17
	Harris
	House
	Flooding
	Moderate
	NRCS evaluation
	GPSd during aerial recon, house in drainage bottom

	JG18
	Harris
	Bridge
	Flooding
	Very Low
	None
	State Hwy 94

	JG19
	Harris
	Bridge
	Flooding
	Very Low
	None
	Barrett Smith Road

	JH15
	Poomacha
	Bridge
	Flooding
	Moderate
	Clean
	Railcar bed over 3 CMPs 18-in, 90% blocked

	BR01
	Poomacha
	Houses
	Debris Flow
	High
	Channel Clearing, Bank Stabilization
	500-1000 tires and floatable debris

	BR02
	Poomacha
	House
	Debris Flow, Flood
	High
	K-rails
	1005 Loop Road

	BR03
	Poomacha
	House
	Flooding
	Low
	Sandbags
	Luke Dixon Residence

	BR04
	Poomacha
	Houses
	Debris Flow, Flood
	High
	K-rails
	1017 and 1020B Cul de Sac Road off of Loop Road

	BR05
	Poomacha
	House
	Flooding
	Low
	Sandbags
	1001 Loop Road

	BR06
	Poomacha
	House
	Flooding
	Low
	Sandbags
	1002 Loop Road

	BR07
	Poomacha
	House
	Flooding
	Low
	Sandbags
	1003 Loop Road

	BR08
	Poomacha
	House
	Flooding
	Moderate
	Sandbags
	1004 Loop Road

	BR09
	Poomacha
	House
	Debris Flow, Flood
	High
	K-rails, Sandbags
	1014 Pauma Reservation Rd

	BR10
	Poomacha
	House
	Debris Flow, Flood
	High
	K-rails
	1012A Pauma Reservation Road

	BR11
	Poomacha
	House
	Flooding
	Low
	Sandbags
	1029 Pauma Reservation Road

	BR12
	Poomacha
	House
	Flooding
	Moderate
	Sand Bags
	1019 Loop Road

	BR13
	Poomacha
	Houses
	Flooding
	High
	Sandbags
	1018 Cul de Sac and 1018 Loop Road

	BR14
	Poomacha
	Houses
	Flooding
	Moderate
	Sandbags
	1022A and 1023 Cul de Sac

	BR15
	Poomacha
	Houses
	Debris Flow, Flood
	High
	None - Private Land
	2 trailer houses, possibly uninhabitated

	BR16
	Poomacha
	House
	Debris Flow, Flood
	Moderate
	K-rails
	Private land, 16054 Pauma Reservation Road, Rental

	BR17
	Poomacha
	House
	Debris Flow, Flood
	Moderate
	K-rails
	Private land, 16100 Pauma Reservation Road, Rental

	BR18
	Poomacha
	House
	Flooding
	Moderate
	Sandbags
	1037 Loop Road

	BR19
	Poomacha
	House
	Debris Flow, Flood
	High
	K-rails
	Private Land, 16043 Adams Road, ONLY SPEAK SPANISH

	BR20
	Poomacha
	House
	Debris Flow, Flood
	High
	K-rails
	1011 Loop Road

	BR21
	Poomacha
	House
	Debris Flow, flood
	High
	K-Rails
	800 Pauma Reservation Road

	JH04
	Poomacha
	House
	Flooding
	Moderate
	Sandbags
	Green-blue trailer home

	JH05A
	Poomacha
	Road
	Flooding
	Moderate
	Hazard Warning Signs, Post-storm cleanup
	North Calac Road

	JH05B
	Poomacha
	Road
	Flooding
	Moderate
	Hazard Warning Signs, Post-storm cleanup
	North Calac Road

	JH05C
	Poomacha
	Road
	Flooding
	Moderate
	Hazard Warning Signs, Post-storm cleanup
	North Calac Road

	JH05D
	Poomacha
	Road
	Flooding
	Moderate
	Hazard Warning Signs, Post-storm cleanup
	North Calac Road

	JH07
	Poomacha
	Water Facility
	Flooding
	Moderate
	K-Rails
	Pumphouse along Paradise Creek

	JH08
	Poomacha
	House
	Flooding
	Moderate
	Sandbags
	Last house on Rocky Top Lane

	JH09
	Poomacha
	House
	Flooding
	Moderate
	Sandbags
	Residents Do Not Speak English

	JH10
	Poomacha
	House
	Flooding
	Moderate
	Sandbags
	10033 Cemetery Road

	JH11
	Poomacha
	Houses
	Flooding
	Moderate
	Sandbags
	Upslope of multiple residences

	JH12
	Poomacha
	Cemetery
	Flooding
	Moderate
	Sandbags
	Historic Resource

	JH13
	Poomacha
	Low Water Crossing
	Flooding
	Low
	Clean
	Crossing on Paradise Creek

	JH14
	Poomacha
	Road
	Flooding
	Moderate
	Channel Debris Clear
	Clean Riprap, sandbags, debris US-side Paradise Rd

	JH16
	Poomacha
	House
	Flooding
	Moderate
	Channel Debris Clear
	Clear large woody debris from channel

	JH17
	Poomacha
	Pond / Dam
	Flooding
	Moderate
	Pre and Post-storm cleanup
	Upslope of Valley Center Road

	JH18
	Poomacha
	House
	Mudflow
	Low
	Sandbags
	Upslope from 51008 Kuupat Street

	JH19
	Poomacha
	Pond / Dam
	Flooding
	Moderate
	Pre and Post-storm cleanup
	Upslope of Valley Center Road

	JH20
	Poomacha
	House
	Mud Flow
	Moderate
	Sandbags
	54004, South Cul de Sac off Kuupat Street

	JH22
	Poomacha
	House
	Mudflow
	Moderate
	Sandbags
	Above houses on Kolb Road

	PA01
	Poomacha
	Houses
	Debris Flow
	High
	Channel Clearing, Culvert Cleaning, Tree Felling
	Large Construction Material debris, 2 gas tanks

	PA02
	Poomacha
	House
	Debris Flow, Flood
	High
	K-rails
	Loma Linda Road

	PA03
	Poomacha
	House
	Flooding
	Moderate
	Sandbags
	La Paz Road

	R0P1
	Poomacha
	House
	Flooding/Debris
	High
	K-rails
	Ted Nelson Residence

	RP02
	Poomacha
	House
	Flooding/Debris
	High
	K-rails
	Cousin of Ted Nelson Residence

	RP03
	Poomacha
	House
	Flooding/Debris
	High
	K-rails
	Barrisford Residence

	RP04
	Poomacha
	Road
	Floatable Debris
	Moderate
	Channel Clearing
	Hwy 76 xing, natural and man-made debris

	RP05
	Poomacha
	House
	Flooding
	Moderate
	K-rails, install low water crossing
	Willie Nelson Residence

	RP05A
	Poomacha
	Gas Station
	Flooding
	High
	K-rails
	Hwy 76 & Cedar Creek drainage

	RP06
	Poomacha
	Campground
	Flooding
	High
	Seasonal Closure
	La Jolla Campground - close during wet season(s)

	RP07
	Poomacha
	Road
	Floatable Debris
	Moderate
	Channel Clearing
	Hwy 76 xing, Cars, appliances, and fill in channel

	RP12
	Poomacha
	Water Facility
	Flooding/Debris
	High
	Post-storm cleanup and maintenance
	Yapitcha Irrigation System diversion point

	RP13
	Poomacha
	Cemetery
	Flooding/Debris
	Moderate
	K-rails
	Church Road Cemetery

	RP15
	Poomacha
	Bridge
	Flooding
	Low
	NA
	bridge burned

	RP16
	Poomacha
	Bridge
	Flooding
	Low
	NA
	bridge burned

	RP18
	Poomacha
	Water Facility
	WQ sediment
	Moderate
	Nothing Feasible
	open diversion canal out of dam

	RP19
	Poomacha
	Pond / Dam
	Overtopping/ Scour
	Mod-High/Low
	None
	15ft high concrete dam, Spillway, sediment present

	RP20
	Poomacha
	Pond / Dam
	Overtopping/Scour
	Mod-High/Low
	None
	15ft high concrete dam, sediment present

	RP21
	Poomacha
	Culvert
	Flooding/Debris
	High
	Nothing Feasible, replace post-storm if needed
	Harold Water Pipe

	RP22
	Poomacha
	House
	Flooding
	High
	K-rails w/ sandbags
	Paradise

	RP24
	Poomacha
	Nursery
	Flooding
	Moderate
	None
	Old Nursery, commercial & residential off channel

	RP52
	Poomacha
	House
	Flooding
	High
	Sand bags
	History of post-fire flooding

	
	Poomacha
	Road
	Flooding
	Moderate
	Flood Hazard Signs
	Hwy 76

	DM01
	Witch
	Water Facility
	Debris Flow
	Low
	None
	Sutherland Aquaduct, channel crossing

	DM02
	Witch
	Water Facility
	Debris Flow
	Low
	None
	Sutherland Aquaduct, channel crossing

	DM03
	Witch
	Water Facility
	Debris Flow
	Low
	None
	Sutherland Aquaduct, channel crossing

	JH01
	Witch
	House
	Mudflow
	Moderate
	Sandbags
	1196 Barona Road

	JH02
	Witch
	House
	Mudflow
	High
	Sandbags
	1164 Barona Road

	JH03
	Witch
	House
	Flooding
	Moderate
	Channel Debris Clear
	drainage behind 1164 Barona rd

	MG01
	Witch
	Culvert
	Flooding/Debris
	Moderate
	K-rails, Sandbags, Culvert Cleaning
	Across from house #208

	MG02
	Witch
	Culvert
	Flooding/Debris
	Moderate
	K-rails, Sandbags, Culvert Cleaning
	2 house south and across from #208

	MG03
	Witch
	House
	Flooding/Debris
	Moderate
	K-rails, Sandbags, Culvert Cleaning
	Between #111 and 112

	MG04
	Witch
	House
	Flooding/Debris
	Moderate
	K-rails, Sandbags, Culvert Cleaning
	House #109

	MG05
	Witch
	Pond / Dam
	Sedimentation
	Moderate
	Post-storm cleanout
	Gully headcutting


IV.
RECOMMENDATIONS

Based on the results of the above observations:

A. Emergency Stabilization – Fire Suppression Repair
No recommendation under this category.
B. Emergency Stabilization

Early Warning System – 21 BIA
Purchase and install automated stream gauges, rain gauges, radio-repeaters, weather stations, warning sirens and base stations to provide downstream warnings to the communities of La Jolla, Pauma, Rincon and Pala Reservations on impending floods resulting from fire in the upstream watershed area.
Road Debris Removal – 25 BIA; 18 FWS
During major storm events low water crossings, culverts, and other sections of roadways can be expected to flood or experience significant surface erosion as a result of the effects to watershed conditions from the fires.  Flood events will erode and/or deposit sediment, organic debris, and boulders on roadways and making them impassable and unsafe. This specification provides for maintenance and removal of sediment, debris, and rock fall for both BIA and FWS.
Flood Hazard Signs – 14 BIA; 11 BLM; 15 FWS
Flood and mudflow hazard warning signs should be developed for immediate installation at low water crossings for the protection of life and property.  These signs are necessary to inform the public of immediate danger posed by flash floods and mudflow events generated by storms. 
Construct Asphalt Water Bar – 13 FWS
Water bars placed cross slope on a paved out-sloped single lane road used for access to F&WS property and multi-communication towers.  Water bars are equivalent to 15 mph speed bumps extending to cut slope of the road and extending to the edge of the outside road slope.  A 4 foot water bar (Spur) is installed 8 feet uphill of main water bar to reduce concentrated flow from the cut bank side of the road.  Asphalt pad (Outlet) installed as a stable outlet for concentrated flow, from the water bar, across the earth road shoulder.  Water bars on the asphalt roadway shall be painted white for safety
Place Road Drain Outlets – 14 FWS
Drain outlets are placed in locations in places where sheet flow from the road is concentrated on the embankments (fill slopes) that need protection.  Drain outlets are constructed from a sheet metal headwall with a 24 inch sheet metal transition attached to an 18 inch CMP cut in half longwise.  See page 118, Figure 70 of BAER Treatments Catalog (Dec. 2006).
Channel Debris Cleanout – BIA 18
It is expected that high flow events will be larger than normal as a result of the Poomacha and Witch Fires with a concomitant increase in sediment loadings. As a result, it is recommended that stream and drainage channels adjacent to reservation roads and housing be cleared of debris such as large floatable wood and brush, rock, and other unnecessary flow impediments to facilitate passage of flood flows.
Culverts Cleaning – BIA 19
Culverts that are in areas at risk to flooding and/or debris flows should be cleaned to ensure maximum flow capacity.  Subsequent to flood events culverts should be inspected and if necessary re-cleaned.
Culvert Removal/Replacement – BIA 20

Remove culverts that are undersized for anticipated higher streamflows as a result of the fires.  Where feasible, replace undersized culverts with culverts capable of conveying anticipated post-fire flows.
Structural Protection – BIA 16
Place sandbags and K rails around structures to divert flood flows and debris flows. Several homes and other facilities lie within flood and debris flow prone areas within and downstream of the burned areas. Although emergency stabilization treatments cannot prevent flooding of or damage to structures during all magnitudes of storms, treatments can be effective in reducing flooding and damage. K-rails (jersey barriers) are an effective treatment where high velocity debris flows that may carry large debris such as boulders, limbs, etc. are expected to occur, not where low velocity flooding or sediment deposition may occur. Sandbags are an effective treatment where low velocity flows, or nuisance sediment deposits are expected to occur, not where higher velocity debris (i.e., boulders) flows may occur. Place K-rails (jersey barriers) and/or sandbags in strategic locations around structures to divert floods, mudflows and rolling rock away from structures. Because past experience has shown the sandbags deteriorate in ultra-violet light, a sample of sandbags will be coated with exterior latex paint to evaluate effectiveness of reducing degradation due to UV light.
Spillway Repair – FWS 16
Spillway has eroded from past storm events and the headcut is nearing spillway crest of the reservoir. The spillway is on the north side of the channel and dam on FWS property. Past events have eroded the spillway to a series of hard points in the bottom of the gully. In order to safely pass flood flows through the spillway and prevent draining the pond the spillway will be repaired.

Bank Stabilization – BIA 17
Engineer and implement bank stabilization for a reservoir upstream of Pauma Reservation, in the Pauma Valley, San Diego County.  Bank stabilization of the reservoir is required to protect lives and property on the Pauma Reservation.  The reservoir is located on private land owned by the Pauma Valley Mutual Water Company (PVMWC), which is located upstream of the Pauma Reservation.  The reservoir is at risk from post fire flooding and debris flows, which may destabilize the bank supporting the reservoir.  If the reservoir fails, 1.3-million gallons of water will be released to the channel (no name) below, flooding 12 homes (or more) on Pauma Reservation.  This specification is also associated with channel cleaning to remove debris, which includes approximately 500 to 1000 tires.  The channel is located on private land owned by Steve Taft. The PVMWC and Steve Taft have signed a Memorandum of Agreement with BIA-SCA allowing channel clearing and bank stabilization. The engineering study must be performed prior to the removal of the tires.  Implementation of the designed stabilization treatment must occur immediately after removal of the tires.  The County of San Diego has reportedly assumed responsibility for emergency tire removal and disposal at no cost to the PVMWC or Mr. Taft.
Irrigation system maintenance – BIA 23
Remove sediment and debris from irrigation diversions.   It is anticipated that there will be higher than normal flow events with increased sediment loadings to the irrigation diversions on the La Jolla Reservation as a result of the Poomacha Fire.  Increased maintenance activities following high runoff events will ensure proper functioning of the irrigation systems and minimize potential damage to facilities.  Irrigation systems include the Cedar Creek, Luket, and Yapitcha. The La Jolla tribe has stream diversions for irrigating pasturelands and family gardens on the reservation. The increase in ash and sediment post fire will require additional cleanout at the diversions and flushing of the pipelines to prevent clogging.

Interceptor Ditch Cleaning – BIA 22
The Witch fire burned the hill slopes adjacent to the Mesa Grande tribal housing area in Black Canyon. Post fire and periodic cleaning of approximately 4100 ft. of concrete lined interception (Eye-brow) ditches along hill slopes above the tribal house is needed to maintain integrity and functionality of the ditches, which divert sheet flows and mud from entering the tribal housing area.  These concrete lined ditches capture overland flow and sediment to prevent gullies from forming on cut slopes. Cleaning will reduce the chances debris flow and sediment will clog these ditches and impact resources at the base of the cut slopes such as roads and homes.
Maintain Sediment Basin – BIA 12
Remove debris and fill from sediment basins to maximize storage capacity.  After major storm events, remove debris and sediment fill to maintain storage capacity. The Rincon tribe installed sediment catchments in unnamed tributaries of Paradise Creek after the 2003 Paradise fire to settle out sediments eroded from hillslopes. After the recent Poomacha fire, ash and sediment will once again erode off the hillslopes. These basins will require frequent clean out to maintain capacity and prevent flows from overtopping their channels.  Mesa Grande maintains a larger basin within its bison range that will fill with sediment and ash. This basin will require infrequent cleaning to maintain capacity.
Low Water Crossing – BIA 24
Remove culverts that are undersized for anticipated high stream flow events.  Install low water crossings to permit continued access to areas above the crossing after culverts are removed. A culvert on a small unnamed tributary to the San Luis Rey River flows through the housing development on Poomacha Street. An undersized culvert is at risk to flooding and debris. Replacement of this culvert will alleviate the risk to blockage of the culvert and potential damage to a nearby residence. Replace existing culvert with a low water crossing.
Road Re-Contouring – FWS 17
A 600 ft trail from vehicle traffic following the ridgeline has eroded down the tire tracks from concentrated flows.  If not repaired, this gully will contribute a disproportionate share of sediment to the roadway during storm events after the fire. Abandon road bed connecting two switch backs is concentrating flow onto San Miguel Road. Post-fire storm events will increase the amount of sediment and runoff directed across the main road. Re-contouring will eliminate the concentrated flow directed to the road.

Sandbag UV Protection – BIA 15

Sand Bag treatments can fail due to sun light exposure deterioration of the bags.  Spray painting the installed sandbags will extend the useful life of the treatments past the second rainy season.
Water System Assessment – BIA 26

The domestic water system at La Jolla supplies water from its storage tanks through a network of pipes lying under the access road.  The pipes are high pressure pipes kept in check by the road weight and compaction.  Runoff flows from the Poomacha fire will accelerate erosion on the road and threatens the integrity of the water pipes.  An assessment should be completed to determine risk to the La Jolla domestic water system.

Treatments Considered But Not Recommended

Hillslope treatments were considered for the Poomacha, Witch, and Harris fires. The treatments considered were hydromulching, straw mulching, seeding, contour felled logs, log erosion barriers, and fiber rolls. Environmental considerations were evaluated to determine treatment suitability which includes slope grade, slope length, soil burn severity, canopy cover, land ownership, watershed response, and access. 
For the Harris fire the low soil burn severity and runoff potential of the area excluded the need for hillslope treatments. The Poomacha and Witch fires have greater than 50% slopes where values at risk are located and the soil burn severity was high within the burned area also excluding hillslope treatments (Napper, 2006). Contour felled logs and log erosion barriers are not feasible due to the amount of surface rock, undulating soil surfaces, and lack of trees. One treatment of fiber rolls was recommended for a culturally sensitive area within the Poomacha Fire with slopes of 30 to 40%. See Cultural Resources Assessment.
C. Rehabilitation

 No recommendation under this category.
D. Management Recommendations – Non-Specification Related

Maintenance and culvert cleaning of Black Canyon Road
During major storm events, sections of the Black Canyon Road can be expected to flood. Flood events may erode road crossings or deposit sediment, rocks and debris on the roadway or in the bar ditch, making roads impassible and unsafe for vehicle travel. 
Flood warning signs on Black Canyon Road
During major storm events, sections of the Black Canyon Road can be expected to flood. Flood warning signs will alert travelers to potentially hazardous road conditions during and immediately after storm events. 
Close Wilderness Gardens campground during the rainy season
During the rainy season, the Wilderness Gardens campground is at increased risk of floods and debris flows as a result of post-fire watershed conditions. Closing the campground during the rainy season (October through April) will ensure that campers are not present during this high risk time.

Close La Jolla campground during the rainy season
During the rainy season, the La Jolla campground is at increased risk of floods and debris flows as a result of post-fire watershed conditions. Closing the campground during the rainy season (October through April) will ensure that campers are not present during this high risk time. Prior to the rainy season beginning in 2008 (October 2008 through April 2008) the Cedar Creek watershed should be re-assessed by a qualified hydrologist and/or geologist to determine if the post-fire risk of flood and debris flows has decreased to an acceptable level of risk to allow campers back into the campground.

Improve Control Structure 

Flooding is expected to occur in the San Luis Rey drainage. A diversion channel exists along the San Luis Rey where it enters the Rincon Reservation. Water is diverted into a sediment detention pond. The diversion channel needs to be improved in order to effectively divert some of the flood flows away from the main channel. This will involve excavating soil material and reshaping the diversion channel to ensure that it captures some of the flood flows. 
Rincon Private Inholding Trailers
Trailers in a stream channel to the east of Rincon Reservation on an extension of McCormick Road are vulnerable to flooding and debris flows from burned drainages upstream. It is recommended that the NRCS conduct a hazard assessment and mitigation. This also applies to numerous private holdings in and around the fire areas.
Replace railcar bridge on Paradise Creek
A railcar bridge across Paradise Creek to the residence of 20 Turner Lane is poorly constructed and obstructs flow. It is recommended that this structure be removed and replaced with a proper concrete low-water crossing. This would insure efficient conveyance of water and sediment across the road while minimizing the need for maintenance of the road following storms.
Barrett Stage Historic Road – Close to Motorized Vehicles

This historic stage coach trail, now a 4x4 truck trail, was cut through steep, unstable hill slopes comprised of decomposed granite, making it susceptible to severe erosion.  The entire segment exhibits deep gullies currently and will be extremely difficult to maintain as an open road.  Maintenance or repairs to the road would require widening the trail which would cut even deeper into the unstable hillslope, thus continuing to exacerbate the existing instability. If closure is not feasible due to Border Patrol needs, it is recommended that the BLM stipulate what maintenance, repairs, and upgrade activities and structures are allowed.
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