
BURNED AREA EMERGENCY STABILIZATION PLAN

NEOLA NORTH FIRE

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,

· 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, 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 flooding along Farm Creek and along roadways
· Risk to municipal water supplies from flooding, sedimentation, and water quality degradation

· Increased flow, erosion and sediment delivery onto roadways and into irrigation canals

· Loss of soil productivity (wind/water erosion)
· Increased flow, erosion, and sediment delivery to Reeds and Red Knoll cemeteries
III.
OBSERVATIONS

A.
Background
1.  Physiography
The northern portion of the fire occupies the Ashley National Forest.  The south half of the Neola North Fire lies within the Uintah and Ouray Reservation.  In addition to Native American trust land, the southern portion of the fire area also contains numerous farms on deeded land, that raise primarily grass hay and livestock.

Elevations within the burned area ranged from approximately 6,100 feet in the far southeast corner to over 10,400 feet in the Uinta Mountains in the northwest corner.  The burn area dips to the southeast, from the Uinta Mountains into what is referred to as the Uinta Basin.  Major drainages within the burned area of the Uinta Basin drain the south flank of the Uinta Mountains and include the Whiterocks River, Farm Creek, Pole Creek, and the Uinta River.  Lower elevation landforms include the two large alluvial fans and floodplains of the Whiterocks and Uinta Rivers and numerous mid-elevation fan remnants and structural benches.  Many of the secondary and all of the primary drainages contain extensive deposits of stony outwash.  Most of the side slopes contain from 40 to 80 percent surface cobbles.  The large scale of the alluvial landforms, and size class of the depositional material, point to transport events that originated during past glaciation.  The upper reaches of some of the major drainages contain glacial features such as slumped valley wall end moraines, multiple outwash terraces levels, and remnants of glacial till.  Minor post glacial features, also related to a moister post glacial climate, include mudflows and landslides.  These glacial features have conformed to, and in some cases modified, the much older sedimentary and metamorphic strata of the Uinta Mountains and basin.     

2.  Geology and Soils

The Uinta Basin and Mountains are located in the northeast corner of a larger physiographic area known as the Colorado Plateau.  The Uinta Mountains formed from a succession of geological anticlines and synclines know as an anticlinorium (Fuller 1994).  Weathering over geologic time and accelerated weathering due to glaciation has exposed numerous sedimentary and metamorphic strata.  Quartzite of the Uinta Mountain Group occupies the high elevation area of the fire and has provided much of the outwash source material that now fills drainages, armors side slopes, and contributes to the skeletal nature of many of the area soil profiles.  The Uinta Mountains contain numerous glacial outwash deposits and till, formed from parent sedimentary and metamorphic rocks.  Rock types include sandstone, conglomerate, and quartzite, of the Uinta Mountain Geologic Group, along with younger exposures of shale and limestone (Bryant 1992).  

Available soils information covered approximately two thirds of the burn area (Godfrey 1992, USDA 2006).  Information from prior surveyed areas was extrapolated to similar land forms in the adjacent unmapped areas, in order to provide an overall soils picture.  

In general, the soils within the southern most portion of the burned area are in an ustic intergrade of an aridic soil moisture regime and mesic soil temperature regime (Fish, 2007).  Soils in this area of the burn contain sandy-skeletal or loamy-skeletal control sections and are alluvial in origin.  Two large outwash fans and associated outwash terraces of Pleistocene origin, comprise the largest landforms.  The dominant surface texture is an extremely stony sandy loam.  Under natural conditions the permeability of the upper profile is moderately rapid and the profile below 20 inches is very rapid.  Native vegetation on these soils includes Wyoming Big Sagebrush, needle and thread, galleta, and Indian ricegrass.  This area also contains scattered small offsite Juniper.

Soils upslope and north of the lower outwash fans developed on older fans and fan terrace remnants over southeast dipping sedimentary and metamorphic strata.  The parent material of these remnants is dominated by quartzite alluvium.  The current landscape components combine to form small isolated plateaus with steep rocky side slopes leading to small ephemeral drains.  Side slopes contain 50 to 80 percent stony and cobbly surface rock fragments.  Summits normally have 20 to 40 percent surface rock fragments.  Over time, rock fragments have concentrated on side slopes through the removal of fines by erosion and the gradual retreat and dissection of the summits.  The dominant surface texture is an extremely stony sandy loam.  Under natural conditions the permeability of the upper profile is moderately rapid and the profile below 20 inches is very rapid. Native vegetation on these soils includes Wyoming Big Sagebrush, and Utah Juniper.  This area also contains scattered offsite two needle pinon and marks the beginning of the Utah Juniper belt, which coincides with a change in the soil temperature regime from mesic to frigid.  Average annual precipitation in this zone ranges from 8 to 12 inches.  

Further upslope and on the same landform, but within a precipitation range of 12 to 16 inches, two needle pinon increases to produce a true Pinon-Juniper vegetation community.  The Pinon-Juniper belt extends up slope on structural benches and side slopes to elevations of up to 8,000 feet, within an aridic-ustic soil moisture regime and frigid soil temperature regime.

With increasing elevation the cobbly Pinon-Juniper mountain side slopes give way to Lodgepole pine, as the soil moisture regime changes to typic ustic and the soil temperature control section changes from frigid to cryic.  The lodgepole pine inhabits coarse textured and/or skeletal soils, while mountain sagebrush communities occur on heavier textured soils on side hills.  The well drained side slopes in this area contain from 20 to 60 percent quartzite surface cobble and stone.  Aspen occurs in this area on deep moderately well drained to somewhat poorly drained loamy soils, which are alluvial or coluvial in origin.  Annual precipitation in this area ranges between 16 to 20 inches.

The northwest corner of the burn area contains the highest elevations.  The precipitation, in this area of the burn, exceeds 20 to 30 inches.  The soil moisture regime changes from ustic to udic while the soil temperature control section remains cryic.  Soil textural family control sections in this area are commonly skeletal or contain a large percentage of coarse fragments.  Parent material influences begin to shift from the red and tan quartzite of the Unita Mountain formation to include the Bishop conglomerate and poorly sorted glacial till. Diagnostic subsurface horizons include a well defined argillic horizon.           

3. Climate
Average annual precipitation ranges from 11 inches in the southern portion, to 30 inches within the highest elevation areas in the northwest corner of the fire area. Precipitation values were interpolated from existing weather station data outside the burn area using a program called Rock:Clime version 2005.06.07, developed by the USDA Forest Service, Rocky Mountain Research Station (Appendix V).
Interpolated precipitation distribution data indicated that 45 percent of the 11.26 inch annual precipitation falls during the months of May through September at the modeled elevation of 6321 feet.  With increasing elevation, precipitation trended toward a more even distribution by month.  Precipitation modeled at additional elevations included the following 6,649 ft (12.34 inches), 7,370 ft (16.05 inches), 8033 ft (18.67 inches), 9965 ft (27.5 inches), and 10,460 ft (30.04 inches).  

The maximum mean summer temperatures (June, July, August) and maximum mean winter temperatures (December, January, February) were negatively correlated to increases in elevation in the following manner.  The lower and upper elevations roughly bracketed the burned area while the center elevations approximated changes in plant communities.  The only exceptions being that the 9965 ft. elevation was added to model the plateau immediately west of Pole Mountain and 9191 ft. elevation was added for the steep slopes of the upper Pole Creek watershed.  The slight deviation from the negative mean summer maximum, for the 9965 ft. elevation, may be due to the fact that the Neola weather station data was used rather than the Roosevelt station data to begin the interpolation process.  

  6321 ft, Mean Summer Maximum 84.8 °F, Mean Winter Maximum 29.2 °F

  6649 ft, Mean Summer Maximum 83.0 °F, Mean Winter Maximum 28.1 °F

  7370 ft, Mean Summer Maximum 80.6 °F, Mean Winter Maximum 25.8 °F

  8033 ft, Mean Summer Maximum 78.4 °F, Mean Winter Maximum 23.6 °F

  9191 ft, Mean Summer Maximum 70.9 °F, Mean Winter Maximum 22.8 °F

  9965 ft, Mean Summer Maximum 68.4 °F, Mean Winter Maximum 20.2 °F

10460 ft, Mean Summer Maximum 70.5 °F, Mean Winter Maximum 15.6 °F

Winters are cold with average monthly maximum temperatures between 31 and 37 degrees Fahrenheit.  

Winter precipitation patterns are generally from the north and west, created by Pacific frontal systems.  During the summer, a monsoonal moisture pattern develops from the south, creating intense afternoon thundershowers.  In higher elevations, most of the precipitation occurs between November and March, in the form of snow.  At lower elevations the majority of precipitation comes during rainfall events.

4. Hydrology and Water Quality

The fire includes portions of the Uinta River, (HUC 1406000314), North Fork of Uinta River (HUC 1406000311), and Whiterocks River (HUC 140600012) 5th level watersheds.  These watersheds are part of the Duchesne River system, a tributary to the Green River.  

Several perennial and intermittent streams flow through the burn area.  The major perennial streams are the Uinta River, Pole Creek, Farm Creek, and Whiterocks River.  Pole Creek is marked by karst geology with perennial flow above and below a large sink and cavern system.  Uinta River, Whiterocks River, and Farm Creek form steep-walled canyons in the Uinta Mountain headwaters with braided channels, well-vegetated floodplains, and banks with high rock content in the cobble to boulder size classes. 

Smaller drainages of the lower elevations are either intermittent, with segments of perennial flow near springs, or ephemeral, with flow only during spring runoff and intense summer storms. The hydrologic budgets in the fire-affected drainages are considered snow-dominated regimes with a secondary influence provided by summer monsoonal flows. Most surface runoff is from snowmelt or rainfall in higher elevations, producing peak discharges in late spring and early summer. These flows are considered the normal-channel forming flows.  Late spring rain events can modify the timing and increase the magnitude of snowmelt runoff by accelerating melt.  In smaller drainages other peaks in the hydrograph can be generated by summer storm events.

A well-developed network of canal diversions for irrigation, hydropower and culinary use occur within and downstream of the burn area; modifying natural drainage patterns in the Whiterocks River, Farm Creek, Pole Creek, and Uinta River drainages. These canals also traverse smaller ephemeral drainages of the lower elevations, modifying drainage patterns there as well.

The state of Utah beneficial uses for water quality that apply to waters within the burn area are: (1C) domestic use with prior treatment, (2B) secondary-water contact water sports (excluding swimming), (3A) cold water aquatic life, and (4) for agricultural uses including irrigation of crops and stock watering.  Water quality parameters within and adjacent to the burn area are currently meeting standards for maintaining beneficial uses.  None of the water bodies within or adjacent to the burn area are listed in the State of Utah’s current Cleanwater Act 305(b) and 303(d) listing for water quality impairments.
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 values at risk from these conditions.  If emergency watershed conditions are found, and values at risk are identified, 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;

· 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 fire.  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; 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 is not the same concept as fire intensity and fire severity as recognized by fire behavior specialists, nor is it the same as vegetation mortality.  Fire intensity and fire severity relate to fire behavior and fire effects on overstory vegetation and ground fuels, respectively while soil burn severity relates specifically to effects of the fire on soil conditions (e.g., amount of surface litter and duff, infiltration rate, erodibility, soil structure).  Although soil burn severity is not based primarily on fire effects on vegetation, post-fire vegetative conditions and pre-fire vegetation density are among the indicators used to assess soil burn severity, and are among the primary factors affecting post-fire spectral response upon which the BARC classification algorithm is based.  In combination with field observations, a soil burn severity map is produced by adjusting the BARC map as necessary.

Table 1.  Definitions of Terms Commonly used in Soil and Watershed Burned Area Assessments.

	Term
	Definition

	Fire

Intensity
	Rating based on temperature, flame length, rate of spread, heat of combustion and total amount and size of fuel consumed.  Accounts for convective heat rising into the atmosphere and fire effects to the overstory.

	Fire

Severity
	Rating based on temperature, moisture content of duff and fuels lying on the ground, heat of combustion of conductive and radiant heat penetrating into the soil and affecting soil characteristics.

	Soil Burn

Severity
	Rating of fire impacts on soil productivity and erosion rate, and the potential for vegetation recovery.  Burn severity is delineated on maps as polygons.  Classes of burn severity are High, Moderate, Low and Unburned to Very Low.

	Watershed

Response
	A qualitative evaluation of the amount of soil cover; amount and distribution of impermeable surfaces (rock outcrop, hydrophobic soils), and canopy conditions.  Classes of watershed response are High, Moderate and Low.

	X-year

Storm

Event
	Rainfall occurring with a specific probability (1 in X chance) based on historical data.  For example, the 10-year storm has a 1 in 10 (10%) chance of occurring in any given year, while the 100-year storm has a 1 in 100 (1%) chance of occurring in any given year.

	X-year

Flood
	Stream discharge with a specific probability of occurring (1 in X chance) based on historical data.  The 100-year flood may or may not occur as a result of a 100-year rainfall; the two are independent.


In some cases, there may be complete consumption of vegetation by fire, with little effect on soil properties.  In general, denser pre-fire 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.  Increased residence time promotes the formation of water repellent layers at or near the soil surface, loss of soil organic matter, and loss of soil structural stability.  The results are increased runoff and soil particle detachment by water and wind, and transport off-site.

Soil burn severity parameters include changes in litter and duff, loss of soil structure, destruction of fine and very fine roots in the surface horizon, and development of hydrophobic (water repellent) soil surfaces.  Changes in litter/duff conditions as affected by the fire were noted and compared to pre-fire conditions.  Water repellency was evaluated by determining if water repellency was present, and if so, the depth and thickness of the water repellent layer was noted.
A Burned Area Reflectance Classification (BARC) is a satellite-derived map 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 condition (see http://www.fs.fed.us/eng/rsac/baer/barc.html for more information).  For the Neola North Fire, Landsat 5 Thematic Mapper (TM) was used (pre-fire: July 14, 2005; post-fire: July 4, 2007).  This image was acquired while the fire was still burning and therefore some areas of the BARC showed an unburned condition inside the fire perimeter in areas that burned after July 4.

The BARC was evaluated by field visits and helicopter reconnaissance to adjust the original BARC thresholds to better reflect ground conditions.  While the BARC did a good job of mapping the areas of high, low, and very low to unburned soil burn severity, field investigations found a wide range in soil conditions in the areas the BARC classed as moderate, particularly in the Pinyon-Juniper and grassland areas.  To better map this variability, the original thresholds were adjusted to move some of the BARC moderate class into the low class, since soil conditions observed within the burned area did not reflect as much moderate soil burn severity.  Next, the LANDFIRE canopy cover layer was used to map out the small areas where soil conditions represent the high soil burn severity class.  In areas where the cover density was greater than 85%, the severity class was adjusted to high.  
Some hand-mapped areas were included throughout the map that couldn’t be fixed by either threshold adjustment or the LANDFIRE canopy cover in the original BARC.  The biggest hand-mapped change was in the north-western part of the fire that was either still burning or hadn’t burned when the satellite image was acquired.  Aerial observations indicated a large homogeneous patch of high soil burn severity, which was mapped and merged into the BARC product.  Some of the areas within this patch may still have intact ground cover and actually be in the moderate class of soil burn severity, but due to limited field time available during the emergency assessment these areas were not mapped out.
The soil burn severity map was used in the rapid assessment to evaluate post-fire erosion rates and runoff potential.  If this map is to be used in long-term ecosystem recovery planning or monitoring, more extensive ground verification is recommended.  Management agencies may want to consider obtaining post-fire satellite imagery in a month or so, when smoke will be less.  This will enable the development of a more accurate vegetation mortality map for these other uses. 
2.  Soil Erosion

Fire effects were evaluated in terms of soil condition parameters.  These include changes in litter and duff (ground cover), destruction of fine and very fine roots in the surface horizon, loss of soil structure and increased susceptibility to erosion, and development of hydrophobic (water repellent) soil surfaces.  Water repellency was evaluated by observing the depth and thickness of a water repellent horizon in surface soils where it existed, and the length of time a water drop remained beaded on the surface.
3.  Watershed Response

On-the-ground field observations and aerial reconnaissance within and downstream of the burn area were conducted to determine 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.  Soil burn severity and changes in soil infiltration were also considered.
The major determining factor influencing runoff and erosion from burned hillslopes is the amount of disturbance to the forest floor that protects the underlying mineral soil (Robichaud 2000).  The unburned forest floor consists of a litter layer (leaves, needles, fine twigs, bark flakes, matted dead grass, mosses and lichens, O1 soil horizon) and a duff layer (partially decomposed remnants of the material in the litter layer, O2 soil horizon) (Martin and Moody 2001).  These layers absorb most of the rainfall, provide storage of water and obstruct the flow of water on hillslopes.  The combustion process converts the forest floor into ash and charcoal.  Ash and small soil particles seal soil pores (Moran and Banyamini 1977, Neary et al. 1999), decreasing the infiltration rate (Fuller et al. 1995, Barfield et al. 1981) and increasing potential runoff and erosion.  When the charcoal and ash are removed from the hillslope by post-fire runoff or wind, the soil is left bare and susceptible to rain splash and overland flow. The amount of forest floor cover is dependant on the density of the vegetation.  In general, the more dense the forest cover, the more ground cover exists.  In rangelands, although less litter, duff, and vegetation are present than in a forested environment, the same processes occur.  However, the differences in infiltration and overland flow between pre-fire and post-fire conditions are less in a rangeland environment than in a forest because there is less ground fuel to burn in the rangeland.
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 influenced by the fire induced water repellency (hydrophobicity) of the soils.  The reduction of infiltration due to water repellency can increase overland flow (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 because the hydrophobic substances responsible for hydrophobicity are slightly water soluble and slowly dissolve, thereby increasing wettability.  In general, hydrophobicity is broken up or is sufficiently washed away within one to two years after a fire (Robichaud, 2000).

Raindrops striking exposed mineral soil with sufficient force can dislodge soil particles and small aggregates.  These dislodged soil particles can fill in and seal pores in the soil thereby reducing infiltration.  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, 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) the management of the soil that makes it less susceptible to erosion (Foster 1982, Megahan 1986).
Pre- and post-fire peak water flows were modeled in the ArcMap software environment using the SCS curve number method.  This method of peak flow prediction is appropriate for rainfall events, particularly summer thunderstorm events.  This method does not predict changes to peak flow as a result of snowmelt.  More details on the peak flow modeling methodology is in the Pre and Post-Fire Flow Modeling Summary in Appendix V.
C. Findings
1.  Soil Burn Severity

Table 2 displays a summary of soil burn severity acres and percentages by class for the Neola North Fire.  The soil burn severity mapping is based on Landsat imagery obtained on July 4, 2007 and ground and aerial reconnaissance through July 13, 2007.  A soil burn severity map is included in Appendix IV. 

Table 2.  Acres by Soil Burn Severity Class
	Soil Burn Severity
	Acres
	Percent

	Neola North Fire

	High
	1,805
	4

	Moderate
	6,355
	15

	Low
	27,770
	63

	Unburned to Very Low
	7,900
	18

	Total
	43,830
	100


The Neola North fire was dominated by low soil burn severity.  The fire burned through high elevation rangeland, sage, pinon-juniper, and up into high elevation conifer and aspen forests.  While fire intensity varied throughout the burn area, the rapid rate of fire spread through herbaceous, shrub, and pinon-juniper areas produced short fire residence times.  The resulting burn severity is low throughout most of the burn area with some areas of moderate and high soil burn severity.  Soil burn severity classes in the Neola North fire area are described in Table 3.  Appendix III contains photos showing examples of low, moderate, and high soil burn severity classes.

High soil burn severity was limited in the Neola North fire to areas where conifer or pinon-juniper canopy was fairly dense.  These areas showed the effects of longer periods of heat residence time as observed by the complete consumption of surface organic materials and a deeper ash layer.  Surface soil structure does not appear to have been significantly altered, except perhaps in the surface 0.5 cm of soil.  

Table 3.  Soil Burn Severity Classes

	Soil Burn Severity
	Characteristics

	Unburned to Very Low
	Unburned areas within the fire perimeter, and areas where very low severity ground fire occurred.  Vegetation canopy, ground cover, and soil characteristics are not altered from pre-fire conditions.  Thin (< 1/16 inch), weak layer of water repellency found near vegetation; no water repellency observed between vegetation clumps.

	Low
	Shrub canopy and grasses may be scorched or consumed.  Unburned and charred, but recognizable, grasses and shrub litter 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.  Little to no water repellency observed between vegetation clumps.  Unburned patches of bare ground between shrubs.  

	Moderate
	Shrub canopy consumed, with stobs or stems left.  Pinon-juniper canopy consumed, with some branches remaining.  Unburned and recognizable charred leaf litter and twigs remain within a very thin ash layer in shrub areas; a moderate, thin water repellent layer is present but discontinuous under trees and shrubs.  Unburned patches between shrubs and trees are smaller but still present.

	High
	Generally areas where pinon-juniper and conifer canopy cover is dense (greater than 60-80 percent) and pre-fire litter layer was more continuous.  Some charred, but recognizable organic material is present in or beneath ash layer.  Discontinuous, moderate thin water repellency in surface 1-2 cm. 


2.  Erosion Potential
Soil survey information, in the form of soil erosion factors, wind erodibility groups, and allowable soil loss, was only available for a small portion of the survey area.  This information, along with field reconnaissance was used to supplement missing data.  The Erosion Risk Management Tool (ERMiT) was used to predict soil loss and recovery rate (Robichaud et.al. 2007).  Several scenarios were run for each of six precipitation levels used to characterize the fire area (Appendix V).  The scenarios involved setting different combinations of soil texture, percent internal rock fragments, hillslope gradient, hillslope length, soil burn severity, and prefire plant community.
Each soil has an assigned annual allowable soil loss, established by the USDA-Natural Resource Service.  Soils will retain their productivity as long as this soil loss threshold is not exceeded.  Values available for the Whiterocks River alluvial fan range from one to five tons per acre per year (USDA 2006).  While five tons per acre may sound excessive, it should be remembered that one millimeter over an acre, given an average bulk density of 1.3 grams/ cm3, will weigh approximately 5.7 tons.  Generally shallow soils and soils with a root restricting subsoil layer have lower allowable soil loss tolerances than deep soils.  

Soils on the lower elevation alluvial fans of the Whiterocks and Uinta Rivers will not be subject to significant erosion by water.  Erosion Risk Management Tool program runs indicated that there was only a 10% probability that first year erosion rates, by water, would exceed 0.54 tons per acre.  Wind erosion rates for this area were more difficult to quantify.  Given the soil texture and short, unsheltered distances at most sites, wind erosion coupled with the potential for water erosion, should not exceed the soil loss tolerances for most of this area.  A 327 acre, lop and scatter treatment specification was developed for an area west of Reeds Cemetery in Sections 26, 27, 34, and 35 of T2N, R1W.  Soils at this site had a thin (3 inch) loamy sand surface over a weak argillic subsoil horizon.  The lop and scatter treatment, coupled with a proposed seeding, will help to stabilize this area and reduce sediment delivery to a BIA irrigation canal and the Farm Creek community directly down gradient from the treatment area.

Summits and side slopes in the burn area mid-elevation (6,600 ft to 8,000 ft) Pinyon-Juniper areas were also modeled for water erosion.  Wind erosion was not considered an important factor in this zone because of the high percentage of cobble (3-10 inch diameter) size material on the soil surface.  Side slopes averaged between 55 to 80 percent surface rock cover.  First year post fire sediment transport, due to water erosion, is expected to exceed pre-fire conditions but will not exceed the allowable soil loss tolerance for the area.  No emergency stabilization treatments were recommended for this area.  The area will, however, benefit from the proposed seeding specification designed to control cheat grass.  

Because of relatively short unsheltered distances, adjacent standing tree cover, and rock surface cover, wind erosion hazards were not considered significant soil erosion hazard on the plateau west of Pole Mountain.  Water erosion rates calculated for the plateau, at an elevation of 9900 feet, indicated that there was a 10 percent probability for a 0.58 ton per acre post fire soil loss on slopes of 5 percent or less.  This value bumped up to 2.46 tons per acre on an unprotected, 500 foot long, 10 percent slope.  Shorter slope lengths, surface rock fragments, and the burn mosaic on the plateau will serve to keep the expected post fire soil loss below this value.  Understory vegetation recovery along with a minimal needle cast is also expected to reduce the potential for soil erosion on the plateau. No emergency stabilization treatments were recommended for this area.

The high soil burn severity areas, on 35 to 40 percent slopes in the upper Pole Creek drainage, were the most problematic to model because the contribution of the high surface rock component was difficult to evaluate.  Sediment entrainment is first initiated by raindrop impact.  Research has demonstrated that the correlation between slope and flow velocity is lower than expected when slopes contain high rock surface cover (Nearing 1998).  It appears that the greater rock cover causes the surface to be hydraulically rougher, which in turn counteracts the effect of slope on flow velocity.

The steep slopes of the upper Pole Creek drainage were modeled using the following parameters.

Soil Texture = Loam

Top of Hillslope = 8%

                          Primary Midslope section slope = 40%

                          Toe Slope 10%

Slope Length = 500 feet
Soil Burn Severity = High

Annual Precipitation = 28 inches

The ERMiT model predicted the following soil loss probabilities for a first year post fire single rainfall event on an unprotected surface.

10 percent probability of a single rainfall exceeding 8.0 tons per acre
24 percent probability of a single rainfall exceeding 5.0 tons per acre
38 percent probability of a single rainfall exceeding 3.0 tons per acre
48 percent probability of a single rainfall exceeding 2.0 tons per acre

This reduced to the following probabilities for a second year post fire rainfall event.

  2 percent probability of a single rainfall exceeding 8.0 tons per acre
  8 percent probability of a single rainfall exceeding 5.0 tons per acre
16 percent probability of a single rainfall exceeding 3.0 tons per acre
26 percent probability of a single rainfall exceeding 2.0 tons per acre

The majority of the soils in this area appeared to be greater than 40 inches deep.  A value of two to three tons per acre, allowable soil loss, represents a conservative estimate for this area.  The surface rock armoring should serve to reduce the soil loss below the values shown above.  The amount of the reduction is not known.

No emergency stabilization treatments have been recommended in this area because there are no down stream values at risk.  In addition, sediment transported from the side slopes will deposit on the toe slopes and within the immediate valley bottom.  Sediment delivery, to an open stream channel, is not a concern in this portion of the Pole Creek drainage.  This is due to the fact that, in this area, Pole Creek runs through limestone substrata underlying the valley floor.  
3.  Watershed Response
The primary watershed response of this fire is expected to include:  1) an initial flush of ash and vegetation debris; and 2) small amounts of localized sediment deposition.  Post-fire runoff, peak flows, and sediment delivery from rainfall driven storms are expected to increase over pre-fire levels.  The peak flows are generally expected to stay within existing stream channels during the smaller storm events, but may exceed channel capacity during larger storm events.  Post-fire flows will transport dead vegetative material which may create blockages in channels.  Most of the fire was mapped as low to moderate watershed response, corresponding with the large amount of low to moderate soil burn severity.  Post-fire flows are expected to increase the most from pre-fire conditions in the tributary to the upper Pole Creek that burned primarily at high severity.  Pole Creek downstream from this drainage has a wide floodplain and numerous beaver dams.  The beaver dams will trap sediment and attenuate increased flows.  Temporary increases in spring flow may occur due to the reduction in evapo-transporation where vegetation was burned around springs.  The potential for flood events will be the highest during the first summer thunderstorm season after the fire.  The fire is not expected to have any appreciable effect on snowmelt driven peak flows.  Such events will continue to occur but the fire will not change the magnitude or frequency.
Vegetation recovery is largely dependant on climatic cycles.  If wet winters occur, vegetation recovery could be rapid, with annual forbs and grasses providing adequate ground cover within 3 years.  By the second winter season, annual forbs and grasses should provide sufficient cover to reduce watershed response to pre-fire levels.  Shrubs and trees will likely take several years to re-establish.  Once sprouting vegetation begins to produce brush 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 and tree communities will be slow, and watershed response will remain slightly elevated over pre-fire conditions.

4.  Values at Risk
Residential structures, roads, irrigation ditches, culinary water systems, hydro-electric plant, youth camp, and three cultural sites were evaluated for risk from increased erosion, flooding or debris flows.  The BAER hydrologists conducted a rapid assessment of life, property, and critical natural and cultural resources within and downstream of the fire.  Values at risk, risk rating and corresponding treatments are shown in Table 4.
Field evaluations were conducted at the following sites within or downstream of the burned areas to determine if threats to life, property, or critical cultural resources were present.
Residences along Farm Creek:  Five residential structures and associated outbuildings along Farm Creek south of the Bacon Memorial Park are located in the Farm Creek floodplain.  One house is located very close to the stream bank.  Channel capacity is relatively high and culverts are large in this area.  Some large logs anchored to the stream bank that were serving to help stabilize the stream bank were burned.  Some barns and sheds are located on the stream bank.  A majority of the watershed is outside of the burned area.  Minor flooding of some barns and sheds is expected.  Some flooding of residences, particularly the one very close to the channel, is possible during large storm events.  

Farm Creek Bridge:  The Farm Creek Bridge is a historical box culvert built in the 1950s.  Immediately upstream of this box culvert is the original bridge structure across Farm Creek, which has collapsed into the creek and is backing up sediment and debris.  During post fire flood events, the original bridge could be dislodged and plug the inlet to the box culvert which could cause flows to erode or damage the box culvert and road.  A majority of the watershed is outside of the burned area.  
Forest Service Road 370 (Road to Pole Creek sink):  The lower portion of Big Bend Hollow is a steep drainage that burned at moderate soil burn severity.  FS Road 370 crosses the mouth of this drainage.  During spring runoff and rain events, water has been diverted down the roadway, eroding the road surface and creating a large ditch approximately 3 feet deep.  In the event of a post fire flood, the flow would be diverted down the road and could completely erode or damage the road prism.  

Other Roads:  Peak flows and sedimentation are expected to increase to varying degrees within and downstream of the burned area.  Flows will also transport dead vegetative debris.  Loss of anchoring vegetation on slopes above the roads will result in rocks rolling onto the roads.  Deposition of sediment, rocks, and vegetative debris is likely on some portions of the roads.  Culverts may become blocked and plug.  There is a risk to public safety on roadways from flooding during storm events and rock fall.
Irrigation Infrastructure:  Peak flows and sedimentation are expected to increase to varying degrees within and downstream of the burned area.  Flows will also transport dead vegetative debris.  Irrigation ditches, headgates, and other structures may erode and fail or become plugged with sediment, ash, and debris.
Ute Indian Tribe Culinary System:  The culinary water source closest to the fire is Whiterocks Spring.  The spring is located approximately ½ mile from the fire perimeter in an area that was not burned.  Nearly all of the burned area upslope of the spring is low soil burn severity.  No impacts to the culinary water system are expected.
Tridell-Lapoint Culinary Water System:  Tridell-Lapoint’s water source is the Whiterocks river in the southeast portion of the burned area.  The majority of the Whiterocks River watershed did not burn, and most of the portion that did burn is low soil burn severity.  At most minor impacts to the diversion structure may occur.  A portion of one load of fire retardant (Phos-Chek LC-95A) was dropped into the Whiterocks River within source protection zone 1 of the Tridell Lapoint municipal watershed.  This retardant has rated as low toxicity to aquatic species.  It is unlikely that the retardant had any effect to the culinary water supply because of the low toxicity of the retardant, the limited amount that fell into the open water, and the distance to the municipal water intake
Hydro-Electric Plant and Youth Camp on the Uinta River:  Only a very small percentage of the Uinta River watershed burned.  This area, which burned at low soil burn severity, is on the slope above the Powerplant Canal.  The slope above the Youth Camp did not burn.  No impacts to the power plant are expected other than minor amounts of ash in the canal. No impacts are expected to the Youth Camp.

Reeds Cemetery:  A road and a short, rocky slope that burned at low soil burn severity are immediately above the cemetery.  Any ash, sediment, or water that may come off the slope is expected to deposit on the road and not impact the cemetery.
Red Knoll Cemetery:  The slope above the cemetery did not burn.  The small drainage adjacent to the cemetery burned at low soil burn severity.  The cemetery is on a bench above the drainage and is not expected to be impacted by any flows down the drainage.

Pole Creek Sink:  Only a small fraction of the Pole Creek drainage above the Pole Creek sink was burned and most of what did burn was low soil burn severity.  No impacts to the Pole Creek Sink are expected.
A summary of the identified values at risk, potential watershed risks, and recommended treatments are listed in Table 4.
Table 4.  Potential Watershed Risk and Recommended Treatments
	Value
	Potential Watershed Risk
	Recommended Treatments

	Residences along Farm Creek
	Moderate
	Replace burned bank stabilization (non-spec)

	Farm Creek Bridge
	Moderate
	Remove old structure

	FS Road 370
	Moderate
	Construct armored rolling dip

	Other Roads
	Moderate
	Post-flood road clean up

	Irrigation Ditches
	Moderate
	Post-flood irrigation infrastructure clean up

	Ute Indian Tribe Culinary System
	None
	None

	Tridell-Lapoint Water System
	Low
	None

	Hydro-electric Plant
	Low
	None

	Uintah Youth Camp
	None
	None

	Reed Cemetery
	Low
	None

	Red Knoll Cemetery
	None
	None

	Pole Creek Sink
	None
	None


IV.
RECOMMENDATIONS

Based on the results of the above observations:

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

Post Flood Road Clean-Up, USFS Spec #5
During major storm events, low-water crossings, culverts, and other sections of roadways can be expected to flood.  Flood events may erode road crossings or deposit sediment, rocks and debris on the roadway, making the road impassible and unsafe for vehicle travel.  This specification provides for the clearing of sediment and debris from roadways following major runoff events.  Roads will be monitored after major runoff events to determine if sediment and debris removal is needed.  If road work is needed, heavy equipment will be used to clear debris and sediment from roadways after major runoff events.  Sediment and debris will be placed out of the floodplain on high ground to prevent its transport back into channels and onto the roadway.
Post Flood Road and Irrigation Infrastructure Clean-Up, BIA Spec #5
During major storm events, low-water crossings, culverts, and other sections of roadways, ditches and canals can be expected to flood.  Flood events may erode road and ditch crossings or deposit sediment, rocks and debris on the roadway or in the ditch, making roads impassible and unsafe for vehicle travel and ditches inoperable.  This specification provides for the clearing of sediment and debris from BIA-maintained roadways, ditches and canals following major runoff events. There are 30 miles of BIA-maintained roads and 14 miles of BIA-maintained canals and lateral ditches potentially affected.  Roads, ditches, and canals will be monitored after major runoff events to determine if sediment and debris removal is needed.  If repair work is needed, heavy equipment will be used to clear debris and sediment from roadways and ditches after major runoff events.  Sediment and debris will be placed out of the floodplain on high ground to prevent its transport back into channels and onto the roadway or into the ditches.
Install Safety Signs, USFS and BIA Spec #8

The burned area contains public safety hazards to the general public traveling on roads or hiking through the burned area.  These hazards include falling trees, rocks and flash floods.  Hazard Warning signs will be constructed for immediate installation on roads entering the burned area for the protection of life and property.  These signs are necessary to inform the public of immediate danger posed by flash floods, falling rocks, and falling trees.
Bridge Removal, USFS Spec #9
The Farm Creek Bridge is a historical box culvert built in 1952.  Immediately upstream of this box culvert is the original bridge structure across Farm Creek, which has collapsed into the creek and is currently backing up sediment and debris.  During post fire flood events, the original bridge could be dislodged and plug the inlet to the box culvert which could cause flows to erode or damage the box culvert and road.  The old bridge structure will be removed and the sediment plug stabilized by placing large rocks.  Armoring the site with large rocks should prevent a headcut from migrating upstream.  A 404 permit from the Army Corps of Engineers and cultural clearance will need to be obtained prior to implementation.
Armored Rolling Dip, USFS Spec #11

The majority of the Big Bend Hollow drainage burned, with a high percentage of moderate soil burn severity on steep slopes.  There is a risk of post fire flooding in this drainage, particularly at the base of the drainage where Forest Road 370 crosses the channel.  An existing drainage problem exists at this site, which will be exacerbated by large post fire flood events.  During spring runoff and rain events, water has been diverted down the roadway, eroding the road surface and creating a large ditch approximately 3 feet deep.  In the event of a post fire flood, the flow would be diverted down the road and could completely erode or damage the road prism.  An armored rolling dip is prescribed to maintain flow across the road and down the channel.  In addition, the 3-foot deep ditch below this site would be repaired.
Lop and Scatter for Wind and Water Erosion Control, BIA Spec #12
The fire consumed all of the vegetation, litter, and duff ground cover in an area west of Reeds Cemetery.  This area is now highly susceptible to erosion by wind and water.  To help protect long-term soil productivity and minimize sediment reaching irrigation canals, directional falling, lopping, and scattering of fire killed pinon/juniper on toe slopes and upland drainage bottoms will stabilize sandy soils against both water and wind erosion.  The treatment will trap water transported sediment, break up concentrated surface runoff, reduce wind erosion and saltation of coarse and medium sands, improve infiltration, provide micro sites for grass seeding, and reduce wind borne sediment deposition in the adjacent urban interface.  Due to the cultural sensitivity of the area, hand felling, bucking, and scattering is recommended, in order to reduce ground disturbance impacts.   
C. Rehabilitation

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

Replace burned bank stabilization treatment on Farm Creek

A section of large logs which had been anchored to the stream bank on Farm Creek near the residences south of Bacon Memorial Park had been burned in the fire.  The stream bank is now unprotected at that location.  The bank stabilization treatment should be replaced.  The landowner said that he would do this.  
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