Draft Slide Fire Burned Area Emergency Response Report
Coconino National Forest, June 24, 2014
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[bookmark: _Toc391371061]Introduction:
This report details the Burned Area Emergency Response (BAER) teams assessment of the Slide Fire including the burned severity, identification of values at risk, and recommendations for emergency stabilization treatments designed to reduce the risk to life, property, natural and cultural resources associated from post fire storm events. It includes the 2500-8 report, executive summaries of resource specialist’s reports, complete specialists reports and associated maps. The table contents can be linked to the section of interest.

[bookmark: _Toc391371062]Executive Summary:
Summary of Analysis, Soil Burn Severity, and Values-at-Risk
The Slide Fire burned approximately 22,000 acres on the Flagstaff and Red Rock Districts of the Coconino National Forest in north central Arizona roughly along and west of State Route 89a and Oak Creek Canyon from Sterling Springs hatchery to Slide Rock State Park .The Slide Fire was human caused and burned across moderate to very steep chaparral and ponderosa pine and mixed conifer covered slopes and slopes less than about 40 percent in ponderosa pine dominated vegetation types within the Oak Creek 5th HUC (Hydrologic Unit Code) watershed. The steeper slopes are especially subject to debris flows, rockslides, overland flow and accelerate erosion that could become concentrated flow and  in defined drainages potentially producing large floods that could damage and pose risk to forest values (life, property, natural and cultural resources identifed below) and off-Forest private property and county infrastructure. Portions of the burn area are located in the Red Rock Secret Mountain Wilderness. Flatter slope positions at higher elevations in ponderosa pine vegetation types are suited timber base. The burn area adjacent to Oak Creek is heavily used by the recreating public.

Approximately 3,115 acres (14 percent) burned at high soil burn severity, 7,067 acres (32 percent) burned at moderate severity, and 10,415 acres (46 percent) burned at low severity and 1,293 acres (6 percent) remain unburned or burned at very low severity. Collectively, about 46% of the fire burned in the moderate or high soil burn severity class. Repeated onsite tests indicate both moderate and high soil burn severity classes have strong hydrophobic soil tendencies that could have high hydrologic response. Average annual sheet and rill soil erosion averages about 30 tons/acre.

The 6th HUC watersheds of concern are Upper Oak Creek and West Fork of Oak Creek that include Sterling Spring and the perennial streams West Fork of Oak Creek and Oak Creek. These watersheds and hillslopes drain directly toward forest campgrounds, day use areas, the Sterling Spring Fish Hatchery, cultural sites, an Outstanding Arizona Water (Oak Creek, West Fork of Oak Creek), Side Rock State Park, non-Forest lands including approximately 75 or more homes, public, private and forest roads. Post-fire floods from the 25-year,1 hour rainstorm could be 2 to 8 times pre-fire flows. The time to peak is approximately one half hour, allowing very minimal time to respond once a high precipitation event occurs.

The watersheds of concern that rank the highest (50% or greater) in debris flow probability and sediment volume generated are within Upper Oak Creek, West Fork, Unamed Tributary,  the lower subbasins of Sterling Canyon.  These sub-watersheds have a high proportion of high and moderate burn severity along their channel lengths, have steep headwater basins that were burned at high or moderate severity and had riparian or confer-dominated vegetation in the channels that burned. Within these large watersheds the specific areas of concern are the face drainages of Oak Creek at Pine Flat and from Un named Tributary south to where the fire started.   In West Fork, the face drainages from the confluence of Casner Cabin Draw to the confluence of Oak Creek have a high probability of debris flows.   Within the face drainages of Oak Creek about 28 stream channels were identified that have a possibility of debris flow occurrence.  This would pose a hazard to the public and property along the creek. 

Post-fire emergency conditions and values at risk from debris flows, mud-ash flows, floods, and rock fall hazards  include various Forest Service roads, campgrounds, day use areas and trails, water systems, toilets and recreational activities in West Fork  and on Oak Creek within/adjacent to the burned area  and downstream of the burned area. The Forest Service facilities could be damaged or covered by debris and mud.  Various private property developments that have vented ford crossings over Oak Creek could be damaged by debris flows or flood deposits that would need to be removed.  The Sterling Creek Fish hatchery and its water system and facilities is threatened by post-fire debris flows, and flooding.  Buildings/homes on the west side of Oak Creek that are on the edge of the burned area could be damaged by rocks, mud, ash and water from rills and gullies developed on burned slopes above the property, debris floods in channels that lead into the property or by hyperconcentrated flood[footnoteRef:1] deposits from slopes or channels.  People recreating along the creeks, trails, campgrounds, day use areas or living at residences or other properties in or adjacent to the Slide Fire area are also threatened by geologic hazards including debris flows, rock fall, mud-ash and flood flows. Soil and water quality is also a value that is threatened by geologic hazards as are various species of wildlife, fisheries and their habitats.  [1:  A hyperconcentrated flood deposit differs from a debris flow in that it carries a large amount of suspended sediment (sand sized and smaller)  and flows are highly erosive.  A debris flow is when a sediment and water mixture becomes a slurry similar to wet concrete capable of holding gravel sized particles and larger materials in suspension as part of the flow.  In steep canyon, debris flows can achieve high velocities and transport large boulders and floatable material like wood in suspension and cause catastrophic damage from impact or burial. 
] 


A total of 19 eligible or unevaluated archaeological sites are within or immediately adjacent to the Slide Fire.  Twelve sites were documented for their post-fire condition. All of the sites above the Mogollon Rim were determined to be at low risk of post-fire storm effects. Six sites within Oak Creek Canyon are being recommended for emergency treatments to mitigate potential adverse effects to significant cultural resources from post fire storm events. Oak Creek Canyon TCP (Traditional Cultural Properties) – The Hopi tribe, Yavapai-Apache Nation, and Yavapai Prescott Indian Tribe have all expressed that Oak Creek Canyon has traditional cultural significance to them. This property has not been formally evaluated, but it has been informally recognized as a TCP by the Forest for management purposes.

Twelve wildlife species and their habitat (including 12 Protected Activity Centers) were evaluated for the Slide Fire BAER assessment.  Mexican spotted owls are federally threatened and eleven are on the Region 3 Forest Service Sensitive Species list.  The narrow-headed gartersnake (Forest Service Sensitive) is proposed for listing as a threatened species and has proposed critical habitat.
There are fifteen Region 3 sensitive species - Arizona bugbane, alcove bog orchid, Ertter’s rose, cliff fleabane, Flagstaff pennyroyal, northern goshawk, peregrine falcon, bald eagle, desert sucker, Sonora sucker, a mayfly, a caddisfly, Allen’s lappet-browed bat, Western red bat, and narrow-headed gartersnake (also a proposed threatened species with critical habitat). The gartersnake population and habitat is located within the fire perimeter in West Fork of Oak Creek and in Oak Creek. 

There are numerous noxious or invasive weed locations within the burn, detected during surveys conducted prior to the fire. The most troublesome weed species of concern are Dalmatian toadflax (Linaria dalmatica) and cheat grass (Bromus tectorum).

	
	Unburned
	Low
	Moderate
	High
	Total

	Acres
	1,293
	10,415
	7,067
	3115
	21,890

	% of Total
	6
	48
	32
	14
	100


Table 1. Soil burn severity. All values are approximate.
Emergency stabilization treatments are described in the 2500-8 and treatments section of this report and are designed to reduce the risk of post-fire storm events on life, property, natural and cultural resources identified in the value at risk section.

[bookmark: _Toc391371063]Soil Burned Severity and Soil Burn Severity with Strong Hydrophobic Conditions Map:
Collectively and as mentioned about 46% of the fire burned in the moderate or high soil burn severity class, 48% in the low and 6% in the unburned class. Repeated onsite tests indicate both moderate and high soil burn severity classes have hydrophobic soil tendencies that could have high hydrologic response. Soil burn severities with strong hydrophobic conditions that are connected to critical values at risk were recommended for emergency stabilization treatments. Please see the maps below.
[image: 20140606_SlideBAER_BARC_WrkingDraft_36x24][image: Strong Hydrophobic Conditions]


[bookmark: _Toc391371064]Values at Risk and Evaluation:
This section lists the critical values on both forest and non forest system lands followed by the BAER risk evaluation matix and table.

Critical Values/Resources on Forest system lands identifed as high or very high in risk evaluation

Sterling Springs junction box and associated infrastructure, a water delivery system to fish hatchery, Pine Flat campground, and downstream water users.

Sterling Springs Fish Hatchery trout ponds and buildings, and access road and culvert (non forest building on forest lands under Special Use Permit).

Public health and safety. Swimming and day use along 9.43 miles below burn including Grasshopper Point.Forest users – rockfall, debris flows and sediment laden rapiding peaking runoff events from summer monsoonal events pose a threat to users within and immediately downstream of the burned area. Primarily along a 9.43 miles stretch of State Route 89A on forest system lands. Human life and safety of recreationalists and land owners along West Fork of Oak Creek and Oak Creek from threat of post fire storm events including direct rockfall, debris flow and flooding. 

AB Young (including recreation and cultural values) and West Fork of Oak Creek designated trails footprint. Post-fire storm events threaten trail footprint damage and complete loss.

Forest roads within areas of moderate or high burn severity are at risk of loss of road footprint infrastucture. Forest level 2 road footprints designated open in TMR and a portion of FR 231 near East Pocket Lookout risk damage and loss from post fire storm events.

The following cultural sites are at high or very high risk of loss or damage, AB Young Trail, Lomalai lodge, Ranger Thomas cabin.

Forest facilities – Campgrounds, including Cave Springs Campground Loop E, and visiter center/picnic area, Manzanita vault toilet, Banjo Bill vault toilet may result in  contamination of Oak Creek 

Soil productivity  - post fire storm events in areas of moderate and high burn severity especially in soils outside chaparral vegetation types are expected to pose risk to soil productivity from accelerated erosion above soil loss thresholds. Some deeper more productive soils are located within the wilderness area outside of chaparral vegetation types also. Soil productivity is critical for forest vegetation structure, wildlfie habitat including PAC’s, and maintaining the ability to infiltrate water and filter sediments to protect water quality downstream.

Region 3 sensitive species - Arizona bugbane, alcove bog orchid, Ertter’s rose, cliff fleabane, Flagstaff pennyroyal and non-sensitive Bebbs Willow. Threats include loss of habitat components from flooding and landslides. 
Soil loss and soil productivity in habitat for Mexican spotted owls (Federally threatened), and six Forest Service sensitive species: narrow-headed gartersnakes, northern goshawks, peregrine falcons, bald eagles, Allen’s lappet-browed bats, and western red bats.  Loss of soil and soil productivity is a primary driver of habitat recovery. 

Riparian function and water quality degradation in habitat effected by post fire storm events and ash for narrow-headed gartersnake (proposed threatened with proposed critical habitat), and six Forest Service sensitive species: desert sucker, Sonoran sucker, a mayfly, a caddisfly, and western red bat. The gartersnake population and habitat is located within the fire perimeter in West Fork of Oak Creek and in Oak Creek. Fish and macroinvertebrates (prey) would likely decline in the presence of ash.

Water quality – Oak Creek and West Fork of Oak Creek– are State designated “Outstanding Arizona Waters” signifying critical high value. Oak Creek is also on the State ADEQ and EPA impaired waters 303d list for exceedences in pathogens (E. coli). Runoff containing ash and fine to coase grained sediments will be transported into Oak Creek before recovery occurs.

Critical Values/Resources on Non-Forest system lands:

Human Life and Safety of private residences along 89a Oak Creek Canyon including but not limited to Junipine, Manresa resort, Garland Resort, Pine Flats subdivision and Forest homes.

Human Life and Safety along Oak Creek and within Slide Rock State Park.

State Route 89A, - primary road through Oak Creek Canyon  connecting Sedona and Flagstaff.  Debris laden increased flows capable of blocking and/or washing out culverts under the highway.

Approximately 75 residences and businesses between burned areas and Oak Creek Canyon.  Some residences and business are located west of State Route 89A and immediately adjacent to the eastern perimeter of the fire.  These areas will be prone to increased risk from rockfall, debris flows, and sediment laden runoff.

County Emergency Response (fire station) – the above area includes a County fire station.


The following evaluation is the BAER risk assessment and includes the probability and magnitude of damage or loss for each identified BAER value and summarized in the 2500-8 report and the tables 1-3 below.
Table 2. Slide Fire Risk Value Matrix
[image: ]
Table 3. Slide Fire Value Risk Assessment
	Slide Fire Value Assessed 6/7/2014
	On Forest, State or Private Lands
	Probability of Damage or Loss
	Magnitude of Consequences
	Risk

	Forest Campgrounds, Day Use Areas and Trails
	
	
	
	

	West Fork Oak Creek Day Use and bridge
	Forest
	Unlikely
	Minor
	Very low

	Pine Flat campground
	Forest
	Unlikely
	Minor
	Very low

	Cave Springs Campground Loop E including culverts, host buildings, picnic area
	Forest
	Likely
	Moderate
	High

	Cave Spring campground low water crossing
	Forest
	Possible
	Moderate
	Intermediate

	Bootlegger Day Use Area Vault Toilet
	Forest
	Possible
	Moderate 
	Intermediate

	Banjo Bill
	Forest
	Unlikely
	Moderate
	Low

	Manzanita campground (and toilets)
	Forest
	Likely
	Moderate 
	High

	Halfway
	Forest
	Unlikely
	Moderate
	Low

	Grasshopper Point
	Forest
	Unlikely
	Moderate
	Low

	Swimming and Creek Activities and day Use in Oak Creek within and below burn to Grasshopper Point (non monsoon and monsoon)
	Forest
	Likely
	Major
	Very High

	AB Young Trail Footprint
	Forest
	Very Likely
	Moderate
	Very High

	West Fork of Oak Creek Trail
	Forest
	Very Likely
	Moderate
	Very High

	
	
	
	
	

	Private Property
	
	
	
	

	Pine Flat subdivision
	Private
	Likely (in places) (Low water crossings and structures)
	Major
	Very High NRCS/EWP

	Manresa Retreat
	Private
	Possible in places (structures)
	Major
	High NRCS/EWP

	Forest Homes
	Private
	Likely (in places) (Low water crossings and structures)
	Major
	Very High NRCS/EWP

	Garland Resort may visit in field again.
	Private
	Likely (Low water crossings and select outbuildings)
	Moderate
	High NRCS/EWP

	Junipine Resort
	Private
	Likely (in places) (Low water crossings, cabins/structures)
	Major
	Very High NRCS/EWP

	Butterfly Garden Inn
	Private in Green, east of 89A
	Unlikely
	Major
	Low NRCS/EWP

	Call of Canyon Houses
	Private
	Possible (Low water crossing 
	Moderate
	Intermediate NRCS/EWP

	Wells on Private Lands
	Private
	Possible to Likely depending on location
	Moderate
	Intermediate to High. NRCS – EWP activity

	Septic Systems
	Private
	Possible to Likely depending on location
	Moderate
	Intermediate to High. NRCS – EWP activity

	Sterling Spring Source Water Delivery (Springbox and piping connected to hatchery)
	Forest
	Likely (piping)
Possible (spring box)
	Moderate
	High (piping)
Intermediate – (spring box)

	
	
	
	
	

	Roads
	
	
	
	

	Forest Roads Within or Connected to Moderate or High Burn Severity 
	Forest
	Likely
	Moderate
	High

	89A 
	State
	Possible
	Moderate
	Intermediate. 2 locations may be at risk

	
	
	
	
	

	Heritage Resources
	
	
	
	

	TCP
	Forest
	Very likely
	Minor
	Low

	Sterling Water System (cultural)
	Forest and Private
	Likely
	Moderate
	High

	Mayhew Ditch
	Forest and Private
	Possible
	Moderate
	Intermediate

	Garlands Ditch
	Forest and Private
	Very likely
	Moderate
	Very high

	Pendley Ditch
	Forest and State
	Very likely
	Moderate
	Very high

	Lolomai Lodge
	Forest
	Likely
	Moderate
	High

	Mayhew Lodge
	Forest
	Unlikely
	Major
	Intermediate

	Ranger Thomas Homestead (WFOC)
	Forest
	Likely
	Moderate
	High

	AB Young Trail (cultural)
	Forest
	Very likely
	Moderate
	Very high

	Cultural Sites in Low Burn Severity
	Forest
	Unlikely 
	Moderate
	Low

	
	
	
	
	

	Human Safety and Life
	
	
	
	

	Human Safety and Life (Private Residences)
	Private
	Possible (in flood, debris flow or rockfall locations)
	Major
	High NRCS-EWP

	Human Safety and Life associated with swimming, camping and other creek activities (within forest campgrounds and day use areas (West Fork, Cave Springs, Banjo Bill and Manzanita)
	Forest
	Likely
	Major
	Very High

	
	
	
	
	

	Soil and Water Quality
	
	
	
	

	Soil Productivity in Moderate to High Burn Severity
	Forest
	Very likely
	Moderate
	Very high

	Water Quality of Oak Creek and West Fork of Oak Creek
	Forest
	Very likely
	Moderate
	Very high

	Riparian (Oak and West Fork of Oak Creek) Stream Function 
	Forest
	Likely
	Minor
	Low

	Spring Riparian Function
	Forest
	Possible
	Minor
	Low

	
	
	
	
	

	Wildlife Species and Habitat
	
	
	
	

	Mexican Spotted Owl (federally threatened) and Habitat in Moderate to High Burn Severity
	Forest
	Very likely
	Moderate
	Very high

	Mexican Spotted Owl (federally threatened) and Habitat in Low Burn Severity
	Forest
	Very likely
	Minor
	Low

	Forest Service Sensitive species (Peregrine Falcon, Bald Eagle, Allen’s lappet-browed bat, Western Red Bat)
	Forest
	Western Red Bat and Bald Eagle (Likely to Unlikely)

Allen’s lappet-browed bat and Peregrine Falcon(Unlikely)

	Western Red Bat and Bald Eagle (Minor)

Allen’s lappet-browed bat (Minor)

	Low

	Forest Service Sensitive species (Northern Goshawk in moderate to high severity)
	Forest
	Very likely
	Moderate
	Very high

	Narrow Headed Garter Snake (proposed federally threatened) and proposed critical habitat
	Forest
	Very likely
	Major for snake
Moderate for habitat based on riparian element
	Very high.

	R3 Forest Service Sensitive Native Fish and Invertebrates
	Forest
	Very likely
	Moderate
	Very high

	Sterling Spring Fish Hatchery (ponds, building, low water crossing)
	State owned building on forest land
	Possible
	Major
	High

	
	
	
	
	

	R3 Sensitive Vegetation 
	
	
	
	

	Arizona Bugbane
	Forest
	Likely
	Minor
	Low

	Flagstaff Pennyroyal
	Forest
	Possible
	Minor
	Low

	Alcove Bog Orchid
	Forest
	Possible
	Moderate
	Intermediate

	Bebbs Willow
	Forest
	Unlikely
	Minor
	Very Low

	Erter Rose
	Forest
	Possible
	Moderate
	Intermediate

	Cliff Fleabane
	Forest
	Unlikely
	Minor
	Very Low

	
	
	
	
	

	Miscellaneous Values
	
	
	
	

	Slide Rock State Park Infrastructure
	State
	Unlikely
	Moderate
	Low Not legitimate for BAER funding) State/EWP

	Oak Creek Canyon Scenery
	All
	Likely
	Minor
	Low

	APS and other utility power lines
	Forest
	Possible
	Minor
	Low

	Trout farm
	Private
	Likely
	Minor
	Low to Intermediate

	Outfitter Guide activities (Fly Fishing) and sport fishing
	Forest
	Likely
	Minor
	Low to Intermediate

	Trick Tanks
	Forest lands but AZ Game & Fish Owned
	Unlikely
	Minor
	Very Low

	Earthen Stocktanks
	Forest
	Possible
	Minor
	Low

	Wilderness Area and Research Natural Area 
	Forest
	Likely
	Minor 
	Low

	East Pocket Lookout
	Forest
	Unlikely
	Minor
	Very Low

	Volunteer Fire Station 
	Private
	Unlikely
	Moderate
	Low

	Fences and Corals
	Forest
	Unlikely
	Minor
	Very Low. Not BAER legitimate. Other restoration activity


Treatments to risks identified as high or very high should be considered to reduce the probability of a damaging event. Treatments to risks identified as Intermediate may be needed depending on the priority of the value affected.
Treatments to risks identified as low or very low are rarely justifiable.
Risks on non-forest lands are under the responsibility of land owner or may be legitimate under the NRCS EWP.


[bookmark: _Toc391371065]Treatment Narrative and Treatment Objectives:
The overall objective of BAER assessment and treatments is the protection of life, property, natural and cultural resources. Treatment objectives include protecting or reducing the effects of post fire storm events on the following critical values; the Sterling Spring water supply and delivery system, forest recreation site buildings and roads infrastructure, cultural sites, human life and safety along Oak Creek, Sterling Spring Fish hatchery, residential homes and property from floods, debris flows and rockfall. Other objectives are to retain soil on-site to preserve long-term soil productivity, which is a foundation for restoring and sustaining the health of the burned watersheds and maintaining habitat for wildfire species, including MSO PACs, goshawk, PFA’s and rare plants. 

Description of Treatments
Land Treatments:

Cultural Sites:

Six sites within Oak Creek Canyon are being recommended for emergency treatments to mitigate potential adverse effects to significant cultural resources.

Ranger Thomas homestead cultural site protection. The site is located near the mouth of West Fork of Oak Creek below a moderate and high burned hillsope. A row of straw bales anchored with 2 T-posts/bale to protect remaining foundation is recommended.

Lolomai lodge cultural site protection near ranger Thomas homestead, aerial application of certified weed free seeds (31 seeds/sq ft) and aerial mulching with  certified weed free agricultural straw over the 2 acre site as part of the Interim 2 submission.  Seeds include a mix of native and quick growing non-persistent barley (listed below). 

This seed mix meets the BAER directive 6040 and is consistent with FSM 2070.3 policy. Part 3 states that select non-native plants may be used on an interim basis if they do not displace native species or offer serious long-term competition to the recovery of endemic species and are designed.
Proposed mix for seeding all sites prior to helimulching. The seed mix will be certified weed free.  The seeding rate is 31 seeds/sq. foot (approximately 27 pounds per acre).
Seed Mix for Slide Fire.
	Common name
	Scientific Name
	Seeds/sq. foot
	Pounds/acre

	Barley
	Hordeum vulgare
	6
	21

	Slender wheatgrass
	Elymus trachycaulus
	10
	2.7

	Little bluestem
	Schizachyrium scoparium
	5
	0.8

	Squirreltail
	Elymus elymoides
	10
	2.3



Cultural site protection of three historic ditches along terraces of Oak Creek just north of Slide Rock State Park to near West Fork of Oak Creek within burned perimeter  Aerial seeding and aerial mulching hillslopes above sites to protect damage to historic ditches from expected rockfall, debris flows and flood events. Further details of this treatment is is spelled out later in Interim #2

AB Young cultural trail protection from East Pocket Lookout trailhead to about 0.75 miles outside of Wilderness area.  – Cleaning out and improving existing trail drainage features would protect trail footprint from washout.

Hillslope Treatments (seeding and helimulching)

Aerial seeding (31 seeds/sq.ft.) of certifed weed free grass species will be applied followed by aerial certified weed free straw mulch application (1 ton/acre covering at least 70% of soil surface) on 2175 acres of moderate and high burn severity that exhibited very strong hydrophobic conditions 

Criteria for selected acres included: Slopes< 40% and for the most part, surface rocks fragments <50%.  Selected acres were tied to improving conditions associated with the following values at risk: Sterling Canyon Spring, Heritage Sites, T & E habitat, geohazards, water quality and soil productivity.  Of the 2175 acres, 697 are located within the Red Rock – Secret Mountain Wilderness. The objective of mulching and seeding also will reduce soil loss  and ash and sediment deposition to tributaries to West Fork of Oak Creek and Oak Creek perennial streams redicing adverse efffects to water quality and maintain soil and vegetative productivity in deep and moderately deep soils adjacent to Oak Creek.

Sterling Canyon Spring – a water supply for; Arizona Game and Fish “Sterling Springs Fish Hatchery”, Forest Service Pine Flats campground and supplemental water used at private residences will be better protected with seeding and mulching of soils with strong hydrophobic tendencies in the Sterling Sprign watershed. 

Heritage Sites - Three historic ditches will be afforded some protection from erosion and sediment delivery.  Reduced runoff into these ditches may add some prevention of ditches overtopping and breaching.  

T & E – Seeding and mulching in Mexican Spotted Owl PACs and in Mexican spotted owl critical habitat will reduce, but not eliminate, accelerated soil erosion. Seeding and mulching will speed habitat recovery by improving soil productivity in treated areas. In addition to seeding and mulching, soil loss will be mitigated by culvert removal, cleaning, road maintenance and hand seeding which will reduce, but not eliminate, sedimentation and ash into proposed critical habitat for the proposed narrow-headed gartersnake.

Geological Hazards –  The objective of seeding and mulching will reduce debris deposits and floodwaters into mainstem of Oak Creek and West Fork Oak Creek from debris flow channels and may reduce the magnitude as direct flows from mulched acres would be reduced.

Water Quality – Oak Creek and West Fork of Oak Creek is a State of Arizona designated Outstanding Water (http://www.azdeq.gov/environ/water/permits/download/oaw.pdf) Seeding and application of straw mulch will reduce impacts to water quality.

Soil Productivity – Mulching and seeding in treatmetn areas  will protect soil from accelerated erosion and loss of soil productivity from post-fire storm related events essential for forest vegetative growth and resilience and, cultural site protection of ditches, and reduce the loss of the AB young trail footprint and forest roads, wildlife and sensitive Mexican Spotted Owls and associated PACs, Northern Goshhawk PFA’s and other R3 sensitive species listed in this report. 
.
All acres are on slopes less than 40 percent where local mulching and seeding has been shown to be effective and do not include chaparral hillslopes. The identified seed mix includes native species and a quick growing, non persistent barley that has been shown to be effective in germination in the first and second year reducing onsite erosion and particlarly is effective at holding agricultural straw in place from blowing and removal by runoff. Seeding and mulching has been shown to be very effective at protecting the topsoil in both research and in areas of the nearby 2006 Brins Fire. Over 50% of the soil nutrients are contained in the topsoil. Therefore, protecting topsoil from accelerated erosion reduces soil loss and protects long term soil productivity essential in maintaining habitat for wildlife species while at the same time reducing sediment delvery to connected streamcourses and reducing adverse effects to water quality. 

The objective of seeding and mulching  would reduce the threats to wildlife and fisheries values at risk.  Aerial application of seed and mulch will reduce soil loss, mitigate the loss of soil productivity, and help speed habitat recovery.  These treatments target slopes less than 40 % in areas identied as exhibiting strong hydrophobic condtions Not all areas exhibiting strong hydrophobic conditions will be treated (see treatment map). 
Treatments would protect heritage sites, roads, and the Sterling Springs Fish Hatchery will also reduce soil loss and resulting sediments and ash into drainages that connect to Oak Creek and West Fork of Oak Creek. In some areas, treatments could hasten the recovery of riparian habitat damaged by the fire. 

Mulching and seeding have the objective reduce the effects of post-fire storm related effects to sediment delivery and ash to water quality and reduce post fire runoff effects to water quality in Oak Creek and West Fork of Oak Creek 

Mulching and seeding have the objective to reduce the magnitude of post-fire storm related debris flows, rockfalls, runoff and flooding to forest recreation sites including human life and safety both on Forest land and non Forest lands, the Sterling Spring water delivery system  to Sterling Springs fish hatchery Pine Flats campground and subdivisions along Oak Creek and the hatchery itself.

Channel Treatments:

Sterling Spring Infrastructure Protection (junction box).  Preliminary design will enhance concrete encasement withstructural reinforcement. This design shall also incorporate a more hydrodynamic form than the existng condition.  Additionally, the stream bed reach above the junction box will be reinforced with rip rap to further protect the upstream side of the box and encourage flows to migrate away from the river left side of the channel to reduce the amount of flow going directly to the box and produce a more direct and efficient flow through the channel.

Storm Patrol TB (Interim. Storm patrols will monitor conditions and implement cleanout of Forest road culverts within ponderosa pine forests and drainages connected to Oak Creek after significant precipitation events. The objective is to remove debris from culverts or drainages that otherwise might plug up and pose risk of breach that might damage structures or flood downstream values including road infrastructure, non-forest residential developments and flooding events posing further risk to human life and safety along Oak Creek. If warranted, the storm patrol crew would activate the Forest road crew or other resources to address concerns.

Roads and Trail Treatments:

Extract 3 Culverts on FSR 231 Road – Beyond gate on portion of road beyond gate leading up to East Pocket Lookout. Within areas of moderate and high burn severity, the objective of pulling 3 culverts and cleaning 10 more will provide for water passage under road footprint and protect road infrastrusture and reduce the effects of wildfire to downstream water quality described below.  

Clean inlets/outlets and flush 10 culverts FSR 231 between junctions of 231A and 231J.

Repair approximately 20 miles of ML2 road drainage structures (rolling dips and lead out ditches) in moderate to high burn areas. The objective of improving and installing road drainage on 20 miles of forest roads is to protect road footprint from accelerated erosion and runoff and reduce runoff and erosion downstream that would otherwise compromise the road footprint.

Interim #1 BAER request in green – 

AB Young Trail Protection – Same trail segment as described in cultural above.  Trail to be closed with gate in-place with the objective to protect trail footprint from post fire storm events expected to wash away trail segment.. Existing gate at East Pocket Lookout to be locked and closed to public through at least the end of the first year’s monsoons. Approximately 0.75 miles of designated and cultural trail stabilized with improved drainage (rolling dips and water bar drains) to prevent loss of trail footprint in areas of high and moderate soil burn severity. Cost includes sawyer crews for killer trees. Trail work will start after sawyers have cleared killer trees to provide a safer working condition for crews implementing trail protection. 
 
Storm Patrol. Storm patrols will monitor conditions and implement cleanout of Forest road culverts within ponderosa pine forests and drainages connected to Oak Creek after significant precipitation events. The objective is to remove debris from culverts or drainages that otherwise might plug up and pose risk of breach that might damage structures or flood downstream values including road infrastructure, non-forest residential developments and flooding events posing further risk to human life and safety along Oak Creek. Where warranted, the storm patrol crew will activate the Forest road crew or other crew to address the concerns.

Land Treatments of Cultural Sites:

Six sites within Oak Creek Canyon are being recommended and will be implemented for emergency treatments with the objective to mitigate potential adverse effects of direct damage from post fire storm related events (debris flow, rock fall and flooding) to significant cultural resources 

Ranger Thomas homestead cultural site protection – straw bales are recommended with the objective to prevent the expected accelerated erosion and subsequent soil and runoff above this feature from eroding and damaging the homestead foundation.

Lolomai lodge cultural site protection – mulching and seeding and sandbag point protection with the objective to prevent damage of feature foundation.

3 ditches cultural site protection – general aerial seeding and aerial mulching hillslope above sites with the objective to prevent erosion of historic ditches.

-


Protection/Safety Treatments To Implement:

Install up to about 50 warning signs at all access travelways into the burned area with the objective to prevent public entry and personal injury or loss of life into or below burned affected areas. Install about 100 additional warning signs made from plastic and placed on barracades (No Public Entry) and related materials at all access points, primarily along the State Route 89A/Oak Creek Canyon corridor with the objective to prevent public entry and personal injury or loss of life into or below burned affected areas.  

Install barricades at potential access points into the closed area of the fire. The objective is to prevent public entry into areas with high risk of fallen trees, debris flows, rock slides and flooding with the objective of preventing personal injury or loss of life to forest users. Additional barricades (100) – 8 foot plastic with the objective to prevent public entry into areas with high risk of fallen trees, debris flows, rock slides and flooding with the objective of preventing personal injury or loss of life to forest users.

Pump, sanitize, and close eleven vault toilets located in floodplains.with the objective to prevent flood waters from carrying contaminants to Oak Creek. The vault toilets do not need to be sealed.

Well Head Protection (funded through cost savings of previous approvals): Potable Water supply well heads susceptible to flooding will be protected from floodwaters with a combination of visqueen, sandbags, and isolation of water system components, at Cave Spings, Manzanita and Banjo Bill Campgrounds.  Well vents will be plugged and cleaning supplies removed from well houses. Visqueen and 2 rows of sandbags, 3 high, will be placed around the well houses with the objective to prevent cross contamination of Oak Creek water quality from floodwaters. 

Asbestos testing of a burned cabin adjacent to West Fork of Oak Creek. Adjacent to West Fork of Oak Creek there is concern of a concentration of asbestos. Asbestos testing is recommended. The objective is to determine if hazardous material is present and determine the  need for subsequent hazardous material cleanup. If present, asbestos would pose a threat to water quality, and public safety.

Notification letters to County and City officials, Slide Rock State Park, National Weather Service, USGS and NRCS for Emergency Watershed Protection Program assessment and implementation on non forest lands of BAER identified values at risk.  Approximately 50 entities will receive letters specific to their nexus to the burned area.  Notification letters to County and City officials, Slide Rock State Park, National Weather Service, USGS and NRCS for Emergency Watershed Protection Program assessment and implementation on non forest lands of BAER identified values at risk. The objective is to notify each entity of BAER assessment findings that may pose a risk to life, property and resources on non forest system lands.

Early Warning System ALERT station support (including approval of Emergency Special Use Permit) to Yavapai County and Emergency Services for installation.  Yavapai County is the lead for acquisition, installation and maintenance of stations and dissemination of data. Request excludes purchase of ALERT stations. The objective is to coordinate authorization of emergency special use permit and placement of station on forest lands. 

Administrative Closure Compliance Enforcement: Dozens of fire and creek access points are present and have been administratively closed through approved BAER activities including barricaded and signed closed with warning and hazard signs. Experience and recent illegal trespassing incidents during the fire closure indicates personnel law enforcement is necessary to assure public compliance of closure. Request is for 60 days after which patrol is probably not needed. The objective is to prevent risk to human life and safety from illegal access to creek and within the fire perimeter.

West Fork Trail closure gate at Call of Canyon at mouth of West Fork of Oak Creek  with the objective to restrict public access and protect human life and safety from debris flows, rock falls and flood events. 

Public Information Officer partner coordination, collaboration, press releases and public briefings during implementation of identified treatments.  Incorporated into treatment costs. The objective is to provide funding collaboration  between forest and public and other agencies during implementation.

Monitoring

Level 1 monitoring of seeding and mulching treatments will occur in years one and two with the objective to determine the effectiveness of seeding and mulching on relatively flat slopes (5%) and on steeper slopes (about 25%). 

The following outlines the proposed monitoring plan.

1.  Monitoring questions (answered in results section below)
· Did these treatments increase soil cover?
· On what slopes do the mulching and seeding remain intact and effective and what are the differences?
· Did these treatments provide for soil stabilization and reduce erosion?
· Does seeding with annual non-native barley prevent native plant recovery?
2.  Measurable indicators
	Based on the Monitoring questions to be answered, measurable indicators for the seeding/mulching treatments include:
· Presence of germinating seed
· Presence and percent cover of native grass and forb species
· Visual signs of soil erosion 
· Mulch cover and depth
3.  Data collection techniques (consistent with appropriate protocols)
	Treated areas of seeding and mulching/seeding will be evaluated on in those burn areas classified as moderate or high severity on various slopes including less than about 5% and 25%.
Treatment sites reflect similar vegetation types, soil types, slope, aspect, and elevation. Daubenmire frames and transects will be used to assist in determining percent cover. Data collection will include:
·  Plant cover and presence of seeded species and native species.
· Soil cover metrics will include plant, litter (cover of mulch and depth of mulch), rock fragment percent.  
· Detection surveys to determine if further BAER treatments are needed to improve vegetative (mulch and seed) ground cover to protect values at risk.
· Geo-referenced plots and photo points
4.  Evaluation, Results and Conclusions. The final BAER monitoring report will detail the results and conclusions.


[bookmark: _Toc391371066]Treatment Maps:
Slide Fire Seeding and Mulching Treatment Map



Slide Fire Point Values Treatment Map
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BURNED-AREA REPORT
 (Reference FSH 2509.13)

PART I  -  TYPE OF REQUEST

A.  Type of Report

[X] 1.  Funding request for estimated emergency stabilization funds
[ ] 2.  Accomplishment Report
[ ] 3.  No Treatment Recommendation

B.  Type of Action

[] 1.  Initial Request (Best estimate of funds needed to complete eligible stabilization measures)

[X ] 2.  Interim Report  #3____  
[X] Updating the initial funding request based on more accurate site data or design analysis
[ ] Status of accomplishments to date 

 [ ] 3.  Final Report (Following completion of work)


PART II  -  BURNED-AREA DESCRIPTION

A.  Fire Name: Slide  	B.  Fire Number: AZ-COF-000320

C.  State:   Arizona	D.  County:  Coconino   

E.  Region: 3	F.   Forest: Coconino NF

G.  District: Red Rock and Peaks Ranger Districts   H. Fire Incident Job Code: p3h4st14	

I. Date Fire Started:  May 20th, 2014 	J. Date Fire Contained:   June 4, 2014

K. Suppression Cost: ~$10,100,000 

L.  Fire Suppression Damages Repaired with Suppression Funds
1. Fireline waterbarred (miles): 0  
2. Fireline seeded (miles): 0
                     3. Other (fire line):  3.5 miles of line covered with slash.

M.  Watershed Number:    Oak Creek Watershed 5th code HUC number 1506020205                           

N.  Total Acres Burned:  21,227 	 
      NFS Acres(X)     Other Federal ( )    State (X)      Private (X ) 

O.  Vegetation Types: Vegetation types range from ponderosa pine, gambel oak to chaparral types dominated by turbinella oak and manzanita and other shrub and perennial grass species. Chaparral is found on steeper slopes (generally greater than about 40 percent) on lower elevations and range from about 5000 feet to 6400 feet. Ponderosa pine gambel oak types are generally found on slopes less than 40 percent and at higher elevations and range from about 6400 to 7300. Mixed conifer and ponderosa pine vegetation types is found in assocation at high elevations (about 5500 to 7200 feet in the Red Rock Secret Mountain Wilderness Area with  ponderosa pine on southern aspects and mixed conifer (Douglas Fir) on north aspects. Riparian areas are minor in extent within the fire perimeter and found along Oak Creek and West Fork of Oak Creek with Mixed Broadleaf, Montane Willow and Gallery Coniferous Riparian Forest Potential Natural Vegetation type.      
                    
P.  Dominant Soils:

Throughout the fire perimeter, there is a relatively even mix of soils found on flat slopes (0 to 40 percent) and on steep slopes greater than about 40 percent. Soils found on slopes ranging from 0 to 40 percent at higher elevations on ponderosa pine vegetation types are fine textured soils derived from limestone classified as Typic and Glossic Eutroboralfs with fine sandy loam surfaces and fine or clayey-skeletal textured Mollic, Typic or Lithic Eutroboralfs and Typic Argiborolls with loam surfaces with soil depth ranging from 10 to 40 inches when derived from basalt. 

Soils found on slopes ranging from 40 to 120 percent in chaparral vegetation types are dominated by Typic Ustochrepts, loamy-skeletal, moderately deep, very stony fine sandy loams and Typic Ustorthents, sandy-skeletal, mixed, mesic, moderately deep, extremely bouldery loamy fine sands with Rock Outcrop. 

Soils found on slopes ranging from 40 to 120 percent in ponderosa pine and mixed conifer vegetation types include Typic Argiustolls, Mollic Eutroboralfs, and Typic Dystrochrepts, moderately deep, very stony to extremely boulder fine sandy loams.  


Q.  Geologic Types: Paleozoic sedimentary rocks (Coconino sandstone, Kaibab limestone, Coconino sandstone, Schnebly Hill formation), dominate and occupy about 73% within the fire perimeter while volcanics Quaternary basalt cap) occupy about 27 percent. 

R.  Miles of Stream Channels by Order or Class:    
               
	Class
	Miles

	Ephemeral
	69.4

	Intermittent
	18.2

	Perennial
	0.7




S.  Transportation System   
 
       Trails: 4.8 miles            Roads:  80.3 miles 


PART III  -  WATERSHED CONDITION

A.  Burn Severity (acres):   10,415 (48%)     (low)     7067 (32%)  (moderate)     3115 (14%)  (high)		1293 (6%) (unburned)

B.  Water-Repellent Soil (acres):   about 10,200 acres                      

C.  Soil Erosion Hazard Rating (acres):
                                          6926 (slight)    3015  (moderate)   6493  (severe)

D.  Erosion Potential:      6.5 to 100  tons/acre with a burned area average of 30 tons/acre (Hillslope Erosion model)  
     
E.  Sediment Potential:    20,900 cubic yards / square mile
 


PART IV  -  HYDROLOGIC DESIGN FACTORS

A.  Estimated Vegetative Recovery Period, (years):  3-5 (3 for chaparral and 5 for pine vegetation types)	 

B.  Design Chance of Success, (percent): 	  70     	               

C.  Equivalent Design Recurrence Interval, (years): 	   25   	

D.  Design Storm Duration, (hours): 	  1     			

E.  Design Storm Magnitude, (inches): 	~2

F.  Design Flow, (cubic feet / second/ square mile):                ~190 - 250	    

G.  Estimated Reduction in Infiltration, (percent): 	   46    	     
	
H.  Adjusted Design Flow, (cfs per square mile):                     ~ 370 - 1000	    
	 

PART V  -  SUMMARY OF ANALYSIS

The Slide Fire burned approximately 22,000 acres on the Flagstaff and Red Rock Districts of the Coconino National Forest in north central Arizona roughly along and west of State Route 89a and Oak Creek Canyon from Sterling Springs hatchery to Slide Rock State Park .The Slide Fire was human caused and burned across moderate to very steep chaparral and ponderosa pine and mixed conifer covered slopes and slopes less than about 40 percent in ponderosa pine dominated vegetation types within the Oak Creek 5th HUC (Hydrologic Unit Code) watershed. The steeper slopes are especially subject to debris flows, rockslides, overland flow and accelerate erosion that could become concentrated flow and  in defined drainages potentially producing large floods that could damage and pose risk to forest values (life, property, natural and cultural resources identifed below) and off-Forest private property and county infrastructure. 

Approximately 3,115 acres (14 percent) burned at high soil burn severity, 7,067 acres (32 percent) burned at moderate severity, and 10,415 acres (48 percent) burned at low severity and 1,293 acres (6 percent) remain unburned or burned at very low severity. Collectively, about 46% of the fire burned in the moderate or high soil burn severity class. Repeated onsite tests indicate both moderate and high soil burn severity classes have hydrophobic soil tendencies that could have high hydrologic response. Average annual sheet and rill soil erosion for the burned area averages about 30 tons/acre.

The 6th HUC (Hydrologic Unit Code) watersheds of concern are Upper Oak Creek and West Fork of Oak Creek that include Sterling Spring and the perennial streams West Fork of Oak Creek and Oak Creek. These watersheds and hillslopes drain directly toward forest campgrounds, day use areas, the Sterling Spring Fish Hatchery, cultural sites, an Outstanding Arizona Water (Oak Creek, West Fork of Oak Creek), Side Rock State Park, non-Forest lands including approximately 75 or more homes, public, private and forest roads. Post-fire floods from the 25-year,1 hour rainstorm could be 2 to 8 times greater than pre-fire flows. In smaller tributaries, the time to peak can be less than 30 minutes, allowing very minimal time to react to a high intensity precipitation event occurs.

A total of 19 eligible or unevaluated archaeological sites are within or immediately adjacent to the Slide Fire.  Twelve sites were documented for their post-fire condition. All of the sites above the Mogollon Rim were determined to be at low risk of post-fire storm effects. Six sites within Oak Creek Canyon are being recommended for emergency treatments to mitigate potential adverse effects to significant cultural resources from post fire storm events. Oak Creek Canyon TCP (Traditional Cultural Properties) – The Hopi tribe, Yavapai-Apache Nation, and Yavapai Prescott Indian Tribe have all expressed that Oak Creek Canyon has traditional cultural significance to them. This property has not been formally evaluated, but it has been informally recognized as a TCP by the Forest for management purposes.

Twelve wildlife species and their habitat (including 12 Protected Activity Centers (PACs)) were evaluated for the Slide Fire BAER assessment.  Mexican spotted owls are federally threatened and eleven are on the Region 3 Forest Service Sensitive Species list.  The narrow-headed gartersnake (Forest Service Sensitive) is proposed for listing as a threatened species and has proposed critical habitat.

There are fifteen Region 3 sensitive species - Arizona bugbane, alcove bog orchid, Ertter’s rose, cliff fleabane, Flagstaff pennyroyal, northern goshawk, peregrine falcon, bald eagle, desert sucker, Sonora sucker, a mayfly, a caddisfly, Allen’s lappet-browed bat, Western red bat, and narrow-headed gartersnake (also a proposed threatened species with critical habitat). The gartersnake population and habitat is located within the fire perimeter in West Fork of Oak Creek and in Oak Creek. 

There are numerous noxious or invasive weed locations within the burn, detected during surveys conducted prior to the fire. The most troublesome weed species of concern are Dalmatian toadflax (Linaria dalmatica) and cheat grass (Bromus tectorum).

A.  Describe Critical Values/Resources and Threats: 

See Appendix A (in the attached appendices document) for a complete  tabular display of all values, resources and their associated risk and threats.

See Appendix B (in the attached appendices document)for executive summary resource reports of current condition, values at risk and associated threats. Critical values and resources and threats are listed below.

Critical Values/Resources on Forest system lands identifed as high or very high in risk evaluation.

Sterling Springs junction box and associated infrastructure -  a water delivery system to the fish hatchery, Pine Flat campground, and downstream water users.

Sterling Springs Fish Hatchery, trout ponds,  buildings, and access road with culverts (non-forest buildings on forest lands under a Special Use Permit).

Public health and safety. Swimming and day use along 9.43 miles below burn including Grasshopper Point.Forest users – rockfall, debris flows and sediment laden rapiding peaking runoff events from summer monsoonal events pose a threat to users within and immediately downstream of the burned area. Primarily along a 9.43 miles stretch of State Route 89A on forest system lands. Human life and safety of recreationalists and land owners along West Fork of Oak Creek and Oak Creek from threat of post fire storm events including direct rockfall, debris flow and flooding. 

AB Young (including recreation and cultural values) and West Fork of Oak Creek designated trails footprint. Post-fire storm events threaten trail footprint damage and complete loss.

Forest roads within areas of moderate or high burn severity are at risk of loss of road footprint infrastucture. Forest level 2 road footprints designated open in TMR and a portion of FR 231 near East Pocket Lookout risk damage and loss from post fire storm events.

The following cultural sites are at high or very high risk of loss or damage: AB Young Trail, Lomalai lodge, Ranger Thomas cabin.

Forest facilities – Campgrounds, including Cave Springs Campground Loop E, and visiter center/picnic area, Manzanita vault toilet, Banjo Bill vault toilet. Post fire runoff events impacting these vault toilets   may result in  contamination of Oak Creek 

Soil productivity - post fire storm events in areas of moderate and high burn severity especially in soils outside chaparral vegetation types are expected to pose risk to soil productivity from accelerated erosion above soil loss thresholds. Some deeper more productive soils are located within the wilderness area outside of chaparral vegetation types also. Soil productivity is critical for forest vegetation structure, wildlfie habitat including PAC’s, and maintaining the ability to infiltrate water and filter sediments to protect water quality downstream.

Region 3 sensitive species - Arizona bugbane, alcove bog orchid, Ertter’s rose, cliff fleabane, Flagstaff pennyroyal and non-sensitive Bebbs Willow. Threats include loss of habitat components from flooding and landslides. 

Soil loss and soil productivity in habitat for Mexican spotted owls (Federally threatened), and six Forest Service sensitive species: narrow-headed gartersnakes, northern goshawks, peregrine falcons, bald eagles, Allen’s lappet-browed bats, and western red bats.  Loss of soil and soil productivity is a primary driver of habitat recovery. 

Riparian function and water quality degradation in habitat effected by post fire storm events and ash for narrow-headed gartersnake (proposed threatened with proposed critical habitat), and six Forest Service sensitive species: desert sucker, Sonoran sucker, a mayfly, a caddisfly, and western red bat. The gartersnake population and habitat is located within the fire perimeter in West Fork of Oak Creek and in Oak Creek. Fish and macroinvertebrates (prey) would likely decline in the presence of ash laden flows.

Water quality – Oak Creek and West Fork of Oak Creek– are State designated “Outstanding Arizona Waters” signifying critical high value. Oak Creek is also on the State ADEQ and EPA impaired waters 303d list for exceedences in pathogens (E. coli). Runoff containing ash and fine to coase grained sediments will be transported into Oak Creek before recovery occurs.

Critical Values/Resources on Non-Forest system lands:

Human Life and Safety of private residences along State Route 89a Oak Creek Canyon including but not limited to Junipine, Manresa resort, Garland Resort, Pine Flats subdivision, and Forest homes.

Human Life and Safety along Oak Creek. 

State Route 89A, - primary road through Oak Creek Canyon  connecting Sedona and Flagstaff.  Debris laden increased flows capable of blocking and/or washing out culverts under the highway.

Approximately 75 (35 considered at risk from County and NRCS)residences and businesses between burned areas and Oak Creek Canyon.  Some residences and business are located west of State Route 89A and immediately adjacent to the eastern perimeter of the fire.  These areas will be prone to increased risk from rockfall, debris flows, and sediment laden runoff.

County Emergency Response (fire station) – the above area includes a County fire station

Please see Appendix A (in the attached appendices document) for the evaluation of values and their assocated risks from post fire storm related events . The values at risk matrix was used.

B.  Emergency Treatment Objectives: (Described in Section H, Treatment Narrative)

C. Probability of Completing Treatment Prior to Damaging Storm or Event:

Land  70    %    Channel   90    %    Roads/Trails  90     %    Protection/Safety   80    %


D. Probability of Treatment Success
    
	
	Years after Treatment

	
	1
	3
	5

	Land
	50
	80
	N/A

	
	
	
	

	Channel
	30
	50
	N/A

	
	
	
	

	Roads/Trails
	90
	70
	N/A

	
	
	
	

	Protection/Safety
	90
	90
	N/A

	
	
	
	



G.  Skills Represented on Burned-Area Survey Team: 

[X ] Hydrology     [X ] Soils            [X ] Geology            [ ] Range                [X ] Wilderness
[ ] Forestry          [X ] Wildlife        [ ] Fire Mgmt.           [ ] Engineering        [ ]
[ ] Contracting     [ ] Ecology       [X ] Botany                 [ X] Archaeology    [ ]
[ ] Fisheries         [ ] Research    [ ] Landscape Arch     [X ] GIS

Team Leader: Gregory A.  Kuyumjian/Rory Steinke 

Email:rsteinke@fs.fed.us    	Phone:928.527.3451                      FAX:928.527.3620   


H.  Treatment Narrative: 
          Treatments listed in black are associated with the Initial BAER request,  in green for Interim #1    request,  in blue for Interim #2  request and “Accent 6” for Interim #3. Interim 3 is not requesting additional emergency funding but requesting approval of BAER legitimate activities and will be funded through cost savings from prevoius BAER approvals.

(Describe the emergency treatments, where and how they will be applied, and what they are intended to do.  This information helps to determine qualifying treatments for the appropriate funding authorities. For seeding treatments, include species, application rates and species selection rationale.)

Land Treatments:

Cultural Sites:

Six sites within Oak Creek Canyon are being recommended for emergency treatments with the objective to mitigate potential adverse effects of direct damage from post fire storm related events (debris flow, rock fall and flooding) to significant cultural resources 

Ranger Thomas homestead cultural site protection. The site is located near the mouth of West Fork of Oak Creek below a moderate and high burned hillsope. A row of straw bales anchored with 2 T-posts/bale to protect remaining foundation is recommended.

Lolomai lodge cultural site protection near ranger Thomas homestead, aerial application of certified weed free seeds (31 seeds/sq ft) and aerial mulching with  certified weed free agricultural straw over the 2 acre site as part of the Interim 2 submission.  Seeds include a mix of native and quick growing non-persistent barley (listed below). 

This seed mix meets the BAER directive 6040 and is consistent with FSM 2070.3 policy. Part 3 states that select non-native plants may be used on an interim basis if they do not displace native species or offer serious long-term competition to the recovery of endemic species and are designed to aid in the re-establishment of native plant communities. 
Proposed mix for seeding
The seed mix shall be certified weed free.  The seeding rate is 31 seeds/sq. foot (approximately 27 pounds per acre).
Table 4. Seed Mix for Slide Fire.
	Common name
	Scientific Name
	Seeds/sq. foot
	Pounds/acre

	Barley
	Hordeum vulgare
	6
	21

	Slender wheatgrass
	Elymus trachycaulus
	10
	2.7

	Little bluestem
	Schizachyrium scoparium
	5
	0.8

	Squirreltail
	Elymus elymoides
	10
	2.3



Cultural site protection of three historic ditches along terraces of Oak Creek just north of Slide Rock State Park to near West Fork of Oak Creek within burned perimeter  Aerial seeding and aerial mulching hillslopes above sites to protect damage to historic ditches from expected rockfall, debris flows and flood events. Further details of this treatment is is spelled out later in Interim #2

BAER Interim #2 

Hillslope Treatments

Aerial seeding (31 seeds/sq.ft.) of certifed weed free grass species would be applied followed by aerial certified weed free straw mulch application (1 ton/acre covering at least 70% of soil surface) on 3462 acres of moderate and high burn severity that exhibited very strong hydrophobic conditions (See Appendix D for total acres and Appendix F for aerial seeding and mulching acres).  

Criteria for selected acres included: Slopes< 40% and for the most part, surface rocks fragments <50%.  Selected acres were tied to improving conditions associated with the following values at risk: Sterling Canyon Spring, Heritage Sites, T & E habitat, geohazards, water quality and soil productivity.  Of the 2175 acres, 697 are located within the Red Rock – Secret Mountain Wilderness. The objective of mulching and seeding also would reduce soil loss  and ash and sediment deposition to tributaries to West Fork of Oak Creek and Oak Creek perennial streams redicing adverse efffects to water quality and maintain soil and vegetative productivity in deep and moderately deep soils adjacent to Oak Creek.

Sterling Canyon Spring – a water supply for; Arizona Game and Fish “Sterling Springs Fish Hatchery”, Forest Service Pine Flats campground and supplemental water used at private residences would be better protected with seeding and mulching of soils with strong hydrophobic tendencies in the Sterling Sprign watershed. 

Heritage Sites - Three historic ditches will be afforded some protection from erosion and sediment delivery.  Reduced runoff into these ditches may add some prevention of ditches overtopping and breaching.  

T & E – Seeding and mulching in Mexican Spotted Owl PACs and in Mexican spotted owl critical habitat should reduce, but not eliminate, accelerated soil erosion. Seeding and mulching will speed habitat recovery by improving soil productivity in treated areas. In addition to seeding and mulching, soil loss will be mitigated by culvert removal, cleaning, road maintenance and hand seeding which will reduce, but not eliminate, sedimentation and ash into proposed critical habitat for the proposed narrow-headed gartersnake.  Benefits to Mexican spotted owl critical habitat are realized by some of the acres identified for immediate treatment application.

Geological Hazards –  The objective of seeding and mulching is to reduce debris deposits into mainstem of Oak Creek and West Fork Oak Creek from debris flow channels; the magnitude of direct flows from mulched acres would be reduced.

Water Quality – Oak Creek and West Fork of Oak Creek is a State of Arizona designated Outstanding Water (http://www.azdeq.gov/environ/water/permits/download/oaw.pdf) Seeding and application of straw mulch would reduce  impacts to water quality.

Soil Productivity – Mulching and seeding in areas identified for immediate  treatment  would protect soil from accelerated erosion and loss of soil productivity from post-fire storm related events essential for forest vegetative growth and resilience. 

All acres are on slopes less than 40 percent where local mulching and seeding has been shown to be effective and does not include chaparral hillslopes. The identified seed mix includes native species and a quick growing, non persistent barley that has been shown to be effective in germination in the first and second year reducing onsite erosion and particularly is effective at holding agricultural straw in place from blowing and removal by runoff. Seeding and mulching has been shown to be very effective at protecting the topsoil in both research and in areas of the nearby 2006 Brins Fire. Over 50% of the soil nutrients are contained in the topsoil. Therefore, protecting topsoil from accelerated erosion reduces soil loss and protects long term soil productivity essential in maintaining habitat for wildlife species while at the same time reducing sediment delvery to connected streamcourses and reducing adverse effects to water quality. 

The objective of seeding and mulching  would reduce the threats to wildlife and fisheries values at risk.  Aerial application of seed and mulch will reduce soil loss, mitigate the loss of soil productivity, and help speed habitat recovery.  These treatments target slopes less than 40 % in areas identified as exhibiting strong hydrophobic condtions Not all areas exhibiting strong hydrophobic conditions will be treated (see treatment map Appendix F in the attached appendices document).

Treatments would protect heritage sites, roads, and the Sterling Springs Fish Hatchery, and  also reduce soil loss and resulting sediments and ash into drainages that connect to Oak Creek and West Fork of Oak Creek. In some areas, treatments could hasten the recovery of riparian habitat damaged by the fire. 

Mulching and seeding have the objective reduce the effects of post-fire storm related effects to sediment delivery and ash to water quality and reduce post fire runoff effects to water quality in Oak Creek and West Fork of Oak Creek. 

Mulching and seeding have the objective to reduce the magnitude of post-fire storm related debris flows, rockfalls, runoff and flooding to forest recreation sites including human life and safety both on Forest land and non Forest lands, the Sterling Spring water delivery system  to Sterling Springs fish hatchery,  Pine Flats campground, subdivisions along Oak Creek, and the hatchery itself.

Channel Treatments:

Sterling Spring Infrastructure Protection (junction box).  Preliminary design will enhance concrete encasement with structural reinforcement. This design shall also incorporate a more hydrodynamic form than the existng condition.  Additionally, the stream bed reach above the junction box will be reinforced with rip rap to further protect the upstream side of the box and encourage flows to migrate away from river left, to reduce the amount of flow going directly to the box and produce a more direct and efficient flow through the channel.

Storm patrols are proposed to monitor conditions and implement cleanout of Forest road culverts within ponderosa pine forests and drainages connected to Oak Creek after runoff generating precipitation events. The objective is to remove debris from culverts or drainages that otherwise might plug up and pose risk of breach that might damage structures or flood downstream values including road infrastructure and non-forest residential developments.  Flooding events posing further risk to human life and safety along Oak Creek may require additional resources. 

Roads and Trail Treatments:

Initial BAER request in black – 

Extract 3 Culverts on FSR 231 Road – Beyond gate on portion of road beyond gate leading up to East Pocket Lookout. Within areas of moderate and high burn severity, the objective of pulling 3 culverts and cleaning 10 more would  provide for water passage under road footprint and protect road infrastrusture and reduce the effects of wildfire to downstream water quality described below.  

Clean inlets/outlets and flush 10 culverts FSR 231 between junctions of 231A and 231J.

Repair approximately 20 miles of ML2 road drainage structures (rolling dips and lead out ditches) in moderate to high burn areas. The objective of improving and installing road drainage on 20 miles of forest roads is to protect road footprint from accelerated erosion and runoff and reduce runoff and erosion downstream that would otherwise compromise the road footprint.

Interim #1 BAER request in green – 

AB Young Trail Protection – Same trail segment as described in cultural above.  Trail to be closed with gate in-place with the objective to protect trail footprint from post fire storm events expected to wash away trail segment.. Existing gate at East Pocket Lookout to be locked and closed to public through at least the end of the first year’s monsoons. Approximately 0.75 miles of designated and cultural trail stabilized with improved drainage (rolling dips and water bar drains) to prevent loss of trail footprint in areas of high and moderate soil burn severity. Cost includes sawyer crews for killer trees. Trail work will start after sawyers have cleared killer trees to provide a safer working condition for crews implementing trail protection. 
 
Storm Patrol. Storm patrols are proposed to monitor conditions and implement cleanout of Forest road culverts within ponderosa pine forests and drainages connected to Oak Creek after significant precipitation events. The objective is to remove debris from culverts or drainages that otherwise might plug up and pose risk of breach that might damage structures or flood downstream values including road infrastructure, non-forest residential developments and flooding events posing further risk to human life and safety along Oak Creek. Where warranted, the storm patrol crew would activate the Forest road crew or other crew to address the concerns.

Protection/Safety Treatments:

Install warning signs at all access travelways into the  burned area with the objective to prevent public entry and personal injury or loss of life into or below burned affected areas. 

Install barricades at potential access points into the closed area of the fire. The objective is to prevent public entry into areas with high risk of fallen trees, debris flows, rock slides and flooding with the objective of preventing personal injury or loss of life to forest users.

Pump, sanitize, and close three vault toilets located in floodplains.with the objective to prevent flood waters from carrying contaminants to Oak Creek. The vault toilets do not need to be sealed.

Asbestos testing of a burned cabin adjacent to West Fork of Oak Creek. Adjacent to West Fork of Oak Creek there is concern of a concentration of asbestos. Asbestos testing is recommended. The objective is to determine if hazardous material is present and determine the  need for subsequent hazardous material cleanup. If present, asbestos would pose a threat to water quality, and public safety.

Notification letters to County and City officials, Slide Rock State Park, National Weather Service, USGS and NRCS for Emergency Watershed Protection Program assessment and implementation on non forest lands of BAER identified values at risk.  Approximately 50 entities will receive letters specific to their nexus to the burned area.  Notification letters to County and City officials, Slide Rock State Park, National Weather Service, USGS and NRCS for Emergency Watershed Protection Program assessment and implementation on non forest lands of BAER identified values at risk. The objective is to notify each entity of BAER assessment findings that may pose a risk to life, property and resources on non forest system lands.

Early Warning System ALERT station support (including approval of Emergency Special Use Permit) to Yavapai County and Emergency Services for installation.  Yavapai County is the lead for acquisition, installation and maintenance of stations and dissemination of data. Request excludes purchase of ALERT stations. The objective is to coordinate authorization of emergency special use permit and placement of station on forest lands. 

West Fork Trail closure gate at Call of Canyon at mouth of West Fork of Oak Creek  with the objective to restrict public access and protect human life and safety from debris flows, rock falls and flood events. 

Public Information Officer partner coordination, collaboration, press releases and public briefings during implementation of identified treatments.  Incorporated into treatment costs. The objective is to provide funding collaboration  between forest and public and other agencies during implementation.

Asbestos Site Stabilization: Test Results were positive for asbestos at the burned cabin site near West Fork of Oak Creek posing a threat to water quality and human safety

Well Head Protection (funded through cost savings of previous approvals): Potable Water supply well heads susceptible to flooding will be protected from floodwaters with a combination of visqueen, sandbags, and isolation of water system components, at Cave Spings, Manzanita and Banjo Bill Campgrounds.  Well vents will be plugged and cleaning supplies removed from well houses. Visqueen and 2 rows of sandbags, 3 high, will be placed around the well houses with the objective to prevent cross contamination of Oak Creek water quality from floodwaters. 

Eight additional vault toilets susceptible to flooding have been identified for pumping, sanitizing and locking (funded through cost savings of previous approvals):Three of the vaults are located at Manzanita, one at Banjo Bill Campground and four within Loop E at Cave Springs Campground. The objective is to prevent contamination of connected Oak Creek water quality from floodwaters entering human waste.

Install about 100 additional warning signs made from plastic and placed on barracades (No Public Entry) and related materials at all access points, primarily along the State Route 89A/Oak Creek Canyon corridor with the objective to prevent public entry and personal injury or loss of life into or below burned affected areas.  

Additional barricades (100) – 8 foot plastic, and closure materials are requested (funded through cost savings of previous approvals): The objective is to prevent public entry into areas with high risk of fallen trees, debris flows, rock slides and flooding with the objective of preventing personal injury or loss of life to forest users.

Administrative Closure Compliance Enforcement (funded through cost savings of previous approvals): Dozens of fire and creek access points are present and have been administratively closed through approved BAER activities including barricaded and signed closed with warning and hazard signs. Experience and recent illegal trespassing incidents during the fire closure indicates personnel law enforcement is necessary to assure public compliance of closure. Request is for 60 days after which patrol is probably not needed. The objective is to prevent risk to human life and safety from illegal access to creek and within the fire perimeter.

I.  Monitoring Narrative:
(Describe the monitoring needs, what treatments will be monitored, how they will be monitored, and when monitoring will occur.  A detailed monitoring plan must be submitted as a separate document to the Regional BAER coordinator.)

Level 1 monitoring of seeding and mulching treatments is requested in years one and two with the objective to determine the effectiveness of seeding and mulching on relatively flat slopes (5%) and on steeper slopes (about 25%). 

The following outlines the proposed monitoring plan.

1.  Monitoring questions (answered in results section below)
· Did these treatments increase soil cover?
· On what slopes do the mulching and seeding remain intact and effective and what are the differences?
· Did these treatments provide for soil stabilization and reduce erosion?
· Does seeding with annual non-native barley prevent native plant recovery?
2.  Measurable indicators
	Based on the Monitoring questions to be answered, measurable indicators for the seeding/mulching treatments include:
· Presence of germinating seed
· Presence and percent cover of native grass and forb species
· Visual signs of soil erosion 
· Mulch cover and depth
3.  Data collection techniques (consistent with appropriate protocols)
	Treated areas of seeding and mulching/seeding will be evaluated on in those burn areas classified as moderate or high severity on various slopes including less than about 5% and 25%.

Treatment sites reflect similar vegetation types, soil types, slope, aspect, and elevation. Daubenmire frames and transects will be used to assist in determining percent cover. Data collection will include:
·  Plant cover and presence of seeded species and native species.
· Soil cover metrics will include plant, litter (cover of mulch and depth of mulch), rock fragment percent.  
· Detection surveys to determine if further BAER treatments are needed to improve vegetative (mulch and seed) ground cover to protect values at risk.
· Geo-referenced plots and photo points
4.  Evaluation, Results and Conclusions. The final BAER monitoring report will detail the results and conclusions.


PART VII  -  APPROVALS



1.           ______________________ 	 _______
              Forest Supervisor   (signature)	 Date

                             
2.          ________________________   	_______ 
             Regional Forester  (signature)              	Date                                    
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HYDROLOGY EXECUTIVE SUMMARY
The Slide Fire affected approximately 22,000 acres on the Flagstaff and Red Rock Ranger Districts of the Coconino National Forest in north central Arizona. Approximately 3,115 acres (14 percent) was classified as high soil burn severity, 7,067 acres (32 percent) as moderate soil burn severity, 10,415 acres (48 percent) as low soil burn severity and 1,293 acres (6 percent) as unburned.  The loss of vegetative cover and post-fire occurrence of water repellency in the upper several inches of soil results in an alteration of rainfall-runoff response. Modeling was conducted to determine the expected change in the rainfall-runoff response between the pre- and post-fire environment for catchments of varying size and soil burn severity. Results indicate that post-fire peak discharge from fire-affected catchments may increase by a factor of up to 8 depending on several factors including but not limited to the percentage of high and moderate soil burn severity, catchment size, and catchment gradient. Increases in peak discharge along Oak Creek canyon mainstem are unlikely to exceed flood flows produced from rain-on-snow or frontal storm events.  Peak flows from tributary drainages are likely to be greatly magnified by convective (thunderstorm) events that can occur over those tributary drainages.  An exception to this may occur if a debris flow from a tributary drainage were to create a blockage in Oak Creek with a subsequent breach of this dam producing a peak discharge exceeding what would occur under unobstructed conditions.  A number of these tributary catchments are located upstream of residences and businesses within Oak Creek canyon and there is inadequate drainage capacity to safely convey post-fire tributary runoff to Oak Creek.   Water quality in Oak Creek, classified as “impaired” for exceeding E. coli water quality standards, may be further impacted by increased sediment and ash input to Oak Creek potentially leading to exceedances of State water quality standards for suspended solids as well as additional exceedances of State water quality standards for E. coli.  
GEOLOGY EXECUTIVE SUMMARY
Bedrock and Surficial Geology
Rock units within the fire perimeter include Pliocene and older basalt.  This occurs as flow units with columnar jointing and  blocky flows in the southern part of the fire area on top of the canyon walls of the western side of Oak Creek. Tertiary sediments are also observed below the basalt bedrock on the Highway 89A. Paleozoic sedimentary rock units include the Kaibab Limestone, Toroweap Formation, Coconino Sandstone and the Schnebly Hill Formation. These rock units are cliff formers and shale units within the Schnebly Hill Formation have eroded into moderately steep slopes. Volcanic rocks comprise 27% of the Slide Fire area and Paleozoic Sedimentary rocks comprise the remainder of 73%.  Surficial deposits include Quaternary alluvium deposited in terraces and fans from the face drainages of Oak Creek.   Along Oak Creek many of our campgrounds and day use areas are situated on top of Holocene and recent flood terraces.  

Channel Geomorphology 
The stream channels of West Fork of Oak Creek, Sterling Creek and the face drainages along Oak Creek are narrow, incised, and have steep gradients typical of mountain streams that carry large amounts of sand  along with boulder-cobble bed load during flood events.  Most of the drainages are incised or are scoured into sandstone bedrock.  Alluvial fan deposits are sand dominated in the face drainages from Call of the Canyon northward.  Progressively downstream from the confluence of West Fork, Oak Creek and its tributary drainages become larger and carry larger and larger bed load deposits from past floods and debris flows.  Slopes in the canyon transition from alluvial fans and terraces to colluvial deposits towards Slide Rock.  This is also indicative of rock fall processes comprising the colluvium.  Progressively southward towards Slide Rock SP Oak Creek becomes wider and the boulders in the channel become larger attesting to the increased bed load carrying power of these stream and past debris flows.  Flood terraces along Oak Creek and in West Fork of Oak Creek  show evidence of past debris flows; these could be historic or older Holocene deposits.  Debris flow deposits were observed in the lower reach of Sterling Canyon and in face drainages of Oak Creek from Pine Flat subdivision southward.

Geologic Hazards of the Slide Fire
Debris Landslides
Geologic hazards mapped within the fire area are shown in the Relative Post Fire Landslide Hazard Map and the Preliminary Geologic Hazards Map dated June 8, 2014. 
Landslide hazards in the fire area are based on burn severity and slope steepness criteria.  The table below shows how landslide hazard was classified in the Slide Fire area. As shown in the table, 17% of the fire area has a high landslide hazard, 11% a moderate landslide hazard and 72% a low landslide risk.  Steep slopes greater than 50% comprise 25% of the fire perimeter and of these acres, 57% of the steep slope burned at high or moderate severity, which is commonly seen in wildfire areas. 

Landslide risk is elevated above background levels where vegetative cover and root support is lost due to moderate to high burn severity on steeper slopes (> than 50%) where there is soil developed  that supported live vegetation such as conifer trees and chaparral vegetation. Rock outcrop in the wildfire area is geologically stable and should not produce shallow landslides; however, rock fall and block fall types of mass wasting could occur more frequently in the post fire condition due to loss of any supporting vegetation in joints and cracks in the rock.  Rock fall may occur from the cliff forming and strongly jointed basalt flows in the fire area and to a lesser extent from the cliff forming sedimentary rock unit in West Fork of Oak Creek. 

Debris Flows/Avalanches, Mud Flows, Rock Slides, Rock Falls, Dry Ravel
Debris flow probability modeling was conducted by the USGS Landslide Hazards group following established methodology of Cannon et al. 2010 for fire areas in the intermountain west.    The storms that were modeled in this report are a one hour 25 year recurrence interval storm event.  The watersheds of concern that rank the highest (50% or greater) in debris flow probability and sediment volume generated are within Upper Oak Creek, West Fork, Unnamed Tributary,   the lower subbasins of Sterling Canyon.  These sub-watersheds have a high proportion of high and moderate burn severity along their channel lengths, have steep headwater basins that were burned at high or moderate severity and had riparian or confer-dominated vegetation in the channels that burned. Within these large watersheds the specific areas of concern are the face drainages of Oak Creek at Pine Flat and from Unamed Tributary south to where the fire started.   In West Fork, the face drainages from the confluence of Casner Cabin Draw to the confluence of Oak Creek have a high probability of debris flows.   Within the face drainages of Oak Creek about 28 stream channels were identified that have a possibility of debris flow occurrence.  This would pose a hazard to the public and property along the creek. 

Rock falls and rock slides can also initiate debris avalanches and debris flows and be a danger in themselves.  An area of high rock fall hazard was noted on slopes from Halfway Day Use Area southward to where the fire began.  Large basalt boulders were noted on slopes and on top of the cliffs in this area. Other areas of potential rock fall hazard are anywhere that basalt flows crop out on top of the canyon walls and where the basalt flow mesa top was burned at high or moderate severity.  Another of moderate to high rock fall concern is within West Fork where sandstone cliffs that face into the creek channel along the trail have become unstable due to the fire.  

Risk factors of debris flows include bulking capacity and the possibility of dam breach hydrology.  In contrast to water-dominated flood flows, debris flows carry other material such as large rocks, woody debris, or infrastructure material (such as propane tanks, phone poles, parts of building) that bulk up the flow.  This bulking capacity of debris flows adds about 25% more volume to predicted post-fire flood flows. Another risk factor of debris flows is that of dam breach hydrology.  This is where the suspended material in the debris flow becomes blocked by trees or huge rocks in the channel and forms a sediment and debris dam blocking or reducing the flow of water and the suspended material.  As pressure builds up behind the dam, catastrophic failure can occur releasing a huge pulse of water and debris down the canyon or channel.  This debris flow process is likely to happen in the steep headwater water channels of the face drainages of Oak and possibly in lower West Fork or lower Sterling Canyon.  

Dry ravel from steep slopes that burned including cut slopes of roads is anticipated to occur after the fire.  Dry ravel is downslope movement of rock on steep or nearly vertical natural and cut slopes (as in road cut slopes and benches) that occurs without the influence of rainfall.  Dry ravel commonly occurs after a fire.  This is expected to occur through the fire area.  Especially along roads, large rocks could be loosened and fall into the road presenting a hazard to the public.  During our field reconnaissance BAER team members witnessed dry ravel and rock fall within the fire area.  

Identification of Values at Risk, Emergencies and Potential Threats

Post-fire emergency conditions and values at risk from debris flows, mud-ash flows, floods, and rock fall hazards  include various Forest Service roads, campgrounds, day use areas and trails, water systems, toilets and recreational activities in West Fork  and on Oak Creek within/adjacent to the burned area  and downstream of the burned area. The Forest Service facilities could be damaged or covered by debris and mud.  Various private property developments that have vented ford crossings over Oak Creek could be damaged by debris flows or flood deposits that would need to be removed.  The Sterling Creek Fish hatchery and its water system and facilities is threatened by post-fire debris flows, and flooding.  Buildings/homes on the west side of Oak Creek that are on the edge of the burned area could be damaged by rocks, mud, ash and water from rills and gullies developed on burned slopes above the property, debris floods in channels that lead into the property or by hyperconcentrated flood[footnoteRef:2] deposits from slopes or channels.  People recreating along the creeks, trails, campgrounds, day use areas or living at residences or other properties in or adjacent to the Slide Fire area are also threatened by geologic hazards including debris flows, rock fall, mud-ash and flood flows. Soil and water quality is also a value that is threatened by geologic hazards as are various species of wildlife, fisheries and their habitats.  [2:  A hyperconcentrated flood deposit differs from a debris flow in that it carries a large amount of suspended sediment (sand sized and smaller)  and flows are highly erosive.  A debris flow is when a sediment and water mixture becomes a slurry similar to wet concrete capable of holding gravel sized particles and larger materials in suspension as part of the flow.  In steep canyon, debris flows can achieve high velocities and transport large boulders and floatable material like wood in suspension and cause catastrophic damage from impact or burial. 
] 


Effects of BAER Treatments on Geologic Hazards
Culvert Removal
Removing undersize or at risk culverts would reduce sediment to channels in the fire area that could initiate or contribute to debris flows and the volume of debris flows. 
ALERT Stations
ALERT weather stations would benefit public safety and possibly allow people to move to a safer place from floods and debris flows. 
Seeding and Mulching of Slopes 
Though these treatments probably will not stop initiation of debris landslides in headwall basins from occurring in a severe storm event, the treatments are anticipated to reduce the volume of sediment that may  erode into channels.  The treatments will provide soil cover that is lacking, retard the energy of rain drops on the soil surface, increase surface soil roughness and will reduce overland flow and concentrated runoff to the stream channels. This treatment will reduce runoff into the stream channels thereby reducing the amount of sediment contributed to any debris flows that occur. 
Storm Patrol
 Storm patrol will survey potential drainage problems from existing roads or that may occur at Forest Service facilities at risk in the fire area.   If problems occur, Forest Service crews will remedy the problem.

SOIL EXECUTIVE SUMMARY
Chapter 1 The Slide Fire burned approximately 22,000 acres on the Flagstaff and Red Rock Districts of the Coconino National Forest in north central Arizona. Approximately 3,115 acres (14 percent) burned at high severity, 7,067 acres (32 percent) burned at moderate severity, 10,415 acres (48 percent) burned at low severity and 1,293 acres (6 percent) remain unburned or burned at very low severity.  Vegetation ecotypes in burned areas are dominantly ponderosa pine and Gambel oak at higher elevations and shrub live oak and mountain mahogany at lower elevations. Riparian woodlands, which include cottonwood, willows, box elder and alder, are found along Oak Creek and in West Fork of Oak Creek. Surface soil textures range from extremely stony clay loam to very bouldery sand. The dominant soil texture is fine sandy loam, which is highly erodible. Slopes range from 5 percent on ridgelines and plains at higher elevations to vertical where canyon walls and large rock outcrops occur.  Vegetative ground cover, which is critical for maintaining soil stability, has been totally consumed in many areas where moderate and high severity wildfire has occurred.  Areas that exhibit low burn severity have retained most of the effective ground cover, including unburned and partially burned litter and approximately half of the original vegetative ground cover. Soils that exhibit low burn severity have generally retained surface structure and porosity since fine and coarse roots of grasses, forbs, shrubs, and trees remain intact and larger woody species have generally survived. Much of the surface organic matter remains intact to cover and protect mineral soil surfaces from direct raindrop impact and provide habitat for soil organisms that facilitate recovery of nutrient cycles. Soils subjected to low severity wildfire generally respond rapidly and in a positive manner as natural regrowth of vegetation occurs, soil surfaces retain protective cover, and nutrient cycles are enhanced through deposition of ash and partially burned organic matter.  Soils that are subjected to moderate and high soil burn severities have evidence of excessive soil heating and total consumption of surface organic matter and vegetative ground cover; these areas typically exhibit much longer term recovery with greatly increased erosion potential. The most severely burned areas generally occur on steep terrain where pre-fire vegetation density and fuels accumulations were high. In general, low burn severity rarely exhibits soil water repellency, or hydrophobic conditions. However, hydrophobic conditions are present in most areas that burned at moderate and high severity within the fire perimeter, and prevalent in high burn severity areas. Some areas that remain unburned or burned at low severity exhibit varying degrees of soil water repellency, but this condition is typically resolved when monsoon precipitation arrives and organic acids that contribute to hydrophobic conditions are dissolved or dispersed. 

Response actions such as seeding and mulching are proposed within the burned perimeter since there are areas that burned at moderate and high severity on deep, productive soils and these areas are found above Forest infrastructure, wildlife habitats, and private development (i.e., road prisms, bridges, culverts, picnic areas, fisheries, developed campgrounds, springs, traditional cultural properties, home sites, etc.) that are now at risk of post-fire flooding, sedimentation and debris flows. Additionally, many areas that burned at moderate and high severity are on relatively steep terrain (i.e., 30-70 percent slopes), with potential to deliver large amounts of sediment and debris rapidly to downslope areas and high-gradient ephemeral stream channels, adversely affecting water quality and human safety and health.   Areas that burned at low severity are expected to recover naturally within a relatively short timeframe (i.e. 1 to 3 years).  


ENGINEERING EXECUTIVE SUMMARY
I. Potential Values at Risk
Values at Risk – Forest Service engineering/transportation system values at risk as identified by the Burn Area Emergency Response Team (BAER Team) include capital investments in infrastructure, such as roads, signage, culverts, drainage structures(rolling dips and lead out ditches), bridges, fire lookout towers, road closure gates, water systems appurtenances, vault toilets, low water crossings and other recreation site appurtenances.  It should be noted there is also a heightened potential for catastrophic flooding events, rockfall, debri flows, and hazard trees to effect non-Forest Service infrastructure downstream and primarily within the Oak Creek Canyon corridor. 

II. Suggested Treatments to Mitigate the Emergency  

1. Reduce the potential for accelerated surface runoff damaging Forest Service roads within and directly downstream of the fire areas in headwaters directly affected by the fire 
2. Reduce the potential for road related surface/mass erosion and accelerated sediment delivery to downstream high value fisheries habitat and potable water supplies.
3. Reduce the potential for debris “bulking” has a potential debris flow encounters a road-related drainage structure. 
4. Reduce the potential for roads to act as a conduit for overland flow and increasing sediment loading.
5. Reduce road-related hazards related to the burned area.
6. At access points to the fire area there must be information identifying the fire area boundary and identifying potential risks present within the area.
7. Vault toilets at FS recreational areas within Oak Creek Canyon (Manzanita, Slide, and Banjo Bill and Loop E, Cave Springs) that are subject to a probable risk of flooding must be pumped, sanitized, and closed at least through the upcoming monsoon season.
8. Possible hazmat sites created as a result of Slide Fire burned acreage must be isolated, tested, and treated.
9. Close Cave Springs Campground Loop E  and armor culvert inlets/outlets.
10. Send official letter to Manresa and Pine Flats Subdivision informing them of a heightened risk of Sterling Spring water supply interruption.
11. Letter to ADOT informing them of heightened risk of damage to State Route 89A. Letters to all municipal utilities, state properties, properties on Special Use Permits, etc. and public announcement to all private residiences informing of heightened flood, debri flow, rockfall, and hazard tree risks and informing them of the conditions and time of year that may present a higher risk.
12. Develop and implement a design to protect portions of the Sterling Spring water system susceptible to flood damage.  
13. Provide for closure of the West Fork Canyon Trail and associated day use area during seasons/conditions susceptible to greater rockfall/flood/debri flow hazard.

10 treatments to mitigate emergency determination and associated costs are identified in the full report. 



WILDLIFE EXECUTIVE SUMMARY
HERITAGE EXECUTIVE SUMMARY
A total of 19 eligible or unevaluated archaeological sites are within or immediately adjacent to the Slide Fire.  Twelve sites were documented for their post-fire condition.  All of the sites above the Mogollon Rim were determined to be at low risk of post-fire effects.  Six sites within Oak Creek Canyon are being recommended for emergency treatments to mitigate potential adverse effects to significant cultural resources.  Mulching and seeding is recommended onsite and/or on slopes above the historic irrigation ditches at sites AR-03-04-06-59, -859, and -1318.  Straw bale erosion control barriers are recommended to be installed immediately upslope of sites 06-849 and 061317.  Hand seeding of site 06-1317 and aerial seeding and mulching of the slopes around this site are also recommended.  Finally, it is recommended to clean out all erosion control features to preserve the trail tread of site 06-425.  Monitoring and maintenance of all treatments is recommended during and immediately after the 2014 monsoon season.  

Several local tribes have identified Oak Creek Canyon as a place of traditional cultural importance.  This property has not been formally evaluated, but it has been informally recognized as a TCP (Traditional Cultural Property) by the Forest for management purposes.  Consultation regarding the proposed BAER treatments is ongoing, but no concerns have been voiced by any tribes regarding suppression or BAER activities at this time.

BOTANY and INVASIVE WEEDS EXECUTIVE SUMMARY
The Slide Fire affected six Region 3 sensitive plant species and burned into an established Research Natural Area (Oak Creek Research Natural Area).  The Research Natural Area (RNA) is within the Red Rock Secret Mountain Wilderness. 
· All of the sensitive plant species within the fire perimeter were likely affected by the fire or may be affected by post-fire secondary fire effects such as flooding and landslides. BAER direction does not provide any specific mitigation for sensitive species, focusing only on Threatened or Endangered species so no mitigations are proposed for Region 3 sensitive plant species.
· Treatments within the RNA and/or wilderness should be limited and only considered when needed to protect critical values such as soil productivity or threatened or endangered species including several Mexican spotted owls.  
· Several historic orchards are within the fire perimeter. These contain “heritage” fruit varieties that are no longer commercially available. I am proposing no treatments specifically to address the effects to the orchards themselves.  Mitigations to the sites will be addressed in the Heritage section. 
· A recommended seed mix developed by the BAER team is included in this report. It contains cultivated barley and three perennial grasses that are native to the area. 
· Based on an assessment of risk of noxious/invasive species populations on native plant communities, monitoring of tree of heaven, cheatgrass and Dalmatian toadflax, followed by treatments approved by the Final Environmental Impact Statement for Integrated Treatment of Noxious or Invasive Weeds, Coconino, Kaibab, and Prescott National Forest (2005) have been recommended.  Populations of the above listed species are located in and/or adjacent to all burn severity classes and total about 50 acres, deeming it necessary to take emergency actions in order to protect these ecosystems.
WILDERNESS EXECUTIVE SUMMARY
This information is contained in the Resource Area Complete Reports section under the Minimum Requirements Decision Guide Workbook.
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EXECUTIVE SUMMARY
The Slide Fire affected approximately 22,000 acres on the Flagstaff and Red Rock Ranger Districts of the Coconino National Forest in north central Arizona. Approximately 3,115 acres (14 percent) was classified as high soil burn severity, 7,067 acres (32 percent) as moderate soil burn severity, 10,415 acres (48 percent) as low soil burn severity and 1,293 acres (6 percent) as unburned.  The loss of vegetative cover and post-fire occurrence of water repellency in the upper several inches of soil results in an alteration of rainfall-runoff response. Modeling was conducted to determine the expected change in the rainfall-runoff response between the pre- and post-fire environment for catchments of varying size and soil burn severity. Results indicate that post-fire peak discharge from fire-affected catchments may increase by a factor of up to 8 depending on several factors including but not limited to the percentage of high and moderate soil burn severity, catchment size, and catchment gradient. Increases in peak discharge along Oak Creek canyon mainstem are unlikely to exceed flood flows produced from rain-on-snow or frontal storm events.  Peak flows from tributary drainages are likely to be greatly magnified by convective (thunderstorm) events that can occur over those tributary drainages.  An exception to this may occur if a debris flow from a tributary drainage were to create a blockage in Oak Creek with a subsequent breach of this dam producing a peak discharge exceeding what would occur under unobstructed conditions.  A number of these tributary catchments are located upstream of residences and businesses within Oak Creek canyon and there is inadequate drainage capacity to safely convey post-fire tributary runoff to Oak Creek.   Water quality in Oak Creek, classified as “impaired” for exceeding E. coli water quality standards, may be further impacted by increased sediment and ash input to Oak Creek potentially leading to exceedances of State water quality standards for suspended solids as well as additional exceedances of State water quality standards for E. coli.  
INTRODUCTION/BACKGROUND
The Slide Fire affected approximately 22,000 acres on the Flagstaff and Red Rock Ranger Districts of the Coconino National Forest in north central Arizona. Approximately 3,115 acres (14 percent) was classified as high soil burn severity, 7,067 acres (32 percent) as moderate soil burn severity, 10,415 acres (48 percent) as low soil burn severity and 1,293 acres (6 percent) as unburned.  Vegetation ecotypes in burned areas are dominantly ponderosa pine and gambel oak (ponderosa pine potential natural vegetation type or PNVT) at higher elevations; and shrub live oak, mountain mahogany, and manzanita (interior chaparral PNVT) at lower elevations. Riparian forests are generally found along Oak Creek and in the West Fork Oak Creek. A summary of vegetative communities is provided as Table 1.0.
Table 1.0  – Potential Natural Vegetation Types Affected by Slide Fire
	Potential Natural Vegetation Type
	Area (acres)

	Gallery Coniferous Riparian Forest
	16

	Interior Chaparral
	2380

	Mixed Broadleaf Deciduous Riparian Forest
	35

	Mixed Conifer with Frequent Fire
	1306

	Montane Subalpine Grassland
	148

	Montane Willow Riparian Forest
	193

	Ponderosa Pine
	17807

	Wetland or Cienega
	7

	Total
	21893



The Slide Fire occurred entirely within the Oak Creek watershed affecting roughly 15% of the watershed upstream of the City of Sedona.  Principal subwatersheds (i.e., those smaller drainage areas within the larger Oak Creek watershed) affected by the fire include West Fork Oak Creek and Upper Oak Creek as summarized in Tables 2.0 and 3.0.  


Table 2.0 – Subwatersheds (HUC-12) Affected by the Slide Fire
	Watershed Name (HUC Code)
	Low
	Moderate
	High
	Total Watershed Acres
Burned

	Dry Creek (150602020507)
	87.5
	125.1
	19.1
	231.7

	Fry Canyon (150602020501)
	552.0
	38.1
	0
	590.1

	Pumphouse Wash (150602020502)
	490.5
	311.8
	49.0
	851.3

	Upper Oak Creek (150602020505)
	931.3
	1,408.3
	1237.4
	3,577.0

	West Fork Oak Creek (150602020503)
	8,356.2
	5,183.9
	1809.0
	15,349.1

	TOTAL
	10,417.5
	7,067.2
	3,114.5
	2,0599.2



[bookmark: _Toc359596987][bookmark: _Toc359597476]Table 3.0  Soil Burn Severity percentages within Subwatersheds (HUC12) of the Slide Fire.

	Watershed Name (HUC Code)
	Low
	Moderate
	High
	Overall Percentage of Watershed

	Dry Creek (150602020507)
	0.25
	0.36
	0.06
	0.67

	Fry Canyon (150602020501)
	2.87
	0.20
	0
	3.07

	Pumphouse Wash (150602020502)
	1.56
	0.99
	0.16
	2.71

	Upper Oak Creek (150602020505)
	5.20
	7.87
	6.91
	19.98

	West Fork Oak Creek (150602020503)
	30.56
	18.96
	6.62
	56.14



Perennial streams affected by the fire include Oak Creek and West Fork Oak Creek both of which are fed by springs.  Perennial flow in the upper reach of Oak Creek is supported by discharge from Sterling spring although diffuse groundwater discharge occurs at numerous locations along the stream channel.  Perennial flow in both Oak Creek and West Fork Oak Creek supports a lush riparian area characterized by cottonwood, willow, box elder and other woody facultative wetland species. Tributaries to Oak Creek and West Fork Oak Creek are either ephemeral flowing in direct response to a precipitation event or intermittent flowing for periods of up to weeks from snowmelt.  Many of these tributary canyons are characterized by steep channels that descend rapidly from the Mogollon Rim.  
Oak Creek and West Fork Oak Creek are classified as “Outstanding Arizona Waters” and as such, specific water quality standards apply to these waters. The Arizona Department of Environmental Quality (ADEQ) is responsible for establishing state water quality standards and monitoring the quality of the state’s surface water. Every two years, ADEQ is required under the Clean Water Act to conduct a comprehensive analysis of water quality data associated with Arizona’s surface waters to determine whether state water quality standards are being met and designated uses of these waters are being supported. Designated uses of a surface water include full-body contact, partial-body contact, domestic water source, fish consumption, aquatic and wildlife (cold water), aquatic and wildlife (warm water), aquatic and wildlife (ephemeral),aquatic and wildlife (effluent-dependent water), agricultural irrigation, and agricultural livestock watering. During the most recent assessment of surface water quality, West Fork Oak Creek was designated as “attaining all uses” whereas Oak Creek from approximately its confluence with Sterling Canyon to its confluence with Spring Creek was designated as “not attaining” owing to elevated levels of E. coli. Sources of E. coli include wild, human and domestic animal waste including leakage from septic systems associated with homes and businesses in Oak Creek canyon (OCWC, 2012).   Periods of elevated water quality impairment have been correlated with peak recreational use during the summer season partly attributable to recreationists as a source of fecal coliform but largely a function of the disturbance of sediments from swimmers as well as increased flow following summer thunderstorms (OCWC, 2012).  Stream sediments act as bacterial storage reservoirs containing 10 to 17,000 times more E. coli than creek water (OCWC, 2012).  
Discharge information for drainages affected by the fire is limited to Oak Creek.  The flow gaging station closest to the fire affected area is located near the State Highway 179 bridge crossing of Oak Creek.  This gaging station, numerically identified as “09504420”, is operated by the U.S. Geological Survey (USGS).  The drainage area above the gaging station is 233 mi2. Annual instantaneous peak flow (discharge) data from this station for the period of 1982 through 2013 is presented in Figure 1 and Table 4.0 with streamflow in units of cubic feet per second (cfs).   Annual peak flows represent the discharge associated with stage height recorded at the gaging station during a given year. 










Figure 1.0  – Annual Peak Flows, USGS Oak Creek Station 09504420 near Sedona, AZ 
(available from: http://nwis.waterdata.usgs.gov/az/nwis/peak/?site_no=09504420&agency_cd=USGS)[image: ]
	
	
	
	












Table 4.0 – Annual Peak Flows, USGS Oak Creek Station 09504420 near Sedona, AZ 
(available from: http://nwis.waterdata.usgs.gov/az/nwis/peak/?site_no=09504420&agency_cd=USGS)
[image: ]

Streamflow data indicates that the largest floods (i.e., those over 4000 cfs) have typically occurred during the fall, winter and early spring seasons and were likely attributable to rapid snowmelt, rain-on-snow events, or frontal weather systems.  The flood of record (largest flood event recorded at the stream gage station) occurred on February 19, 1993 with a peak discharge of 23,200 cfs (see Table 4.0).  This translates to a discharge of approximately 100 cfs/mi2 (csfm).  Since 1982, the largest annual peak flows only occurred six times during the summer with the largest peak discharge of 3,280 cfs (14 cfsm) occurring on July 22, 1998.    Annual peak flows during the summer are attributable to thunderstorms associated with the North American Monsoon. These thunderstorms are characterized by intense but relatively brief periods of rainfall typically lasting 30 to 60 minutes and are generally of limited areal extent (see http://www.nssl.noaa.gov/education/svrwx101/thunderstorms/types/).  Individual thunderstorm cells are typically up to about 5 mi2 in size in the Southwest region (Kuyumjian, 2014).  These storm events are the ones most likely to impact fire-affected environments. 
In addition to peak discharge information from stream gage data, FEMA (2010) developed estimates of peak discharges along Oak Creek for various recurrence intervals or return frequency flood events based on 24-hour duration rainfall data available from the National Oceanic and Atmospheric Administration (NOAA).  Peak discharges associated with the 10-year, 50-year, 100-year, and 500-year flood are estimates of flood events that are expected to be equaled or exceeded once during the particular recurrence interval based on a statistical analysis of flood flow data.  Another way to state this in terms of flood risk is that the 10-year, 25-year, 50-year, and 100-year peak discharges have a 10%, 4%, 2%, and 1% chance, respectively, of being equaled or exceeded during any given year. It is quite possible, though not probable, for more than one 100-year flood to occur within a single year.  FEMA flood frequency data for Oak Creek Canyon is summarized in Table 6.0.  Point precipitation frequency estimates for the 10, 25, 50, and 100 year storm events (24-hour rainfall duration) as determined from precipitation data from Oak Creek Canyon weather station 02-6037 are summarized in Table 5.0.
Table 5.0 - 24-Hour Point Precipitation Frequency Estimates for Oak Creek Weather Station 02-6037
(data available at http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=az)
	Average Recurrence Interval (years)
	Rainfall Depth (inches)

	10
	4.02

	25
	4.79

	50
	5.39

	100
	6.02




Table 6.0  – FEMA Flood Frequency Predictions for Various Locations within Oak Creek Canyon 
	 
	 
	Peak Discharge (cfs) (cfsm)

	Location Along Oak Creek
	Drainage Area (mi2)
	10-Percent
	2-Percent
	1-Percent
	0.2-Percent

	Coconino-Yavapai County boundary
	245.9
	9450 (38.4)
	20310 (82.6)
	26920 (109.5)
	45650 (185.6)

	At Confluence at Munds Canyon
	215.4
	11230 (52.1)
	21950 (101.9)
	27930 (129.7)
	45000 (208.9)

	At Confluence of West Fork Oak Creek
	134.3
	6510 (48.5)
	13080 (97.4)
	15960 (118.3)
	26000 (193.6)

	Approx. 1.5 miles downstream of Pumphouse Wash Confluence
	87.3
	3570 (40.9)
	6780 (77.7)
	8240 (94.4)
	13000 (148.9)


Note:  Table adapted from Table 5 of FEMA, 2010. 
The distribution and severity of the effects of fire to soil and vegetative ground cover affect the post-fire runoff response and soil burn severity is often used as an indicator of this response.  Undisturbed forest soils are generally characterized by high infiltration rates with rainfall events as high as 1-inch or more necessary to produce measurable runoff.   This is, in part, a function of the high amount of effective ground cover frequently associated with forest soils.  In soils classified with high or moderate soil burn severity, most or all of the protective vegetative cover is consumed leaving the soil exposed to the erosive effects of rainfall.  Even when litter is not completely consumed such as with moderate soil burn severity, remaining litter is often inadequate to protect soils from raindrop impact and the shear stress of sheet flow.  Exposed soils frequently develop a crust which reduces the ability of water to enter the soil.  In addition, the exposure of soil to the heat of wildfire frequently induces water repellency in the upper several inches of the soil profile.  Combined with reduced infiltration from surface crusting, this water repellency can result in runoff and accelerated erosion during rain events starting at ¼-inch.  Even those soils classified with low soil burn severity, indicating that the overlying vegetative cover is still effective at dissipating rainfall energy, were observed to exhibit low to moderate water repellency suggesting that runoff from these soils may be enhanced in the post-fire environment.   The distribution of soil burn severity over the fire-affected area is presented in Figure 3.0     
Figure 3.0 – Slide Fire Soil Burn Severity[image: ]



Runoff Modeling
WildCat5 (Hawkins and Barreto-Munoz, 2013) was used to estimate the pre- and post-fire runoff response for representative watersheds affected by the Slide Fire from a 1.96-inch rain event lasting for one hour (see Figure 4.0).  This rain event is the point precipitation frequency estimate developed by NOAA for a rain event with an average recurrence interval of 25 years and duration of 60 minutes for Oak Creek Canyon station 02-6037  (NOAA Atlas 14, Volume 1, Version 5 available from: http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=az).  Wildcat 5 is a rainfall-runoff model frequently used during BAER assessments to determine potential risks from post-fire flooding.  This model incorporates an empirical rainfall-runoff relationship, frequently referred to as the Curve Number (CN) method, developed by the former Soil Conservation Service (SCS now NRCS)  in order to estimate runoff depth from a specified rainfall amount using CNs representing various combinations of soil, land use, and land cover conditions.   Pre-fire CNs were selected from published values (SCS, 1986 and Hawkins, 1976) with consideration of hydrologic soil group, vegetative cover, and plant community type (see Appendix A).  Hydrologic soil group classifications by Terrestrial Ecological Unit (TEU) were made by Rory Steinke, soil scientist with the Coconino National Forest.  Values for vegetative ground cover were obtained from table 3 of the Coconino National Forest Terrestrial Ecosystem Survey with vegetative ground cover values of greater than 60% considered to be representative of “good” hydrologic condition, values between 40 to 60% representative of “fair” hydrologic condition, and values less than 40% representative of “poor” hydrologic condition.    A post-fire CN of 95 was assigned to all soils identified with strong hydrophobic tendencies (i.e., typically soils that were classified as high to moderate soil burn severity).      











Figure 4.0 – Representative Watersheds Affected by the Slide Fire[image: ]
The selected 1.96-inch, 60-minute storm event was assumed to be evenly distributed over the modeled watersheds though this assumption may not be valid for the larger watersheds that may not be influenced by a single thunderstorm.  Rainfall over the 60-minute storm duration was distributed by creating a custom storm within Wildcat 5 using NOAA Atlas 14: 5-min, 10-min, 15-min, 30-min, and 60-min precipitation depths for the 25-year storm.  Time of concentration was determined using the following formula (Dunne and Leopold,1978):  
	Tc = L 1.15 / (7700H0.38)

	
	 
	 

	 
	 
	where

	 
	Tc
	=
	time of concentration (hr);

	 
	L
	=
	length of the catchment along the mainstream from the basin outlet to the most distant ridge (ft); and,

	 
	H
	=
	difference in elevation between the basin outlet and the most distant ridge (ft).



Watersheds representative of varying soil burn severity conditions were delineated using the ArcGIS spatial analyst watershed delineation tool with pour points manually digitized from a flow accumulation grid derived from a 10-meter Digital Elevation Model (DEM).  Representative watersheds were also selected which would be greater, roughly equal to, or less than the approximate size of a thunderstorm cell in order to model a single-cell or multiple-cell storm event that could reasonably encompass the entire watershed.  Peak flow data was normalized by dividing the modeled peak discharge by catchment area in order to allow a direct comparison of watershed response by the percentage of moderate and high soil burn severity within the catchments.  Proposed mulch treatments were modeled by adjusting curve numbers to reflect the increased amount of vegetative cover assuming that treatments would be targeting high and moderate soil burn severity areas. Results are displayed in Table 6.0.  These results do not take into consideration the effect of sediment or debris bulking of flood flows, which may increase the stage (height) of flow causing flooding that otherwise, may not have occurred.  These results also do not take into consideration potential damming of channels with debris and subsequent breaching of these debris dams to produce a peak discharge that greatly exceeds that predicted solely by consideration of precipitation.  





Table 6.0 – Peak Discharge Information for Representative Catchments Affected by the Slide Fire
[image: ]

Discussion
Post-Fire Flood Potential
The modeled increase in peak discharge from representative watersheds increased by a factor ranging from two to eight depending on several factors including but not limited to the percentage of high and moderate soil burn severity, catchment size, and catchment gradient. This is consistent with observations from other fire-affected environments.  For example, Schaffner and Reed (2005) reported post-fire peak flows attributable to summer thunderstorms that were 1.3 to 6.5 times pre-burn peak flows during the first two years following a wildfire in the Santa Catalina Mountains of southeastern Arizona. 
The limited areal extent of typical monsoon thunderstorms suggests that post-fire flood flows in Oak Creek canyon are unlikely to approach those that are produced from rain-on-snow or frontal systems that affect the entire Oak Creek watershed.  An exception to this could occur if debris from a tributary drainage were to form a blockage in Oak Creek with a subsequent breach of this dam producing a peak discharge exceeding what would occur under unobstructed conditions.  Thunderstorms occurring over tributary drainages to Oak Creek and West Fork Oak Creek, however; are likely to produce peak flows that greatly exceed those occurring in a pre-fire environment.  Sterling Canyon provides a good example of this post-fire response in which the entire watershed may be affected by a single thunderstorm and the disturbance from fire may increase peak discharge by three-fold over pre-fire conditions (see Table 6.0).    This situation exists for a number of tributaries to Oak Creek with outlets located in residential or commercial areas.  
Proposed mulching of appropriate areas with strong hydrophobic conditions with agricultural straw reduces the runoff for a given amount of rainfall by protecting the soil from raindrop impact and allowing for some improved infiltration.  The reduction in predicted peak discharge from mulching is directly related to the watershed area covered by mulch.  For example, a proposed  application of mulch covering roughly 818 acres (41% of the watershed exhibiting strong hydrophobic tendencies) within the Sterling Canyon watershed was estimated to reduce peak discharge from an estimated 2,600 cfs to 1,980 cfs; a reduction of roughly 24% in the untreated post-fire peak discharge but still roughly 2.4 times the predicted pre-fire peak discharge. 
Impacts to Water Quality
The relationship between high levels of E. coli in sediment and mobilization of this sediment from storm flows suggests that the increased occurrence of post-fire flood flows may pose an additional risk to recreationists from exposure to harmful bacteria and other micro-organisms.  In addition, turbidity in Oak Creek is likely to be greatly increased in the post-fire environment owing to the input of sediment from hillslope and channel erosion as well as input of ash.         
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Appendix A – Pre- and Post-Fire Curve Numbers (CN) Used for Runoff Modeling Associated with the Slide Fire

	
PNVT
	HSG
	% Vegetative Cover
	Pre-Fire CN
	Post-Fire CN

	Interior Chaparral
	C
	40
	57
	57

	Interior Chaparral
	C
	40
	57
	75

	Interior Chaparral
	C
	40
	57
	85

	Interior Chaparral
	D
	35
	57
	75

	Interior Chaparral
	D
	35
	79
	79

	Interior Chaparral
	D
	35
	79
	85

	Interior Chaparral
	D
	35
	79
	95

	Mixed Broad Leaf Deciduous Riparian Forest
	A
	75
	30
	30

	Mixed Broad Leaf Deciduous Riparian Forest
	A
	75
	30
	85

	Mixed Broad Leaf Deciduous Riparian Forest
	A
	75
	30
	95

	Mixed Broad Leaf Deciduous Riparian Forest
	A
	75
	30
	65

	Mixed Broad Leaf Deciduous Riparian Forest
	B
	60
	30
	65

	Mixed Conifer w/ Aspen
	A
	60
	65
	65

	Mixed Conifer w/ Aspen
	B
	75
	65
	65

	Mixed Conifer w/ Aspen
	B
	75
	65
	85

	Mixed Conifer w/ Aspen
	B
	75
	65
	95

	Mixed Conifer w/ Aspen
	B
	85
	65
	65

	Mixed Conifer w/ Aspen
	B
	90
	65
	65

	Mixed Conifer w/ Aspen
	B
	90
	65
	85

	Mixed Conifer w/ Aspen
	B
	90
	65
	95

	Mixed Conifer w/ Aspen
	C
	80
	68
	68

	Mixed Conifer w/ Aspen
	C
	80
	68
	85

	Mixed Conifer w/ Aspen
	C
	80
	68
	95

	Montane / Subalpine Grassland
	B
	45
	80
	80

	Montane / Subalpine Grassland
	C
	25
	83
	83

	Montane / Subalpine Grassland
	C
	25
	83
	83

	Montane / Subalpine Grassland
	C
	25
	83
	85

	Montane / Subalpine Grassland
	C
	25
	83
	95

	Montane Willow Riparian Forest
	A
	65
	30
	30

	Montane Willow Riparian Forest
	A
	65
	30
	85

	Montane Willow Riparian Forest
	A
	65
	30
	95

	Montane Willow Riparian Forest
	A
	65
	30
	65

	Pinyon Juniper Evergreen Shrub
	A
	35
	75
	75

	Pinyon Juniper Evergreen Shrub
	B
	20
	75
	75

	Pinyon Juniper Evergreen Shrub
	B
	45
	75
	75

	Pinyon Juniper Evergreen Shrub
	C
	15
	75
	75

	Pinyon Juniper Evergreen Shrub
	D
	10
	75
	75

	Pinyon Juniper Evergreen Shrub
	D
	25
	75
	75

	Ponderosa Pine
	B
	80
	72
	72

	Ponderosa Pine
	B
	80
	72
	85

	Ponderosa Pine
	B
	80
	72
	95

	Ponderosa Pine
	B
	80
	75
	75

	Ponderosa Pine
	C
	35
	75
	75

	Ponderosa Pine
	C
	45
	75
	75

	Ponderosa Pine
	C
	50
	75
	75

	Ponderosa Pine
	C
	50
	75
	85

	Ponderosa Pine
	C
	50
	75
	95

	Ponderosa Pine
	C
	55
	75
	75

	Ponderosa Pine
	C
	55
	75
	85

	Ponderosa Pine
	C
	55
	75
	95

	Ponderosa Pine
	C
	60
	75
	75

	Ponderosa Pine
	C
	60
	75
	85

	Ponderosa Pine
	C
	60
	75
	95

	Ponderosa Pine
	C
	65
	75
	75

	Ponderosa Pine
	C
	65
	75
	85

	Ponderosa Pine
	C
	65
	75
	95

	Ponderosa Pine
	C
	70
	75
	75

	Ponderosa Pine
	C
	70
	75
	85

	Ponderosa Pine
	C
	70
	75
	95

	Ponderosa Pine
	C
	80
	75
	75

	Ponderosa Pine
	C
	80
	75
	85

	Ponderosa Pine
	C
	80
	75
	95

	Ponderosa Pine
	D
	30
	79
	79

	Ponderosa Pine
	D
	30
	79
	79

	Ponderosa Pine
	D
	30
	79
	85

	Ponderosa Pine
	D
	30
	79
	95

	Ponderosa Pine
	D
	40
	79
	79

	Ponderosa Pine
	D
	40
	79
	79

	Ponderosa Pine
	D
	40
	79
	85

	Ponderosa Pine
	D
	40
	79
	95

	Ponderosa Pine
	D
	75
	79
	79

	Semi-desert Grasslands
	B
	15
	83
	83

	Semi-desert Grasslands
	D
	10
	83
	83

	Semi-desert Grasslands
	D
	15
	83
	83



Note:  
1. Pre-fire and Post-Fire CNs are identical for unburned areas. 
Soils exhibiting strong hydrophobic tendencies (typically, those classified as high to moderate soil burn severity) were assigned a post-fire CN of 95.
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Mogollon Rim Ranger District, Coconino National Forest 
June 12, 2014

SUMMARY
Bedrock and Surficial Geology
Rock units within the fire perimeter include Pliocene and older basalt.  This occurs as flow units with columnar jointing and blocky flows in the southern part of the fire area on top of the canyon walls of the western side of Oak Creek. Tertiary sediments are also observed below the basalt bedrock on the Highway 89A. Paleozoic sedimentary rock units include the Kaibab Limestone, Toroweap Formation, Coconino Sandstone and the Schnebly Hill Formation. These rock units are cliff formers and shale units within the Schnebly Hill Formation have eroded into moderately steep slopes. Volcanic rocks comprise 27% of the Slide Fire area and Paleozoic Sedimentary rocks comprise the remainder of 73%.  Surficial deposits include Quaternary alluvium deposited in terraces and fans from the face drainages of Oak Creek.   Along Oak Creek many of our campgrounds and day use areas are situated on top of Holocene and recent flood terraces.  

Channel Geomorphology 
The stream channels of West Fork of Oak Creek, Sterling Creek and the face drainages along Oak Creek are narrow, incised, and have steep gradients typical of mountain streams that carry large amounts of sand  along with boulder-cobble bed load during flood events.  Most of the drainages are incised or are scoured into sandstone bedrock.  Alluvial fan deposits are sand dominated in the face drainages from Call of the Canyon northward.  Progressively downstream from the confluence of West Fork, Oak Creek and its tributary drainages become larger and carry larger and larger bed load deposits from past floods and debris flows.  Slopes in the canyon transition from alluvial fans and terraces to colluvial deposits towards Slide Rock.  This is also indicative of rock fall processes comprising the colluvium.  Progressively southward towards Slide Rock SP Oak Creek becomes wider and the boulders in the channel become larger attesting to the increased bed load carrying power of these stream and past debris flows.  Flood terraces along Oak Creek and in West Fork of Oak Creek show evidence of past debris flows; these could be historic or older Holocene deposits.  Debris flow deposits were observed in the lower reach of Sterling Canyon and in face drainages of Oak Creek from Pine Flat subdivision southward.

Geologic Hazards
Debris Landslides
Landslide hazards in the fire area are based on burn severity and slope steepness criteria.  Seventeen % of the fire area has a high landslide hazard, 11% a moderate landslide hazard and 72% a low landslide risk.  Steep slopes greater than 50% comprise 25% of the fire area and of these acres, 57% of the steep slope burned at high or moderate severity, which is commonly seen in wildfire areas; that is fire commonly burns hot and fast up steeper slopes.

Landslide risk is elevated above background levels where vegetative cover and root support is lost due to moderate to high burn severity on steeper slopes (> than 50%) where there is soil developed  that supported live vegetation such as conifer trees and chaparral vegetation. Rock outcrop in the wildfire area is geologically stable and should not produce shallow landslides; however, rock fall and block fall types of mass wasting could occur more frequently in the post fire condition due to loss of any supporting vegetation in joints and cracks in the rock.  Rock fall may occur from the cliff forming and strongly jointed basalt flows in the fire area and to a lesser extent from the cliff forming sedimentary rock unit in West Fork of Oak Creek. The lack of large talus slope deposits indicates rock fall is less of an occurrence than in other areas of Oak Creek, for example on the east side of Oak Creek. 

Debris Flows/Avalanches, Mud Flows, Rock Slides, Rock Falls, Dry Ravel
Debris flow probability modeling was conducted by the USGS Landslide Hazards group following established methodology of Cannon et al. 2010 for fire areas in the intermountain west.    The storms that were modeled in this report are a one hour 25 year recurrence interval storm event.  The watersheds of concern that rank the highest (50% or greater) in debris flow probability and sediment volume generated are within Upper Oak Creek, West Fork, Unnamed Tributary, and the lower subbasins of Sterling Canyon.  These sub-watersheds have a high proportion of high and moderate burn severity along their channel lengths, have steep headwater basins that were burned at high or moderate severity and had riparian or conifer-dominated vegetation in the channels that burned. Within these large watersheds, the specific areas of concern are the face drainages of Oak Creek at Pine Flat and from Unnamed Tributary south to where the fire started.   In West Fork, the face drainages (mostly north facing) from the confluence of Casner Cabin Draw to the confluence of Oak Creek have a high probability of debris flows.   Within the face drainages of Oak Creek about 28 stream channels were identified that have > than50% probability of debris flow initiation.  This would pose a hazard to the public, resources, facilities and property along the creek. 

Mud, ash and hyperconcentrated flows could occur from many of the burned slopes of all three severity types and in channels while not becoming a debris flow.  Less intense rain storm would cause this to occur and it may take several low intensity rainfall events to wash off the surface ash in all of the burned areas. Ash and mud flows are a potential event in the Cave Spring Campground and in the private properties on the edge of the burned area on the west side of Oak Creek and throughout the burned area. 

Rock falls and rock slides can also initiate debris avalanches and debris flows and be a danger in themselves.  An area of high rock fall hazard was noted on slopes from Halfway Day Use Area southward to where the fire began.  Large basalt boulders were noted on slopes and on top of the cliffs in this area. Other areas of potential rock fall hazard are anywhere that basalt flows crop out on top of the canyon walls and where the basalt flow mesa top was burned at high or moderate severity.  Another area of moderate to high rock fall concern is within West Fork where sandstone cliffs that face into the creek channel along the trail have become unstable from loss of vegetation and anchoring root support in rock fractures and joints due to the fire.  

Risk factors of debris flows include bulking capacity and the possibility of dam breach hydrology.  In contrast to water-dominated flood flows, debris flows carry other material such as large rocks, woody debris, or infrastructure material (such as propane tanks, phone poles, parts of buildings) that bulk up the flow.  This bulking capacity of debris flows adds about 25% more volume to predicted post-fire flood flows. Another risk factor of debris flows is that of dam breach hydrology.  This is where the suspended material in the debris flow becomes blocked by trees or huge rocks in the channel and forms a sediment and debris dam blocking or reducing the flow of water and the suspended material.  As pressure builds up behind the dam, catastrophic failure can occur releasing a huge pulse of water and debris down the canyon or channel.  This debris flow process is likely to happen in the steep headwater water channels of the face drainages of Oak Creek and possibly in lower West Fork or lower Sterling Canyon.  Narrow stream reaches of Oak Creek below the confluence of West Fork may also be a site for possible dam breach hydrology is debris flow enter the creek. 

Dry ravel from steep slopes that burned including cut slopes of roads is anticipated to occur after the fire.  Dry ravel is downslope movement of rock on steep or nearly vertical natural and cut slopes (as in road cut slopes and benches) that occurs without the influence of rainfall.  Dry ravel commonly occurs after a fire.  This is expected to occur through the fire area.  Especially along roads, large rocks could be loosened and fall into the road presenting a hazard to the public.  During our field reconnaissance BAER team members witnessed dry ravel and rock fall within the fire area.  

Identification of Values at Risk, Emergencies and Potential Threats

Post-fire emergency conditions and values at risk from debris flows, mud-ash flows, floods, and rock fall hazards  include various Forest Service roads, campgrounds, day use areas and trails, water systems, toilets and recreational activities in West Fork  and on Oak Creek within/adjacent to the burned area  and downstream of the burned area. The Forest Service facilities could be damaged or covered by debris and mud.  Various private property developments that have vented ford crossings over Oak Creek could be damaged by debris flows or flood deposits that would need to be removed.  The Sterling Creek Fish Hatchery and its water system and facilities are threatened by post-fire debris flows, and flooding.  Buildings/homes on the west side of Oak Creek that are on the edge of the burned area could be damaged by rocks, mud, ash and water from rills and gullies developed on burned slopes above the property, debris floods in channels that lead into the property or by hyperconcentrated flood[footnoteRef:3] deposits from slopes or channels.  People recreating along the creeks, trails, campgrounds, day use areas or living at residences or other properties in or adjacent to the Slide Fire area are also threatened by geologic hazards including debris flows, rock fall, mud-ash and flood flows. Soil and water quality is also a value that is threatened by geologic hazards as are various species of wildlife, fisheries and their habitats.  [3:  A hyperconcentrated flood deposit differs from a debris flow in that it carries a large amount of suspended sediment (sand sized and smaller)  and flows are highly erosive.  A debris flow is when a sediment and water mixture becomes a slurry similar to wet concrete capable of holding gravel sized particles and larger materials in suspension as part of the flow.  In steep canyon, debris flows can achieve high velocities and transport large boulders and floatable material like wood in suspension and cause catastrophic damage from impact or burial. 
] 


Treatments of greatest benefit to reducing geologic hazards are Alert stations, closure of dangerous areas, removing cut logs from channels, public/information about debris flows and floods, pulling undersized road culverts and improving road drainage on Forest Service roads.  Seeding and mulching on slopes will not prevent a debris flow from initiation on steeper slopes but can reduce sedimentation to channels in the post-fire condition.
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INTRODUCTION
The Slide Fire was reported on May 20, 2014 at 4 pm and originated near Oak Creek north of Slide Rock State Park.  It is a human-caused fire that is under investigation.  The fire was held west of Hwy89A and spread northward on the west side of Oak Creek to just north of Sterling Creek.  The fire burned westward into the West Fork of Oak Creek into East Pocket, Harding Point and Buzzard Point areas.  The fire was declared contained on June 6, 2014. More than 300 residences and businesses and Forest Service facilities are within or adjacent to the fire area.  No structures were lost. 

The BAER team was assembled on May 31, 2014.  Field work to assess burn severity, emergencies and threats was carried out from June 1 to June 5, 2014.  Burned Area Reflectance Class (BARC) mapping was ordered and the BARC map was finalized on June 5, 2014.  The BAER team met to review emergencies, threats and values at risk and developed treatment recommendations over the period from June 5-9, 2014.  The first initial BAER request 2500-8 form was turned in to the Regional Office and was approved on June 6, 2014 and subsequent requests were turned in during the second week of June. 
The Slide Fire burned about 22,000 acres at containment. 

METHODS
Field Reconnaissance
A rapid geologic field reconnaissance was completed over a period of 4 days, June 2-June 5, 2014.  One day was spent mapping burn severity near roads in the Buzzard Ridge area of West Fork of Oak Creek watershed.  Travis Bone (Archaeologist) and I were Team D on June 2, 2014.   Three days were spent evaluating burn severity, geologic conditions and post-fire hazards along Oak Creek and the eastern edge of the fire perimeter.  On June 3, Kit MacDonald, (Soil Scientist) Ed Monin (Engineer) and I were a team.  On June 4, Tom Runyon (Hydrologist) and I teamed up. On June 5, Rory Steinke (Watershed Program Manager) and I teamed up. 

Fire severity or values at risk from the fire were evaluated at all of the Forest Service campgrounds (CG) and day use areas along Oak Creek from Pine Flat CG south to Manzanita Campground.  We also hiked a short distance up West Fork of Oak Creek.  The burn areas adjacent to private lands were also inspected to evaluate burn severity, channel conditions and possible post-fire effects.  The Sterling Creek Fish Hatchery and Sterling Creek were also evaluated for channel conditions and post fire flood response.  Because of the steep terrain and dissected nature of the face drainages that flow into Oak Creek in many places it was difficult to see the burn severity of the upper extents of the smaller sub-basins.  Thus, the upslope geologic hazards of debris flows and mud flows etc. were largely evaluated by the burn severity mapping in combination with field information.  In many places along the eastern edge of the fire, the burn severity was low however, if the upslope or headwaters of the sub-basins were burned at moderate or high severity, then there is a much greater potential for geologic hazards that could affect lands downslope.

Field review included evaluating slope steepness and potential for debris landslides and debris flows. The emphasis on field review of the burn area was on stream channels within the high-moderate burn severity areas, and determining any evidence of runout of past debris flows in them.  Conditions of the eastern edge of the fire area were evaluated to determine where possible debris, rocks and alluvium would be transported and deposited in relation to structures and FS infrastructure along the western side of Oak Creek.  See the hydrologic summary for information on post fire flood flows and possible flood hazards. No risk evaluations of individual properties and structures were made.  

Office Analysis
Photos from the helicopter overflight made by Rory Steinke, Amena Sena and Noah Bard were reviewed to compare the fire burn severity with pre-fire Google Earth area photos of of Oak Creek and the West Fork Oak Creek and nearby areas.   Other photos from the incident public affairs web site on Flickr were also reviewed prior to starting the BAER assignment.  All of my photos from the five days of field work are geo-tagged.  The Burned Area Reflectance Class (BARC) mapping was ordered and the Slide Fire BAER team  refined and validated the mapping using field information.  The BAER team GIS specialist updated the BARC mapping and developed the severity shape file used in this analysis.

Geologic mapping for the fire area and vicinity was reviewed to understand the general geology of the area.  Two map sources were consulted.  
· Geologic Map of the Sedona 30’ x 60’ Quadrangle, Yavapai and Coconino Counties, Arizona by Weir, G. W., Ulrich, G. E. and Nealey, L. D., 1989, U.S. Geological Survey Map I-1896, Scale 1:100,000.
· Map Showing Geology, Structure, and Uranium Deposits of the Flagstaff 1 X 2 degree Quadrangle, Arizona by Ulrich, G. E., Billingsley, G. H., Hereford, R., Wolfe, E. W., Nealey, L. D., and R. L. Sutton, 1984.  U.S. Geological Survey Map I-1446, 1: 250,000.

Debris flow modeling for sub-basins of the Slide Fire was performed using the methods of Canon et al. 2010 by Dennis Staley, Research Geologist with the U.S. Geological Survey Landslide Hazards Mapping Group in Colorado.   The geodatabase, shape file  and metadata specific to the debris flow analysis for the Slide Fire was shared with the Slide Fire BAER team and was also posted on the USGS external web site http://landslides.usgs.gov/hazards/postfire_debrisflow/.   This is the first year that the USGS Landslide Hazards Mapping Group is performing analysis of debris flows to assist the Forest Service BAER analysis.  The geodatabase and related materials are part of the project record file for the fire.  Model A from the Intermountain West data set from the Cannon et al. 2010 paper was run to determine the overall probability of a debris flow given a specific year recurrence interval rainstorm in the sub-basins analyzed.  The potential mean volume of material deposited by a debris flow at the outlet of a recently burned sub-basin was estimated using the multivariate regression model given in the paper. Data sources for the model runs included the burn severity mapping for the Slide Fire, soil parameters from the STATSGO database and storm intensity and precipitation values from the NOAA Atlas Precipitation Frequency Data Server.  Model parameters used in the debris flow modeling are discussed further in this report and are contained in the geodatabase README file in the Geology section of the project record. 

BURN SEVERITY
The fire progressed rapidly northward and was burning in West Fork and in Sterling Canyon by the second day of the fire, exhibiting extreme fire behavior.  Hot and dry winds were a factor in fire progression during the first two days of the fire.  Aerial ignitions of fire and burnout operations were performed on the flanks of the fire. 

Vegetation types that were burned are dominantly ponderosa pine and Gambel oak at higher elevations above 6,000 feet and shrub live oak, mountain mahogany and manzanita (interior chaparral) at lower elevations, 6,000 feet and lower.  The burn severity was mosaic of low, moderate with small pockets of high severity in the headwaters of West Fork, Casner Cabin, and Howard Pocket. The Barney Pasture area was mostly moderate and high severity burn effects.  The eastern third of the fire perimeter shows predominantly high and moderate burn severity with large areas of high severity in Sterling Canyon, in the south side of West Fork, and in the face drainages of Oak Creek south of the confluence of West Fork and Oak Creek. Burn severity is shown in Table 1 and Figure 1 below. 

Table 1:  Burn Severity for Slide Fire
	Severity Classification
	Fire Perimeter
(Acres, %)
	Fire Perimeter
(hectares)

	High
	3,115, 14%
	        1,261

	Moderate
	7,067, 32%
	2,860

	Low
	10,415,  48%
	4,215

	Unburned
	1,294, 6%
	524

	Totals
	         21,891
	8,860





Figure 1. Burn Severity Map of the Slide Fire
[image: ]	


Moderate burn severity (32% of the fire perimeter) included partial to nearly complete consumption of surface vegetation with overstory vegetation partially consumed and largely scorched with needles present on the conifer trees.  In chaparral vegetation types, all of the surface vegetation is consumed but sticks and stems are remaining.  The soil repellency in high and moderate severity burns ranges from moderate (10-40 seconds) to high >40 seconds from more than ¼ inches in depth.   Duff and litter debris on the soil floor is observable and burned but not totally consumed.  Post fire risk to soil productivity is “low to intermediate” in these areas because erosion rates are expected to increase but not expected to exceed tolerable levels. Moderate burn severity in slopes above Pine Flats subdivision in a face drainage of Oak Creek.  Alluvial fan deposits.  DSCN 1590 June 4, 2014


High burn severity (14% of the fire perimeter) soils are mostly associated with deep alluvium/colluvial deposits along drainages of West Fork and its tributaries and Sterling Creek or on the flats such as Barney Pasture, Harding Pasture, and East Pocket.  These areas are found mostly higher up in the sub-basins within the wilderness. High burn severity characteristics include overstory and vegetative ground cover that was fully consumed from the fire, grey to white ash prominent in a mosaic pattern, high hydrophobicity within 1/8 to 1/4-inch depth, and moderate hydrophobicity up to a 1-inch depth. These soils are more productive and have a high water holding capacity due to greater soil depth. Because these soils are derived from sedimentary deposits such as sandstones, these soils are erosive and susceptible to high levels of soil loss and gullying that can negatively impact productivity and influence drainage flow parameters. Soil modeling suggests high burn severity areas are “likely” to exceed tolerable soil loss rates, which could result in a “very high” risk magnitude of consequence to soil long-term productivity. A small pocket of High burn severity surrounded by Moderate burn severity in a headwater swale of Buzzard Ridge.  DSCN 1414, June 2, 2014.  


Low burn severity (48% of the fire perimeter) is where overstory and understory fuels are mostly intact and, where exposed to fire, the herbaceous crown was not fully consumed and vegetative ground cover has been minimally consumed. Post fire erosion rates are expected to increase minimally in these locations and pose a “low” risk of soil productivity impairment. 

Low burn severity. Note needles are still present and mostly green and duff and grass component is only partially consumed.  DSCN 1423, June 2, 2014.  Buzzard Ridge area. 
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View of overall burn severity mosaic in West Fork of Oak Creek looking SE.  High burn severity on top of the canyon in the flat of East Pocket. DCN1403 June 2,2014.









Geology and Geomorphology
Bedrock and Surficial Geology
Rock units within the fire perimeter include Pliocene and older basalt.  This occurs as flow units with columnar jointing and blocky flows in the southern part of the fire area on top of the canyon walls of the western side of Oak Creek. Tertiary sediments are also observed below the basalt bedrock on the Highway 89A. Paleozoic sedimentary rock units include the Kaibab Limestone, Toroweap Formation, Coconino Sandstone and the Schnebly Hill Formation. These rock units are cliff formers and shale units within the Schnebly Hill Formation have eroded into moderately steep slopes. Volcanic rocks comprise 27% of the Slide Fire area and Paleozoic Sedimentary rocks comprise the remainder of 73%.  Surficial deposits include Quaternary alluvium deposited in terraces and fans from the face drainages of Oak Creek.   Along Oak Creek many of our campgrounds and day use areas are situated on top of Holocene and recent flood terraces.  
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Figure 2  Bedrock Geology Map



Channel Geomorphology 
The stream channels of West Fork of Oak Creek, Sterling Creek and the face drainages along Oak Creek are narrow, incised, and have steep gradients typical of mountain streams that carry large amounts of sand  along with boulder-cobble bed load during flood events.  Most of the drainages are incised or are scoured into sandstone bedrock.  Alluvial fan deposits are sand dominated in the face drainages from Call of the Canyon northward.  Progressively downstream from the confluence of West Fork, Oak Creek and its tributary drainages become larger and carry larger and larger bed load deposits from past floods and debris flows.  Slopes in the canyon transition from alluvial fans and terraces to colluvial deposits towards Slide Rock.  This is also indicative of rock fall processes comprising the colluvium.  Progressively southward towards Slide Rock SP Oak Creek becomes wider and the boulders in the channel become larger attesting to the increased bed load carrying power of these stream and past debris flows.  Flood terraces along Oak Creek show evidence of past debris flows; these could be historic or older Holocene deposits.  Debris flow deposits were observed in the lower reach of Sterling Canyon and in face drainages of Oak Creek from Pine Flat subdivision southward.  

Alluvial fan deposits  in low burn severity at Cave Springs Campground. DSCN 1470, June 3, 2014. 















West Fork of Oak Creek showing debris flow levee deposits on top of the bedrock channel. DSCN  1516 June 3, 2014.












Channel in moderate burn severity burn showing wood and rock that could be mobilized in a debris flow or an ash-mud flow.  The channel leads down into a home. DSCN 1613. 













Cobbles and boulders in a channel deposit as evidence of past debris flows.  The deposits are within an alluvial/colluvial fan above private property.  DSCN 1723 June 4, 2014.












  
Huge boulders on a colluvial slope as evidence of past rock fall.  Location is above private property. DSCN1677 June 4, 2014.












Geologic Hazards of the Slide Fire
Debris Landslides
Landslide hazards in the fire area are based on burn severity and slope steepness criteria.  Landslide risk is elevated above background levels where vegetative cover and root support is lost due to moderate to high burn severity on steeper slopes (> than 50%) where there is soil developed  that supported live vegetation such as conifer trees and chaparral vegetation. Rock outcrop in the wildfire area is geologically stable and should not produce shallow landslides; however, rock fall and block fall types of mass wasting could occur more frequently in the post fire condition due to loss of any supporting vegetation in joints and cracks in the rock.  Rock fall may occur from the cliff forming and strongly jointed basalt flows in the fire area and to a lesser extent from the cliff forming sedimentary rock units. Because of the abundance of rock outcrop in the wildfire area we evaluated how the post-fire BARC model mapped areas of rock outcrop.  We found that rock outcrop was mapped as low severity or unburned. Therefore the areas of high and moderate burn severity once had trees and vegetation and have some thickness of soil and so may be susceptible to shallow debris landslides.  

The table below shows how landslide hazard was classified in the Slide Fire area. As shown in the table, 17% of the fire area has a high landslide hazard, 11% a moderate landslide hazard and 72% a low landslide risk.  Steep slopes greater than 50% comprise 25% of the fire perimeter and of these acres, 57% of the steep slope burned at high or moderate severity, which is commonly seen in wildfire areas. 

Table 2:  Landslide Hazard Matrix
	Burn Severity
	Slope Class
	GIS Acres
	Landslide Hazard

	High
	0% - 30%
	1,303
	Moderate

	High
	31% - 50%
	605
	High

	High
	51%  +
	1,207
	High

	Moderate
	0% - 30%
	4,062
	Low

	Moderate
	31% - 50%
	1,062
	Moderate

	Moderate
	51%  +
	1,943
	High

	Low 
	0% - 30%
	7,408
	Low

	Low 
	31% - 50%
	1,132
	Low

	Low 
	51%  +
	1,876
	Low

	Unburned
	0% - 30%
	757
	Low

	Unburned
	31% - 50%
	80
	Low

	Unburned
	51%  +
	459
	Low

	
	Total Acres burned
	21894
	




Debris Flows/Avalanches, Mud Flows, Rock Slides, Rock Falls, Dry Ravel
The Landslide Hazard Map (Figure 3) and the Debris flow Probability Map (Figure 4) have been produced for the slide Fire BAER. 

The basins of concern regarding potential debris flows/avalanches, mud flows, rock falls and dry ravel include Sterling Canyon, Howard Pocket Basin, Lower West Fork , Unnamed Tributary, and Face Drainages of  Oak Creek Canyon.  These basins have a high proportion of high and moderate burn severity along their channel lengths, have steep headwater basins that were burned at high or moderate severity and had riparian or conifer-dominated vegetation in the channels that burned.  Two channels in Cave Springs Campground show a probability of mud-ash-flood flows.  This debris flow channel mapping is based on combinations of slope steepness and burn severity with likely debris flows initiating in steep headwater drainages that burned at high to moderate severity.  Area on the west side of Oak Creek above a social trail along Oak Creek.  Note basalt boulders on top of the red cliff – evidence of rock fall and flying rocks.  DSCN 1775. June 5, 2014. 


Rock falls and rock slides can also initiate debris avalanches and debris flows and be a danger in themselves.  An area of high rock fall hazard was noted on slopes from Halfway Day Use Area southward to where the fire began.  Large basalt boulders were noted on slopes and on top of the cliffs in this area. Other areas of potential rock fall hazard are anywhere that basalt flows crop out on top of the canyon walls and where the basalt flow mesa top was burned at high or moderate severity.  Rock fall does not appear to be as prevalent in the fire area because there are not large talus slopes in the canyons in contrast to the east side of Oak Creek canyon. 

The likelihood of debris flow and rock slide initiation after a wildfire is dependent on the duration and intensity of rainfall events after the fire.  The factors that lead to debris flow initiation include:  the amount of rainfall during the storm event; the storm intensity or the peak rainfall rate during the storm; and antecedent moisture conditions prior to the storm which either during the storm or prior to the storm, bring the soil to near saturation.  Intense summer monsoonal storms that are typical for Northern Arizona occur from July through September, and if they are of sufficient intensity and duration, could initiate debris landslides, debris flows, rock fall, and rock slides.   Because it is impossible to predict where and when a debris slide producing storm will occur, the geologic hazard assessment relied on field  based geologic conditions such as evidence of past debris flows, stored material from past debris flows, slope steepness, and burn severity to determine what areas within the fire perimeter are at highest risk of  landslide occurrence.  Another risk factor of debris flows is that in comparison to water-dominated flood flows, debris flows carry other material such as large rocks, woody debris, or infrastructure material (such as propane tanks, phone poles, parts of buildings) that bulk up the flow.  This bulking capacity of debris flows adds about 25% more volume to predicted post-fire flood flows. Another risk factor of debris flows is that of dam breach hydrology.  This is where the suspended material in the debris flow becomes blocked by trees or huge rocks in the channel and forms a sediment and debris dam blocking or reducing the flow of water and the suspended material.  As pressure builds up behind the dam, catastrophic failure can occur releasing a huge pulse of water and debris down the canyon or channel.  This debris flow process is likely to happen in the steep headwater channels and possibly in West Fork or Sterling Canyon, or in narrow stream reaches of Oak Creek below a debris flow pour point. .  

Dry ravel from steep slopes that burned including cut slopes of roads is anticipated to occur after the fire.  Dry ravel is downslope movement of rock on steep or nearly vertical natural and cut slopes (as in road cut slopes and benches) that occurs without the influence of rainfall.  Dry ravel commonly occurs after a fire.  This is expected to occur through the fire area.  Especially along roads, large rocks could be loosened and fall into the road presenting a hazard to the public.  During our field reconnaissance BAER team members witnessed dry ravel and rock fall within the fire area.  

Figure 3. [image: ]



DEBRIS FLOW MODELING FOR THE SLIDE FIRE AND ANALYSIS SUB-BASINS
Debris flow modeling was performed using the methods of Canon et al. (2010). Debris flow modeling for sub-basins of the Slide Fire was performed using the methods of Canon et al. 2010 by Dennis Staley, Research Geologist with the U.S. Geological Survey Landslide Hazards Mapping Group in Colorado.  Predictive models of debris flows can help identify what basins within a wildfire area have the potential to generate post-fire debris flows and can estimate the magnitude of the volume of the debris flows at the channel outlet. 

Model Parameters and Assumptions  

Debris Flow Model
The debris flow probability and debris flow volume calculations made in this report are calculated using the formulas of Cannon et al. (2010).  The probability of debris-flow occurrence for each sub-basin within the Slide Fire analysis area is:

P (the probability of debris-flow occurrence) = e x/(1 + e x), 
and

x = –0.7 + 0.03(%A) – 1.6(R) + 0.06(%B) + 0.07(I ) + 0.2(C ) – 0.4(LL), where 

 % A is the percentage of the basin area with gradients greater than or equal to 30%, R  is basin ruggedness, %B is the percentage of the basin area burned at high and moderate severity, I is average storm rainfall intensity (in mm/h), C is clay content (in %), and LL is the liquid limit.

Basins were mapped and digitized specifically for the burned area. The measure of slope gradients greater than 30% were obtained using spatial analysis tools using 10 meter DEMs.  Fire severity was characterized using the BARC map for the fire area.  Soil parameters were obtained using the STATSGO[footnoteRef:4] database from the Arizona State Land Department and available on the Forest Service SDE GIS server.  Soil parameters were interpreted for the Slide Fire from available information on the same bedrock and soil types from other areas because the STATSGO data showed “No Data” for the fire area (Dennis Staley, Personal Communication June 6, 2014). Storm rainfall intensities were obtained for each sub-basin from the NOAA Precipitation Frequency Data Server (PFDS) and input into the calculations (http://dipper.nws.noaa.gov/hdsc/pfds/).  The Model A was used from the Cannon (2010) paper.  Model A uses a regression coefficient of -0.7.   The USGS modeled six storm events: 2 year, 5, year, 10 year, 25 year, 50 year and 100 year one-hour events.  Data for the one hour 25 year recurrence storm is provided in this report; other data is in spreadsheets in the project record files; USGS shows model results for 10 year 1 hour storm on its website that was referenced earlier. For this analysis and the maps shown in Figures 3 and 4, the storm event used in the calculations is the 25 year 60 minute event. The rainfall intensity over the 190 basins analyzed averaged 48 mm/hour; each basin was given an individual value.   [4:  The STATSGO data set is a digital general soil association map developed by the National Cooperative Soil Survey. It consists of a broad based inventory of soils and nonsoil areas that occur in a repeatable pattern on the landscape and that can be cartographically shown at the scale mapped. The soil maps for STATSGO are compiled by generalizing more detailed soil survey maps. Where more detailed soil survey maps are not available, data on geology, topography, vegetation, and climate are assembled, together with Land Remote Sensing Satellite (LANDSAT) images. Soils of like areas are studied, and the probable classification and extent of the soils are determined. Map unit composition for a STATSGO map is determined by transecting or sampling areas on the more detailed maps and expanding the data statistically to characterize the whole map unit. This data set consists of georeferenced digital map data and computerized attribute data. The map data are collected in 1- by 2-degree topographic quadrangle units and merged and distributed as statewide coverages. The soil map units are linked to attributes in the Map Unit Interpretations Record relational data base which gives the proportionate extent of the component soils and their properties.] 


The variables that are most strongly correlated with debris flow occurrence are the percentage of the basin burned at moderate and high severity and the storm intensity modeled.  Basin gradient, ruggedness and the percentage of the areas burned at moderate and high severity greater than 30% slope are also significant variables. The soil properties of percent clay, percent organic matter, hydrologic group, liquid limit are less significant variables (Cannon et al 2010). 

Debris Flow Volume Model

The debris flow volumes estimated for the Slide Fire were estimated using the formulas found in Cannon et al (2010).  A potential mean volume of material (V, in m3) deposited by a debris flow at the outlet of a recently burned basin in the Intermountain West can be estimated from the multivariate regression model:

ln V = 7.2 + 0.6(ln A)
+ 0.7(B)1/2 + 0.2(T )1/2 + 0.3,          

where A (in km2) is the area of the basin having slopes greater than or equal to 30%, B (in km2) is the area of the basin burned at high and moderate severity, T (in mm) is the total storm rainfall, and
0.3 is a bias correction that changes the predicted estimate from a median to a mean value. 

Stream Channels Selected for Modeling Potential Debris Flows

The USGS maps stream segments that have a potential for debris flows.  Their methods are based on professional judgment and a review of the following characteristics:  Contributing areas > 0.2 km^2 and < 7.5 km^2, a minimum of 0.1 km^2 of area burned, Slopes >= 12 percent, Confinement angle < 170 degrees.  The values here are based upon data in our probability database and known debris-flow occurrences reported in the literature.  The results of this logical expression are evaluated and segments are added or removed as necessary.  There is not (yet) an article to support the entire analysis, but it is more reproducible than the old pour point method.  The original idea for this analysis, which has subsequently been modified, was written up by Verdin and Worstell, 2008.  This method has been used in several post-fire debris-flow assessments in the intermountain West, such as:  http://pubs.usgs.gov/of/2013/1260/, http://pubs.usgs.gov/of/2012/1158/  and http://pubs.usgs.gov/of/2013/1108/ (Dennis Staley, USGS Personal Communication, June 11, 2012). 


Debris Flow Probability, Volumes and Combined Hazard Ranking of Probability and Volume
Table 2 shows the results of the probability analysis sorted from highest probability of debris flow and by largest volume of material generated.  190 basins were analyzed.  The full results for the 190 basins are found in Appendix A of this report.  This table shows the basins that have a 50% probability or greater for debris flows.  Debris-flow hazards from a given basin after a wildfire can be considered as a combination of both probability and volume.  Areas classified as a high hazard burned in a wildfire will show a high probability of debris flow generation if a large proportion of the basin burned at moderate to high severity and will have a large volume of sediment delivered to channels if the basin is large in area and/or has numerous contributing stream channels. The table below shows a combined hazard ranking taking into account both probability and volume and is based on the values and ranks for a 25 year, 1 hour storm.  


Table 3:  Debris Flow Probability, Volume and Combined Hazard Ranking for the Slide Fire
	No. 
	Basin Name
	USGS BASIN_ID
	Acres
	Rain Intensity 1 hr_25Yr (mm)
	% Probability 
	Probability Class
	Debris Flow Volume 1 hr 25 yr (m3)
	Volume Class (m3)
	Combined Hazard Ranking

	1
	West Fork
	1626
	72
	47.8
	92.46
	80-100%
	4475
	1,000-10,000
	High

	2
	West Fork
	1820
	20
	48.0
	92.13
	80-100%
	1404
	1,000-10,000
	High

	3
	West Fork
	1925
	25
	48.2
	91.54
	80-100%
	2260
	1,000-10,000
	High

	4
	West Fork
	1539
	20
	47.8
	90.09
	80-100%
	1405
	1,000-10,000
	High

	5
	West Fork
	1401
	30
	47.8
	90.04
	80-100%
	1762
	1,000-10,000
	High

	6
	West Fork
	1365
	21
	47.8
	89.90
	80-100%
	1586
	1,000-10,000
	High

	7
	Upper Oak Creek
	2368
	13
	50.1
	89.58
	80-100%
	1117
	1,000-10,000
	High

	8
	Upper Oak Creek
	2694
	12
	49.7
	89.17
	80-100%
	1118
	1,000-10,000
	High

	9
	Upper Oak Creek
	2730
	13
	49.3
	88.90
	80-100%
	886
	<1,000
	Moderate

	10
	West Fork
	1712
	21
	48.0
	88.70
	80-100%
	1635
	1,000-10,000
	High

	11
	West Fork
	2025
	13
	48.3
	88.69
	80-100%
	1149
	1,000-10,000
	High

	12
	West Fork
	1713
	7
	48.0
	87.37
	80-100%
	837
	<1,000
	Moderate

	13
	West Fork
	1795
	10
	48.0
	86.68
	80-100%
	1083
	1,000-10,000
	High

	14
	Upper Oak Creek
	2813
	25
	49.1
	86.65
	80-100%
	1527
	1,000-10,000
	High

	15
	West Fork
	1730
	21
	47.9
	86.62
	80-100%
	1408
	1,000-10,000
	High

	16
	West Fork
	1430
	11
	47.7
	85.58
	80-100%
	1129
	1,000-10,000
	High

	17
	West Fork
	2001
	13
	48.3
	84.27
	80-100%
	1116
	1,000-10,000
	High

	18
	West Fork
	2210
	389
	48.8
	84.00
	80-100%
	11946
	10,000-100,000
	High

	19
	Upper Oak Creek
	2783
	27
	49.1
	83.64
	80-100%
	2233
	1,000-10,000
	High

	20
	Upper Oak Creek
	2752
	272
	49.0
	83.55
	80-100%
	12929
	10,000-100,000
	High

	21
	Upper Oak Creek
	2796
	145
	48.8
	82.52
	80-100%
	7218
	1,000-10,000
	High

	22
	Howard Pocket Basin
	1308
	12
	47.7
	82.45
	80-100%
	1092
	1,000-10,000
	High

	23
	West Fork
	1323
	14
	47.5
	82.13
	80-100%
	1154
	1,000-10,000
	High

	24
	West Fork
	1495
	31
	47.7
	81.68
	80-100%
	1608
	1,000-10,000
	High

	25
	West Fork
	1429
	16
	47.9
	81.40
	80-100%
	1516
	1,000-10,000
	High

	26
	Upper Oak Creek
	2769
	139
	49.0
	81.07
	80-100%
	7226
	1,000-10,000
	High

	27
	Sterling Canyon
	1265
	12
	48.2
	81.02
	80-100%
	1121
	1,000-10,000
	High

	28
	Upper Oak Creek
	2810
	28
	49.1
	78.38
	60-80%
	1674
	1,000-10,000
	Moderate

	29
	West Fork
	1426
	20
	47.7
	78.12
	60-80%
	1324
	1,000-10,000
	Moderate

	30
	Upper Oak Creek
	2726
	68
	49.3
	77.84
	60-80%
	4233
	1,000-10,000
	Moderate

	31
	West Fork
	2164
	20
	48.8
	77.71
	60-80%
	1870
	1,000-10,000
	Moderate

	32
	Upper Oak Creek
	2699
	7
	49.7
	77.69
	60-80%
	712
	<1,000
	Moderate

	33
	Unnamed Trib
	2577
	491
	49.0
	76.98
	60-80%
	11165
	10,000-100,000
	High

	34
	Upper Oak Creek
	2835
	41
	49.0
	76.62
	60-80%
	2016
	1,000-10,000
	Moderate

	35
	Upper Oak Creek
	2711
	39
	49.5
	76.60
	60-80%
	2633
	1,000-10,000
	Moderate

	36
	Upper Oak Creek
	1842
	17
	49.6
	76.28
	60-80%
	1237
	1,000-10,000
	Moderate

	37
	Sterling Canyon
	1268
	13
	48.2
	75.55
	60-80%
	1112
	1,000-10,000
	Moderate

	38
	West Fork
	1286
	9
	47.9
	75.11
	60-80%
	913
	<1,000
	Moderate

	39
	West Fork
	1524
	10
	47.8
	74.17
	60-80%
	958
	<1,000
	Moderate

	40
	West Fork
	1371
	14
	47.9
	73.73
	60-80%
	1155
	1,000-10,000
	Moderate

	41
	West Fork
	1338
	84
	47.6
	73.57
	60-80%
	4635
	1,000-10,000
	Moderate

	42
	West Fork
	2271
	239
	49.2
	73.52
	60-80%
	7387
	1,000-10,000
	Moderate

	43
	Upper Oak Creek
	2789
	15
	49.1
	72.01
	60-80%
	1291
	1,000-10,000
	Moderate

	44
	Howard Pocket Basin
	1221
	26
	47.6
	71.96
	60-80%
	1355
	1,000-10,000
	Moderate

	45
	West Fork
	1297
	17
	48.0
	71.53
	60-80%
	770
	<1,000
	Moderate

	46
	Casner Cabin Draw
	1084
	13
	47.9
	70.74
	60-80%
	1188
	1,000-10,000
	Moderate

	47
	Upper Oak Creek
	1822
	57
	49.4
	70.69
	60-80%
	3656
	1,000-10,000
	Moderate

	48
	West Fork
	2173
	1138
	48.4
	69.01
	60-80%
	39976
	10,000-100,000
	High

	49
	West Fork
	1461
	63
	47.7
	68.97
	60-80%
	3633
	1,000-10,000
	Moderate

	50
	Upper Oak Creek
	2034
	64
	49.9
	68.61
	60-80%
	3963
	1,000-10,000
	Moderate

	51
	Upper Oak Creek
	2714
	10
	49.2
	67.20
	60-80%
	1033
	1,000-10,000
	Moderate

	52
	West Fork
	1901
	396
	48.1
	67.16
	60-80%
	15263
	10,000-100,000
	High

	53
	Howard Pocket Basin
	1344
	13
	47.7
	66.76
	60-80%
	1211
	1,000-10,000
	Moderate

	54
	Upper Oak Creek
	2629
	81
	49.5
	65.30
	60-80%
	4909
	1,000-10,000
	Moderate

	55
	West Fork
	2301
	8
	49.6
	65.26
	60-80%
	959
	<1,000
	Moderate

	56
	Upper Oak Creek
	2685
	42
	49.7
	65.23
	60-80%
	2887
	1,000-10,000
	Moderate

	57
	Casner Cabin Draw
	1202
	9
	47.9
	65.22
	60-80%
	947
	<1,000
	Moderate

	58
	Casner Cabin Draw
	1066
	12
	47.8
	64.33
	60-80%
	850
	<1,000
	Moderate

	59
	Howard Pocket Basin
	1271
	44
	47.7
	63.55
	60-80%
	3131
	1,000-10,000
	Moderate

	60
	Upper Oak Creek
	1867
	34
	49.7
	61.63
	60-80%
	1939
	1,000-10,000
	Moderate

	61
	West Fork
	2134
	14
	48.7
	60.32
	60-80%
	1013
	1,000-10,000
	Moderate

	62
	West Fork
	1444
	26
	47.7
	59.22
	40-60%
	1692
	1,000-10,000
	Moderate

	63
	West Fork
	1423
	13
	48.0
	58.84
	40-60%
	1003
	1,000-10,000
	Moderate

	64
	West Fork
	1498
	19
	47.7
	55.97
	40-60%
	1213
	1,000-10,000
	Moderate

	65
	Upper Oak Creek
	2599
	14
	49.7
	54.76
	40-60%
	1311
	1,000-10,000
	Moderate

	66
	West Fork
	992
	21
	48.0
	52.25
	40-60%
	557
	<1,000
	Moderate

	67
	West Fork
	1494
	54
	47.8
	50.47
	40-60%
	1472
	1,000-10,000
	Moderate



Figure 4 shows the probability of a basin having debris flows along with the probability of stream channels passing debris flows.
Summary of Landslide Hazard, Debris Flow Probability and Volume for the Slide Fire
Landslide Hazard
 Seventeen % of the fire area has a high landslide hazard, 11% a moderate landslide hazard and 72% a low landslide risk.  Steep slopes greater than 50% comprise 25% of the fire area and of these acres, 57% of the steep slope burned at high or moderate severity, which is commonly seen in wildfire areas. Steep face drainages on Casner Cabin Draw, West Fork lower Sterling Creek and many of the smaller face drainages of Oak Creek have high and moderate landslide hazard and are of concern because these areas may initiate debris flows. 

Debris Flow Hazard and Risk

The debris flow model predicts that 67 basins within the Slide Fire area totaling 4,705 acres have a greater than 50% likelihood of generating debris flows (Figure 3).   The total sediment volume from these basins is 214,186 cubic meters of debris flow material.  The basins with the greatest probability of debris flows are in the lower half of West Fork, face drainages of Oak Creek at Pine Flat and from Unnamed Trib south to the fire boundary.  Steeper basins just upstream of the Fish Hatchery and in lower Howard Pocket Basin also have high debris flow potential.  

Debris Flow Volume

The debris flow volumes calculated by the model runs are generally small for each basin, generally less than 10,000 cubic meters, because the basins size is also very small generally less than 50 acres.  Small basin size of analysis is characteristic of the Cannon 2010 model. Of the 67 basins that have greater than a 50% probability of generating debris flows, only five show a large volume of between 10,000 and 100,000 cubic meters.  In West Fork, basin 2210 is estimated to deliver roughly 12,000 cubic meters of material. This basin is about one mile upstream of the confluence with Oak Creek.   Basin 2752 in Oak Creek is estimated to deliver about 13,000 cubic meters of material into Oak Creek; this basin is just downstream of Bootlegger Campground.  Unnamed Trib basin (77% probability) is estimated to deliver about 11,000 cubic meters of material.  This basin empties into Oak Creek upstream of Junipine Resort.   A debris flow in any one basin could have negative effects to the stream channel and possibly life and property; multiple debris flows from a storm event could increase the amount of material in the channel and could cause debris dams in larger streams as the material bulks up along the debris flow route. 


Combined Debris Flow and Volume Hazard

Of the 67 basins that have greater than a 50% probability of having a debris flow,  28 of them have a high hazard ranking based on the combination of  probability and the volume of material generated.  The watersheds with a high combined ranking (red color on map) are West Fork, Oak Creek, lower Sterling Canyon, Howard Pocket Basin and Unnamed Tributary. 
[bookmark: _Toc391371072]Figure 4.  Slide Fire BAER Debris Flow Probability Map
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Figure 5.  Slide Fire BAER, Combined Debris Flow Probability and Volume Relative Hazard Map
[image: ]
Identification of Values at Risk, Emergencies and Potential Threats

The following emergencies and “Values at Risk” were noted relating to the Slide Fire as discussed by the BAER Team on June 7 and 8, 2014.  

Post-fire emergency conditions and values at risk from debris flows, mud-ash flows, floods, and rock fall hazards  include various Forest Service roads, campgrounds, day use areas and trails, water systems, toilets and recreational activities in West Fork  and on Oak Creek within/adjacent to the burned area and downstream of the burned area. The Forest Service facilities could be damaged or covered by debris and mud.  Various private property developments that have vented ford crossings over Oak Creek could be damaged by debris flows or flood deposits that would need to be removed.  The Sterling Creek Fish hatchery and its water system and facilities are threatened by post-fire debris flows, and flooding.  Buildings/homes on the west side of Oak Creek that are on the edge of the burned area could be damaged by rocks, mud, ash and water from rills and gullies developed on burned slopes above the property, debris floods in channels that lead into the property or by hyperconcentrated flood[footnoteRef:5] deposits from slopes or channels.  People recreating along the creeks, trails, campgrounds, day use areas or living at residences or other properties in or adjacent to the Slide Fire area are also threatened by geologic hazards including debris flows, rock fall, mud-ash and flood flows. Soil and water quality is also a value that is threatened by geologic hazards as are various species of wildlife, fisheries and their habitats.  [5:  A hyperconcentrated flood deposit differs from a debris flow in that it carries a large amount of suspended sediment (sand sized and smaller) and flows are highly erosive.  A debris flow is when a sediment and water mixture becomes slurry similar to wet concrete capable of holding gravel sized particles and larger materials in suspension as part of the flow.  In steep canyon, debris flows can achieve high velocities and transport large boulders and floatable material like wood in suspension and cause catastrophic damage from impact or burial. 
] 


Table 4: Assessment of Geologic Hazards and BAER Treatments
	General Treatment Description
	Probability of Damage or Loss from a Geological Hazard Occurring
	Magnitude of Consequences from a Geological Hazard affecting this value at risk
	Treatment Benefit or Reduction in GeoHazard Effects

	Pull and clean culverts in moderate to high burn severity to protect roads and reduce effects to water quality.
	Possible
	Moderate to High
	Remove fills that would supply sediment to channels and increase sediment load.

	Improve and install road drainage to protect 20 miles of forest roads and reduce downstream runoff and erosion.
	Possible
	Moderate to High
	Reduce potential of road failure due to poor road drainage.

	Public Safety --Install warning signage to alert people of post-fire hazards of debris flow, rock fall, and flood hazards.
	Possible to Likely
	High
	Improve public safety and hazard awareness.

	Install barricades to prevent public entry into areas with high risk of fallen trees, debris flows, rock slides, and flood waters.
	Possible to Likely
	High
	Keep public out of dangerous areas.

	Six significant cultural sites are recommended for protection to mitigate potential direct damage from post-fire storm related events. 
	Possible to Likely
	High
	Protection of sites from erosion or deposition from ash-mud flows.

	Cleaning and improving existing drainage features along the AB Young cultural trail would protect the trail from post fire storm events expected to wash away trail segments. 
	Possible to Likely
	Moderate to High
	Reducing sediment supply to channels and streams.

	Storm patrols are recommended to monitor conditions and clean culverts in ponderosa pine and drainages connected to Oak Creek after significant precipitation events.  This will reduce the risk of breach that could otherwise damage non-forest residential development, structures, water and riparian quality, and pose risks to human life and safety.
	Possible to Likely
	Moderate to High
	Remedy problems if possible before they start or get worse.

	Install closure gate near entrance to West Fork of Oak Creek.  This would restrict public access with the objective to protect human life and safety from debris flows, rock falls, and flood events.   
	Possible to Likely
	Moderate to High
	Keep public out of dangerous areas.

	Early Warning System ALERT station coordination and support to County and Emergency Services, excluding purchase of ALERT stations. 
	Likely 
	Moderate to High
	Improve public safety and allow for time to move to a safer area. 

	Public Information Officer partner coordination, collaboration, press releases, and public briefings during implementation of identified treatments.
	Moderate to High
	Moderate to High
	Improve public information and coordination across agencies to protect life, property and natural resources. 

	Heli-mulch and seed more than 3,500 acres on slopes less than 40%.
	Moderate to High
	High
	No direct effect on preventing debris flows from occurring but may reduce sediment supply to channels by lowering erosion rates. 

	Heli-mulch and seed will reduce soil erosion and hasten habitat recovery in rare species habitat and reduce, but not eliminate, sedimentation and ash into perennial streams and aquatic species habitat.
	Moderate to High
	High
	No direct effect on preventing debris flows from occurring but may reduce sediment supply to channels lower erosion rates. 
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Appendix A.  Data Tables in Support of the Debris Flow Modeling
Debris flow Probability Volume and Hazard Class for all 190 Sub-basins Modeled

	No. 
	BasinName
	USGS BASIN_ID
	Acres
	Rain Intensity 1 hr_25Yr (mm)
	% Probability 
	Probability Class
	Debris Flow Volume 1 hr 25 yr (m3)
	Volume Class (m3)
	Combined Hazard Ranking

	1
	West Fork
	1626
	72
	47.8
	92.46
	80-100%
	4475
	1,000-10,000
	High

	2
	West Fork
	1820
	20
	48.0
	92.13
	80-100%
	1404
	1,000-10,000
	High

	3
	West Fork
	1925
	25
	48.2
	91.54
	80-100%
	2260
	1,000-10,000
	High

	4
	West Fork
	1539
	20
	47.8
	90.09
	80-100%
	1405
	1,000-10,000
	High

	5
	West Fork
	1401
	30
	47.8
	90.04
	80-100%
	1762
	1,000-10,000
	High

	6
	West Fork
	1365
	21
	47.8
	89.90
	80-100%
	1586
	1,000-10,000
	High

	7
	Upper Oak Creek
	2368
	13
	50.1
	89.58
	80-100%
	1117
	1,000-10,000
	High

	8
	Upper Oak Creek
	2694
	12
	49.7
	89.17
	80-100%
	1118
	1,000-10,000
	High

	9
	Upper Oak Creek
	2730
	13
	49.3
	88.90
	80-100%
	886
	<1,000
	Moderate

	10
	West Fork
	1712
	21
	48.0
	88.70
	80-100%
	1635
	1,000-10,000
	High

	11
	West Fork
	2025
	13
	48.3
	88.69
	80-100%
	1149
	1,000-10,000
	High

	12
	West Fork
	1713
	7
	48.0
	87.37
	80-100%
	837
	<1,000
	Moderate

	13
	West Fork
	1795
	10
	48.0
	86.68
	80-100%
	1083
	1,000-10,000
	High

	14
	Upper Oak Creek
	2813
	25
	49.1
	86.65
	80-100%
	1527
	1,000-10,000
	High

	15
	West Fork
	1730
	21
	47.9
	86.62
	80-100%
	1408
	1,000-10,000
	High

	16
	West Fork
	1430
	11
	47.7
	85.58
	80-100%
	1129
	1,000-10,000
	High

	17
	West Fork
	2001
	13
	48.3
	84.27
	80-100%
	1116
	1,000-10,000
	High

	18
	West Fork
	2210
	389
	48.8
	84.00
	80-100%
	11946
	10,000-100,000
	High

	19
	Upper Oak Creek
	2783
	27
	49.1
	83.64
	80-100%
	2233
	1,000-10,000
	High

	20
	Upper Oak Creek
	2752
	272
	49.0
	83.55
	80-100%
	12929
	10,000-100,000
	High

	21
	Upper Oak Creek
	2796
	145
	48.8
	82.52
	80-100%
	7218
	1,000-10,000
	High

	22
	Howard Pocket Basin
	1308
	12
	47.7
	82.45
	80-100%
	1092
	1,000-10,000
	High

	23
	West Fork
	1323
	14
	47.5
	82.13
	80-100%
	1154
	1,000-10,000
	High

	24
	West Fork
	1495
	31
	47.7
	81.68
	80-100%
	1608
	1,000-10,000
	High

	25
	West Fork
	1429
	16
	47.9
	81.40
	80-100%
	1516
	1,000-10,000
	High

	26
	Upper Oak Creek
	2769
	139
	49.0
	81.07
	80-100%
	7226
	1,000-10,000
	High

	27
	Sterling Canyon
	1265
	12
	48.2
	81.02
	80-100%
	1121
	1,000-10,000
	High

	28
	Upper Oak Creek
	2810
	28
	49.1
	78.38
	60-80%
	1674
	1,000-10,000
	Moderate

	29
	West Fork
	1426
	20
	47.7
	78.12
	60-80%
	1324
	1,000-10,000
	Moderate

	30
	Upper Oak Creek
	2726
	68
	49.3
	77.84
	60-80%
	4233
	1,000-10,000
	Moderate

	31
	West Fork
	2164
	20
	48.8
	77.71
	60-80%
	1870
	1,000-10,000
	Moderate

	32
	Upper Oak Creek
	2699
	7
	49.7
	77.69
	60-80%
	712
	<1,000
	Moderate

	33
	Unnamed Trib
	2577
	491
	49.0
	76.98
	60-80%
	11165
	10,000-100,000
	High

	34
	Upper Oak Creek
	2835
	41
	49.0
	76.62
	60-80%
	2016
	1,000-10,000
	Moderate

	35
	Upper Oak Creek
	2711
	39
	49.5
	76.60
	60-80%
	2633
	1,000-10,000
	Moderate

	36
	Upper Oak Creek
	1842
	17
	49.6
	76.28
	60-80%
	1237
	1,000-10,000
	Moderate

	37
	Sterling Canyon
	1268
	13
	48.2
	75.55
	60-80%
	1112
	1,000-10,000
	Moderate

	38
	West Fork
	1286
	9
	47.9
	75.11
	60-80%
	913
	<1,000
	Moderate

	39
	West Fork
	1524
	10
	47.8
	74.17
	60-80%
	958
	<1,000
	Moderate

	40
	West Fork
	1371
	14
	47.9
	73.73
	60-80%
	1155
	1,000-10,000
	Moderate

	41
	West Fork
	1338
	84
	47.6
	73.57
	60-80%
	4635
	1,000-10,000
	Moderate

	42
	West Fork
	2271
	239
	49.2
	73.52
	60-80%
	7387
	1,000-10,000
	Moderate

	43
	Upper Oak Creek
	2789
	15
	49.1
	72.01
	60-80%
	1291
	1,000-10,000
	Moderate

	44
	Howard Pocket Basin
	1221
	26
	47.6
	71.96
	60-80%
	1355
	1,000-10,000
	Moderate

	45
	West Fork
	1297
	17
	48.0
	71.53
	60-80%
	770
	<1,000
	Moderate

	46
	Casner Cabin Draw
	1084
	13
	47.9
	70.74
	60-80%
	1188
	1,000-10,000
	Moderate

	47
	Upper Oak Creek
	1822
	57
	49.4
	70.69
	60-80%
	3656
	1,000-10,000
	Moderate

	48
	West Fork
	2173
	1138
	48.4
	69.01
	60-80%
	39976
	10,000-100,000
	High

	49
	West Fork
	1461
	63
	47.7
	68.97
	60-80%
	3633
	1,000-10,000
	Moderate

	50
	Upper Oak Creek
	2034
	64
	49.9
	68.61
	60-80%
	3963
	1,000-10,000
	Moderate

	51
	Upper Oak Creek
	2714
	10
	49.2
	67.20
	60-80%
	1033
	1,000-10,000
	Moderate

	52
	West Fork
	1901
	396
	48.1
	67.16
	60-80%
	15263
	10,000-100,000
	High

	53
	Howard Pocket Basin
	1344
	13
	47.7
	66.76
	60-80%
	1211
	1,000-10,000
	Moderate

	54
	Upper Oak Creek
	2629
	81
	49.5
	65.30
	60-80%
	4909
	1,000-10,000
	Moderate

	55
	West Fork
	2301
	8
	49.6
	65.26
	60-80%
	959
	<1,000
	Moderate

	56
	Upper Oak Creek
	2685
	42
	49.7
	65.23
	60-80%
	2887
	1,000-10,000
	Moderate

	57
	Casner Cabin Draw
	1202
	9
	47.9
	65.22
	60-80%
	947
	<1,000
	Moderate

	58
	Casner Cabin Draw
	1066
	12
	47.8
	64.33
	60-80%
	850
	<1,000
	Moderate

	59
	Howard Pocket Basin
	1271
	44
	47.7
	63.55
	60-80%
	3131
	1,000-10,000
	Moderate

	60
	Upper Oak Creek
	1867
	34
	49.7
	61.63
	60-80%
	1939
	1,000-10,000
	Moderate

	61
	West Fork
	2134
	14
	48.7
	60.32
	60-80%
	1013
	1,000-10,000
	Moderate

	62
	West Fork
	1444
	26
	47.7
	59.22
	40-60%
	1692
	1,000-10,000
	Moderate

	63
	West Fork
	1423
	13
	48.0
	58.84
	40-60%
	1003
	1,000-10,000
	Moderate

	64
	West Fork
	1498
	19
	47.7
	55.97
	40-60%
	1213
	1,000-10,000
	Moderate

	65
	Upper Oak Creek
	2599
	14
	49.7
	54.76
	40-60%
	1311
	1,000-10,000
	Moderate

	66
	West Fork
	992
	21
	48.0
	52.25
	40-60%
	557
	<1,000
	Moderate

	67
	West Fork
	1494
	54
	47.8
	50.47
	40-60%
	1472
	1,000-10,000
	Moderate

	68
	West Fork
	2151
	13
	48.6
	49.42
	40-60%
	945
	<1,000
	Moderate

	69
	West Fork
	1407
	15
	47.9
	48.91
	40-60%
	1158
	1,000-10,000
	Moderate

	70
	West Fork
	2084
	11
	49.0
	46.52
	40-60%
	1141
	1,000-10,000
	Moderate

	71
	Upper Oak Creek
	2055
	10
	49.9
	46.02
	40-60%
	976
	<1,000
	Moderate

	72
	West Fork
	1522
	17
	47.8
	42.89
	40-60%
	847
	<1,000
	Moderate

	73
	West Fork
	1148
	247
	48.0
	42.09
	40-60%
	5673
	1,000-10,000
	Moderate

	74
	Upper Oak Creek
	2126
	12
	49.9
	40.71
	40-60%
	957
	<1,000
	Moderate

	75
	Sterling Canyon
	1260
	17
	48.6
	39.20
	20-40%
	1371
	1,000-10,000
	Moderate

	76
	Upper Oak Creek
	2804
	258
	48.7
	38.96
	20-40%
	11035
	10,000-100,000
	Moderate

	77
	Howard Pocket Basin
	1301
	18
	47.6
	38.59
	20-40%
	1167
	1,000-10,000
	Moderate

	78
	West Fork
	1527
	53
	47.8
	37.62
	20-40%
	2368
	1,000-10,000
	Moderate

	79
	West Fork
	1638
	26
	47.9
	37.35
	20-40%
	1454
	1,000-10,000
	Moderate

	80
	Upper Oak Creek
	1145
	257
	48.0
	36.63
	20-40%
	8740
	1,000-10,000
	Moderate

	81
	West Fork
	1435
	43
	47.9
	36.31
	20-40%
	1783
	1,000-10,000
	Moderate

	82
	Upper Oak Creek
	1801
	37
	49.4
	36.08
	20-40%
	2487
	1,000-10,000
	Moderate

	83
	West Fork
	1314
	53
	47.6
	34.88
	20-40%
	3188
	1,000-10,000
	Moderate

	84
	West Fork
	1348
	162
	47.8
	34.39
	20-40%
	4073
	1,000-10,000
	Moderate

	85
	West Fork
	2248
	396
	49.4
	33.24
	20-40%
	13632
	10,000-100,000
	Moderate

	86
	West Fork
	1346
	75
	47.9
	32.92
	20-40%
	2161
	1,000-10,000
	Moderate

	87
	West Fork
	1317
	51
	47.7
	32.40
	20-40%
	2751
	1,000-10,000
	Moderate

	88
	West Fork
	1182
	43
	47.9
	30.89
	20-40%
	1594
	1,000-10,000
	Moderate

	89
	Upper Oak Creek
	2521
	42
	49.5
	30.06
	20-40%
	584
	<1,000
	Low

	90
	Upper Oak Creek
	2825
	155
	48.8
	30.02
	20-40%
	7564
	1,000-10,000
	Moderate

	91
	West Fork
	1264
	45
	47.8
	29.70
	20-40%
	947
	<1,000
	Low

	92
	Upper Oak Creek
	2777
	15
	49.1
	29.59
	20-40%
	1056
	1,000-10,000
	Moderate

	93
	West Fork
	1894
	186
	48.7
	26.11
	20-40%
	5275
	1,000-10,000
	Moderate

	94
	West Fork
	1675
	29
	47.8
	25.49
	20-40%
	2081
	1,000-10,000
	Moderate

	95
	West Fork
	1519
	185
	47.9
	25.45
	20-40%
	4686
	1,000-10,000
	Moderate

	96
	West Fork
	2444
	29
	49.6
	25.28
	20-40%
	2031
	1,000-10,000
	Moderate

	97
	West Fork
	2169
	1437
	48.1
	24.71
	20-40%
	33864
	10,000-100,000
	Moderate

	98
	West Fork
	1999
	162
	49.0
	24.53
	20-40%
	6077
	1,000-10,000
	Moderate

	99
	Casner Cabin Draw
	1007
	151
	47.9
	24.01
	20-40%
	3812
	1,000-10,000
	Moderate

	100
	Upper Oak Creek
	2104
	16
	49.9
	21.72
	20-40%
	1513
	1,000-10,000
	Moderate

	101
	West Fork
	1336
	29
	47.8
	21.47
	20-40%
	1791
	1,000-10,000
	Moderate

	102
	Casner Cabin Draw
	759
	12
	47.8
	21.14
	20-40%
	602
	<1,000
	Low

	103
	Upper Oak Creek
	1693
	114
	49.0
	20.94
	20-40%
	3836
	1,000-10,000
	Moderate

	104
	Sterling Canyon
	1273
	280
	48.5
	20.86
	20-40%
	4221
	1,000-10,000
	Moderate

	105
	Upper Oak Creek
	1732
	23
	49.5
	20.59
	20-40%
	1898
	1,000-10,000
	Moderate

	106
	Upper Oak Creek
	2381
	41
	49.8
	19.75
	0-20%
	2624
	1,000-10,000
	Low

	107
	West Fork
	1251
	16
	47.5
	19.64
	0-20%
	689
	<1,000
	Low

	108
	West Fork
	2017
	9
	48.5
	19.34
	0-20%
	960
	<1,000
	Low

	109
	West Fork
	1416
	19
	47.9
	19.26
	0-20%
	741
	<1,000
	Low

	110
	West Fork
	1331
	9
	47.6
	18.71
	0-20%
	964
	<1,000
	Low

	111
	Upper Oak Creek
	2237
	67
	50.1
	18.49
	0-20%
	3295
	1,000-10,000
	Low

	112
	West Fork
	2272
	29
	49.6
	18.11
	0-20%
	2129
	1,000-10,000
	Low

	113
	West Fork
	1326
	22
	47.6
	17.83
	0-20%
	1370
	1,000-10,000
	Low

	114
	West Fork
	1905
	273
	48.4
	16.22
	0-20%
	6523
	1,000-10,000
	Low

	115
	West Fork
	1454
	10
	47.8
	15.94
	0-20%
	911
	<1,000
	Low

	116
	West Fork
	1428
	17
	47.8
	15.61
	0-20%
	1190
	1,000-10,000
	Low

	117
	Upper Oak Creek
	1610
	86
	48.8
	15.01
	0-20%
	3843
	1,000-10,000
	Low

	118
	Casner Cabin Draw
	465
	48
	47.7
	14.73
	0-20%
	1766
	1,000-10,000
	Low

	119
	West Fork
	935
	14
	48.1
	14.13
	0-20%
	420
	<1,000
	Low

	120
	West Fork
	1199
	9
	48.0
	13.91
	0-20%
	825
	<1,000
	Low

	121
	West Buzzard
	1404
	83
	48.1
	13.53
	0-20%
	579
	<1,000
	Low

	122
	West Fork
	1586
	36
	47.9
	12.70
	0-20%
	2376
	1,000-10,000
	Low

	123
	West Buzzard
	1474
	2461
	48.0
	12.06
	0-20%
	25574
	10,000-100,000
	Moderate

	124
	West Fork
	1725
	1038
	47.9
	12.01
	0-20%
	14650
	10,000-100,000
	Moderate

	125
	West Fork
	1752
	2111
	47.9
	11.54
	0-20%
	25339
	10,000-100,000
	Moderate

	126
	West Fork
	2119
	26
	49.0
	11.51
	0-20%
	2033
	1,000-10,000
	Low

	127
	West Fork
	1533
	481
	47.9
	11.34
	0-20%
	7948
	1,000-10,000
	Low

	128
	West Fork
	1332
	54
	47.8
	11.06
	0-20%
	2570
	1,000-10,000
	Low

	129
	West Fork
	2054
	10
	49.0
	10.08
	0-20%
	911
	<1,000
	Low

	130
	Upper Oak Creek
	2815
	61
	48.8
	8.49
	0-20%
	3069
	1,000-10,000
	Low

	131
	Casner Cabin Draw
	974
	74
	47.8
	8.37
	0-20%
	2390
	1,000-10,000
	Low

	132
	West Fork
	1778
	151
	48.1
	8.17
	0-20%
	3924
	1,000-10,000
	Low

	133
	West Fork
	1937
	293
	48.3
	8.02
	0-20%
	6441
	1,000-10,000
	Low

	134
	West Fork
	1305
	10
	48.0
	6.63
	0-20%
	799
	<1,000
	Low

	135
	West Fork
	1168
	61
	47.6
	6.24
	0-20%
	864
	<1,000
	Low

	136
	Casner Cabin Draw
	480
	18
	47.7
	6.19
	0-20%
	279
	<1,000
	Low

	137
	Casner Cabin Draw
	889
	13
	47.8
	5.98
	0-20%
	799
	<1,000
	Low

	138
	West Fork
	1330
	9
	47.8
	5.87
	0-20%
	781
	<1,000
	Low

	139
	West Buzzard
	1473
	137
	48.1
	5.80
	0-20%
	2083
	1,000-10,000
	Low

	140
	West Fork
	1285
	106
	47.7
	5.60
	0-20%
	3818
	1,000-10,000
	Low

	141
	West Buzzard
	1450
	57
	48.1
	5.35
	0-20%
	452
	<1,000
	Low

	142
	West Fork
	1448
	96
	47.7
	5.03
	0-20%
	3004
	1,000-10,000
	Low

	143
	West Fork
	1697
	17
	47.8
	4.57
	0-20%
	1148
	1,000-10,000
	Low

	144
	Casner Cabin Draw
	874
	23
	47.8
	4.53
	0-20%
	1605
	1,000-10,000
	Low

	145
	Upper Oak Creek
	1397
	53
	48.8
	4.47
	0-20%
	2152
	1,000-10,000
	Low

	146
	West Fork
	1743
	35
	48.2
	4.46
	0-20%
	2267
	1,000-10,000
	Low

	147
	Casner Cabin Draw
	1142
	9
	47.9
	4.23
	0-20%
	889
	<1,000
	Low

	148
	West Buzzard
	1642
	570
	48.1
	3.63
	0-20%
	3420
	1,000-10,000
	Low

	149
	West Buzzard
	1328
	15
	48.1
	3.62
	0-20%
	222
	<1,000
	Low

	150
	West Fork
	1337
	38
	47.5
	3.54
	0-20%
	1929
	1,000-10,000
	Low

	151
	West Fork
	1288
	14
	48.0
	3.08
	0-20%
	1228
	1,000-10,000
	Low

	152
	Howard Pocket Basin
	1170
	28
	47.6
	3.01
	0-20%
	1616
	1,000-10,000
	Low

	153
	West Fork
	1518
	11
	47.9
	2.81
	0-20%
	964
	<1,000
	Low

	154
	West Buzzard
	1392
	128
	48.2
	2.69
	0-20%
	750
	<1,000
	Low

	155
	West Fork
	1138
	246
	48.2
	2.39
	0-20%
	1774
	1,000-10,000
	Low

	156
	Sterling Canyon
	1232
	2275
	47.5
	2.32
	0-20%
	33461
	10,000-100,000
	Moderate

	157
	West Buzzard
	1434
	16
	48.1
	2.03
	0-20%
	132
	<1,000
	Low

	158
	West Buzzard
	1553
	15
	48.1
	1.83
	0-20%
	77
	<1,000
	Low

	159
	Casner Cabin Draw
	687
	442
	47.7
	1.63
	0-20%
	5710
	1,000-10,000
	Low

	160
	West Fork
	1287
	10
	47.5
	1.59
	0-20%
	575
	<1,000
	Low

	161
	West Fork
	1161
	31
	48.1
	1.48
	0-20%
	263
	<1,000
	Low

	162
	West Fork
	1960
	20
	48.8
	1.37
	0-20%
	1431
	1,000-10,000
	Low

	163
	Howard Pocket Basin
	996
	19
	47.4
	1.34
	0-20%
	275
	<1,000
	Low

	164
	Upper Oak Creek
	2527
	17
	49.7
	1.08
	0-20%
	966
	<1,000
	Low

	165
	Casner Cabin Draw
	322
	16
	47.7
	1.02
	0-20%
	200
	<1,000
	Low

	166
	Casner Cabin Draw
	407
	117
	47.7
	0.79
	0-20%
	1604
	1,000-10,000
	Low

	167
	Casner Cabin Draw
	898
	21
	47.8
	0.74
	0-20%
	522
	<1,000
	Low

	168
	Pumphouse Wash
	1146
	1488
	47.7
	0.70
	0-20%
	17902
	10,000-100,000
	Moderate

	169
	Howard Pocket Basin
	994
	1132
	47.3
	0.67
	0-20%
	13329
	10,000-100,000
	Moderate

	170
	Howard Pocket Basin
	1063
	1172
	47.5
	0.57
	0-20%
	7797
	1,000-10,000
	Low

	171
	Casner Cabin Draw
	494
	16
	47.7
	0.52
	0-20%
	387
	<1,000
	Low

	172
	Casner Cabin Draw
	857
	257
	47.9
	0.50
	0-20%
	3413
	1,000-10,000
	Low

	173
	Casner Cabin Draw
	497
	92
	47.8
	0.34
	0-20%
	898
	<1,000
	Low

	174
	Pumphouse Wash
	379
	645
	47.5
	0.30
	0-20%
	2913
	1,000-10,000
	Low

	175
	Casner Cabin Draw
	174
	188
	47.8
	0.30
	0-20%
	1879
	1,000-10,000
	Low

	176
	Casner Cabin Draw
	513
	145
	47.8
	0.29
	0-20%
	991
	<1,000
	Low

	177
	Lockwood Springs
	694
	854
	48.0
	0.28
	0-20%
	4455
	1,000-10,000
	Low

	178
	Casner Cabin Draw
	295
	74
	47.7
	0.26
	0-20%
	1167
	1,000-10,000
	Low

	179
	Casner Cabin Draw
	178
	18
	47.8
	0.22
	0-20%
	153
	<1,000
	Low

	180
	Casner Cabin Draw
	378
	107
	47.7
	0.19
	0-20%
	467
	<1,000
	Low

	181
	Casner Cabin Draw
	439
	489
	47.5
	0.17
	0-20%
	3909
	1,000-10,000
	Low

	182
	Pumphouse Wash
	491
	707
	48.1
	0.14
	0-20%
	1348
	1,000-10,000
	Low

	183
	Casner Cabin Draw
	197
	482
	47.7
	0.07
	0-20%
	3413
	1,000-10,000
	Low

	184
	Lockwood Springs
	320
	736
	47.9
	0.06
	0-20%
	1979
	1,000-10,000
	Low

	185
	Casner Cabin Draw
	85
	710
	47.2
	0.06
	0-20%
	2213
	1,000-10,000
	Low

	186
	Casner Cabin Draw
	204
	29
	47.9
	0.06
	0-20%
	31
	<1,000
	Low

	187
	Casner Cabin Draw
	225
	35
	47.8
	0.05
	0-20%
	46
	<1,000
	Low

	188
	Casner Cabin Draw
	17
	67
	47.8
	0.05
	0-20%
	119
	<1,000
	Low

	189
	Casner Cabin Draw
	47
	102
	47.4
	0.05
	0-20%
	390
	<1,000
	Low

	190
	Casner Cabin Draw
	75
	31
	47.8
	0.04
	0-20%
	266
	<1,000
	Low
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[bookmark: _Toc390064259]EXECUTIVE SUMMARY
Chapter 2 The Slide Fire burned approximately 22,000 acres on the Flagstaff and Red Rock Districts of the Coconino National Forest in north central Arizona. Approximately 3,115 acres (14 percent) burned at high severity, 7,067 acres (32 percent) burned at moderate severity, 10,415 acres (48 percent) burned at low severity and 1,293 acres (6 percent) remain unburned or burned at very low severity.  Vegetation ecotypes in burned areas are dominantly ponderosa pine and Gambel oak at higher elevations and shrub live oak and mountain mahogany at lower elevations. Riparian woodlands, which include cottonwood, willows, box elder and alder, are found along Oak Creek and in West Fork of Oak Creek. Surface soil textures range from extremely stony clay loam to very bouldery sand. The dominant soil texture is fine sandy loam, which is highly erodible. Slopes range from 5 percent on ridgelines and plains at higher elevations to vertical where canyon walls and large rock outcrops occur.  Vegetative ground cover, which is critical for maintaining soil stability, has been totally consumed in many areas where moderate and high severity wildfire has occurred.  Areas that exhibit low burn severity have retained most of the effective ground cover, including unburned and partially burned litter and approximately half of the original vegetative ground cover. Soils that exhibit low burn severity have generally retained surface structure and porosity since fine and coarse roots of grasses, forbs, shrubs, and trees remain intact and larger woody species have generally survived. Much of the surface organic matter remains intact to cover and protect mineral soil surfaces from direct raindrop impact and provide habitat for soil organisms that facilitate recovery of nutrient cycles. Soils subjected to low severity wildfire generally respond rapidly and in a positive manner as natural regrowth of vegetation occurs, soil surfaces retain protective cover, and nutrient cycles are enhanced through deposition of ash and partially burned organic matter.  Soils that are subjected to moderate and high soil burn severities have evidence of excessive soil heating and total consumption of surface organic matter and vegetative ground cover; these areas typically exhibit much longer term recovery with greatly increased erosion potential. The most severely burned areas generally occur on steep terrain where pre-fire vegetation density and fuels accumulations were high. In general, low burn severity rarely exhibits soil water repellency, or hydrophobic conditions. However, hydrophobic conditions are present in most areas that burned at moderate and high severity within the fire perimeter, and prevalent in high burn severity areas. Some areas that remain unburned or burned at low severity exhibit varying degrees of soil water repellency, but this condition is typically resolved when monsoon precipitation arrives and organic acids that contribute to hydrophobic conditions are dissolved or dispersed. 

Response actions such as seeding and mulching are proposed within the burned perimeter since there are areas that burned at moderate and high severity on deep, productive soils and these areas are found above Forest infrastructure, wildlife habitats, and private development (i.e., road prisms, bridges, culverts, picnic areas, fisheries, developed campgrounds, springs, traditional cultural properties, home sites, etc.) that are now at risk of post-fire flooding, sedimentation and debris flows. Additionally, many areas that burned at moderate and high severity are on relatively steep terrain (i.e., 30-70 percent slopes), with potential to deliver large amounts of sediment and debris rapidly to downslope areas and high-gradient ephemeral stream channels, adversely affecting water quality and human safety and health.   Areas that burned at low severity are expected to recover naturally within a relatively short timeframe (i.e. 1 to 3 years).  

The overall scale of the fire is generally outside the natural rage of variability for the forest cover types within the Slide Fire due to overly dense stand conditions in many areas. Some areas of mixed conifer occur within the burned perimeter. These stands typically burn at high severity, often resulting in stand replacement conditions. However, downstream effects of slope destabilization, soil erosion, debris flows and sediment delivery to stream channels are likely. These effects have the potential to threaten human life and safety and damage forest and private infrastructure and other natural resources. Oak Creek is listed as an Outstanding Arizona Waters (OAW) from its headwaters to its confluence with the Verde River (approximately 50.3 river miles) and West Fork of Oak Creek is listed as an OAW from its headwaters at to its confluence with Oak Creek (approximately 15.8 river miles). The need for response actions in the form of land treatments clearly exists. Such treatments can be implemented to dissipate the energy of stormwater runoff, thereby reducing the potential for slope destabilization, soil erosion, and debris flows. However, land treatments are not expected to reduce flooding hazard substantially during the first 2 to 3 years following treatment since rainfall interception by forest vegetation and associated litter has been substantially reduced.  

Land treatments such as seeding and mulching of areas subjected to moderate and high severity fire have been shown to reduce the “bulking” of stormwater runoff by providing protective soil cover that reduces soil particle detachment and entrainment in flood flows.  A cubic foot of water weighs approximately 62 lbs. while a cubic foot of soil can weigh as much as 95 lbs. When soil and other debris are mobilized in surface runoff, the power of stormwater runoff therefore increases, thereby increasing the potential for additional material to be scoured from hillslopes, natural surface roads, stream banks and stream beds and mobilized in surface and streamflow. Seeding and mulching of high risk areas subjected to moderate and high severity fire that pose risk to downstream resources is recommended.






















Table of Contents
EXECUTIVE SUMMARY	i
1. ANANYSIS METHODOLOGY	5
2  RESOURCE CONDITION ASSESSMENT	6
2.1  GEOMORPHIC SETTING	6
2.2 SOILS INVENTORY	6
2.3 SOIL BURN SEVERITY	10
2.4   SOIL HYDROPHOBIC CONDITIONS (WATER REPELLANCY)	16
2.5  SOIL EROSION HAZARD RATING	17
2.6  ESTIMATED EROSION RESPONSE	18
3.   EMERGENCY DETERMINATION	20
3.1   VALUES AT RISK – THREATS TO SOIL PRODUCTIVITY AND HYDROLOGIC FUNCTION	20
4. RESPONSE ACTIONS TO MITIGATE THE EMERGENCY	21
4.2 HILLSLOPE MORPHOLOGY AND PROCESSES	22
5  RECOMMENDATIONS	23
5.1 POINT PROTECTION AND STABILIZATION	23
5.2 STORM PATROL AND MONITORING	24
6.0 REFERENCES	24

List of Tables
Table 1. Terrestrial Ecosystem Units (TEUs) within the Slide Fire and their associated properties (Miller et al. 1995).	8
Table 2.  Soil burn severity acreages within subwatersheds (HUC12) of the Slide Fire	11
Table 3.  Soil Burn Severity percentages within Subwatersheds (HUC12) of the Slide Fire.	11
Table 4. Soil burn severity percentages within burned portions of subwatershed of the Slide Fire	11
Table 5. Burn severity acres by subwatershed and soil type within the burned perimeter of the Slide Fire.	12
Table 6.  Estimated soil hydrophobic condition acreages by category for each subwatershed that intersects the Slide Fire.	17
Table 7. Estimated percentages of soil hydrophobic soil conditions for burned portions of watersheds by category for each subwatershed that intersects the Slide Fire.	17
Table 8. Soil Erosion Hazard Rating Acreages for Subwatersheds within the Soldier Basin Fire.	18
Table 9. Slope classes and associated acreages by subwatersheds.	18
Table 10.  Hillslope sediment yield rates for the Slide Fire for modeled burned conditions based on HEM model.	20

List of Figures
Figure 2. Soils map units and their associated landscape positions in the Tres Lagunas Fire.	Error! Bookmark not defined.
Figure 3. Hydrologic soil groups and their associated locations within the Tres Lagunas Fire.	Error! Bookmark not defined.
Figure 4. Soil Burn Severity in relation to subwatersheds (HUC12) for the Tres Lagunas Fire.	Error! Bookmark not defined.
Figure 5. Area of dead and down trees that remain partially consumed as a result of the Tres Lagunas Fire. This area had previously burned in the Viveash Fire of 2000, causing substantial tree mortality and 	fuel loads.	Error! Bookmark not defined.
Figure 6. Area of preexisting dead and town trees, some of which reburned along the edge of the drainage 	(central portion of photo). As can be seen, other areas of dead and down tees remain unburned, 	providing surface roughness that captures sediment and decreases storm flow velocities.	Error! Bookmark not defined.

Appendices
Appendix A – Soil Types in the Soldier Basin Fire Perimeter	18
Appendix B – Acreages and Percentages of Burn Severity by Slope Class Within Subwatersheds	61
Appendix C – Predicted Soil Erosion Rates by Watershed, Soil Type, and Burn Severity	65
Appendix D – Water Erosion Prediction Project (WEPP) Model Results	65


iv

[bookmark: _Toc390064260]1. ANALYSIS METHODOLOGY
Field investigations were prioritized using the preliminary soil burn severity map or ‘BARC’ (Burned Area Reflectance Classification) map, ground reconnaissance and truthing, and a preliminary review of potential values at risk. Field investigations were conducted in order to verify soil map units and assess fire effects on soil hydrologic function, productivity, and erosion potential. Such effects include vegetative burn severity, aspect, slope gradient, slope length and profile, remaining soil effective cover, litter layer consumption, soil heating and char, soil structure, aggregate stability, soil texture, root consumption, water repellency, and ash depth. Soil map unit data were combined with field observations to generate interpretations of fire effects on known (examined) soils, and interpretations were extrapolated for areas that were not field-verified. Subsequent erosion hazard ratings and sediment production estimates were based in part on Terrestrial Ecosystem Survey (TES) information and results of soil erosion modeling. 

Members of the BAER team identified hydrophobic soils to depth up to 5 inches at some locations.  Water was applied drop wise to the soil at selected depths below the ash layer.  The time required for water to infiltrate was recorded.  The following soil hydrophobicity categories were assigned based upon observed infiltration rates:
Slight: Less than 10 seconds.
Moderate: Between 10 to 40 seconds.
Strong: Greater than 40 seconds.
Chapter 3 Quantitative erosion values were estimated using the Erosion Risk Management Tool (ERMiT), a WEPP modeling application developed by the USFS Rocky Mountain Research Station (USFS, RMRS GTR 188, (April 2007).  This modeling tool was developed specifically for use with post-fire erosion modeling. The ERMiT model estimates only sheet and rill erosion, which occurs when rainfall exceeds soil infiltration rates and stormwater runoff is initiated, thus entraining surface soil particles and other material on soil surfaces (i.e., woody debris, gravel, etc.). The model does not account for landslides, gully erosion, effects of roads, or hillslope ravel. 

Chapter 4 All HUC (Hydrological Unit Code)12 (sixth code) subwatersheds within the fire perimeter were included in the analysis. Model estimates were generated for each TES map unit and burn severity, and apportioned to watersheds on a per-acre basis. Model output is in tons per acre on a storm event basis. Accuracy of model output is estimated to be ± 50 percent. It should be noted that the ERMiT model appeared to under predict sediment delivery rates. The Hillslope Erosion Model (HEM) was therefore used to verify sediment delivery estimates from ERMiT. The HEM provided higher estimates of sediment delivery rates for each hillslope and associated Terrestrial Ecosystem Survey (TES) map unit modeled.
Chapter 5 
Chapter 6 Actual sediment yield rates will depend upon what the summer monsoon pattern brings in terms of rainfall frequency, intensity, duration, and storm size within the burned area. A summary of sediment delivery estimates by subwatershed is presented in Table 10. As can be seen in the ERMiT model results in Appendix B, erosion rates are expected to decline each year as revegetation and natural recovery processes occur. Soil erosion will decrease soil productivity through nutrient losses, prolonging vegetative recovery, depending upon soil loss rates.

Modeling included estimation of natural or ‘background’ erosion rates for unburned portions of the fire. Soil burn severity is accounted for throughout these modeled estimates; other erosional processes as previously discussed are not. It is important to note that many areas that were classified as moderate burn severity using remote sensing methods are actually high burn severity. Additionally, many areas that were field-verified as exhibiting moderate burn severity are expected to respond as though they had burned at high severity since needle cast and remaining organic matter will be insufficient to protect soil surfaces from erosion. The BARC map was revised following field verification of burn severities to more accurately reflect burn severities and produce the final burn severity map.
[bookmark: _Toc390064261]2  RESOURCE CONDITION ASSESSMENT
[bookmark: _Toc390064262]2.1  GEOMORPHIC SETTING 
Chapter 7 The Slide Fire occurred over a moderately sized geographic area where high variability in topography, vegetation, and soils occurs. Soils within the fire perimeter therefore represent a broad range of physical properties and characteristics. The primary geologic groups consist of Permian sedimentary rocks and Pliocene to late Miocene basaltic rocks (i.e., Rim basalts). The steep canyons of Oak Creek and West Fork of Oak Creek have been carved through layers of Paleozoic sedimentary rocks. Exposures of the Kaibab Limestone and Toroweap Formations are found at the northern end of the canyons. The more predominant rock units exposed in the cliffs of the canyons are the buff to white colored, frequently cross-bedded Permian Coconino Sandstone and the red sandstones of the Permian Schnebly Hill Formation.

Active geomorphological processes are evident throughout the burned area, including hillslope processes (i.e., soil erosion, mass wasting, and rock fall) and fluvial processes (i.e., sediment and debris transport in stream channels, and stream downcutting and aggradation). Some areas have evidence of debris flow history, with the erosion processes providing continuous material transport to high order ephemeral channels for subsequent mobilization during precipitation events.  These processes may increase substantially in areas subjected to high and moderate burn severity. Particles of various sizes may be mobilized by a variety of processes such as sheer stress and runoff energy (Foster and Meyer, 1975; Hairsine and Rose, 1992). For example, during and immediately after a fire, large amounts of sediment can be released that had accumulated over time behind trees, other woody vegetation (Rice, 1982) and bunch grasses, resulting in pulses of sediment being delivered to ephemeral channels (Florsheim et al., 1991; Wells, 1985). For the cohesive soil horizons, detachment rates for a given shear stress are dependent upon the cohesive properties of the matrix as a whole, which are controlled by cohesive bonds of clay particles and organic matter forming stable soil aggregates (Blake and others, 2007) and adhesive bonds of roots that hold the soil (Gyssels and others, 2005; De Baets and others, 2007; Grabowski and others, 2011). In noncohesive, coarse skeletal soils, small landslides may be initiated by raveling particles (Gabet 2003). Therefore, erosion and debris flows are likely a dominant natural process of geomorphic evolution in the Oak Creek watershed. There is therefore potential for short-term consequences to proximate human development and infrastructure. Many areas within the fire perimeter have loam to sandy loam soil textures with weak cohesion, making them very susceptible to erosion and likely to produce high rates of post-fire soil loss and sediment delivery to stream channels. 
[bookmark: _Toc390064263]2.2 SOILS INVENTORY 
Soils spatial and tabular data were obtained from the Terrestrial Ecosystem Survey of the Coconino National Forest (Miller et al. 1995). Major field work for the Terrestrial Ecosystem Survey was completed from 1987 through 1991.  Twenty TES mapping units occur within the fire perimeter. Dominant soil orders include Alfisols (12,726 ac.), Inceptisols (4,810 acres), Mollisols (1,947 ac.), and Entisols (35 ac.). There are approximately 2,377 acres of rock outcrop within the fire perimeter. Figure 1 displays the locations of TES map units within the Slide Fire. Table 1 provides a summary of TES map units within the fire perimeter and associated soil properties. 
Less than one percent (170 acres) of the soils within the burn perimeter are in hydrologic soil group A, 27 percent (5,984 acres) are in hydrologic soil group B, 54 percent (11,963 acres) are in hydrologic soil group C, and 17 percent (3,775 acres) are in hydrologic soil group D. Hydrologic soil groups are assigned based on water transmissivity in the soil. The soil layer with the lowest saturated hydraulic conductivity and depth to any layer that is more or less water impermeable (such as a fragipan, duripan, heavy clay, or unfractured rock) or depth to a water table (where present). The least transmissive layer can be any soil horizon that transmits water at a slower rate relative to those horizons above or below. The hydrologic soil group is a useful index reflecting a soil’s inherent potential for runoff and erosion. Soils in hydrologic soil group B have moderately low runoff potential when thoroughly wet. Water transmission through the soil is unimpeded. Group B soils typically have between 10 percent and 20 percent clay and 50 percent to 90 percent sand and have loamy sand or sandy loam textures. Some soils having loam, silt loam, silt, or sandy clay loam textures may be placed in this group if they are well aggregated, of low bulk density, or contain greater than 35 percent rock fragments. Soils in hydrologic group C have moderately high runoff potential when thoroughly wet. Water transmission through the soil is somewhat restricted. Group C soils typically have between 20 percent and 40 percent clay and less than 50 percent sand and have loam, silt loam, sandy clay loam, clay loam, and silty clay loam textures. Some soils having clay, silty clay, or sandy clay textures may be placed in this group if they are well aggregated, of low bulk density, or contain greater than 35 percent rock fragments.  Soils in Group D have high runoff potential when thoroughly wet. Water movement through the soil is restricted or very restricted. Group D soils typically have greater than 40 percent clay, less than 50 percent sand, and have clayey textures, or a shallow restrictive layer near the soil surface. In some areas, they may also have high shrink-swell potential. All soils with a depth to a water impermeable layer less than 50 centimeters (20 inches) and all soils with a water table within 24 inches of the surface are in this group.
11

[bookmark: _Toc359596985][bookmark: _Toc390064357]Table 1. Terrestrial Ecosystem Units (TEUs) within the Slide Fire and their associated properties (Miller et al. 1995).
	Map Unit Symbol
	Taxonomic Classification
	Hydrologic Soil Group
	Soil Erosion Hazard
	Dominant Vegetation Taxon
	Slope Range (%)
	Texture
	Slope Length
	Map Unit Type
	Average Slope (%)
	Rock Fragment (%)
	Litter     (%)
	Vegetation Basal Area
	Parent Material
	Acres

	55
	Pachic Argiborolls
	C
	Slight
	POPR/FEAR2
	0-5
	loam
	125
	Complex
	5
	5
	5
	15
	Basalt/
Cinders
	156

	56
	Mollic Ustifluvents
	A
	Slight
	PIPOS/QUAR
	0-5
	sand
	125
	Association
	5
	40
	60
	15
	Mixed sources
	35

	60
	Fluventic Haploborolls
	A
	Slight
	POAN3/JUMA
	0-5
	fine sandy loam
	125
	Association
	5
	50
	55
	10
	Mixed sources
	135

	470
	Typic Argiustolls
	C
	Severe
	QUTU2/CEMO2
	40-120
	clay loam
	375
	Complex
	60
	65
	30
	10
	Basalt/
Sandstone
	5

	471
	Rock Outcrop / Typic Ustochrepts
	D
	Severe
	QUTU2/ARPU5
	40-120
	Loamy fine sand
	375
	Complex
	85
	55
	25
	10
	Sandstone/
Limestone
	2377

	546
	Typic Eutroboralfs
	C
	Slight
	PIPOS/QUGA
	0-15
	fine sandy loam
	125
	Consociation
	15
	15
	75
	5
	Limestone/
Sandstone
	5249

	549
	Glossic Eutroboralfs
	C
	Moderate
	PIPOS/QUGA
	15-40
	fine sandy loam
	225
	Consociation
	25
	35
	75
	5
	Cherty Limestone
	1942

	550
	Mollic Eutroboralfs
	C
	Moderate
	PIPOS/QUGA
	15-40
	fine sandy loam
	225
	Complex
	35
	30
	75
	5
	Limestone/
Sandstone
	143

	555
	Typic Dystrochrepts
	B
	Severe
	PSMEG
	40-120
	fine sandy loam
	375
	Association
	75
	50
	75
	5
	Sandstone
	4809

	567
	Typic Eutroboralfs
	C
	Slight
	PIPOS/JUDE2
	0-15
	fine sandy loam
	125
	Complex
	15
	20
	45
	5
	Limestone/
Sandstone
	93

	575
	Mollic Eutroboralfs
	C
	Severe
	PIPOS
	40-120
	loam
	375
	Complex
	55
	45
	55
	5
	Basalt/
Cinders
	129

	578
	Mollic Eutroboralfs
	C
	Slight
	PIPOS/JUDE2
	0-15
	loam
	125
	Complex
	15
	30
	60
	5
	Basalt/
Cinders
	150

	579
	Lithic Eutroboralfs
	D
	Slight
	PIPOS/JUDE2
	0-15
	loam
	125
	Complex
	15
	65
	25
	5
	Basalt/
Cinders
	143

	582
	Typic Argiborolls
	C
	Slight
	PIPOS/QUGA
	0-15
	loam
	125
	Complex
	15
	25
	55
	5
	Basalt
	1650

	584
	Mollic Eutroboralfs
	C
	Moderate
	PIPOS/QUGA
	15-40
	loam
	225
	Complex
	30
	45
	65
	5
	Basalt
	1934

	585
	Lithic Eutroboralfs
	D
	Slight
	PIPOS/QUGA
	0-15
	loam
	125
	Complex
	15
	65
	35
	5
	Basalt
	1255

	586
	Mollic Eutroboralfs
	C
	Slight
	PIPOS/QUGA
	0-15
	loam
	125
	Complex
	10
	50
	45
	5
	Basalt
	381

	650
	Typic Glossoboralfs
	C
	Slight
	ABCO/PSMEG
	0-15
	fine sandy loam
	125
	Complex
	10
	35
	75
	5
	Cherty Limestone
	131

	651
	Typic Paleboralfs
	B
	Severe
	ABCO/PSMEG
	15-40
	fine sandy loam
	225
	Complex
	30
	40
	85
	5
	Cherty Limestone
	942

	654
	Eutric Glossoboralf
	B
	Moderate
	ABCO/PSMEG
	15-40
	loam
	225
	Consociation
	30
	40
	70
	5
	Basalt/
Andesite
	233














[bookmark: _Toc390064264]2.3 SOIL BURN SEVERITY 
Rapid assessment and mapping of soil burn severity is necessary to identify and prioritize areas having potential for soil erosion, sediment delivery, debris flows, flooding, and landslides and areas where critical ecosystem components and human infrastructure (referred to as Values at Risk) may be degraded or damaged as a result of the post-fire effects. This is accomplished, in part by creating a burn severity map that highlights the areas of high, moderate, and low burn severity. This map then serves as a key component in the subsequent soil erosion, flood, and sediment transport modeling and Geographic Information System (GIS) analysis. The BARC data are used as a primary input into the development of the final burn severity map. The BARC map is a satellite-derived map of postfire vegetation condition. The BARC map has four classes:  high, moderate, low, and unburned.  BARC maps are produced by the USFS Remote Sensing Applications Center (RSAC) in Salt Lake City, Utah. Revision of the BARC map was necessary to create the final burn severity map, which reflects field-assessed conditions. 

It is important to understand that this is a rapid assessment process.  As such, the final burn severity map is not intended nor expected to be perfectly accurate, but it is field-verified and revised as necessary to most accurately represent the size, complexity, and severity of the fire affected areas, given available time for completion. The map is expected to be approximately 90 percent accurate.

The magnitude and duration of potential fire effects may be generally inferred from the soil burn severity ratings.  A low rating indicates short-term soil effects; these areas are generally not considered significant sources of sediment and do not constitute a potential fire-induced emergency. A high rating indicates rather severe and long-term effects to the capability of soils to mediate above- and below-ground structure and function in forest and rangeland ecosystems such as water balance (porosity; water holding capacity), nutrient dynamics (C:N ratios; macro and micronutrient adsorption and release), microbial communities, etc.  A moderate rating is intermediate to low and high burn severity.

As previously noted, the overall burn severity is estimated to be 6 percent unburned, 48 percent low, 32 percent moderate, and 14 percent high. Soils with low burn severity have retained surface structure and approximately 50 percent of the original surface organic matter (i.e., forest litter).  Surface organic layers are not completely consumed and are generally still recognizable to species of origin. Soil aggregate stability is not changed from its unburned condition, and roots are generally unchanged because the intensity and duration of heat below the soil surface was not great enough to consume or char any underlying organic matter. The ground surface, including any exposed mineral soil, is generally brown or black (lightly charred), and the canopy and understory vegetation remain intact. Fine roots of grasses and forbs remain viable and these plants are expected to recover rapidly when adequate moisture has returned to the soil through monsoon precipitation.

Moderate and high burn severity classes have evidence of severe soil heating in many areas; indicators include surficial char, deep ash cover, partial destruction of soil structure, porosity, and consumed fine roots. The most severely burned areas occur on moderate to steep slopes at higher elevations and along the Mogollon escarpment, and mostly on southern and eastern aspects where pre-fire vegetation density and fuels accumulations were high. Soil burn severity acres and percentages by watershed are listed in Tables 2 and 3. Table 4 provides a summary of burn severity percentages within burned portions of subwatersheds that include the Slide Fire. Table 5 lists burn severity acreages for each TES map unit within each subwatershed. 

[bookmark: _Toc359596986][bookmark: _Toc390064358]Table 2.  Soil burn severity acreages within subwatersheds (HUC12) of the Slide Fire
	Watershed Name (HUC Code)
	Low
	Moderate
	High
	Total Watershed Acres
Burned

	Dry Creek (150602020507)
	87.5
	125.1
	19.1
	231.7

	Fry Canyon (150602020501)
	552.0
	38.1
	0
	590.1

	Pumphouse Wash (150602020502)
	490.5
	311.8
	49.0
	851.3

	Upper Oak Creek (150602020505)
	931.3
	1,408.3
	1237.4
	3,577.0

	West Fork Oak Creek (150602020503)
	8,356.2
	5,183.9
	1809.0
	15,349.1

	TOTAL
	10,417.5
	7,067.2
	3,114.5
	20,599.2




[bookmark: _Toc390064359]Table 3.  Soil Burn Severity percentages within Subwatersheds (HUC12) of the Slide Fire.
	Watershed Name (HUC Code)
	Low
	Moderate
	High
	Overall Percentage of Watershed

	Dry Creek (150602020507)
	0.25
	0.36
	0.06
	0.67

	Fry Canyon (150602020501)
	2.87
	0.20
	0
	3.07

	Pumphouse Wash (150602020502)
	1.56
	0.99
	0.16
	2.71

	Upper Oak Creek (150602020505)
	5.20
	7.87
	6.91
	19.98

	West Fork Oak Creek (150602020503)
	30.56
	18.96
	6.62
	56.14




[bookmark: _Toc359596988][bookmark: _Toc390064360]Table 4. Soil burn severity percentages within burned portions of subwatershed of the Slide Fire.
	Watershed
	Low
	Moderate
	High

	Dry Creek (150602020507)
	37.76
	53.99
	8.24

	Fry Canyon (150602020501)
	93.54
	6.45
	0

	Pumphouse Wash (150602020502)
	57.62
	36.63
	5.76

	Upper Oak Creek (150602020505)
	26.04
	39.37
	34.59

	West Fork Oak Creek (150602020503)
	54.44
	33.77
	11.79











[bookmark: _Toc359596989][bookmark: _Toc390064361]Table 5. Burn severity acres by subwatershed and soil type within the burned perimeter of the Slide Fire.
	Watershed
	TES Map Unit
		Burn Severity
	Acres

	Dry Creek (150602020507)
	237.4

		Map Unit 546
	9.55

		Low
	6.82

		Moderate	
	1.48

		Map Unit 549
	0.87

		Low
	0.20

		Moderate
	0.67

		Map Unit 579
	13.73

		Low
	4.76

		Moderate
	7.22

		High
	0.15

		Map Unit 584
	118.46

		Low
	41.04

		Moderate
	67.94

		High
	8.54

		Map Unit 585
	80.67

		Low
	30.50

		Moderate
	40.20

		High
	8.49

		Map Unit 654
	14.12

		Low
	4.20

		Moderate
	7.64

		High
	1.96

	Fry Canyon (150602020501)
	

		Map Unit 55
	71.07

		Low
	40.53

		Moderate
	2.56

		Map Unit 582
	285.61

		Low
	236.80

		Moderate
	14.21

		Map Unit 584
	48.91

		Low
	44.14

		Moderate
	0.83

		Map Unit 585
	264.08

		Low
	230.58

		Moderate
	20.52

	Pumphouse Wash (150602020502)
	

		Map Unit 471
	7.24

		Low
	5.29

		Moderate
	1.18

		High
	0.03

		Map Unit 575
	84.49

		Low
	22.55

		Moderate
	46.54

		High
	14.94

		Map Unit 582
	396.67

		Low
	311.06

		Moderate
	57.17

		High
	1.14

		Map Unit 584
	317.30

		Low
	122.20

		Moderate
	163.24

		High
	22.13

		Map Unit 585
	89.12

		Low
	29.37

		Moderate
	43.65

		High
	10.80

	Upper Oak Creek (150602020505)
	

		Map Unit 56
	33.87

		Low
	17.17

		Moderate
	7.92

		High
	3.94

		Map Unit 60
	0.50

		Low
	0.38

		Moderate
	0.12

		Map Unit 470
	4.85

		Low
	2.88

		Map Unit 471
	1,184.95

		Low
	272.88

		Moderate
	373.51

		High
	489.84

		Map Unit 546
	47.84

		Low
	9.85

		Moderate
	27.03

		High
	10.51

		Map Unit 549
	78.14

		Low
	0.58

		Moderate
	15.14

		High
	62.42

		Map Unit 550
	77.73

		Low
	3.40

		Moderate
	24.35

		High
	49.64

		Map Unit 555
	295.68

		Low
	48.94

		Moderate
	99.96

		High
	138.68

		Map Unit 567
	31.51

		Low
	7.95

		Moderate
	7.95

		High
	15.46

		Map Unit 575
	44.96

		Low
	5.38

		Moderate
	34.60

		High
	4.98

		Map Unit 578
	150.29

		Low
	44.14

		Moderate
	82.14

		High
	23.85

		Map Unit 579
	129.29

		Low
	24.23

		Moderate
	81.01

		High
	23.92

		Map Unit 582
	533.95

		Low
	225.50

		Moderate
	224.76

		High
	77.29

		Map Unit 584
	429.24

		Low
	145.29

		Moderate
	182.53

		High
	97.11

		Map Unit 585
	314.12

		Low
	103.65

		Moderate
	170.71

		High
	35.39

		Map Unit 651
	140.02

		Low
	6.84

		Moderate
	40.12

		High
	100.71

		Map Unit 654
	152.48

		Low
	12.23

		Moderate
	36.41

		High
	103.62

	West Fork Oak Creek (150602020503)
	

		Map Unit 55
	84.74

		Low
	36.42

		Moderate
	2.61

		Map Unit 56
	0.74

		Low
	0.55

		Moderate
	0.16

		Map Unit 60
	134.42

		Low
	82.96

		Moderate
	25.80

		High
	2.75

		Map Unit 471
	1185.16

		Low
	450.64

		Moderate
	329.92

		High
	183.38

		Map Unit 546
	5191.58

		Low
	3020.85

		Moderate
	1582.01

		High
	251.82

		Map Unit 549
	1862.94

		Low
	865.73

		Moderate
	639.97

		High
	287.41

		Map Unit 550
	65.09

		Low
	9.28

		Moderate
	34.47

		High
	20.47

		Map Unit 555
	4513.73

		Low
	1805.73

		Moderate
	1753.27

		High
	717.04

		Map Unit 567
	61.13

		Low
	5.36

		Moderate
	35.95

		High
	19.44

		Map Unit 582
	434.22

		Low
	203.54

		Moderate
	144.49

		High
	67.66

		Map Unit 584
	1019.92

		Low
	663.24

		Moderate
	241.64

		High
	75.99

		Map Unit 585
	506.91

		Low
	385.38

		Moderate
	70.96

		High
	12.26

		Map Unit 650
	130.79

		Low
	76.71

		Moderate
	37.01

		High
	11.67

		Map Unit 651
	794.36

		Low
	398.98

		Moderate
	229.91

		High
	150.10

		Map Unit 654
	66.74

		Low
	21.92

		Moderate
	35.93

		High
	8.89



[bookmark: _Toc390064265]2.4   SOIL HYDROPHOBIC CONDITIONS (WATER REPELLANCY)
Hydrophobic, or water repellant soil conditions are present throughout the fire area, including some unburned areas, but were prevalent in areas impacted by moderate- and high-severity fire. Water repellency in unburned areas is primarily due to the production of organic acids during decomposition of organic matter and other waxy root and fungal exudates and is particularly apparent when soils are very dry. Fire-induced soil hydrophobic conditions are caused by organic matter that is vaporized followed by condensation of long-chain organic molecules onto soil surfaces and into soil profiles when vapors cool. Factors that influence the extent and level of soil hydrophobic conditions include: soil texture, pre-fire organic matter content and types, soil moisture, rock (coarse fragments) content, and the duration and intensity of soil heating. Fire-induced water repellency has the potential to significantly reduce water infiltration and increase runoff and erosion. High intensity or prolonged duration of soil heating can, in some cases eliminate soil hydrophobic conditions that would occur at slightly lower temperatures through complete volatization of soil organic compounds. 

Surface soil hydrophobic conditions were observed in the fire perimeter, with strong continuity observed in areas subjected to moderate and high burn severity. Soil hydrophobic conditions were also observed in areas subjected to low burn severity, although to a much lower degree that moderate and high burn severities. Background (unburned) soil hydrophobicity is generally very low and discontinuous.  Table 6 summarizes estimated hydrophobic soil acreages within each watershed where the Slide Fire occurred. Table 7 provides a summary of the relative percentages of hydrophobic soil conditions within each watershed.

[bookmark: _Toc359596990][bookmark: _Toc390064362]Table 6.  Estimated soil hydrophobic condition acreages by category for each subwatershed that intersects the Slide Fire. 	
	Watershed
	Slight
	Moderate
	Strong

	Dry Creek (150602020507)
	5.6
	87.5
	144.3

	Fry Canyon (150602020501)
	79.5
	552.0
	38.1

	Pumphouse Wash (150602020502)
	43.5
	490.5
	360.8

	Upper Oak Creek (150602020505)
	80.5
	931.3
	2645.6

	West Fork Oak Creek (150602020503)
	1084.7
	8356.2
	6992.9




[bookmark: _Toc359596991][bookmark: _Toc390064363]Table 7. Estimated percentages of soil hydrophobic soil conditions for burned portions of watersheds by category for each subwatershed that intersects the Slide Fire. 
	Watershed
	Slight 
	Moderate
	Strong

	Dry Creek (150602020507)
	2.4
	36.9
	60.8

	Fry Canyon (150602020501)
	11.9
	82.4
	5.7

	Pumphouse Wash (150602020502)
	4.9
	54.8
	40.3

	Upper Oak Creek (150602020505)
	2.2
	25.5
	72.3

	West Fork Oak Creek (150602020503)
	6.6
	50.8
	42.6



[bookmark: _Toc390064266]2.5  SOIL EROSION HAZARD RATING
In order to assess the potential risk of accelerated soil erosion and sediment delivery to stream channels, erosion hazard ratings have been applied to soils within the fire affected area.  Erosion hazard ratings are designed to assist land managers with assessment of the relative risk of accelerated sheet and rill erosion associated with soil disturbances that result in removal of effective ground cover (vegetation, litter, and surface rock).  Erosion hazard is the probability that damage will occur as a result of exposure of mineral soil.  A rating of slight indicates that no particular prevention measures are needed under ordinary conditions.  A rating of moderate indicates that erosion control measures are warranted to prevent excessive erosion. A rating of severe indicates that special precautions are needed to control excessive erosion following soil disturbance that results in removal of ground cover.  Erosion hazard ratings are based on evaluations of several soil factors including soil texture, depth, infiltration rates, permeability, effective ground cover (vegetation, litter, and surface rocks), slope gradient, and climate. 
Soil erosion hazard rating acreages were calculated for each watershed, with soil burn severity as a factor in the rating. Ratings therefore represent a summary of soil erodibility as affected by slope gradient, effective ground cover (or lack thereof), and reduced infiltration due to water repellency.  Field observations, information from the Terrestrial Ecosystem Survey (TES) of the Coconino National Forest, and GIS analyses were used to determine erosion hazard acreages. A summary of erosion hazard ratings within watersheds is presented in Table 8 and acreages for slope classes are presented in Table 9.   There are 43 percent soils within the Slide Fire that have slight erosion hazard rating, 19 percent have moderate erosion hazard ratings, and 38 percent have severe erosion hazard ratings. 

[bookmark: _Toc359596992][bookmark: _Toc390064364]Table 8. Soil Erosion Hazard Rating Acreages for Subwatersheds within the Soldier Basin Fire.
	Watershed
	Slight
	Moderate
	Severe

	Dry Creek (150602020507)
	104
	133
	0

	Fry Canyon (150602020501)
	621
	49
	0

	Pumphouse Wash (150602020502)
	486
	317
	92

	Upper Oak Creek (150602020505)
	1,241
	738
	1,678

	West Fork Oak Creek (150602020503)
	6,926
	3,015
	6,493




[bookmark: _Toc359596993][bookmark: _Toc390064365]Table 9. Slope classes and associated acreages by subwatersheds.
	Watershed
	Acreages by Slope Class (Percent) 

	
	0-15
	15-40
	40>

	Dry Creek (150602020507)
	124.5
	104.6
	8.5

	Fry Canyon (150602020501)
	553.5
	101.5
	14.5

	Pumphouse Wash (150602020502)
	381.0
	423.0
	91.1

	Upper Oak Creek (150602020505)
	1,118.8
	1,125.0
	1,414.2

	West Fork Oak Creek (150602020503)
	6,731.3
	4,584.8
	5,118.2



[bookmark: _Toc390064267]2.6  ESTIMATED EROSION RESPONSE 
Chapter 8 Accelerated runoff, soil erosion, and sediment delivery to streamcourses are to be expected within the burned perimeter, depending on burn severity, slope, soil properties, and duration and intensity of precipitation that occurs within a given watershed.  Rockfall and debris flows are also likely to occur. 

Chapter 9 Quantitative sediment delivery rates were modeled using the Erosion Risk Management Tool (ERMiT), a WEPP modeling application developed by the USFS Rocky Mountain Research Station (USFS, RMRS GTR 188, April 2007).  This modeling tool was developed specifically for use with post-fire erosion modeling. The ERMiT model estimates only sheet and rill erosion, which occurs when rainfall exceeds infiltration rates, and stormwater runoff entrains surface soil particles. The model does not account for landslides, gully erosion, effects of roads, or hillslope ravel.

To further validate soil erosion estimates, the Hillslope Erosion Model (HEM) was used.  The HEM is based on a mathematical model developed by scientists at the USDA-ARS Southwest Watershed Research Center in Tucson, Arizona. The model describes hillslope erosion processes. Given hillslope segment lengths, slopes, percent canopy cover, percent surface ground cover, runoff volume, and a soil erodibility value, the model simulates soil erosion processes along a hillslope and will return a runoff volume, sediment yield, interrill detachment, rill detachment, rill deposition, and the mean concentration of sediment in the flow for each hillslope segment modeled.

Sediment yield equations in HEM were developed for a single plane, and were extended to irregular slopes by approximating the irregular slopes as a cascade of planes.

Increasing sediment concentration in the downslope direction may indicate erosion along the hillslope. Deposition may be indicated by a decrease in sediment concentration in the downslope direction. Constant sediment concentration indicates equilibrium.
 
Chapter 10 All watersheds having area within the fire perimeter were included in the analysis. Model estimates were generated for each soil map unit/hillslope and burn severity, and apportioned to watersheds on a per-acre basis. Model output is in tons per acre on a storm event basis for both ERMiT and HEM. Sediment yield estimates modeled from ERMiT were significantly lower than those modeled using HEM and are not considered realistic estimates. The values for HEM are considered more realistic and were therefore used for reporting purposes. Sediment yield estimates from HEM and ERMiT are included in Appendix A and B, respectively, for reference.  
As previously noted, actual sediment yield outcomes will depend upon what the summer monsoon pattern brings in terms of rainfall duration, intensity, and storm locations within the burned area. A summary of sediment delivery estimates for each subwatershed in the burned perimeter is presented in Table 10. As can be seen in Appendix B (ERMiT model results), sediment delivery rates are expected to decline each year as revegetation and natural recovery processes occur. Soil erosion will decrease soil productivity through nutrient losses which prolong vegetative recovery, depending upon the amount of soil loss.

Modeling using ERMiT included estimation of natural or ‘background’ erosion rates for unburned portions of the fire. Soil burn severity is accounted for in modeled sediment delivery estimates; other erosional processes as previously discussed are not. It is important to note that many areas that have been classified as moderate burn severity using remote sensing methods are actually high severity. However, although some areas initially characterized as moderate burn severity have been reclassified as high burn severity, the erosion and sediment yield response is not expected to change as field evaluations indicated that soils subjected to both moderate and high burn severities are strongly hydropobic (i.e., water repellant). 
[bookmark: _Toc359596994][bookmark: _Toc390064366]Table 10.  Hillslope sediment yield rates for the Slide Fire for modeled burned conditions based on HEM model.
	Watershed Name
	Burned Acres
	Percentage of Watershed Burned
	Sediment Yield
Burned
(tons)


	Dry Creek (150602020507)
	232
	0.67
	3,246.5

	Fry Canyon (150602020501)
	590
	3.07
	1,608.1

	Pumphouse Wash (150602020502)
	851
	2.71
	8,474.3

	Upper Oak Creek (150602020505)
	3,577
	19.98
	164,918.4

	West Fork Oak Creek (150602020503)
	15,349
	56.14
	471,553.0



[bookmark: _Toc390064268]3.   EMERGENCY DETERMINATION 
[bookmark: _Toc390064269]3.1   VALUES AT RISK – THREATS TO SOIL PRODUCTIVITY AND HYDROLOGIC FUNCTION 
Threats to soil productivity and hydrologic function in fire affected areas were assessed by evaluating soil burn severity, erosion hazard, modeling of pre- and post-burn erosion rates, and other soil and site-specific conditions. The combination of deep, medium to coarse-textured soils, steep slopes, and lack of soil cover (vegetation and litter) in moderate and high severity burn areas will likely result in accelerated erosion on these acres, the degree of which will depend upon geographic fire effects, the intensity and duration of the upcoming monsoon precipitation events, rates of natural vegetative recovery, and response actions applied. Accelerated soil erosion and associated sediment delivery to ephemeral streamcourses will not be as pronounced in areas subjected to low burn severity. These areas are expected to recover more rapidly than moderate and high burn severity areas. Improved effective ground cover (vegetation and litter) is anticipated on low burn severity areas within one year.

Onsite fire effects include physical, chemical, and biological changes to soils caused directly by soil heating that damages soil structure, porosity, aggregate stability, and oxidizes nutrients.  Indirect effects include subsequent soil loss through wind and water erosion caused by loss of soil cover and decreased soil productivity and hydrologic function. Loss of soil nutrients and microbial communities is likely in some areas, with these adverse effects increasing by soil burn severity class. These conditions result in short- to long-term degradation of ecosystem function, depending on site specific effects. However, most soils in fire affected areas exhibit low burn severity. Therefore, effects of the fire upon soil productivity and hydrologic function are considered within the ‘normal’ range of variability at most locations within the fire perimeter. Soils that were burned at moderate and high burn severity have been identified as Values at Risk since the potential loss in soil productivity that would occur on these soils if eroded would be substantial.  
Eroded soils are expected to be deposited in low gradient toe slopes where the angle of repose is reduced in relation to upslope locations, in low gradient valley bottoms and associated riparian areas, and in low gradient stream channels as increased bedload resulting in channel aggradation. 

The Congressional Soil Caucus, which consists of 45 members and four co-chairs, including Democrats and Republicans from the House Appropriations Committee, Agriculture Committee, Committee on Science and Technology, Committee on Natural Resources, and Energy and Commerce Committee recognize soils as a nonrenewable resource that is linked to plants, water, climate, ecosystems, and human health. The Caucus also recognizes that soils are a natural resource essential for all life on earth (SSSA 2013). Soil lost from its native environment cannot be replaced and does not reestablish in the exact same manner as it exists in situ. Based on an implied minimum commercial value of topsoil of $24.00 per cu. yd. and estimated soil erosion rates of up to 30 tons per acre from areas subjected to moderate and high severity burn, the potential soil loss would amount to a loss of financial value of soil resources from a commercial use perspective of $15,595,200. Emergency response actions in the form of land treatments such as seeding and mulching are therefore warranted and recommended.

Offsite effects of soil erosion include sediment-laden runoff with higher bulk densities and therefore greater destructive power than clean water in the stream system. Eroded soil will provide the materials for damaging debris flows and stream bulking, which represent widespread hazards to areas downstream of the fire affected area.  This increases the potential for adverse effects to facilities such as roads, buildings, fences, and other Forest infrastructure, degradation of stream water quality, and most importantly risk to human life, safety and property from potential flooding and debris flows. 

Given the slope, soil properties (fine sandy loam to loam textures, moderately deep to deep profiles, with moderate to high percentages of gravel, rock and cobble), and geological characteristics (alluviation, and colluviation), response actions are recommended to mitigate soil erosion and debris flow initiation. The summary determination is AN EMERGENCY EXISTS for soils resources that burned at moderate and high severity on slopes ranging from 15 to 40 percent where treatments have the potential to be effective at reducing soil erosion and mitigating potential for debris flow initiation within the burned area due to the dominantly severe erosion rates within the fire perimeter.  Fire-induced changes to vegetative communities are expected to represent a long-term threat to the soils resource in the absence of response actions to improve root development of native grasses and forbs that improve the nutrient status of soils burned at moderate and high severities.

[bookmark: _Toc390064270]4. RESPONSE ACTIONS TO MITIGATE THE EMERGENCY 
4.1 RESPONSE ACTION CONSIDERATIONS 

Emergency response actions are recommended for the primary objective of soil stabilization while also considering other collateral ‘point’ values at risk as previously discussed.  In response to the identified values at risk and affected resources, the objectives of proposed treatments are to:
· Minimize threats to life and public safety by reducing the bulk density of sediment-laden stormwater runoff.
· Minimize impacts to downstream landowners from increased runoff and accelerated soil erosion.
· Provide immediate ground cover and promote re-vegetation of steep areas subjected to moderate and high severity fire.
· Minimize impacts to riparian habitat and aquatic resources.
· Minimize impacts to surface water quality

Chapter 11 The BAER Program requires that proposed response actions must be proven effective, technically feasible, justified by the values at risk, of a magnitude to make a meaningful difference to the resources, and natural recovery must be deemed inadequate. Proposed emergency response actions are considered the minimum necessary response to significantly reduce the threat to the values at risk.  Since soils within the moderate and high severity burn areas are not expected to improve in the near term in the absence of mitigation measures, response actions in the form of land treatments are recommended.  Based on the results of erosion and sediment delivery modeling previously discussed, the commercial value of the soils at risk is approximately $15,595,200.00 based on a sediment delivery rate of 29.9 tons per acre throughout the burned area being transported off-site.  Most of the soils in the Slide Fire are moderately to deep, have relatively high biological activity and are generally very productive. As previously noted, soils that erode do not reestablish exactly as they were before the erosion occurred.
[bookmark: _Toc390064271]4.2 HILLSLOPE MORPHOLOGY AND PROCESSES 
Chapter 12 Hillslopes in the fire area are typically steep in the headwall basins, with long, linear concave slopes. These hillslopes respond in a predictable manner to rainfall. Runoff water gains energy and momentum as it collects in concave headwall basins and high gradient channels, until it develops sufficient erosive energy to mobilize and entrain soil particles and other in-channel debris (i.e., rocks, cobbles, stones, boulders and woody material). The erosive power of sediment-laden runoff increases with distance and flow volume. These flows will mobilize increasing amounts of sediment and have the power to overtop or redirect stream channels until low gradient stream segments are reached to dissipate momentum and allow sediments to settle from suspension. The geography associated with proximal and medial low gradient channels downstream of the fire is best characterized as canyons, with relatively narrow floodplains. This is a very normal and repeated landscape pattern in the along the Mogollon Escarpment. In recent times (i.e., within the last 100 years), many of these lower gradient floodplains have been developed.  Homes have been constructed in these areas due to close proximity to water and associated scenic and recreational opportunities. However, any large flow events with the potential to escape stream channels in these floodplains, either through extreme flow rates or through blockage by sediment and debris have the potential to jeopardize home sites and other infrastructure built upon them.
Chapter 13 Several flow events in the last century have put homes in such locations at risk and caused fatalities and substantial damage to properties, even under unburned watershed conditions. Burned watersheds will produce substantially greater response to typical rainfall events since water interception by vegetation is lost and soil infiltration rates are diminished. 

Chapter 14 4.3 TREATMENT LIMITATIONS 
Chapter 15 Land treatments in the form of hillslope agricultural straw mulch treatments are proven effective at mitigating sheet and rill erosion processes on slopes less than 60% gradient; they are proven ineffective on steeper slopes and slopes dominated by ravel and debris flow processes. Hydrologic forces that entrain soil and debris overwhelm the treatment and the mulch simply moves downslope with the soil. Wood strand mulch has been proven effective on slopes up to 70%, but such undertakings are extremely costly due to the weight of the material and therefore high expense of application using helicopters. Conversely, treating low gradient slopes (i.e., less than 15%) is not advised, as they are usually not active erosion surfaces or major source areas of significant sediment production, so widespread or costly treatments are not warranted. 

It is further proven that protection of upper slopes is more effective at reducing soil erosion than treating lower slopes. Mulch treatments on upper slopes decrease water momentum, thus dissipating the energy before it can entrain soil particles. Application of mulch effectively increases interception of precipitation and improves water infiltration into the soil, thereby preventing concentration and intensification of stormwater runoff. Treatments on lower slopes are ineffective since storm flow energy is high, with large volumes of concentrated and entrained material at the point where surface flow encounters mulch treatment areas, rendering them unsuccessful.

Many of the Values at Risk associated with the Slide Fire have been constructed in low lying areas at the base of steep slopes where debris flows and sediment deposition can occur when effective soil cover is removed as a result of wildfire. Some development below the Slide Fire occurs within Federal Emergency Management Agency (FEMA) designated flood zones, meaning that response actions intended to mitigate adverse effects from the fire cannot be guaranteed to protect such Values. Many hillslopes and high gradient drainages within the fire perimeter exhibit historic rock fall and debris flow processes, for which land treatments may not prove effective at mitigating. The most important and necessary response action to protect human life and safety is to insure that people are not in the path of destructive forces, which are greatest during the summer monsoon season and winter snowmelt over the next 3 to 5 years.  Conditions conducive to high risk to human life and safety are expected to persist until natural vegetation recovery restores effective soil cover and landscape scale soil and watershed hydrologic function improves.
[bookmark: _Toc390064272]5  RECOMMENDATIONS 
[bookmark: _Toc390064273]5.1 POINT PROTECTION AND STABILIZATION 
Point protection measures, soils and watershed resource protection measures, and other hazard mitigation actions are advised. These include: installation of hazard warning signs, road stabilization measures, campground closures, seeding and mulching of some areas that burned at moderate and high severity, etc. Installation of hazard warning signs around the fire perimeter will protect public safety and lives. 
[bookmark: _Toc390064274]5.2 STORM PATROL AND MONITORING 
Storm patrols will be an important component in the effort to mitigate post-fire effects.  Frequent and systematic storm patrols allow detection of adverse effects Forest resources and provide opportunity to mitigate post-fire effects before damage becomes irreversible. Storm patrols should include verification that roads and trails are not eroding, culverts and other water and erosion control structures (i.e., broad-based dips, leadout ditches, etc.) remain intact and continue to function properly, stream channels are not downgrading or aggrading or transporting excessive sediment loads, invasive and noxious weeds have not been inadvertently introduced to burned areas, and warning signs remain in place.
5.3 FIRELINES
The network of constructed firelines created within the fire perimeter was a necessary part of fire suppression operations. Mitigation of soil disturbance resulting from fire suppression activities such as construction of waterbars and other erosion features on firelines and placing residual woody debris on firelines to increase surface roughness is common practice during the mop-up phase of wildfire suppression. These activities, commonly referred to as Best Management Practices, minimize soil movement and sediment delivery to downslope locations, including ephemeral stream channels from areas disturbed during fire suppression.  However, fire suppression repair can have variable outcomes. Suppression firelines are prone to both surface erosion and gullying, and can take as long as 5-10 years to naturally revegetate in this region. Eroding firelines may become chronic sources of sediment transport and delivery to surface waters for a longer time period than hillslopes burned at low severity. 
It is recommended that firelines be reevaluated in 2014 following the first monsoon rain events to detect any additional repair needs and/or longer term rehabilitation needs. Erosion control structures should be maintained in order to reduce cumulative adverse watershed effects.
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Resource Specialty: ENGINEERING/RECREATION/TRANSPORTATION REPORT

Fire Name: Slide Fire
Date: June 7, 2014
Author/Home Unit: Edwin Monin, PE / Coconino and Kaibab National Forests

Potential Values at Risk
Values at Risk – Forest Service engineering/transportation system values at risk as identified by the Burn Area Emergency Response Team (BAER Team) include capital investments in infrastructure, such as roads, signage, culverts, drainage structures(rolling dips and lead out ditches), bridges, fire lookout towers, road closure gates, water systems appurtenances, vault toilets, low water crossings and other recreation site appurtenances.  It should be noted there is also a heightened potential for catastrophic flooding events, rockfall, debris flows, and hazard trees to effect non-Forest Service infrastructure downstream and primarily within the Oak Creek Canyon corridor. 
Resource Condition Assessment   
Existing Resources:
Roads and associated drainage structures and infrastructure: There are approximately 19 miles of maintenance level (ML) 2, 19.5 miles of maintenance level 3, 0.3 miles of maintenance level 4, and 2.5 miles of maintenance level 5 roads located within and on the perimeter of the Slide Fire Area (Figure 1).
[image: ]Figure 1:  Road Map

























Drainage structures and infrastructure associated with the roads include bar ditches, catchment basins, leadout ditches, road signs/object markers, corrugated metal pipe culverts, and rolling dips/waterbars.  Roughly 100% of the ML3 and 25% of the ML2 roads were treated under suppression rehab to address immediate concerns caused during fire suppression activities including re-establishing closures on those maintenance level 1 roads used for suppression. 
 
Bridges:  There are two bridges of concern associated with the Slide Fire burned acreage.  The West Fork Bridge is located on FSR 231 where it crosses the West Fork Drainage.  This is a single span timber bridge and is currently classified as a deficient bridge.  The West Fork Trail Foot Bridge is located in Oak Creek Canyon where the West Fork Canyon Trail crosses Oak Creek.  This is a single span steel structure bridge with a wooden deck.  Both bridges were found to have sufficient waterway adequacy and no critical scour issues.

Water System:  There is one Forest Service owned and operated water system    of concern associated with the Slide Fire burned acreage.  This water system is located at the base of the Sterling Spring Canyon drainage and is fed by Sterling Spring.  From the Sterling Spring Box the water flows through a wye where some flow supplies the Sterling Spring Fish Hatchery and the remainder flows down and crossed the creek to supply the Forest Service’s Pine Flats Campground and a spring hydrant located adjacent to Highway 89A at Pine Flats Campground.  This system is regulated by ADEQ as a Public Water System and is classified and operated by the FS as a Transient Non-community water system.  From Pine Flats campground the water enters a valve box where a water line that supplements water systems on private lands (Pine Flats Subdivision and Manresa Retreat) connects into the system.  It is unknown how much water is supplied to the private users on an annual basis and the FS does not operate, monitor, or perform maintenance on this portion of the system.

Recreational areas and associated appurtanences:  There are 3 campgrounds and at 6 day use areas operated by the Forest Service and located at various locations along Oak Creek in Oak Creek Canyon. All sites contain vault toilets, fire rings, and picnic tables. Cave Springs campground has additional infrastructure to include a shower house.  Pine Flats, Cave springs, Banjo Bill and Manzanita have well houses. 

Fire tower (East Pocket):  East Pocket fire tower is located at the end of FSR 231 at the top of East Pocket Knob.

Low Water Crossings/Bank Stabilization: The road to Cave Creek Campground crosses Oak Creek over a low water crossing consisting of series of culverts encased in concrete.  Makeshift rebar trash traps are installed on the culvert inlets.  There is a bank downstream of the low water crossing on river right currently stabilized with boulders held in place by a concrete matrix protecting the campground entrance road and associated facilities up top.

Other:  State and/or private owned parks, properties, residences, businesses, and water and septic systems, as well as, local and state roads and highways and all municipal utility infrastructure could be at higher risk of flood, rock fall, hazard tree, and debris flow damage as a result of the burned acreage within the Slide Fire area.

Findings of the On-the-Ground Survey/ Resource Conditions 
Roads and associated infrastructure:  
Field surveys revealed the potential for overtopping of undersized culverts and rolling dips, lateral stream movement into the road prism, potential drainage plugging with sediment and debris movement and damage to the road infrastructure.  Treatments were identified only for segments of road within or leading to areas identified as having a moderate to high burn severity.  Road treatments are provided below. 
Rockfall/debris flow hazards: 
Two locations of burnt acreage were identified along State Route 89A in the area of the switchbacks coming down from the Oak Creek Overlook.  Here there are 2 washes that are classified as moderate to high burn severity. One of the washes poses a risk of floods overwhelming the existing culverts and overtopping the highway and the other poses a risk of floods undermining the highway.  Both burnt wash areas pose a risk of rockfall and/or debris flows coming down onto the highway.  The entire West Fork Canyon and associated trail is at risk to rock falls and debris flows. The burnt acreage at the AB Young trail and the areas adjacent to it are is moderate to high burn severity.  This has created an unstable slope subject to rockfall and/or debris flows.  The slope adjacent to Oak Creek and immediately across the creek from the Halfway day use area experienced moderate to high burn severity which has made this area subject to a greater risk of rockfall and or debris flow.  In general, the entire western slopes, cliffs, and rim of Oak Creek Canyon are now subject to a greater risk of rockfall and debris flow as a result of Slide Fire burnt acreage.  Cave Springs Campground is at a higher risk of rock fall and debri flow hazards as a result of the Slide fire damage.  There is a high to moderate severity burn area just up slope from Loop E creating a high risk of debri flow in this area.  Other Forest Service recreational areas are located on the East side of Oak Creek so it will be less likely for rock fall and debri flow hazards associated with Slide fire damage to affect these sites.

Flood Hazards:  
All Infrastructure adjacent to Oak Creek is at risk of flooding. Manzanita and Cave Springs Campground and Banjo Bill Day Use area are FS recreational sites of highest concern for flood risks.  Each contain vaulted toilets, well houses, fire rings, picnic tables and other infrastructure which are at risk. The Sterling Spring junction box and waterline crossings are at risk of damage from flood events.  The entire West Fork Canyon and associated trail is subject to flood events.
Hazmat: 
One hazmat site was located at the historic Lolomai Lodge site just upstream from the confluence of West Fork Creek and Oak Creek.  This historic structure was burned and an asbestos hazardous material deposit has been found in the soil in the area around this structure.

Bank stabilization:  
Just downstream of the Cave Springs Campground entrance road low water crossing, Oak Creek turns into its bank and is undermining the river right bank.  This was found to be an area of concern in the event of elevated creek flows and puts the campground entrance road and associated facilities up top at greater risk.	 
Emergency Determination  
1) Special attention and emphasis was given to small and major culvert stream crossings because failure of these crossings would result in abnormally large amounts of sediment flowing into West Fork of Oak Creek and Oak Creek and their respective tributaries.  This would result in a direct negative effect on West Fork and Oak Creek water quality and impact the Sterling Spring fish hatchery and potable water sources downstream. Treatments were identified only for segments of road within or leading to areas identified as having a moderate to high burn severity. Road treatments are concentrated where debris loading within the perimeter of these fires has been increased as a result of the fire and possess a risk and concern to blockage of the existing culvert or drainage structures.  Special attention was also given to road drainage structures, such as drainage dips, bar ditches, and lead out ditches, on road systems running within or leading to areas identified as having a moderate to high burn severity.
2) It was determined that access may have to be denied to many or all recreational sites and highway pullouts accessing FS land along Oak Creek in Oak Creek Canyon for a period of time while vegetation regrowth occurs and in particular through the upcoming monsoon season due to rockfall, debri flow, flood, hazard tree and other safety concerns.
3) Infrastructure should be put in place to protect the Sterling Spring junction box, valve boxes, waterlines, and water line crossing(s) further downstream in this water system.
4) Well houses at Manzanita, Banjo Bill, and Cave Springs are at risk to flood damage. 
5) Vault toilets at FS recreational areas within Oak Creek Canyon (Manzanita, Slide Rock, Banjo Bill, and possibly Cave Springs) are subject to a probable risk of flooding which could release raw sewage into the Oak Creek watershed.
6) The hazmat site at Lolomai Lodge Historic site created as a result of Slide Fire burned acreage poses an immediate danger to anyone accessing this area and must be isolated and remediated.
7) Cave Springs Campground Loop E has culvert installations that have a high probability of being overwhelmed and is at risk of debris flow from above.
8) Private properties Manresa Retreat and Pine Flats Subdivision may be unaware that the supplemental Sterling Spring water supply is at a greater risk of being interrupted.  How much they depend on this source must be determined and they must be informed of the greater risk of interruption.
9) All non-Forest Service roads and infrastructure within Oak Creek Canyon are at a greater risk of damage.
10) Consideration should be given to the bank undercut just downstream of the Cave Springs Road low water crossing on river right.
11) Picnic tables and fire rings at Manzanita and Banjo Bill are at very high risk of flood damage and could potentially be transported downstream and cause other significant damage.
 
Treatment Objectives to Mitigate the Emergency  

14. Reduce the potential for accelerated surface runoff damaging Forest Service roads within and directly downstream of the fire areas in headwaters directly affected by the fire. 
15. Reduce the potential for road related surface/mass erosion and accelerated sediment delivery to downstream high value fisheries habitat and potable water supplies.
16. Reduce the potential for debris “bulking” as flow encounters a road-related drainage structure. 
17. Reduce the potential for roads to act as a conduit for overland flow and increasing sediment loading.
18. Reduce road-related hazards related to the burned area.
19. At access points to the fire area there must be information identifying the fire area boundary and identifying potential risks present within the area.
20. Vault toilets at FS recreational areas within Oak Creek Canyon (Manzanita, Slide Rock, and Banjo Bill and possibly Cave Springs) that are subject to a probable risk of flooding must be pumped, sanitized, and closed at least through the upcoming monsoon season.
21. The Hazmat site created as a result of Slide Fire burned acreage must be isolated, tested, and remediated.
22. Close Cave Springs Campground Loop E  and armor culvert inlets/outlets.
23. Contact Manresa Retreat  and Pine Flats Subdivision to inform them of a heightened risk of Sterling Spring water supply interruption.
24. Advise ADOT of heightened risk of damage to State Route 89A at locations of moderate to high severity burnt acreage identified along State Route 89A in the area of the switchbacks coming down from the Oak Creek Overlook.
25. Letters to all municipal utilities, state properties, properties on Special Use Permits, etc. and public announcement to all private residences informing of heightened flood, debris flow, rockfall, and hazard tree risks and informing them of the conditions and time of year that may present a higher risk.
26. Develop and implement a design to protect portions of the Sterling Spring water system susceptible to flood damage. 
27.  Provide for closure of the West Fork Canyon Trail and associated day use area during seasons/conditions susceptible to greater rockfall/flood/debris flow hazard. It is recommended that access to West Fork Canyon be prohibited at this time.
28. Deny access to all recreational sites and highway pullouts accessing FS land along Oak Creek in Oak Creek Canyon for a period of time while vegetation regrowth occurs and in particular through the upcoming monsoon season due to rockfall, debri flow, flood, hazard tree and other safety concerns.
29. Well houses at Manzanita, Banjo Bill, and Cave Springs are at risk to flood damage and should be isolated and flood proofed with sand bags and other water protection mechanisms.
30. Picnic tables and fire rings should be removed at Banjo Bill and Manzanita Campgrounds to prevent downstream debri hazards during a flood event.
Treatments

Treatment #R1 –Surface Water Management:  Clean inlets and outlets of 10 existing relief culverts on FSR 231 where culverts receive flow from burnt acreage upslope from the road and those culverts in active stream channels to reduce the buildup of sedimentation which may lead to fill failure along road grades >2% within or directly downslope or downgrade of moderately to high intensity burn areas.  

Treatment #R2 – Construct/Improve maintenance level 2 rolling dips and lead out ditches:  Construct or improve rolling dips and lead out ditches to improve road surface drainage and enable maintenance level 2 roads to better handle expected increases in surface runoff.  Initially this will be performed on FSR 536A (2.5 miles), 778 (1 mile), 792 (3 miles), 535A (4 miles), 9114F (0.85 mile), 9114E (1 Mile), 6017 (0.5 mile), 231J (2.5 miles), 9015 H (1 mile), and 6402 (1 mile.

Treatment #R3 – Remove Existing Culverts:  Remove 3 existing culverts and associated fill in selected channel or draw locations to reestablish more natural flow patterns and reduce the risk of culvert plugging due to increased sedimentation loading from the upslope post-fire erosion.  This will be performed on the last section of FSR231 leading uphill to the East Pocket Lookout tower.

Treatment #R4 – Warning sign installation:  Portal warning signs should be installed at selected road and trail access points to the Slide Fire area indicating entrance into the boundary of the fire area and potential hazards (Table 1).  A suggested sign is shown in Figure 1. 




Table 1:  Portal Sign Installation Locations
	Road
	Location

	FSR 535
	Junction of 535 and State Hwy 89

	FSR 536
	Junction of FSR 536 and 231

	FSR 231
	Junction of FSR 231 and 231B

	FSR 231A
	Junction of FSR 231A and 231

	FSR 535
	Junction of FSR 535 and 536

	FSR 539
	Junction of FSR 539 and 231 

	FSR 9013
	Junction of FSR 9013 and 231

	FSR 6399
	Junction of FSR 6399 and 231

	FSR 9018H
	Junction of FSR 9018H and 535
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Figure 2:  Suggested sign language




Treatment #R5 – Closures: Barricades/Jersey Barriers will be set up to deny access to roads, trails, and other areas deemed too hazardous for entry at this time.  Cave Springs Campground Loop E and AB Young Trail area should be closed immediately, other closures to be determined.

Treatment #R6 – Pump, sanitize, and close vault toilets at Manzanita, Slide Rock, and Banjo Bill and Loop E, Cave Springs.

Treatment #R7 – Remediate asbestos hazmat site at Lolomai Lodge historic site just upstream from the West Fork Trail Bridge on west side of Oak Creek.

Treatment #R8 – Letters to all municipal utilities, state properties, other government agencies, properties on Special Use Permits, etc. and public announcement to all private residences informing of heightened flood, debris flow, rockfall, and hazard tree risks and informing them of the conditions and time of year that may present a higher risk.Letters to all non-Forest Service entities that heightened risks associated with Slide Fire burned acreage may affect them.  Inform Manresa Retreat and Pine Flats subdivision of heightened risk of Sterling Springs water system interruption.

Treatment #R9 –  Develop and implement a design to reinforce the junction box that transitions culvert flow to pipe flow approximately 35 feet from the actual spring box. Preliminary design should involve a concrete encasement in order to enhance the structural reinforcement and design shall also incorporate a more hydrodynamic form.  Additionally, the stream bed reach above the junction box will be reinforced with rip rap in an attempt to further protect the upstream side of the box and encourage the stream to migrate away from the river left side of the channel in order to reduce the amount of flow going directly into the box and produce more direct and efficient flow through the channel.

 
Treatment #R10 – Armor the inlet and outlet of Cave Springs Campground Loop E culverts with rip rap.

Treatment #R11 – Well house flood protection.  This will include placement of sandbags and other flood protection materials around the base and perimeter of the well house facilities.

Treatment #R12 – Picnic Table and Fire Ring Removal.  This will include the removal of picnic benches and fire rings at Manzanita and Banjo Bill campgrounds.

Table 2:  Mitigation Treatment Summary Table
	FIRE
	Slide
	
	

	Treatment
	 
	 
	 

	
	 
	Estimated Quantity
	 

	Number
	Description
	Unit
	Unit Price
	
	Total

	R1
	Culvert Inlet/Outlet Cleaning/Flushing
	Each
	$825 
	 10
	$8250

	R2
	ML2 Road Drainage Structure Improve
	mile
	$850
	19
	$16150

	R3
	Culvert Extraction
	each
	$550
	3
	$1650

	R4
	Warning Sign Installation
	each
	$250
	50 
	$12,500

	R5
	Construction Fence
	Lump Sum
	$5000.00
	1 
	$5,000.00

	R6
	Pump, Sanitize, and Close Vault Toilets
	each
	$1200.00
	11
	$13,200.00

	R7
	Lolomai Asbestos Remediation
	each
	$3000.00
	1
	$1500.00

	R8
	Letters to entities at risk
	each
	$200.00
	15
	$3000.00

	R9
	Sterling Spring water system spring junction box reinforcement
	each
	$18,000.00
	1
	$18,000.00

	R10
	Armor Cave Springs Campground Loop E Culvert Inlets/Outlets
	each
	$2,000.00
	1
	$2,000.00

	R11
	Well House Flood Protetion
	each
	$5,000.00
	3
	$15,000.00

	R12
	Picnic bench and fire ring removal
	Lump sum
	$10,000.00
	2
	$20,000.00


Additional Recommendations 
III. The following are additional recommendations and/or concerns:

1. Monitor routes treated under suppression rehab to ensure effectiveness of drainage structures.
2. Recommend storm patrol monitoring be implemented during the monsoon season.
References:
1. USDA Forest Service, Engineering Staff, Washington Office, STANDARD SPECIFICATIONS FOR CONSTRUCTION OF ROADS AND BRIDGES ON FEDERAL HIGHWAY PROJECTS FP-03.
2. USDA Forest Service, Region 6, 2010.  Region 6: 2010 Cost Estimating Guide.
3. EM7100-15 Sign and Poster Guidelines for the Forest Service
4. Manual of Uniform Traffic Control Devices (Current Edition)

[bookmark: _Toc391371075]BAER Wildlife Report 
Slide Fire
Flagstaff and Red Rocks Ranger Districts
June, 2014
Heather Green.  Coconino NF Supervisor’s Office
Executive Summary
Species and Habitat Considered in Slide Fire area
Twelve wildlife species were evaluated for the Slide Fire BAER assessment.  Mexican spotted owls are federally threatened and ten are on the Region 3 Forest Service Sensitive Species list.  The narrow-headed gartersnake (Forest Service Sensitive) is proposed for listing as a threatened species and has proposed critical habitat. Table 1 shows the acres of habitat by species.

Table 1: Species, Conservation Status, and Habitat in Slide Fire Area
	Species
	Conservation status
	Habitat

	Mexican Spotted Owl 
	Federally threatened
	6,728 acres (all or part of 12 Protected Activity Centers), 21,293 acres critical habitat

	Northern Goshawk 
	Region 3 Forest Service Sensitive
	2,026 acres (2 Post Fledgling Family Areas (PFA), 1 dispersal PFA)

	American Peregrine Falcon
	Region 3 Forest Service Sensitive
	2 nests, about 22,000 acres foraging habitat

	Bald Eagle
	Region 3 Forest Service Sensitive
	2,024 acres

	Desert Sucker
	Region 3 Forest Service Sensitive
	22.7 stream miles total, comprised of  6.6 miles along Oak Creek and 16.1 miles along West Fork of Oak Creek

	Sonora Sucker
	Region 3 Forest Service Sensitive
	

	A mayfly
	Region 3 Forest Service Sensitive
	

	A caddisfly
	Region 3 Forest Service Sensitive
	

	Allen’s lappet-browed bat
	Region 3 Forest Service Sensitive
	 1,780 acres

	Western red bat
	Region 3 Forest Service Sensitive
	18,051 acres

	Narrow-headed gartersnake
	Region 3 Forest Service Sensitive and proposed Federally threatened
	1,771 acres of habitat and  proposed critical habitat




All of the species within the fire perimeter were likely affected by the fire or may be affected by post-fire secondary fire effects such as flooding, debris flows, and landslides.  
Values at Risk
· Soil loss and soil productivity in habitat for Mexican spotted owls (Federally threatened), and six Forest Service sensitive species: narrow-headed gartersnakes, northern goshawks, peregrine falcons, bald eagles, Allen’s lappet-browed bats, and western red bats.  Loss of soil and soil productivity is a primary driver of habitat recovery. 
· Riparian function and water quality (ash and sediments) in habitat for six Forest Service sensitive species:  narrow-headed gartersnake (proposed threatened with proposed critical habitat), desert sucker, Sonoran sucker, a mayfly, a caddisfly, and western red bat.  Fish and macroinvertebrates (prey) would likely decline in the presence of ash.
How Treatments Could Protect Values at Risk 
Treatments will reduce but not eliminate threats to values at risk.  Aerial application of seed and mulch will reduce soil loss, mitigate the loss of soil productivity, and help speed habitat recovery.  These treatments target slopes less than 40 % in areas classified as moderate to high burn severity.  Not all areas of moderate to high burn severity will be treated.

Other treatments designed to protect heritage sites, roads, and the Sterling Springs Fish Hatchery will also reduce soil loss and resulting sediments and ash into drainages that connect to Oak Creek and West Fork of Oak Creek. In some areas, treatments could hasten the recovery of riparian habitat damaged by the fire. 

Adjacent to West Fork of Oak Creek there is concern of a concentration of asbestos. Asbestos testing is recommended and to determine the type of hazardous material. This will inform the need for subsequent hazardous material cleanup. The asbestos would pose a threat to water quality, fish, and public safety.  This testing will not affect wildlife values at risk. 

Wildlife Report
Resource Condition Assessment

Description of resource in fire area:   The Districts Threatened, Endangered and Sensitive species list was reviewed (Appendix A).  Table 1 shows the species with known or potential habitat in the fire perimeter.   


Table 2:  Species, Conservation Status, and Habitat in Slide Fire Area
	Species
	Conservation status
	Habitat

	Mexican Spotted Owl 
	Federally threatened
	6,728 acres (all or part of 12 Protected Activity Centers), 21,293 acres critical habitat

	Northern Goshawk 
	Region 3 Forest Service Sensitive
	2,026 acres (2 Post Fledgling Family Areas (PFA), 1 dispersal PFA)

	American Peregrine Falcon
	Region 3 Forest Service Sensitive
	2 nests, about 22,000 acres foraging habitat

	Bald Eagle
	Region 3 Forest Service Sensitive
	2,024 acres

	Desert Sucker
	Region 3 Forest Service Sensitive
	22.7 stream miles total, comprised of  6.6 miles along Oak Creek and 16.1 miles along West Fork of Oak Creek

	Sonora Sucker
	Region 3 Forest Service Sensitive
	

	A mayfly
	Region 3 Forest Service Sensitive
	

	A caddisfly
	Region 3 Forest Service Sensitive
	

	Allen’s lappet-browed bat
	Region 3 Forest Service Sensitive
	 1,780 acres

	Western red bat
	Region 3 Forest Service Sensitive
	18,051 acres

	Narrow-headed gartersnake
	Region 3 Forest Service Sensitive and proposed Federally threatened
	1,771 acres of habitat and  proposed critical habitat



Field visits
The BAER team spent the first few days of field work validating burn severity and assessing hydrophobic tendencies of the soil.  Field data helped revise the Burned Area Reflectance Classification (BARC) map to more accurately represent on-the-ground burn severity.  The first few days were spent in ponderosa pine Gambel oak vegetation with a short visit to the upper end of West Fork of Oak Creek.  The last two days focused on resource specific visits – Mexican spotted owl PACs on the south side of West Fork of Oak Creek as well as Oak Creek and the lower end of West Fork of Oak Creek.  

There were four burn severity classes (unburned, low, moderate and high). Figure 1, Figure 2, and Figure 3 show examples of low, moderate, and high soil burn severity.  Figure 4 shows soil burn severity on the Slide Fire. 

[image: ]
Figure 1:  Example of low soil burn severity


[image: C:\Users\phaessig\Documents\BAER\SlideFire2014\PollyPhotos\20140604\DSCN1590.JPG]Figure 2:  Example of moderate soil burn severity above Pine Flat Campground.  Photo courtesy of Polly Haessig.
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Figure 3:  Example of high soil burn severity
[image: ]
Figure 4:  Slide Fire Burn Severity (6/9/2014)

Resource Condition Resulting from Fire
The Slide Fire affected approximately 22,000 acres on the Flagstaff and Red Rock Ranger Districts of the Coconino National Forest in north central Arizona. Approximately 3,115 acres (14 percent) was classified as high soil burn severity, 7,067 acres (32 percent) as moderate soil burn severity, 10,415 acres (48 percent) as low soil burn severity and 1,293 acres (6 percent) as unburned.  The major post-fire risks are from flooding, landslides, debris flows, and mud, ash, and hyperconcentrated flows with indirect effects of soil loss and loss of soil productivity.  The following are highlights of possible effects.  Burn severity and risk were determined using a Burned Area Reflectance Classification map that was validated and adjusted using data collected in the field.  Field data considered percentage canopy burned, remaining ground cover, surface color and ash depth, soil structure, slope, TES units, and tendency towards hydrophobic conditions.  
Flooding:  From the Water Report (2014b): “The loss of vegetative cover and post-fire occurrence of water repellency in the upper several inches of soil results in an alteration of rainfall-runoff response. Modeling suggests that post-fire peak discharge from fire-affected catchments may increase by a factor of up to 8 when the total percentage of moderate and high soil burn severity within the catchment exceeds 50%.   Though increases in peak discharge along Oak Creek canyon are unlikely to exceed flood flows produced from rain-on-snow or frontal storm events, peak flows from tributary drainages are likely to be greatly magnified by thunderstorm events that may occur over the entire catchment.  An exception to this could occur if debris from a tributary drainage were to form a debris dam in Oak Creek with a subsequent breach of this dam producing a peak discharge exceeding that which would occur under unobstructed conditions.”  
Soil loss and productivity:   From the Soil Report (2014a):  “Vegetative ground cover, which is critical for maintaining soil stability, has been totally consumed in many areas where moderate and high severity wildfire has occurred.  Areas that exhibit low burn severity have retained most of the effective ground cover, including unburned and partially burned litter and approximately half of the original vegetative ground cover. Soils that exhibit low burn severity have generally retained surface structure and porosity….. Much of the surface organic matter remains intact to cover and protect mineral soil surfaces from direct raindrop impact and provide habitat for soil organisms that facilitate recovery of nutrient cycles. Soils subjected to low severity wildfire generally respond rapidly and in a positive manner as natural regrowth of vegetation occurs, soil surfaces retain protective cover, and nutrient cycles are enhanced through deposition of ash and partially burned organic matter.  Soils that are subjected to moderate and high soil burn severities have evidence of excessive soil heating and total consumption of surface organic matter and vegetative ground cover; these areas typically exhibit much longer term recovery with greatly increased erosion potential.”  

“Additionally, many areas that burned at moderate and high severity are on relatively steep terrain (i.e., 30-70 percent slopes), with potential to deliver large amounts of sediment and debris rapidly to downslope areas and high-gradient ephemeral stream channels, adversely affecting water quality and human safety and health.   Areas that burned at low severity are expected to recover naturally within a relatively short timeframe (i.e. 1 to 3 years).”  

“The overall scale of the fire is generally outside the natural rage of variability for the forest cover types within the Slide Fire due to overly dense stand conditions in many areas. Some areas of mixed conifer occur within the burned perimeter. These stands typically burn at high severity, often resulting in stand replacement conditions. However, downstream effects of slope destabilization, soil erosion, debris flows and sediment delivery to stream channels are likely.”
Geohazards: From Geology Hazard Report (2014c): “Landslide hazards in the fire area are based on burn severity and slope steepness criteria.  Seventeen % of the fire area has a high landslide hazard, 11% a moderate landslide hazard and 72% a low landslide risk.  Steep slopes greater than 50% comprise 25% of the fire area and of these acres, 57% of the steep slope burned at high or moderate severity, which is commonly seen in wildfire areas; that is fire commonly burns hot and fast up steeper slopes.”

“Mud, ash and hyperconcentrated flows could occur from many of the burned slopes of all three severity types and in channels while not becoming a debris flow.  Less intense rain storm would cause this to occur and it may take several low intensity rainfall events to wash off the surface ash in all of the burned areas.”

“Debris flow probability modeling was conducted by the USGS Landslide Hazards group following established methodology of Cannon et al. 2010 for fire areas in the intermountain west.    The storms that were modeled in this report are a one hour 25 year recurrence interval storm event.  The watersheds of concern that rank the highest (50% or greater) in debris flow probability and sediment volume generated are within Upper Oak Creek, West Fork, Unnamed Tributary, and the lower subbasins of Sterling Canyon.  These sub-watersheds have a high proportion of high and moderate burn severity along their channel lengths, have steep headwater basins that were burned at high or moderate severity and had riparian or conifer-dominated vegetation in the channels that burned. Within these large watersheds, the specific areas of concern are the face drainages of Oak Creek at Pine Flat and from Unnamed Tributary south to where the fire started.   In West Fork, the face drainages (mostly north facing) from the confluence of Casner Cabin Draw to the confluence of Oak Creek have a high probability of debris flows.   Within the face drainages of Oak Creek about 28 stream channels were identified that have > than50% probability of debris flow initiation.  This would pose a hazard to the public, resources, facilities and property along the creek. “

“Risk factors of debris flows include bulking capacity and the possibility of dam breach hydrology.  In contrast to water-dominated flood flows, debris flows carry other material such as large rocks, woody debris, or infrastructure material (such as propane tanks, phone poles, parts of buildings) that bulk up the flow.  This bulking capacity of debris flows adds about 25% more volume to predicted post-fire flood flows. Another risk factor of debris flows is that of dam breach hydrology.  This is where the suspended material in the debris flow becomes blocked by trees or huge rocks in the channel and forms a sediment and debris dam blocking or reducing the flow of water and the suspended material.  As pressure builds up behind the dam, catastrophic failure can occur releasing a huge pulse of water and debris down the canyon or channel.  This debris flow process is likely to happen in the steep headwater water channels of the face drainages of Oak Creek and possibly in lower West Fork or lower Sterling Canyon.  Narrow stream reaches of Oak Creek below the confluence of West Fork may also be a site for possible dam breach hydrology is debris flow enter the creek. “

Table 3 summarizes resource conditions by species.  
Table 3: Summary of Post-fire Resource Conditions for Species Affected by Slide Fire
	Mexican spotted owl
	All or part of 12 PACs in fire perimeter. About 48% of total PAC acres have high or moderate burn severity.  About 21% of total PAC acres have high or moderate burn severity on slopes less than 40%.  

	Narrow-headed gartersnake
	The entire fire drains into either Oak Creek or West Fork of Oak Creek, both of which are proposed critical habitat for this snake. About 46% of the fire has moderate to high burn severity from which ash and sediments would be transported into these streams.  About 9% of proposed critical habitat (West Fork and Oak Creek sub-units) has moderate to high burn severity. 

	Northern goshawk
	Two Post Fledgling Family Areas (PFAs) and one dispersal PFA occur within the fire perimeter.  About 31% of PFA acres have high to moderate burn severity and about 27% of the PFA acres with high to moderate burn severity occur on slopes less than 40%. 

	Peregrine falcon
	The two peregrine eyries within the fire perimeter occur on cliff faces.  Eyries are located in areas primarily classified as unburned to low burn severity so they probably had little direct impact from the fire.  All of the fire area is considered foraging habitat and about 46% was classified as either moderate to high burn severity.  Generally in these areas, habitat structure and food resources were removed or substantially altered for prey species.  The ability of the habitat to recover (soil loss and loss of productivity) is reduced in these severity categories. 

	Bald eagle
	In ponderosa pine, large trees and snags used as roosts and perches were consumed in the high severity portions of the fire. Some large trees and snags in riparian habitat were consumed. Snags could be recruited in areas with moderate severity but are generally short-lived when fire-killed.

	Desert sucker, Sonora sucker, a mayfly, a caddisfly
	The area of the entire fire drains into either Oak Creek or West Fork of Oak Creek which are habitat for these species. About 46% of the fire has moderate to high burn severity from which ash and sediments would be transported into these streams.  Ash and sediments may kill macroinvertebrates) some of which are the food base for the fish, in addition to the two Forest Service sensitive species (a mayfly, a caddisfly).  Some of the riparian habitat within the fire perimeter is classified as moderate to high burn severity and riparian function and structure would be lost or modified in the short term.  This would be habitat for the mayfly and would provide shading and cover for the fish.

	Allen’s lappet-browed bat
	In ponderosa pine, most large trees and snags used as roosts were consumed in the high severity portions of the fire.  Although ponderosa pine snags would be recruited in other burn severity classes, few would be expected to have the slabs of loose peeling bark required by these bats. 

	Western red bat
	In ponderosa pine, some large to medium-sized Gambel oak were consumed especially in moderate to high severity burn areas.   This is considered a long term loss of roost sites because although oak will resprout readily after a fire, it will take many years for sprouts to grow into a size class suitable for roosting.  In riparian habitat, some large to medium-sized riparian trees were consumed especially in moderate to high severity burn areas.   This is considered a long term loss of roost sites because although riparian species would be expected to resprout after a fire, it will take years for sprouts to grow into a size class suitable for roosting.  



Potential Values at Risk

· Soil loss and potential for habitat recovery in habitat for Mexican spotted owls (Federally threatened), and five Forest Service sensitive species: northern goshawks, peregrine falcons, bald eagles, Allen’s lappet-browed bats, and western red bats.

· Riparian function and water quality in habitat for narrow-headed gartersnake (proposed threatened with proposed critical habitat), and six Forest Service sensitive species: desert sucker, Sonoran sucker, a mayfly, a caddisfly, and western red bat.  There is also a trout fishery.

Mexican spotted owl
All or part of twelve protected activity centers (PACs) for Mexican Spotted Owls (MSO) are within the fire perimeter in addition to 21,293 acres of MSO critical habitat within Upper Gila Mountain Recovery Unit 14. The owl was listed as threatened in 1993 (USDI Fish and Wildlife Service 1993) and Critical Habitat was designated in 2001 and again in 2004.  

About 18% of the PAC acreage experienced high soil burn severity and about 31% was classified as moderate soil burn severity (Table 4).  About 32% of PAC acreage was classified as low severity and about 5% as unburned (Table 5). 









Table 4:  High and moderate burn severity by slope in Mexican spotted owl habitat
	PACs
	Total PAC Acres
	PAC Acres within Fire Perimeter
	High severity acres
0-40 % slope
	High severity acres
>40 % slope
	Total high severity acres
	Moderate severity acres
0-40 % slope
	Moderate severity acres
>40 % slope
	Total moderate severity acres

	Banjo Bill
	633
	438
	38
	173
	211
	9
	90
	100

	Barney Springs
	633
	633
	20
	91
	111
	77
	166
	244

	Bridge
	638
	600
	16
	8
	24
	172
	42
	214

	Buckhead Point
	558
	557
	85
	173
	258
	28
	141
	169

	Casner Cabin
	611
	610
	2
	4
	6
	83
	80
	163

	Cave Springs
	789
	788
	82
	68
	150
	105
	130
	235

	East Buzzard
	593
	593
	12
	79
	91
	50
	239
	289

	Harding Point
	654
	653
	62
	55
	117
	122
	166
	288

	Loy Tank
	645
	640
	70
	50
	120
	190
	73
	263

	Sterling
	796
	609
	204
	111
	315
	118
	107
	225

	Upper West Fork
	658
	4
	0
	0
	0
	0
	0
	0

	West Buzzard Point
	601
	601
	3
	18
	21
	76
	133
	209

	Grand Total
	7,807
	6,728
	593
	831
	1,424
	1,031
	1,366
	2,398

	Total Percent of Total PAC Acres
	
	86.2%
	7.6%
	10.6%
	18.2%
	13.2%
	17.5%
	30.7%




Table 5:  Low and unburned burn severity by slope in Mexican spotted owl habitat
	Mexican spotted owl habitat
	Low severity acres
0-40% slope
	Low severity acres  >40 % slope
	Total low severity acres
	Unburned acres
0- 40% slope
	Unburned acres
>40 % slope
	Total Unburned acres

	Banjo Bill
	6
	96
	102
	1
	24
	25

	Barney Springs
	94
	165
	259
	6
	12
	19

	Bridge
	225
	118
	343
	11
	8
	19

	Buckhead Point
	12
	97
	109
	2
	20
	22

	Casner Cabin
	212
	199
	411
	12
	19
	30

	Cave Springs
	57
	212
	270
	14
	120
	134

	East Buzzard
	26
	150
	175
	3
	35
	38

	Harding Point
	49
	145
	194
	3
	52
	55

	Loy Tank
	205
	39
	244
	12
	1
	13

	Sterling
	38
	24
	62
	2
	5
	7

	Upper West Fork
	2
	0
	2
	2
	0
	2

	West Buzzard Point
	148
	190
	338
	8
	25
	33

	Grand Total
	1,075
	1,434
	2,509
	75
	322
	397

	Total Percent of Total PAC Acres
	13.8%
	18.4%
	32.1%
	1.0%
	4.1%
	5.1%



Table 6 shows the percentage of moderate and high severity burn within each PAC.  Buckhead Point, Sterling, East Buzzard Point, and Harding Point PACs had the highest percentages burned. 

Table 6:  Percent Moderate and High Soil Severity Burn in Individual PACs
	PAC Name
	Acres High Severity
	Acres Moderate Severity
	Total Acres Moderate and High Severity
	Total PAC Acres
	Percentage of PAC Moderate and High Severity

	Banjo Bill
	211
	100
	311
	633
	49

	Barney Springs
	111
	244
	355
	633
	56

	Bridge
	24
	214
	238
	638
	37

	Buckhead Point
	258
	169
	427
	558
	85

	Casner Cabin
	6
	163
	169
	611
	28

	Cave Springs
	150
	235
	385
	789
	49

	East Buzzard
	91
	289
	380
	593
	64

	Harding Point
	117
	288
	405
	654
	62

	Loy Tank
	120
	263
	383
	645
	59

	Sterling
	315
	225
	540
	796
	68

	Upper West Fork
	0
	0
	0
	658
	0

	West Buzzard Point
	21
	209
	230
	601
	38



Table 7:  High to Moderate Soil Burn Severity in Mexican Spotted Owl Critical Habitat
	Mexican Spotted Owl Critical Habitat
	Total Acres in Fire Perimeter
	High Severity Acres
	High Severity Acres
	Total High Severity Acres Within MSO Critical Habitat
	Moderate Severity Acres
	Moderate Severity Acres
	Total Moderate Severity Acres Within MSO Critical  Habitat

	
	
	0-40 % slope
	>40 % slope
	
	0-40 % slope
	>40 % slope
	

	Critical habitat
	21,293 
	1,668
	1,447
	3,114
	4,659
	2,376
	7,035



Table 8: Low and Unburned Severity in Mexican Spotted Owl Critical Habitat
	Low Severity Acres
	Low Severity Acres
	Total Low Severity Acres Within MSO Critical Habitat
	Unburned Acres
	Unburned Acres
	Total Unburned  Acres Within MSO Critical Habitat

	0-40 % slope
	>40 % slope
	
	0-40 % slope
	>40 % slope
	

	7,616
	2,328
	9,945
	713
	486
	1,199



Recommendations:  Mulch (certified weed free straw) and seed on moderate to high severity areas on slopes < 40% to mitigate soil loss and stabilize soils and enhance habitat recovery.  Conduct activities within the breeding season, even though all PACs are assumed occupied[footnoteRef:6].  If mulching and seeding occur outside the breeding season, soil loss and loss of soil productivity are likely to occur during the monsoons. U.S. Fish and Wildlife Service does not recommend seeding because some literature maintains that it has limited effectiveness, lack of local genetically compatible seed stock, and exotic contaminants are present in most seed mixes (Peppin et al. 2010, Dodsen et al. 2010, and Stella et al. 2010).  The BAER team recommended a seed mix of non-persistent barley, slender wheatgrass, little bluestem, and squirrel tail because this combination would germinate quickly, create hummocks to slow soil movement, would tolerate burned conditions (warm season and shade intolerant), and good for competing with cheatgrass.  Seeding is further discussed in the Botany Report (USDA Forest Service 2014d).  [6:  US Fish and Wildlife also recommends activities within the breeding season (Hedwall pers. comm). ] 

Northern goshawk
Table 9 and Table 10 show the acreage in the PFAs and dispersal PFA by burn severity.  There was about 25% combined moderate and high severity burn in the Barney Springs PFA, and about 19% in Casner Cabin. Fifty percent of the dispersal PFA was classified as moderate to high severity burn. 
Table 9:  High and moderate burn severity by slope in northern goshawk habitat
	Northern goshawk habitat
	PFA Acres (in fire perimeter)
	High severity acres
0-40 % slope
	High severity acres
>40 % slope
	Total high severity acres in PFA and dPFAs
	Moderate severity acres
0-40 % slope
	Moderate severity acres
>40 % slope
	Total moderate severity acres within PFA/dPFAs

	PFA Barney Springs 030402005
	763
	5
	2
	7
	159
	21
	180

	PFA Casner Cabin 030402003
	652
	2
	1
	3
	86
	35
	121

	PFA-D Dispersal23
	611
	62
	1
	63
	238
	6
	244

	Grand Total
	2,026
	69
	4
	72
	484
	62
	546




Table 10:  Low and unburned burn severity by slope in northern goshawk habitat
	Northern goshawk PFAs within Slide Fire
	Low severity acres 
0-40% slope
	Low severity acres  >40 % slope
	Total low severity acres within PFA/dPFAs
	Unburned acres 
0- 40% slope
	Unburned acres 
 >40 % slope slope
	Total Unburned acres within PFA/dPFAs

	PFA_Barney_Springs_030402005
	353
	51
	404
	169
	3
	172

	PFA_Casner_Cabin_030402003
	332
	169
	501
	17
	10
	27

	PFA-D_Dispersal23
	289
	4
	293
	12
	0
	12

	Grand Total
	973
	225
	1,198
	198
	12
	210



Recommendation:  Mulch (certified weed free straw) and seed on moderate to high severity areas on slopes < 40% to mitigate soil loss and stabilize soils and enhance habitat recovery.  Conduct activities within the breeding season, even though PFAs are assumed occupied.  If mulching and seeding occur outside the breeding season, soil loss and loss of soil productivity are likely to occur during the monsoons. The BAER team recommended a seed mix of non-persistent barley, slender wheatgrass, little bluestem, and squirrel tail because this combination would germinate quickly, create hummocks to slow soil movement, would tolerate burned conditions (warm season and shade intolerant), and would successfully compete with cheatgrass.  Seeding is further discussed in the Botany Report (USDA Forest Service 2014d). 
Peregrine falcon  
Peregrines nest on rugged cliff faces.  Their nests are called eyries.  The two eyries in the Slide Fire were not visited due to safety hazards however the burn severity map suggests that the eyries were not affected by the fire and occur in rugged terrain that may not burn readily (Figure 3).  The entire fire area, about 22,000 acres, is considered foraging habitat.   

[image: C:\Users\hgreen\Documents\SlideFire\peregrine.JPG]
Figure 5:  Burn severity surrounding peregrine eyries
Approximately 3,115 acres (14 percent) of the fire and foraging area was classified as high soil burn severity, 7,067 acres (32 percent) as moderate soil burn severity, 10,415 acres (48 percent) as low soil burn severity and 1,293 acres (6 percent) as unburned.
Recommendation:  Mulch (certified weed free straw) and seed on moderate to high severity areas on slopes < 40% to mitigate soil loss and stabilize soils and enhance habitat recovery for prey.  Conduct activities within the breeding season, even though eyries are assumed occupied.  If mulching and seeding occur outside the breeding season, soil loss and loss of soil productivity are likely to occur during the monsoons.
Bald eagle
There are no known bald eagle nests or roosts within the fire perimeter.  They utilize riparian forest trees for perches and large ponderosa pine trees for roosts and perches for an estimate of 2,024 acres of habitat in the fire perimeter.  There are about 244 acres of riparian forest habitat within the fire perimeter and about 1,780 acres of ponderosa pine habitat that would support large trees and snags.  I assumed that 10% of the 17,807 acres of ponderosa pine would represent large trees and snags because historic logging would have removed large trees which would also be offset by large trees that would not have been historically logged in wilderness.  

Recommendation:  In ponderosa pine and in uplands above riparian forest, mulch (certified weed free straw) and seed on moderate to high severity areas on slopes < 40% to mitigate soil loss and stabilize soils and enhance habitat recovery.  
Desert sucker, Sonora sucker, A Mayfly, A Caddisfly
There are 22.7 stream miles of habitat for these four species.  This includes about 6.6 miles along Oak Creek and 16.1 miles along the West Fork of Oak Creek. 
Flood waters would carry ash and sediments into connected drainages which ultimately could reach the two perennial streams.  Flooding and sediment delivery is influenced by the size, duration, and location of each storm.  Multiple precipitation events could occur in a day or within a week and within different drainages, each resulting in transport of ash. Ash changes the pH and oxygen levels of water and can kill fish and macroinvertebrates which are the food base for the gartersnake.  Flooding, landslides, and debris flows can alter stream channel characteristics, can cause debris dams which can subsequently breach and create a pulse flow, can scour drainages, and modify or remove riparian vegetation.  
Recommendation:  Mulch (certified weed free straw) and seed on moderate to high severity areas on slopes < 40% to mitigate soil loss, stabilize soils, and enhance habitat recovery, especially on sites which have a high potential to flood or have a debris flow and connect directly to perennial water.  The intent is to reduce sedimentation into connected waters. 
Allen’s lappet-browed bat
This bat roosts under loose exfoliating slabs of bark on large ponderosa pines and pine snags.  There are an estimated 1,780 acres of habitat in the Slide Fire. I assumed that 10% of the 17,807 acres of ponderosa pine would represent large trees and snags because historic logging would have removed large trees which would also be offset by large trees that would not have been historically logged in wilderness.  

Suitable roost trees are unlikely to occur in areas of high soil burn severity because the roosts would either be consumed or so severely scorched that loose exfoliating bark would have been burned.  Some roost trees could occur in areas with moderate burn severity if not too severely burned. Fire killed trees are relatively short-lived as snags however.  The most potential roosts would be in the low burned and unburned areas, approximately 11,708 acres. 

Recommendation:  Mulch (certified weed free straw) and seed on moderate severity areas on slopes < 40% to stabilize soils, and enhance retention of potential roost trees. 
Western red bat
Western red bats roost singly in deciduous trees which would occur in riparian forests and in Gambel oak in Ponderosa Pine.  There are about 244 acres of riparian forest habitat within the fire perimeter and 17,807 acres of ponderosa pine Gambel oak for a total estimated amount of habitat of 18,051 acres.
Recommendation: Mulch (certified weed free straw) and seed on moderate to high severity areas on slopes < 40% to mitigate soil loss and enhance habitat recovery, retention of oak and riparian trees.  
Narrow-headed gartersnake

This species is a Region 3 Forest Service Sensitive species and a proposed threatened species with proposed critical habitat.  Oak Creek and the West Fork of Oak Creek are one of the strongholds for this species, especially above Slide Rock and it has declining populations.  The species is impacted directly by fire in proposed critical habitat and indirectly by sediment and ash delivery into the connected streams.  Flooding and sediment delivery is influenced by the size, duration, and location of each storm.  Multiple precipitation events could occur in a day or within a week and within different drainages, each resulting in transport of ash. Ash changes the pH and oxygen levels of water and can kill fish and macroinvertebrates which are the food base for the gartersnake.  Flooding, landslides, and debris flows can alter stream channel characteristics, can cause debris dams which can subsequently breach, can scour drainages, and modify or remove riparian vegetation.  
There are 1,771 acres of proposed critical habitat in the Slide Fire. We estimated that nearly 850 acres of proposed critical habitat lie within moderate to high soil burn severity (Table 11). 
Table 11: Soil Burn Severity in Narrow-headed Gartersnake Proposed Critical Habitat
	Proposed critical habitat units in the Verde River Subbasin
	Acres Unburned 
	Acres Low Soil Burn Severity
	Acres Moderate Soil Burn Severity
	Acres High Soil Burn Severity
	Total Acres

	Oak Creek
	13
	66
	71.3
	71.1
	221.3

	West Fork Oak Creek
	208.9
	634.9
	558
	147.9
	1,549.6

	Grand Total
	221.8
	700.9
	629.3
	219
	1,771



Approximately 3,115 acres (14 percent) of the fire was classified as high soil burn severity, 7,067 acres (32 percent) as moderate soil burn severity, 10,415 acres (48 percent) as low soil burn severity and 1,293 acres (6 percent) as unburned.  All of the watersheds in the fire drain into Oak Creek and West Fork.  To estimate the erosion hazard into connected waters, the following is taken from the Soil Report (USDA Forest Service 2014a).  
“Soil erosion hazard rating acreages were calculated for each watershed, with soil burn severity as a factor in the rating. Ratings therefore represent a summary of soil erodibility as affected by slope gradient, effective ground cover (or lack thereof), and reduced infiltration due to water repellency.  Field observations, information from the Terrestrial Ecosystem Survey (TES) of the Coconino National Forest, and GIS analyses were used to determine erosion hazard acreages. A summary of erosion hazard ratings within watersheds is presented in Table 12 and acreages for slope classes are presented in Table 13.   There are 43 percent soils within the Slide Fire that have slight erosion hazard rating, 19 percent have moderate erosion hazard ratings, and 38 percent have severe erosion hazard ratings”. 

Table 12. Soil Erosion Hazard Rating Acreages for Subwatersheds within the Slide Fire.
	Watershed
	Slight
	Moderate
	Severe

	Dry Creek (150602020507)
	104
	133
	0

	Fry Canyon (150602020501)
	621
	49
	0

	Pumphouse Wash (150602020502)
	486
	317
	92

	Upper Oak Creek (150602020505)
	1,241
	738
	1,678

	West Fork Oak Creek (150602020503)
	6,926
	3,015
	6,493




Table 13. Slope classes and associated acreages by subwatersheds.
	Watershed
	Acreages by Slope Class (Percent) 

	
	0-15
	15-40
	40>

	Dry Creek (150602020507)
	124.5
	104.6
	8.5

	Fry Canyon (150602020501)
	553.5
	101.5
	14.5

	Pumphouse Wash (150602020502)
	381.0
	423.0
	91.1

	Upper Oak Creek (150602020505)
	1,118.8
	1,125.0
	1,414.2

	West Fork Oak Creek (150602020503)
	6,731.3
	4,584.8
	5,118.2




“Accelerated runoff, soil erosion, and sediment delivery to streamcourses are to be expected within the burned perimeter, depending on burn severity, slope, soil properties, and duration and intensity of precipitation that occurs within a given watershed.  Rockfall and debris flows are also likely to occur. “

“As previously noted, actual sediment yield outcomes will depend upon what the summer monsoon pattern brings in terms of rainfall duration, intensity, and storm locations within the burned area. … sediment delivery rates are expected to decline each year as revegetation and natural recovery processes occur. Soil erosion will decrease soil productivity through nutrient losses which prolong vegetative recovery, depending upon the amount of soil loss.”

“Accelerated soil erosion and associated sediment delivery to ephemeral streamcourses will not be as pronounced in areas subjected to low burn severity. These areas are expected to recover more rapidly than moderate and high burn severity areas. Improved effective ground cover (vegetation and litter) is anticipated on low burn severity areas within one year.”

“Onsite fire effects include physical, chemical, and biological changes to soils caused directly by soil heating that damages soil structure, porosity, aggregate stability, and oxidizes nutrients.  Indirect effects include subsequent soil loss through wind and water erosion caused by loss of soil cover and decreased soil productivity and hydrologic function. Loss of soil nutrients and microbial communities is likely in some areas, with these adverse effects increasing by soil burn severity class. These conditions result in short- to long-term degradation of ecosystem function, depending on site specific effects. However, most soils in fire affected areas exhibit low burn severity. Therefore, effects of the fire upon soil productivity and hydrologic function are considered within the ‘normal’ range of variability at most locations within the fire perimeter. Soils that were burned at moderate and high burn severity have been identified as Values at Risk since the potential loss in soil productivity that would occur on these soils if eroded would be substantial. “ 
 
“Eroded soils are expected to be deposited in low gradient toe slopes where the angle of repose is reduced in relation to upslope locations, in low gradient valley bottoms and associated riparian areas, and in low gradient stream channels as increased bedload resulting in channel aggradation. “

“Offsite effects of soil erosion include sediment-laden runoff with higher bulk densities and therefore greater destructive power than clean water in the stream system. Eroded soil will provide the materials for damaging debris flows and stream bulking, which represent widespread hazards to areas downstream of the fire affected area.  This increases the potential for adverse effects (such as) …. degradation of stream water quality, and most importantly risk to human life, safety and property from potential flooding and debris flows.” 

“Given the slope, soil properties (fine sandy loam to loam textures, moderately deep to deep profiles, with moderate to high percentages of gravel, rock and cobble), and geological characteristics (alluviation, and colluviation), response actions are recommended to mitigate soil erosion and debris flow initiation. The summary determination is AN EMERGENCY EXISTS for soils resources that burned at moderate and high severity on slopes ranging from 15 to 40 percent where treatments have the potential to be effective at reducing soil erosion and mitigating potential for debris flow initiation within the burned area due to the dominantly severe erosion rates within the fire perimeter.  Fire-induced changes to vegetative communities are expected to represent a long-term threat to the soils resource in the absence of response actions to improve root development of native grasses and forbs that improve the nutrient status of soils burned at moderate and high severities.”

Recommendations: Mulch (certified weed free straw) and seed on moderate to high severity areas on slopes < 40% to mitigate soil loss and enhance habitat recovery.  Stabilize slopes and infrastructure to minimized post-fire effects.  
Trout fishery
Oak Creek is a catch and release trout fishery.  Trout would be negatively affected by post-fire input of ash and sediments into the creek because the resulting change in water quality and water chemistry could kill or harm the prey base or the trout.  According to Chris Cantrell, Arizona Game and Fish Department, there are 34,236 angler days per year associated with this fishery.   Its estimated that each angler day is worth about $2.68 resulting in about a $92,000./year loss if the trout fishery is lost (H.Green pers.comm). 
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Appendix A – Species list
Coconino National Forest - Threatened, Endangered, Proposed and Candidate Species on Coconino NF Affected by Slide Fire and Proposed Treatments – 
May 8, 2014 List  

	Taxa
	Common Name
	Scientific Name
	Federal Status
	Critical Habitat
	Recovery Plan
	Districts Known or Potential
	Habitat within Slide Fire or immediately adjacent?

	Amphib
	Chiricahua Leopard Frog
	Lithobates chiracahuensis
	T
	Yes
	Yes
	MR, RR
	N

	Bird (5)
	California Condor*
	Gymnogyps californianus
	EXPN
	No
	Yes
	F
	N

	
	Mexican Spotted Owl
	Strix occidentalis lucida
	T
	Yes
	Yes
	All
	Y

	
	Southwestern Willow Flycatcher
	Empidonax traillii extimus
	E
	Yes
	Yes
	MR, RR
	N

	
	Western Yellow-billed Cuckoo
	Coccyzus americanus occidentalis
	PT
	Not proposed
	n/a
	RR
	N

	
	Yuma Clapper Rail*
	Rallus longirostris yumanensis
	E
	No
	Yes
	RR
	N

	Fish (10)
	Colorado Pikeminnow
	Ptychocheilus lucius
	EXPN
	No (Yes elsewhere)
	Yes
	RR
	N

	
	Gila Chub
	Gila intermedia
	E
	Yes
	No
	RR
	?

	
	Gila Topminnow
	Poeciliopsis occidentalis occidentalis
	E
	No
	Yes
	RR
	N?

	
	Gila Trout*
	Oncorhynchus gilae gilae
	T
	No
	Yes
	RR
	?

	
	Headwater Chub
	Gila nigra
	C
	n/a
	n/a
	RR, MR
	Y?

	
	Little Colorado Spinedace
	Lepidomeda vittata
	T
	Yes
	Yes
	MR
	N

	
	Loach Minnow
	Tiaroga cobitis
	E
	 Yes 
	Yes
	RR
	N BUT

	
	Razorback Sucker
	Xyrauchen texanus
	E
	Yes
	Yes
	RR
	N

	
	Roundtail Chub
	Gila robusta
	C
	n/a
	n/a
	RR
	N

	
	Spikedace
	Meda fulgida
	E
	 Yes 
	Yes
	MR, RR
	N

	Mammal (2)
	Black-footed Ferret*
	Mustela nigripes
	E
	No
	Yes
	F, MR
	N

	
	Mexican Gray Wolf*
	Canis lupus
	EXPN
	No
	Yes
	F, MR
	N

	Plant (2)
	Arizona Cliffrose
	Purshia subintegra
	E
	No
	Yes
	RR
	N

	
	San Francisco Peaks Ragwort 
	Packera franciscana
	T
	Yes
	Yes
	F
	N

	Reptile (2)
	Narrow-headed Gartersnake
	Thamnophis rufipunctatus
	PT
	Proposed
	n/a
	RR
	Y

	
	Northern Mexican Gartersnake
	Thamnophis eques megalops
	PT
	Proposed
	n/a
	MR, RR
	N

	Snail (1)
	Page Springsnail
	Pyrgulopsis morrisoni
	C
	n/a
	n/a
	RR
	N
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Executive Summary:
The Slide Fire affected six Region 3 sensitive plant species and burned into an established Research Natural Area (Oak Creek Research Natural Area).  The Research Natural Area (RNA) is within the Red Rock Secret Mountain Wilderness. 
· All of the sensitive plant species within the fire perimeter were likely affected by the fire or may be affected by post-fire secondary fire effects such as flooding and landslides. BAER direction does not provide any specific mitigation for sensitive species, focusing only on Threatened or Endangered species so no mitigations are proposed for Region 3 sensitive plant species.
· Treatments within the RNA and/or wilderness should be limited and only considered when needed to protect critical values such as soil productivity or threatened or endangered species including several Mexican spotted owls.  
· Several historic orchards are within the fire perimeter. These contain “heritage” fruit varieties that are no longer commercially available. I am proposing no treatments specifically to address the effects to the orchards themselves.  Mitigations to the sites will be addressed in the Heritage section. 
· A recommended seed mix developed by the BAER team is included in this report. It contains cultivated barley and three perennial grasses that are native to the area. 
Introduction:
The Slide Fire was reported on May 20, 2014 near the Slide Rock area of the Coconino National Forest and burned 21,227acres before it was contained on June 5, 2014. 
Resources addressed
The fire burned into the Red Rock Secret Mountain Wilderness (48, 400 acres) and the Oak Creek Canyon Research Natural Area. 
No threatened or endangered plant species occur within the fire perimeter but there are known occurrences of five Region 3 sensitive plant species within the fire.  These include Arizona bugbane (Actaea arizonica), cliff fleabane (Erigeron saxatilis), alcove bog orchid (Platanthera zothecina), Flagstaff pennyroyal (Hedeoma diffusa) and Ertter’s rose (Rosa woodsii var. ertterae).  There is a Conservation Strategy in draft revision for Arizona bugbane and a Management Plan for Flagstaff pennyroyal.  
Historic fruit orchards associated with old homesteads are an additional feature we considered during our assessment. Many of these old orchards contain heritage fruit varieties. The trees are general old and sometimes in poor health and may suffer from a variety of diseases. One such orchard is and old orchard at the mouth of West Fork associated with the Mayhew Lodge. The Friends of the Forest, a local volunteer group has cared for the orchard for many years.  During the fire, the trees were lined by fire crews and the area was fired out to stop the advancement of the fire.  Two trees were subsequently killed by the fire and the understory vegetation was consumed by fire. We do not know if there will be wildfire effects to the trees.  At an additional site, the Thomas Homestead, one apple tree was felled during suppression and three were damaged as reported by Travis Bone, BAER Team archaeologist. 
Field Visits
I worked with Heather Green (BAER Team Wildlife Biologist) during the field visits.  The emphasis of the first two days of field work was to assist the team in validating burn severity and assessing hydrophobic tendencies of the soil.  We focused mostly on the ponderosa pine type of the forest and did not see any Region 3 sensitive plants or habitat during our in first two days.  Later in the field survey, we were able to visit several sites of previously documented Region 3 sensitive plants.  These included:
· A level 1 monitoring site for Arizona bugbane. The Upper West Fork Level 1 monitoring site is located in the upper portion of the West Fork drainage along Forest Road 231, just inside the fire perimeter.  
· A known site of Flagstaff pennyroyal was observed from the area of East Buzzard Point at the terminus of Forest Road 792. The site was on a rocky outcrop and was unaffected by the fire.
· We observed two known groups of Arizona bugbane and the alcove bog orchid location in the Lower West Fork drainage. 
· We hiked through the historic orchard at lower West Fork and Troutdale. Burning had occurred in the West Fork Orchard but there were no fire impacts to the Troutdale Orchard.
Research Natural Area
The Oak Creek RNA is a willow/box elder community that includes a riparian area and the adjacent canyon walls. Established in 1931, it is an example of a biologically diverse creek-side area and is a paleo-botanical area containing plant species surviving from the last ice age (CNF Plan, 1987, new page 196-1).  It is located in the West Fork of Oak Creek and within the Red Rock Secret Mountain Wilderness and is about 1854 acres in size.  Forest Service Manual (FSM) 4000, chapter 4060 provides direction for the establishment and acceptable uses of Research Natural Areas.  Section 4063 of the manual states that RNAs are principally for non-manipulative research, observation and study and may also assist in implementing provisions of other acts such as the Endangered Species Act (1973) and to help facilitate the monitoring provisions of the National Forest Management Act (1976). The RNA provides habitat for the Federally threatened Mexican spotted owl, the proposed narrow-headed gartersnake,  and Arizona bugbane, a Region 3 Forest Service sensitive species.  
Effects from wildfire
Fifty-four percent of the RNA experienced moderate to high severity fire.  High burn severity shows up as red in Figure 1; moderate burn severity is yellow; low burn severity is teal; and unburned is white.  Arizona bugbane is one of the paleo-botanical resources that occurs in the RNA and there are several occurrences of it there (see discussion below). Table 1 shows percentage of burn severity within the RNA. 
Table 1. Severity Classes in the Oak Creek RNA
	Severity Class
	Percent

	Unburned
	13.7

	Low
	33

	Moderate
	30.7

	High
	22.6

	Total
	100



Effects to fauna are discussed in the Wildlife Report.  Based on the severity mapping, habitat components such as the mixed conifer overstory and deciduous trees such as rocky mountain maple and box elder were likely damaged by the fire. 
Figure 1. Fire severity within Oak Creek Canyon RNA.
[image: ]
Discussion
The amount of moderate to high severity within the RNA affected the components of the habitat but due to safety concerns we were unable to completely evaluate the effects during the field visit and instead utilized the Burned Area Reflectance Classification (BARC) map.  A future field visit would assist with post-fire effects to the RNA.  
The RNA will likely experience post-fire flooding due to its location in the West Fork of Oak Creek drainage but I am not proposing treatments in the RNA. Treatments in the area could be in conflict with manual direction for wilderness areas. 
Region 3 Sensitive species
Arizona bugbane
Arizona bugbane is an endemic species and a Region 3 sensitive species known only from northern Arizona. It is a perennial species that occurs in moist, shady canyon slopes or bottoms associated with mixed conifer overstory with deciduous trees and shrubs such as rocky mountain maple (Acer glabrum), big tooth maple (Acer grandidentatum), box elder (Acer negundo) and red osier dogwood (Cornus stolonifera). The understory vegetation community is diverse and may vary with site. The entire range of Arizona bugbane is confined to Coconino, Kaibab and Tonto National Forests.  Habitat components such as perennial or ephemeral streams, cool air in drainages and the habitat components described above are essential components for the species (USDA Forest Service 1995). Potential natural vegetation types within the fire supporting Arizona bugbane include mixed conifer frequent fire, gallery coniferous forest and montane willow riparian forest. Topography such as cliffs and canyon slopes are also important habitat components for providing shade for certain populations.
Arizona bugbane may regenerate from seeds or underground rhizomes.  The mode of regeneration may be important in the post fire environment.  Arizona bugbane is likely a geophyte.  Plants that are geophytes regenerate after fire through sprouting of underground rhizomes (Pyke et al 2010). Regeneration may occur on some sites from underground if the underground portions survived the fire.  The effects on individual locations within the fire perimeter may be dependent on the severity of the fire at each site.
The past effects of fire on the populations on the Coconino NF are limited to the 2003 Fry Fire.  On a field visit in 2004, we observed Arizona bugbane growing along the canyon bottom. 
Floods are natural events in Arizona bugbane habitat. In 1993, a flood event resulting from rain on snow in the Oak Creek watershed eliminated two terraces containing Arizona bugbane.  Flooding may also remove some of the overstory trees and redistribute habitat components such as soil (USDA Forest Service 1995). Peak flows in moderate to high burn severities are expected to increase by 2 to 4 times the normal magnitude of run-off.  Habitat components such as conifer overstory trees that provided shade were likely killed in the fire.  Riparian overstory may be damaged or killed as well but could recover more rapidly than conifers. 
Effects
The level 1 transect site was heavily impacted by the wildfire. We observed numerous large logs and rocks in the general area of the transect and fire severity appeared high on the site. We were unable to locate the starting points or ending points of the transect on the ground and could not find any Arizona bugbane plants on the site. We plan to revisit the site later in the summer if it is safe to do so.

Figure 2. Arizona bugbane level 1 transect site at Upper West Fork. Photo taken June 3, 2014.
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We tried to observe the Maple Spring and West Buzzard populations.  These sites are in deep drainages and must be accessed from the ridges above. We went to the area on June 4, before the fire was contained and could not determine the severity of the fire effects or whether the fire was actively burning below, so chose not to hike into the area. Based on burn severity mapping, the area containing the West Buzzard population burned at low severity.  The Maple Spring site burned mostly moderate to severe. This will result in higher risk of flooding, landslides and soil movement in the area. 
We visited the Lower West Fork area on June 5.  The Arizona bugbane in Lower West Fork occurs as scattered groups of one to several plants along the creek or along the trail and generally not in large groups. We were able to find two groups with vegetative plants. These were unburned but may be impacted in post-fire flooding. 
Figure 3. Arizona bugbane in Lower West Fork, June 5, 2014.
[image: ]
Based on data available in GIS, 117 acres containing Arizona bugbane were affected by the fire. Based on this data, most of the populations experienced low to moderate severity fire. Only a minor portion was affected by high severity. 
Table 2. Fire severity in documented Arizona bugbane populations
	Severity
	Acres
	Percent severity in AZ bugbane

	unburned
	14.16
	12

	low
	80.57
	68

	moderate
	22.13
	18

	high
	0.32
	0.25


Discussion
We observed high burn severity in Arizona bugbane habitat in the Upper West Fork area. Based on our observations, we are assuming that other populations especially in high severity burn areas were similarly affected.  Some areas that previously contained suitable habitat for Arizona bugbane may be unsuitable in the near future due to the effects of the fire. 
Flooding will likely occur in one or more drainages containing Arizona bugbane and some groups may be impacted during flooding (see BAER hydrology report). Immediate effects of the fire and potential post-fire flooding are the loss or reduction in size several of the known groups of Arizona bugbane in the West Fork drainage and associated side canyons within the fire area.  The plant may regenerate on some of these sites or in other previously unoccupied areas either from seeds or rhizomes in the future. Survey and monitoring at some time in the future is needed to determine the effects of the primary and secondary fire effects as well as the post-fire distribution of the species. 
I am not proposing any treatments to specifically mitigate post-fire impacts to Arizona bugbane. Treatment options are limited by RNA and wilderness direction.  While immediate effects to Arizona bugbane are expected, the species is expected to survive and recover in the long-term. 
Flagstaff pennyroyal
Flagstaff pennyroyal is an endemic species and a Region 3 sensitive species known only from northern Arizona. It grows on dolomitic limestone slabs or on soils derived from the slabs.  The range of the species includes the Coconino and Kaibab National Forests. Most populations of Flagstaff pennyroyal are closer to Flagstaff, in areas such as Lake Mary and Skunk Canyon.  Occurrences of Flagstaff pennyroyal within the Slide Fire are in upland areas generally near the canyon rim.  The potential natural vegetation is mostly ponderosa pine forest. 
Figure 4. Flagstaff pennyroyal on East Buzzard Ridge. Plants are on narrow ledge below. Photo taken June 4, 2014.
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There are two permanent monitoring points established by Boucher in 1984, which have been visited periodically since their establishment. One of these points is near Crater Tank and was not visited during the last monitoring effort in 2010.  The point is near the canyon edge overlooking Sycamore Wilderness.  It was abandoned because the trail to it has eroded making passage unsafe. Despite this, a campfire had been built on the point evidenced by a fire ring and charcoal on the site.  The second point is on Harding Point which experienced moderate burn severity.  The area is on the edge of the Red Rock Secret Mountain Wilderness. Additional large populations of Flagstaff pennyroyal have been documented within the wilderness area. 
Effects
The effects to Flagstaff pennyroyal in the wilderness area are largely unknown. We were not able to observe any of those populations, nor were we able to re-locate and monitor the permanent transects.  We re-located an occurrence on East Buzzard Ridge. The location is on a bench below the terminus of the point and can be observed with binoculars from above. The location was unaffected by the fire but we did hear a landslide in the canyon below while at the location.  
Discussion
Landslides may affect several species including Flagstaff pennyroyal by damaging or removing habitat.  Some flooding damage may occur to populations in the canyon bottom.  BAER treatments to mitigate post-fire flooding and landslides may benefit Flagstaff pennyroyal.  However, treatment options on canyon bottoms and  steep slopes are limited because these treatments are not likely to be effective due to flooding and erosion. Therefore, I am not proposing any treatments specifically to benefit Flagstaff pennyroyal. 
Alcove Bog Orchid
The Alcove bog orchid is a Region 3 sensitive species and occurs in the West Fork drainage. It is a regional endemic. Its range includes portions of Utah and Arizona. The habitat is described as “hanging garden” communities on moist to wet, dripping sandstone cliffs and ledges, occasionally springy sites, riparian meadows (Sheviak 2002). The potential natural vegetation is mostly montane willow riparian forest.
There are five recorded collections in the SEINet database for alcove bog orchid.  We observed one population of alcove bog orchid in an unburned area near the mouth of West Fork.  Alcove bog orchid has not been inventoried on the forest.  
Effects
All of the recorded locations of alcove bog orchid are in moderate burn severity areas.  The plants or habitat may have been killed or damaged in the fire but we were unable to determine the site specific status of the locations. 
Discussion
The areas containing alcove bog orchid will be subject to post-fire flooding. The locations are in the Oak Creek Canyon RNA. Treatments in the area could be in conflict with manual direction for wilderness areas. The remaining site that we observed in the mouth of West Fork is in an unburned area.  Some of the plants at the site may be lost in flooding but others are higher up in the rocky alcove and may persist during flooding. I am not proposing any treatments to benefit Alcove bog orchid.
Bebb’s willow
There are several occurrences in the upper portions of West Fork with the fire perimeter and occur in various levels of severity.  These locations are generally in the wilderness area where treatment options are limited. Bebb’s willow is typically top-killed by fire but regenerates from below ground sprouting. Grazing animals may eat the above ground portions after regeneration.  
Effects
The effects to Bebb’s willow in the wilderness area are largely unknown. We were not able to observe any of those populations.
Discussion
Flooding may affect several species including Bebb’s willow by damaging or removing habitat and existing plants.  Some flooding damage may occur to populations in the canyon bottom.  Mitigations for flooding and landslides may benefit Bebb’s willows.  However, treatment options on canyon bottoms and slopes are limited due to the presence of wilderness. Therefore, I am not proposing any treatments specifically to benefit Bebb’s willow. 
Ertter’s Rose
Ertter’s rose is a recently described taxon (Lewis and Ertter, 2010).  Its entire range is limited to the West Fork of Oak Creek and Oak Creek Canyon. No Forest Service surveyors have searched for Ertter’s rose because it was recently added to the Region 3 Forest Service sensitive species list.  Data were taken from SEINet. One collection was made in an area near the edge of moderate severity burn. Some of the occurrences are in interior chaparral vegetation. 
Effects
The effects of Ertter’s rose from the fire are unknown. We were unable to locate any groups of it during survey. The parent taxon Rosa woodsii is top killed and has a shallow root crown that may be killed by fire (Hauser 2006).  
Discussion
Flooding and landslides may affect Ertter’s rose by damaging or removing habitat and existing plants.  Surveys are needed to determine the distribution of Ertter’s rose in the area. Survey in the fire area may be limited for several years by safety concerns in the fire.  I am not proposing any treatments specifically to benefit Ertter’s rose.
Cliff fleabane
The total range of cliff fleabane is northern Arizona.  Its habitat is sheer canyon walls, moist north-facing slopes, steep solid rock and bedrock outcrops (Arizona Game and Fish Department, 2003). There are five occurrences in the fire perimeter. Two of these are in low severity burn, two in moderate and one in a high severity area.  We were unable to visit any of these sites during the field portion of this assessment.
Effects
The effects of fire on cliff fleabane are unknown.  
Discussion
Areas containing cliff fleabane may be subject to landslides. Secondary fire effects such as flooding are unlikely to affect cliff fleabane.  I am not proposing any treatments specifically to benefit cliff fleabane.
Historic orchards
Historic orchards are generally not addressed as a botanical feature. However, it is addressed here because of a special interest because forest volunteers have cared for one of them for many years. It contains several “heritage” varieties such as Arkansas black and yellow bellflower.  Some heritage varieties are no longer commercially available.  These orchards are associated with archaeological sites and will be mitigated with the sites as needed.  
Seeding/mulching
The following seed mix is being proposed for use seeding the high and moderate severity areas of the fire. We are proposing seeding about 3462 acres of the fire in conjunction with mulching during the first phase followed by an additional 982 acres during phase 2 depending on the timing of the monsoons.  Isolated polygons ten acres or less in size that are surrounded by low severity fire will not be considered for mulching and seeding. The purpose of these treatments is to mitigate fire effects to values at risk such as life, property, infrastructure, soil productivity and threatened or endangered species.  These risks were identified and prioritized by the BAER Team using the BAER Risk Evaluation and Emergency Determination as described in FSM interim directive 2523.1 (Steinke, 2014).  
This seed mix meets the BAER directive 6040 and is consistent with FSM 2070.3 policy. Part 3 states that select non-native plants may be used on an interim basis if they do not displace native species or offer serious long-term competition to the recovery of endemic species and are designed to aid in the re-establishment of native plant communities. 
Proposed mix
The seed mix must be certified weed free.  The seeding rate is 31 seeds/sq. foot (approximately 27 pounds per acre).
Table 3. Seed Mix for Slide Fire.
	Common name
	Scientific Name
	Seeds/sq. foot
	Pounds/acre

	Barley
	Hordeum vulgare
	6
	21

	Slender wheatgrass
	Elymus trachycaulus
	10
	2.7

	Little bluestem
	Schizachyrium scoparium
	5
	0.8

	Squirreltail
	Elymus elymoides
	10
	2.3
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SLIDE FIRE, FLAGSTAFF RANGER DISTRICT, 
COCONINO NATIONAL FOREST
BURNED AREA EMERGENCY RESPONSE (BAER)
[bookmark: _Toc391371077]NOXIOUS/INVASIVE SPECIES ASSESSMENT

I. Executive Summary
Based on an assessment of risk of noxious/invasive species populations on native plant communities, monitoring of tree of heaven, cheatgrass and Dalmatian toadflax, followed by treatments approved by the Final Environmental Impact Statement for Integrated Treatment of Noxious or Invasive Weeds, Coconino, Kaibab, and Prescott National Forest (2005) have been recommended.  Populations of the above listed species are located in and/or adjacent to all burn severity classes and total about 50 acres, deeming it necessary to take emergency actions in order to protect these ecosystems.
II. Introduction
The 2014 Slide fire totaled about 22,000 acres affecting both native and non-native vegetation within the fire perimeter.  Ten noxious or invasive plant species have known populations within the fire perimeter, and these populations are likely to be affected by the Slide fire, suppression activities and erosion control activities.  Each species falls within one of three classes as designated by the Region 3 Invasive Weed Classification System (Table 1):
Class A – Invasive weeds that are non-native (exotic) to the state and pose a serious threat to agricultural crop, rangeland, native plants (endangered, threatened or sensitive) and other natural and economic resources in the ecosystem.  Class A plants receive highest priority for management and control.  Management emphasis is complete eradication.
Class B – Invasive weeds that are non-native species.  Class B plants receive second highest priority for management and control.  Management emphasis is to contain the spread, decrease population size and eventually eliminate the infestation when cost effective measures are available.
Class C – Other invasive weeds (exotic or native).  This classification receives the lowest priority for management and control.  Management emphasis is to contain the spread to present population size or decrease the population size.


III. Table 1:  Invasive species with known populations within the perimeter of the 2014 Slide fire.
	Species (Common Name)
	Species (Scientific Name)
	Region 3 Class
	Management Objective

	bull thistle
	Cirsium vulgare
	B
	Contain/Control

	burningbush
	Kochia scoparia
	B
	Inventory/Control

	cheatgrass
	Bromus tectorum
	B
	Contain

	common mullein
	Verbascum Thapsus
	C
	Contain

	Dalmatian toadflax
	Linaria dalmatica
	B
	Contain/Control

	diffuse knapweed
	Centaurea diffusa
	B
	Contain/Control

	Johnson grass
	Sorghum halepense
	C
	Inventory/Control

	prickly Russian thistle
	Salsola tragus
	C
	Inventory/Control

	three of heaven
	Ailanthus altissima
	A
	Eradicate/Control

	yellow sweetclover
	Melilotus officinalis
	C
	Inventory/Control


  
According to the Coconino National Forest GIS database, invasive species listed in Table 1 total about 320 acres (1%) within the perimeter of the 2014 Slide fire, and are found in all burn severity classes (Table 2 and Location Map below).  Due to Region 3 classification, acreage, District concern and response to wildfire, only Dalmatian toadflax, cheatgrass and tree of heaven will be discussed in this report.
All GIS locations and acreages for noxious/invasive species populations are approximate.
IV. Table 2:  Acres of known populations of noxious/invasive plant species within the 2014 Slide Fire   
	Species
(Common Name)
	Acres in Unburned areas
	% Population in Unburned areas
	Acres in Low Burn Severity
	% Population in Low Burn Severity
	Acres in Moderate Burn Severity
	% Population in Moderate Burn Severity
	Acres in High Burn Severity
	% Population in High Burn Severity
	Total Acres

	bull thistle
	2.47
	11
	16
	72
	3
	14
	<0.5
	1
	22

	Burningbush*
	6
	10
	40
	65
	14
	23
	2
	3
	62

	cheatgrass
	0.14
	11
	0.78
	60
	0.35
	27
	0.07
	5
	1.3

	common mullein
	0.1
	14
	0.6
	86
	0
	0
	0
	0
	0.7

	Dalmatian toadflax
	5.5
	12
	38
	81
	2.7
	6
	0.1
	0.2
	47

	diffuse knapweed*
	6
	10
	40
	65
	14
	23
	2
	3
	62

	Johnson grass*
	6
	10
	40
	65
	14
	23
	2
	3
	62

	prickly Russian thistle*
	6
	10
	40
	65
	14
	23
	2
	3
	62

	tree of heaven
	0.1
	4
	1.7
	74
	0.5
	22
	0
	0
	2.3

	yellow sweetclover
	<0.05
	6
	0.14
	94
	0
	0
	0
	0
	0.15

	Total
	32.36
	
	217.22
	
	62.55
	
	8.17
	
	321.4


*These species may have been inaccurately inventoried.
V. Discussion 
During site visits to Slide fire burn areas on June 1-June 4, 2014, both cheatgrass and Dalmatian toadflax were observed in unburned and low burn severity areas adjacent to burned and disturbed areas.  Individual Dalmatian toadflax plants were scattered throughout unburned and low burn severity areas, and cheatgrass populations were observed growing in small monocultures in the same areas.  Cheatgrass populations observed in the field indicate that the Coconino National Forest Invasive Species inventory has underestimated the population size within the Slide fire boundary.  No tree of heaven individuals were observed during the site visits.
All three species are successful at re-establishing after wildfire and wildfire suppression activities (e.g. creation of dozer and hand line).  Due to the removal of native perennial grasses and other native vegetation through fire and suppression activities, these invasive species may be able to establish in burned and otherwise disturbed areas subsequently out-competing the native vegetation.  It is possible that invasive species populations may spread as seeds in the soil are moved off-site with sedimentation and debris flow during precipitation events.
VI. Recommendations
· Early detection, rapid response (EDRR) – monitor areas where new noxious/invasive species populations are likely to establish (i.e. burn areas adjacent to known populations, dozer/hand line, administrative sites, downstream sites where seed may be carried through sedimentation and debris flow).  If new populations are detected begin controlling new populations using methods approved in the Final Environmental Impact Statement for Integrated Treatment of Noxious or Invasive Weeds, Coconino, Kaibab, and Prescott National Forest (2005)  
· Research and possibly use of Pyrenophora semeniperda (black fingers of death) for control of cheatgrass populations.
· Continue current treatment of tree of heaven and Dalmatian toadflax populations.
· Seed moderate and high burn severity areas where possible with native perennial cool and warm season grass species.  Native perennial cool season grass species will germinate around the same time as cheatgrass and may be successful at out-competing this invasive annual grass.
· Use weed free straw and mulch using standards of certification established by the Arizona Crop Improvement Association (ACIA).
· During erosion control treatments use Best Management Practices for weed control and prevention from the Final Environmental Impact Statement for Integrated Treatment of Noxious or Invasive Weeds, Coconino, Kaibab, and Prescott National Forest (2005)
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SUMMARY

A total of 19 eligible or unevaluated archaeological sites are within or immediately adjacent to the Slide Fire.  Twelve sites were documented for their post-fire condition.  All of the sites above the Mogollon Rim were determined to be at low risk of post-fire effects.  Six sites within Oak Creek Canyon are being recommended for emergency treatments to mitigate potential adverse effects to significant cultural resources.  Mulching and seeding is recommended onsite and/or on slopes above the historic irrigation ditches at sites AR-03-04-06-59, -859, and -1318.  Straw bale erosion control barriers are recommended to be installed immediately upslope of sites 06-849 and 061317.  Hand seeding of site 06-1317 and aerial seeding and mulching of the slopes around this site are also recommended.  Finally, it is recommended to clean out all erosion control features to preserve the trail tread of site 06-425.  Monitoring and maintenance of all treatments is recommended during and immediately after the 2014 monsoon season.  

Several local tribes have identified Oak Creek Canyon as a place of traditional cultural importance.  This property has not been formally evaluated, but it has been informally recognized as a TCP (Traditional Cultural Property) by the Forest for management purposes.  Consultation regarding the proposed BAER treatments is ongoing, but no concerns have been voiced by any tribes regarding suppression or BAER activities at this time.


I.  Resource Condition Assessment

A.  Objectives
Cultural resources or historic properties consist of archaeological sites, historic buildings, and traditional cultural properties.  Post-fire erosion threats to cultural resource sites in high to moderate severity burns have been well documented (Lentz et al. 1996; Nisengard et al. 2001; Buenger 2003).  Erosion threats include gullying or rilling that can expose and remove subsurface cultural deposits or burials; increased levels of sheet-wash that can erodes archaeological features and/or removes artifacts from site locations; and fire killed trees that fall and up-end root systems, resulting in the destruction of archaeological features/architecture and the exposure of subsurface archaeological deposits, including human remains.  Although post-fire soil erosional threats to cultural resource sites located downstream from burned areas has not been as well documented as effects to sites within the burned areas themselves, there is a significant threat of post-fire flood related impacts to sites located downstream and within or adjacent to floodplains from high and moderate severity burns.  Post-fire downstream erosional threats include: the development of gullying or rilling; increased levels of sheet-wash that can either erode or bury archaeological sites; and substantial flood events that can alter stream channels and remove portions or entire sites located within or adjacent to the flood zone.  Post-fire BAER stabilization treatments of sites affected by moderate to high severity burns are often warranted to mitigate the aforementioned effects.  

The goal in performing a post-fire BAER assessment allows for the site-specific identification of threatened cultural resources and provides an opportunity to recommend stabilizing treatments that may mitigate short-term post-fire effects to cultural resources.

B.  Initial Concerns
The Slide Fire consumed approximately 21,227 acres within Oak Creek Canyon, some of its tributaries, and on the Mogollon Rim.  A GIS analysis of the fire area was performed using the heritage spatial database (geodatabase or ‘gdb’).  Based upon the GIS analysis, there are approximately 22 previously known sites that are partially or wholly within the burned area.  It is possible that unrecorded portions of site AR-03-04-06-566 are also located within the fire perimeter.  There are relatively few previously recorded cultural resources in the Slide Fire compared to the predicted site density in other areas of the Coconino National Forest.  Considering that only approximately 10% of the fire area has been previously surveyed, it is likely that there are additional sites that have not been discovered within the fire perimeter.  Most of the known sites are historic and have a high level of significance.

Example site types in the burn include:
1.   The Oak Creek Cultural Property (TCP)
2.   Prehistoric archaeological sites
3.   Historic homesteads, including linear features such as the Pendley, Garlands, and Mayhew irrigation ditches 
4.   Logging camps and railroads

A portion of one site (AR-03-04-06-00859) is within the perimeter and is listed on the National Register of Historic Places (NRHP).  Four sites have been previously determined ineligible to the NRHP, four sites are eligible, and 13 are unevaluated.


II.  Methodology Process

Based on GIS analysis, a total of 22 archaeological sites are located within the Slide Fire perimeter.  Four of those 22 sites have been previously determined ineligible for the NHRP and were eliminated from consideration for BAER assessment or treatment.  Upon applying the draft burn severity spatial data to the 18 sites that are eligible or unevaluated for the NHRP and are located within the fire perimeter, 6 sites have substantial portions of the site located in moderate or severe burn areas (severe n=2; moderate n=4).  

Eleven of the 18 eligible or unevaluated sites within the fire perimeter and 1 additional site located just outside the perimeter (06-566) were visited and BAER assessments performed.  Five of the six sites determined to be located in moderate or high burn severity areas were inspected.  One site (03-531) was unsafe to visit during the assessment.  

Cultural resource BAER field assessment was begun during the suppression effort by archaeologists Jeremy Haines, Michael Lyndon, and Tanner Whetstone May 21 through June 28, 2014.  Nearly all sites on the rim were visited during the fire suppression effort, and assessment forms were completed for two of the sites.  Jeanne Schofer completed an assessment of one additional site during the BAER effort on June 2, 2014.  These site visits indicated that the sites on the rim had not suffered substantial fire impacts, were predominantly in areas of low burn severity, and were at low risk for potential post fire effects.

The assessment work during the BAER effort was focused on sites within Oak Creek Canyon.  All eligible or unevaluated sites on Forest lands within the canyon that were thought to have partially or completely burned were assessed by Jeanne Schofer, Travis Bone, and Amanda Roesch on June 3, 4, and 5.


III.  Summary of Findings

A. Oak Creek Canyon TCP – The Hopi tribe, Yavapai-Apache Nation, and Yavapai Prescott Indian Tribe have all expressed that Oak Creek Canyon has traditional cultural significance to them.  This property has not been formally evaluated, but it has been informally recognized as a TCP by the Forest for management purposes.  A formal boundary of the TCP has yet to be mapped, but the riparian area and other locations are known to be of importance.  Qualifying and/or quantifying the effect of the fire to the TCP would require additional consultation with affiliated cultural groups.  However, it is safe to assume that the effect of the burn, and possibly the flooding and ash flows that are expected as result, may be viewed as adverse to the condition (or integrity) of the TCP.  Since fire is a natural process, it is unknown whether these changes would be viewed as short-term, long-term, or permanent effects to the TCP.  It is assumed that mitigation actions taken to prevent future flood impacts to the riparian area (e.g. aerial seeding and mulching in moderate and high burn severity areas) may be viewed as helpful to preserving the natural character of the TCP.  Consultation is ongoing, but no concerns have been voiced by any tribes regarding suppression or BAER activities at this time.

B. Archaeological Sites - A total of 12 archaeological sites were assessed post-fire to determine fire effects and potential post-fire treatment needs.  These sites consist of one prehistoric artifact scatter, one multicomponent rock shelter, one rock shelter with an historic feature (associated with site AR-03-04-06-00059) that could have a prehistoric component, one historic trail, four historic cabin or homestead sites (one with associated irrigation ditch), one historic irrigation ditch associated with a homestead located on state owned land, one historic irrigation ditch associated with a homestead located on private land, one historic tourist lodge, and one historic domestic water system.  A summary of those results are in Appendix A. 


IV. Emergency Determination

The objective of this report is to identify cultural resource sites considered threatened by deteriorated post-fire conditions and make recommendations that would reduce damage to significant cultural resources due to the increased runoff, erosion, and debris flows resulting from the effects of damaging events (i.e., storms) on the deteriorated watershed, as well as from the rehabilitation measures themselves.

Primary concerns about adverse effects to the integrity of properties that could alter their National Register eligibility is based on; 1) ground disturbance directly impacting known and unknown cultural resources, 2) the potential to bury surface and subsurface cultural resources to prohibit discovery, and 3) the possibility of soil movement that would change the context of the remains that are vital to any scientific analysis or interpretive value.  The burn may have an indirect impact to cultural resources by increasing the visibility of site locations that would make them more susceptible to looting or vandalism.  It is assumed the same effects would hold true for both known and any unknown cultural resources within or downstream of the burn perimeter.

Fire related damage could occur at as many as six sites as described in Appendix A.  Recommendations are intended to mitigate soil erosion that could adversely affect cultural resource values, such as site integrity.  

The historic irrigation ditches pose an unusual challenge because they are aligned perpendicular to the fall line of the slope and established drainages.  That makes them susceptible to being eroded and/or buried by flooding and debris.  It is physically impossible to protect the entire length of the ditches.  The most reasonable treatment options would be ones that stabilize soils and reduce runoff upslope of the ditches.  Other sites can be mitigated by point specific treatments.  

Mulching and seeding is recommended onsite and/or on slopes above the three historic ditches, sites AR-03-04-06-59, -859, and -1318.  The topography of the slopes above site 06-59 and the presence of the Red Rock-Secret Mountain Wilderness may prevent successful treatment of this site.  

A double thickness, single bale high straw bale barrier is recommended along the entire upslope side of site 06-1317, a total distance of approximately 115 linear feet, to prevent erosion across the site.  The bales will be benched into the slope and held in place with two T-posts hand driven into each bale.  Hand seeding is recommended on the site itself (approximately 2 acres), and aerial seeding and mulching is recommended on the burned slopes immediately surrounding the site.  This site is presumed to be entirely in wilderness, although the 24” quad map indicates the wilderness boundary bisects the site.

A 52-foot long single thickness straw bale barrier is recommended immediately upslope of the stone foundation at 06-849 to protect it from soil washing down the burned slope above and burying the historic feature.  This site is not in wilderness.

Finally, it is recommended to clean out all erosion control features to preserve the trail tread on site 06-425.  It is recommended that all sites recommended for treatment in this report be monitored by a professional archaeologist to determine the effectiveness of treatments and identify any needed maintenance.  At a minimum, monitoring and maintenance should be performed by an archaeologist once per month during the 2014 monsoon season (July, August, and September) and once after the monsoon season (October).  

Aerial seeding and mulching is being proposed to stabilize soils in various areas across the burned area.  There is no ground disturbance associated with this treatment, and it will help to hold soil in place.  This would help hold soils in place on any undiscovered sites within the treated areas.  

A few other proposed treatments made by other specialists (hydrologists, soil scientists, geologists) have the potential to affect cultural resources.  Maintenance/improvement of drainage along the AB Young Trail (Site AR-03-04-06-425) is proposed to prevent it from being damaged by erosion.  If not called for to protect the recreation value of the trail, the same treatment would have been recommended herein to protect the cultural resource value.  There will be no adverse effect from this treatment.

Another project with the potential to affect cultural resources is work proposed by engineering to protect the Sterling Springs Junction Box.  The box is a masonry box made of local dressed stone and concrete approximately 3’ x 3’ x 4’ high presumably constructed sometime between 1908-1932.  It feeds a domestic water system that supplies an Arizona Game and Fish hatchery facility, a Forest Service campground, and a small community.  The box has been mostly covered with poured concrete to protect it from flood flows sometime during the past decade or two.  There box currently extends 6”-1’ above the level of the concrete.  The box is located in the bottom of a narrow canyon that could experience unusually high flows with heavy loads.  Debris carried by those flows could damage the box, compromising the entire water system.  It is proposed to pour additional reinforced concrete on all sides of the box that will protect it from damage.  The concrete would be poured around the entire box up to the top of the existing masonry to protect the currently exposed top course of masonry from being destroyed.  The original fabric of the masonry presumably could still be viewed from inside the box.  This action is considered to be critical to protecting the water system and the cultural resource value of the box.

[image: E:\gis\hrtg\htg_projects\Slide_Fire\BAER\Photos\20140605\06-566.02.JPG]
Photo 1.  Historic Junction Box at Sterling Springs


Signs to alert the public to dangers within and near the fire will be installed.  So long as these signs are installed outside of known cultural sites, there will be no effect to cultural resources.  Some culverts will be cleaned and/or removed to prevent them from being destroyed during potential flood events.  This work will take place within previously disturbed areas, so there will be no effect to cultural resources.

Large woody debris may be removed from drainages to prevent it from causing increased flooding and related damage downstream.  Heavy equipment, such as a bobcat, may be used to accomplish this.  If heavy equipment is used outside of disturbed stream channels, an archaeologist should be assigned to the implementation team to ensure that cultural resource sites are identified and protected 

Any proposed treatments that involve ground disturbing activities outside of road prisms or other similarly disturbed contexts may follow the provisions of 36 CFR 800.  In the event that BAER implementation deviates from proposed treatments, an archaeologist should be assigned to the implementation team to ensure that cultural resource sites are identified and protected.


A. Estimated Treatment Costs for  Cultural Sites

AR-04-06-849
	Item
	Cost/Rate
	Units/Hours
	Total Cost

	GS - 5 Forestry Tech
	$25.00
	10
	$250.00

	GS - 5 Forestry Tech
	$25.00
	10
	$250.00

	GS - 11 Arch Monitor
	$45.00
	10
	$450.00

	Straw  Bales
	$7.50
	14
	$105.00

	T-posts
	$4.00
	28
	$112.00

	 Vehicle Estimate 
	$0.37
	60
	$22.20

	GS - 11 Arch Data Mgt and SHPO Consultation
	$45.00
	8
	$360.00

	Total
	 
	 
	$1,549.20




AR-03-04-06-1317
	Item
	Cost/Rate
	Units/Hours
	Total Cost

	GS - 5 Forestry Tech
	$25.00
	40
	$1,000.00

	GS - 5 Forestry Tech
	$25.00
	40
	$1,000.00

	GS - 11 Arch Monitor
	$45.00
	30
	$1,350.00

	Straw  Bales
	$7.50
	60
	$450.00

	T-posts
	$4.00
	120
	$480.00

	Seed
	$25.00
	1
	$25.00

	Aerial Mulching
	$800.00
	2
	$1,600.00

	 Vehicle Estimate 
	$0.37
	60
	$22.20

	GS - 11 Arch Data Mgt and SHPO Consultation
	$45.00
	8
	$360.00

	Total
	 
	 
	$6,287.20

	
	
	
	

	*2 extra days for techs to hand seed 2 acres

	



Mid and Post Season Monitoring
	Item
	Cost/Rate
	Units/Hours
	Total Cost

	GS - 11 Arch Monitor
	$45.00
	32
	$1,440.00

	 Vehicle Estimate 
	$0.37
	120
	$44.40

	GS - 11 Arch Data Mgt and SHPO Consultation
	$45.00
	8
	$360.00

	Total
	 
	 
	$1,844.40




	Total Cost for all point protections and monitoring-
	$9,680.80





VI.  Discussion/Summary/Recommendations

The Oak Creek Canyon TCP has not been evaluated for its eligibility for inclusion on the National Register of Historic Places for its cultural significance to the Apache, Hopi, and Yavapai people.  The Slide Fire has potentially impacted contributing elements to the Oak Creek Canyon TCP.  It is recommended that all culturally affiliated groups be consulted on potential impacts, as well as potential future mitigation work that can be incorporated into the BAER analysis.


Six sites have been identified as candidates for treatments.  Four of the sites should receive seeding and mulching, two should receive point erosion protection (one of which is also included in sites to be seeded and mulch), and one should receive maintenance/improvement of drainage features to accommodate increased runoff.  All BAER treatment sites should be monitored and evaluated for treatment effectiveness.  Although typically outside of the scope of BAER, it is recommended that all sites recommended for treatment in this report also receive additional long-term maintenance of treatment infrastructure, monitoring, and supplemental recording to document post-fire effects and assessment of NRHP eligibility.
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Appendix A

Table 1:  Condition Assessments Performed for the Slide Fire BAER
	

Site Number
	

Site Name
	

Site Type
	

Additional
Features
	

Cultural
Affiliations
	

Burn
Severity
	

Cracking
/Spalling
Rock
	

Smoke/
Soot
Damage
	

Burned out Stump Holes
	

Loss of Wood Features
	
Fire Killed Trees on Architectural Features
	

Treatment
Recommended
	

Treatment
Type

	03040300364
	
	Historic
	Remains of log cabin
	Anglo

	Low

	No

	
No
	
No
	No

	No

	No Treatment Recommended
	-

	03040300801
	
	Historic
	Structure foundation and rock outline
	Anglo
	Low
	No

	
No
	
No
	Yes

	
No


	No Treatment Recommended
	-

	03040301059
	
	Prehistoric
	Artifact scatter
	Northern Sinagua
	Low
	No

	
No
	Yes

	No

	
No
	No Treatment Recommended
	-

	03040600059
	Mayhew Lodge
	Historic
	Chicken coop, ditch, house foundation, apple orchards, pool, etc…
	Anglo
	Low
	No
	





No
	No
	Yes
	





No

	Treatment Recommended
	No treatment recommended at chicken coop area, however it should be monitored for damage from flooding.  Straw mulching and re-seeding of ditch area is recommended.

	03040600338
	
	Multi-component
	Rock shelters (2), one with a wood irrigation feature in it (wood box with galvanized threaded rod).
	Anglo / possibly Northern Sinagua
	Low
	Yes
	


No
	No
	No
	


No

	No Treatment Recommended
	

	03040600425
	AB Young Trail
	Historic
	Trail
	Anglo
	Severe
	

No
	No
	

No
	

No
	

No
	Treatment Recommended
	Clean out all water control features

	03040600456
	
	Multi-component
	Rock shelter/petroglyphs, pictographs
	Southern Sinagua / Yavapai
	Low
	

No
	No
	

No
	

No
	

No
	No Treatment Recommended
	

	03040600566
	Sterling Water System
	Historic
	Water system (masonry spring box, iron pipe, stone retaining walls)


	Anglo
	Low
	

No
	No
	

No
	No
	No
	No Treatment Recommended
	

	03040600849
	Ranger Thomas Homestead
	Historic
	Masonry structure, pond, apple orchards, etc…
	Anglo
	Low
	

No
	Yes
	

No
	Yes
	No
	Treatment Recommended
	 Straw bale erosion control

	03040600859
	Pendley Homestead Ditch
	Historic
	Irrigation ditch (FS land only)
	Anglo
	Severe
	

No
	Yes
	

No
	No
	Yes
	Treatment Recommended
	Straw mulching, re-seeding

	03040601317
	Lolomai Lodge
	Historic
	Historic lodge
	Anglo
	Moderate
	

No
	Yes
	

No
	Yes
	No
	Treatment Recommended
	Straw bale erosion control, re-seeding, mulching 

	03040601318
	Garland's Ditch
	Historic
	Irrigation ditch
	Anglo
	Severe
	No
	No
	

No
	No
	No
	Treatment Recommended
	Straw mulching, re- seeding
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“…except as necessary to meet minimum requirements for the administration of the area for the purpose of this Act…”
      -- The Wilderness Act of 1964
	Project Title:
	Slide Fire BAER Red Rock-Secret Mountain Wilderness Aerial Seeding and Mulching





MRDG STEP 1
Determine if Administrative Action is Necessary
Description of the Situation

	The Slide Fire burned 21,227 acres on the Flagstaff and Red Rock Ranger Districts of the Coconino National Forest. The fire burned along and west of State Highway 89A in Oak Creek Canyon from the Sterling Springs Fish Hatchery to Slide Rock State Park. Oak Creek flows directly into Sedona, Arizona. Oak Creek and West Fork of Oak Creek have been classified as Outstanding Arizona Waters. Appendix A: Map 1 shows the location within the wilderness and burn severity.
High severity burn severity occurred on 3,115 acres (14%), almost one-third in the Red Rock-Secret Mountain Wilderness (RRSM) or almost 900 acres, with some portions in drainages leading to or immediately adjacent to perennial Oak Creek, as well as numerous Forest Service recreation sites, Slide Rock State Park, utility lines and corridors, as well as non-Forest private residences and businesses. The steep slopes of the wilderness are especially subject to debris flow, rockslides, overland flow and accelerated erosion that could become concentrated in drainages producing large floods that pose risk to forest values (life, property, natural and cultural resources) as well as private property, utility and county infrastructure values. The BAER assessment team estimates an erosion potential of 0-100 tons/acre, averaging 30 tons/acre (Hillslope Erosion Model) is estimated. The sediment potential is estimated at 20,895 cubic yards/square mile.
The monsoon thunderstorm precipitation pattern is expected to begin on or about the beginning of July. Actions to stabilize soil would need to occur prior to the monsoon season. The BAER assessment team estimates post-fire floods from the 25-year, 2 hour rainstorm could be 3-8 times pre-fire flows. Numerous structures and infrastructure is situated in or near the floodplain could be damaged.
	Severe damage to critical natural resources including soil productivity, water quality, watershed health, threatened, endangered and sensitive species as well as cultural resources are at risk from post-fire flooding and debris flow. Aquatic resources are expected to suffer declines as habitat degradation will occur with increased runoff, sedimentation and changes in channel morphology.
	In the high burn severity areas of the RRSM Wilderness, vegetation and groundcover have been consumed in the fire, and the potential seed bank that would typically be present has been consumed or heat sterilized. The soil no longer has the protective vegetation, organic duff layer or seed bank needed to hold the soil and prevent sheet flow. Onsite tests indicate moderate and high soil burn severity classes have hydrophobic soil tendencies and could have high hydrologic response. Estimated reduction in infiltration rate is 46%.
At the rim of the RRSM Wilderness at the A.B.Young trailhead, there are about 50 high risk danger trees, trees partially burnt through, that are anticipated to fall immediately into the trail and nearby trailhead creating a public hazard.



Options Outside of Wilderness
Can action be taken outside of wilderness that adequately addresses the situation?

	☒ YES
	STOP – DO NOT TAKE ACTION IN WILDERNESS

	☒ NO
	EXPLAIN AND COMPLETE STEP 1 OF THE MRDG


Explain:
	Yes - A multi-agency, county and city partnership has been formed to provide public information and assist with emergency response. This group along with the FS can provide public information about wilderness portals, hazards, etc.
 
No - These actions will not adequately response to the potential loss of soil productivity, flooding, debris flow, and resulting threats to natural and cultural resources, human health and safety, as well as private/county property and downstream resources. Soil stabilizing actions are needed in high severity burn areas, but lack of interconnectedness among the areas indicates the need for localized soil protection measures. Loss of soil resources is irreversible. Areas within RRSM wilderness and outside need to be addressed.


	Yes - Danger tree hazard could be mitigated by bouldering or gating the trailhead parking and signing both the closure and tree fall/hazard.  Drop the danger trees from further consideration.


Criteria for Determining Necessity
Is action necessary to meet any of the criteria below?


A. Valid Existing Rights or Special Provisions of Wilderness Legislation
Is action necessary to satisfy valid existing rights or a special provision in wilderness legislation (the Wilderness Act of 1964 or subsequent wilderness laws) that requires action?  Cite law and section.

	☐ YES
	☒ NO



Explain:
	There are no special provisions in the Wilderness Act that allow consideration of uses prohibited in Section 4(c). The only reference to fire related actions is Section 4(d) (1) which states “In addition, such measures may be taken as may be necessary in the control of fire, insects, and diseases, subject to such conditions as the Secretary deems desirable.” This language allows for fire related actions to be considered, but taken only if they are the minimum necessary.



B. Requirements of Other Legislation
Is action necessary to meet the requirements of other federal laws?  Cite law and section.

	☒ YES
	☐ NO





Explain:
	Endangered Species Act of 1973 [Public Law 93-205, Approved Dec. 28, 1973, 87 Stat. 884][As Amended Through Public Law 107-136, Jan. 24, 2002] Section 7(a)(1) and Clean Water Act of 1977 Section 101(a)(2). Both Acts require all Federal agencies to provide for the conservation of listed species and their critical habitat and restoration and maintenance of water quality, as well as restoring and maintaining associated physical and biological components of a water body.
National Historic Preservation Act of 1966 (Public Law 89-665, October 15, 1966; 16 U.S.C. 470 et seq). Provides for protection and preservation of historical and cultural resources.



C. Wilderness Character
Is action necessary to preserve one or more of the qualities of wilderness character, including: Untrammeled, Undeveloped, Natural, Outstanding Opportunities for Solitude or Primitive and Unconfined Recreation, or Other Features of Value?

UNTRAMMELED

	☒ YES
	☐ NO



Explain:
	Preserving the soil productivity and slowing the rate of runoff are actions that will not hinder, manipulate or control the community of life. In fact, these actions are likely to help retain soil and re-establish vegetation in some places within the wilderness, as well as preserving streamside vegetation and wildlife and aquatic species and their habitats.



UNDEVELOPED

	☐ YES
	☒ NO



Explain:
	The actions proposed would require short term use of helicopters for soil stabilization. Estimate 3-4 days of flying would be required for spread mulch and see on about 900 acres within the wilderness.



NATURAL

	☒ YES
	☐ NO



Explain:
	Helping to stabilize soil and slow runoff will help to preserve the ecological systems in the wilderness, adjacent to the wilderness and downstream. The human caused fire occurred during the dry season in Arizona but would probably not have had an ignition source, or potentially have burned with high severity had it occurred in the more typical natural fire season. A hundred years of fire suppression has led to unnatural fuel loading in and around the wilderness. Chaparral vegetation typically burns with high severity, but there is little evidence that large contiguous areas of high severity burn, such as those the RRSM Wilderness has experienced in the Slide Fire, are natural. Loss of soil in excess of tolerable limits will change the ecological site potential.



SOLITUDE OR PRIMITIVE & UNCONFINED RECREATION

	☒ YES
	☐ NO



Explain:
	Current fire closures prohibit use of a portion of the east side of the wilderness. Soil stabilization and slowing runoff will potentially lessen the duration of flooding and debris flow and will potentially hasten establishment of groundcover species. There is a need to have some stability in the landform, and less probability of repeating flood events and debris flow to allow for the fire closure to be lifted, thus allowing for the potential of primitive and unconfined recreation once again.



OTHER FEATURES OF VALUE

	☒ YES
	☐ NO



Explain:
	The recreational and scenic values so important to the designation of the RRSM wilderness will recover sooner if soil is protected, and vegetation is restored. There will be some loss of these values in the short term (3-5 years) until some stability is returned to the area.

Management action is needed to protect native fish and aquatic invertebrate species, within the burned area and those downstream, from excessive sedimentation and reduced water quality.



Step 1 Decision
Is administrative action necessary in wilderness?

	Decision Criteria

	A.
	Existing Rights or Special Provisions
	☐ YES
	☒ NO

	B.
	Requirements of Other Legislation
	☒ YES
	☐ NO

	C.
	Wilderness Character

	
	Untrammeled
	☒ YES
	☐ NO

	
	Undeveloped
	☐ YES
	☒ NO

	
	Natural
	☒ YES
	☐ NO

	
	Outstanding Opportunities
	☒ YES
	☐ NO

	
	Other Features of Value
	☒ YES
	☐ NO



Is administrative action necessary in wilderness?

	☒ YES
	EXPLAIN AND PROCEED TO STEP 2 OF THE MRDG

	☐ NO
	STOP – DO NOT TAKE ACTION IN WILDERNESS



Explain:
	Wilderness is unique value both for those who regularly recreate in them, as well as for those who will never use them, but want the assurance that wild places continue to exist, even if seen from a nearby road. They offer primitive recreation opportunities, have value for their scientific and educational uses, for the preservation of historic and cultural features and for the ecological processes that take place in them. 
     The human-caused fire in the driest time of the year has resulted in high severity burning that might not have occurred with a natural fire cycle. The subsequent destructive potential for flooding, debris flow, and rock fall have the potential to cause irreversible damage to soil productivity, eligible and unevaluated archaeological sites within or immediately adjacent to the Slide Fire boundary (including within the RRSM wilderness), as well as to the Oak Creek traditional cultural property. The same risk factors threaten up to 15 Region 3 sensitive species (Arizona bugbane, alcove bog orchid, Ertter’s rose, cliff fleabane, Flagstaff pennyroyal, northern goshawk, peregrine falcon, bald eagle, desert sucker, Sonora sucker, a mayfly and a cadis fly, Allen’s lappet-brown bat, Western red bat and narrow headed gartersnake (also a proposed threatened species with critical habitat).

	









MRDG STEP 1: 88
MRDG STEP 2
Determine the Minimum ActivityOther Direction
Is there “special provisions” language in legislation (or other Congressional direction) that explicitly allows consideration of a use otherwise prohibited by Section 4(c)?
AND/OR
Has the issue been addressed in agency policy, management plans, species recovery plans, or agreements with other agencies or partners?



	☒ YES
	DESCRIBE DOCUMENTS & DIRECTION BELOW

	☐ NO
	SKIP AHEAD TO COMPONENTS OF THE ACTION BELOW



Describe Documents & Direction: 
FSM 2320-Wilderness Management
Wilderness is a unique and vital resource.  In addition to offering primitive recreation opportunities, it is valuable for its scientific and educational uses, as a benchmark for ecological studies, and for the preservation of historical and natural features.
Manage the wilderness resource to ensure its character and values are dominant and enduring.  Its management must be consistent over time and between areas to ensure its present and future availability and enjoyment as wilderness.  Manage wilderness to ensure that human influence does not impede the free play of natural forces or interfere with natural successions in the ecosystems and to ensure that each wilderness offers outstanding opportunities for solitude or a primitive and unconfined type of recreation.  Manage wilderness as one resource rather than a series of separate resources (sec. 2320.6)
2320.2-Objectives
2. Maintain wilderness in such a manner that ecosystems are unaffected by human manipulation and influences so that plants and animals develop and respond to natural forces.
3. Minimize the impact of those kinds of uses and activities generally prohibited by the Wilderness Act, but specifically excepted by the Act or subsequent legislation.
4. Protect and perpetuate wilderness character and public values including, but not limited to opportunities for scientific study, education, solitude, physical and mental challenge and stimulation, inspiration, and primitive recreation experience.
2320.3-Policy
1.	Where there are alternatives among management decisions, wilderness values shall dominate over all other consideration except where limited by the Wilderness Act, subsequent legislation, or regulations.
2.	Manage the use of other resources in wilderness in a manner compatible with wilderness resource management objectives
3.	In wildernesses where the establishing legislation permits resource uses and activities that are nonconforming exceptions to the definition of wilderness as described in the Wilderness Act, manage these nonconforming uses and activities in such a manner as to minimize their effect on the wilderness resource.
2323.04c-Regional Forester
Unless specifically reserved to the President (FSM 2323.04a) or the Chief (FSM 2323.04b) or assigned to the Forest Supervisor (FSM 2323.04d) or the District Ranger (FSM 2323.04e), the Regional Forester is responsible for approving all measures that implement FSM direction on the use of other resources in wilderness.  Specific responsibilities include but are not limited to:
3.	Approving seeding methods other than broadcast seeding, except as provided in FSM 2323.04b
	11. Approving emergency burned area rehabilitation projects.
2323.42-Policy
The policy for soil and water management is generally the same as for all National Forest watersheds (FSM 2502).  However, in wilderness, natural processes shall dominate; measures that modify plant cover and treat soil mantles or other activities designed to supplement natural water yield are inappropriate.
2323.43a-Watershed Condition Improvement
(See FSM 2522)  Use watershed improvements to restore watersheds where deteriorated soil and hydrologic conditions caused by humans or their influences create a serious threat or loss of wilderness values.  Watershed condition improvements are also appropriate where natural conditions present a definite hazard to life or property; or where such conditions could cause serious depreciation of important environmental qualities outside of the wilderness.  Promote natural healing where such dangers are not imminent or where natural vegetation would return in a reasonable time.
Use indigenous or appropriate naturalized species to reestablish vegetation where there is no reasonable expectation of natural healing.
Use non-motorized equipment to accomplish improvement objectives.  Only imminent threat to important values downstream justifies the use of motorized equipment.
2323.43b-Emergency Burned Area Rehabilitation
Permit emergency burned area rehabilitation only if necessary to prevent an unnatural loss of the wilderness resource or to protect life, property, and other resource values outside of wilderness.  Normally use hand tools and equipment to install selected land and channel treatments.
Comply with direction of FSM 2320 in defining type, scale and scope of any treatments prescribed within the wilderness.  Propose, where possible, only those treatments that address risk to wilderness values and life and property downstream.  Where proposed treatments are needed to protect life and property values at risk off forest, consider effects to wilderness values.
2326-Use of Motorized Equipment or Mechanical Transport in Wilderness
2326.04b
The Regional Forester is responsible for approving:
1.	Transport and supply by aircraft, air drop, motor boat, or mechanical transport for situations that meet the conditions under items 2,4,or 5, in FSM 2326.1)
FSM 2520 Watershed Protection and Management (id_2520-2010-1)
FSM 2523-Emergency Stabilization-Burned Area Emergency Response (BAER)
2523.01 Authority
Funding authority for the Forest Service to conduct emergency stabilization through BAER is contained in the annual Appropriation Act for Interior and Related Agencies, which provides for the use of Wildland Fire Management funds for necessary expenses for “emergency rehabilitation of burned over National Forest System lands and water.”
Public Law 105-277, Section 323(a) as amended by Public Law 109-5, Section 434 provides authority to enter into watershed restoration and enhancement agreements and expend appropriated funds on non-federal lands, when there is a clear benefit to the national Forest System lands in the watershed.
2523.02-Objective
Identify imminent post wildfire threats to human life and safety, property and critical natural or cultural resources and take immediate actions to manage unacceptable risks.
2523.03-Policy
1.	Conduct assessments (sec. 2523.1) promptly on burned areas following wildfires larger than 500 acres to determine if a burned area emergency (2523.05) exists. Assessments may also be conducted when potential threats to human life and property, or critical natural or cultural resources (sec. 2523, ex. 01) exist as a result of a smaller wildfire.
7.  Propose treatments in wilderness only if necessary to protect life or property (inside or outside Wilderness), manage unacceptable risks to critical resource values outside wilderness or to prevent an unnatural loss of wilderness resources (sec. 2323.43b)
2523.2 Emergency Stabilization Actions
Emergency stabilization actions are response actions necessary to control the immediate impacts of the post fire emergency and are subject to the provisions in 36 CFR 220.4(1) regarding NEPA requirements.  They are normally short term or temporary measures that generally do not require maintenance or can be removed after objectives have been met.  When scheduling emergency response actions, those that protect life and safety should be given first priority.
1.	Emergency Response Strategies.  Observe the following order in prescribing BAER action strategies:
a)	Natural recovery.  In situations where no burned area emergency exists or where practical or effective measurea are not feasible, rely on natural recovery.
b)	Administrative.  In situations where a burned area emergency exists and it is possible to restrict access to protect life and safety or where valid uses will significantly interfere with emergency treatment objectives or delay critical recovery administrative closures should e the first consideration.  Other measures should only be considered in situations where administrative closures are not possible or are not effective.
c)	Other measures.  For other emergency situations, demonstrated effective measures should be applied to manage unacceptable risks to life, property and critical natural or cultural resources.
2.	Treatment Consideration
a)	Plant Materials.  Comply with FSM 2081, Executive Order 13112 and applicable State noxious weed prevention requirements in setting standards for seed, straw and other plant materials.
Natural recovery by native species is preferred.  When practical, use seeds and plants in burned area emergency stabilization projects that originate from genetically local sources of native species.  When native materials are not available or suitable, give preference to non-native species that meet the treatment objectives, are non-persistent, and are not likely to spread beyond the treatment area.

Conservation Agreements/Recovery Plans for sensitive species: Bugbane Conservation Plan, Mexican Spotted Owl and Northern Goshawk Recovery Plans.

The Coconino Forest Plan 1987 and Draft Revised Coconino Forest Plan both have direction for vegetation, watersheds, water quality, wildlife, fish and aquatic species, and wilderness. See appendix B for Forest Plan direction.

[bookmark: Components]Components of the Action

	Component X:
	Example: Transportation of personnel to the project site

	Component 1:
	Establish landing/loading area (outside of RRSM wilderness, on top of rim)

	Component 2:
	Transport equipment, personnel, mulch and seed to landing/loading area

	Component 3:
	Transport mulch/seed to landing/loading area

	Component 4:
	Distribute seed and mulch in wilderness

	Component 5:
	Return equipment and personnel off site.

	Component 6:
	Clean up and rehab landing/loading area.

	Component 7:
	

	Component 8:
	

	Component 9:
	



Proceed to the alternatives.

Refer to the MRDG Instructions regarding alternatives and the effects to each of the comparison criteria.


MRDG STEP 2: 93
MRDG STEP 2: Alternative 1

	[bookmark: Alt1]Alternative 1:
	No Action



 Description:

	No actions would be taken in the wilderness to stabilize soil or reduce runoff rate, nor to provide seed to help re-establish understory vegetation. Information would be provided regarding the fire closure area and public access, flooding, debris flow, tree fall, rock fall, evacuation procedures, search and rescue.
	Monsoon season begins, precipitation events occur regularly from July through September. Flooding, debris flow, tree and rock fall occurs, evacuations and search and rescues occur as needed, assessments of damage are made and critical values outside wilderness are repaired if possible. Projected erosion occurs and the water quality in the creek is severely impaired throughout the season. Heritage resources are protected as much as possible, but may be lost and are evaluated. Threatened, endangered and sensitive species are monitored and impacts are documents and taken through proper procedures to identify “take”, etc. 




[bookmark: Activities1]Component Activities
How will each of the components of the action be performed under this alternative?

	Component of the Action
	Activity for this Alternative

	X
	Example: Transportation of personnel to the project site
	Example: Personnel will travel by horseback

	1
	All activities take place outside wilderness
	


Wilderness Character
What is the effect of each component activity on the qualities of wilderness character?  What mitigation measures will be taken?

[bookmark: WC1]
UNTRAMMELED
	Component Activity for this Alternative
	Positive
	Negative
	No Effect

	X
	Example: Personnel will travel by horseback
	☐	☐	☒
	1
	All activities listed above occur outside wilderness
	☐	☐	☒
	2
	Soil erosion and sedimentation
	☐	☒	☐
	3
	Cultural resource protection successful and damage or loss if unsuccessful. Inventory and documentation of damage and losses.
	☒	☒	☐
	4
	Threatened, endangered, sensitive species. Inventory and monitoring of species. Coordination with AZ Game and Fish and Fish and Wildlife Service regarding habitat and species losses.
	☐	☒	☐
	5
	Loss of values outside wilderness. Damage or loss of Forest Service Recreation Sites, utilities, private property, private businesses. Potential loss of life.
	☐	☒	☐
	Total Number of Effects
	1
	4
	NE

	Untrammeled Total Rating
	3



Explain:
	In the No Action alternative, there are no human actions taken in the wilderness; all activities take place adjacent to or near wilderness. 



UNDEVELOPED
	Component Activity for this Alternative
	Positive
	Negative
	No Effect

	X
	Example: Personnel will travel by horseback
	☐	☐	☒
	1
	All activities take place outside of wilderness.
	☐	☐	☒
	2
	Inventory and monitoring of species and habitat.
	☐	☐	☒
	Total Number of Effects
	
	
	NE

	Undeveloped Total Rating
	0



Explain:
	No affect to undeveloped wilderness character.



NATURAL
	Component Activity for this Alternative
	Positive
	Negative
	No Effect

	X
	Example: Personnel will travel by horseback
	☐	☐	☒
	1
	All activities take place outside of wilderness.
	☐	☐	☒
	2
	Potential for disruption of natural processes in short term. As landform stabilizes, some recovery will begin. Climate change may affect vegetation species that establish in the wilderness (type change).
	☒	☒	☐
	Total Number of Effects
	1
	1
	NE

	Natural Total Rating
	0



Explain:
	Human activities take place outside of wilderness. Natural processes are interrupted. The high burn severity is uncharacteristic for some parts of the wilderness, and may result in type changes.



SOLITUDE OR PRIMITIVE & UNCONFINED RECREATION
	Component Activity for this Alternative
	Positive
	Negative
	No Effect

	X
	Example: Personnel will travel by horseback
	☐	☐	☒
	1
	All activities take place outside of wilderness.
	☐	☐	☒
	Total Number of Effects
	
	
	NE

	Solitude or Primitive & Unconfined Rec. Total Rating
	0



Explain:
	Fire closure will continue until risks are lowered. No recreation will be allowed until the closure is lifted.



OTHER FEATURES OF VALUE
	Component Activity for this Alternative
	Positive
	Negative
	No Effect

	X
	Example: Personnel will travel by horseback
	☐	☐	☒
	1
	All activities take place outside of wilderness.
	☐	☐	☒
	Total Number of Effects
	
	
	NE

	Other Features of Value Total Rating
	0



Explain:
	Flooding, debris flow, soil loss, species and habitat losses, cultural resource losses, lowering of water quality all occur.  The ecosystem begins to stabilize, vegetation becomes established over time. Scenic values of red rocks are unchanged, but the vegetation and water are both negatively affected for several years. Recreation values are negatively affected due to fire closure and post-fire effects. 



[bookmark: Other1]Other Criteria
What is the effect of each component activity on other comparison criteria?  What mitigation measures will be taken?

MAINTAINING TRADITIONAL SKILLS
	Component Activity for this Alternative
	Positive
	Negative
	No Effect

	X
	Example: Personnel will travel by horseback
	☐	☐	☒
	Total Number of Effects
	
	
	NE

	Maintaining Traditional Skills Total Rating
	0



Explain:
	Not applicable



SPECIAL PROVISIONS
	Component Activity for this Alternative
	Positive
	Negative
	No Effect

	X
	Example: Personnel will travel by horseback
	☐	☐	☒
	Total Number of Effects
	
	
	NE

	Special Provisions Total Rating
	0



Explain:
	Not applicable



ECONOMICS & TIME CONSTRAINTS
	Component Activity for this Alternative
	Positive
	Negative
	No Effect

	X
	Example: Personnel will travel by horseback
	☐	☐	☒
	Total Number of Effects
	
	
	NE

	Economics & Time Constraints Total Rating
	0



Explain:
	None



[bookmark: SafetyVisitors1]Safety of Visitors & Workers
What is the effect of each component activity on the safety of visitors and workers?  What mitigation measures will be taken?

SAFETY OF VISITORS & WORKERS
	Component Activity for this Alternative
	Positive
	Negative
	No Effect

	X
	Example: Personnel will travel by horseback
	☐	☐	☒
	1
	Flooding and debris flow maximized with highest potential risk for visitors and workers
	☐	☒	☐
	Total Number of Effects
	
	1
	NE

	Safety of Visitors & Workers Total Rating
	1



Explain:
	The No Action alternative will further compromise life and safety within the burned area and downstream. The duration of the threat would be increased with this alternative.



Summary Ratings for Alternative 1

	Wilderness Character

	Untrammeled
	3

	Undeveloped
	0

	Natural
	0

	Solitude or Primitive & Unconfined Recreation
	0

	Other Features of Value
	0

	Wilderness Character Summary Rating
	3

	

	
Other Criteria

	Maintaining Traditional Skills
	N/A

	Special Provisions
	N/A

	Economics & Time Constraints
	0

	Other Criteria Summary Rating
	0

	

	Safety

	Safety of Visitors & Workers
	1

	Safety Summary Rating
	1




MRDG STEP 2, ALT 1: 98
MRDG STEP 2: Alternative 2

	[bookmark: Alt2]Alternative 2:
	Management action to address life and safety. Aerial seeding and mulching of high burn severity area within Red Rock-Secret Mountain Wilderness



Description of the Alternative
What are the details of this alternative?  When, where, and how will the action occur?  What mitigation measures will be taken?

	In this alternative, seed and mulch would be applied to up to 900 acres of high severity burn within RRSM Wilderness. The steepness of slope, potential hazard from falling trees, unstable footing and extreme terrain preclude hand seeding and mulching to an extent that would be effective. Helicopters would be used  to place the seed and mulch.
     The landing/loading area would be located outside of the wilderness boundary on top of the Mogollon Rim. All materials and equipment would be transported to the landing/loading area. Nets would be filled with certified weed free straw, and the approved seed mix. The proposed certified weed free seed mix consists of barley (Hordeum vulgare), Slender wheatgrass (Elymus trachycaulus), Little bluestem (Schizachyrium scoparium), and Squirreltail (Elymus elymoides). Barley is an annual grass tha provides the bulk of resulting soil stabilization in the first year. When it dies, it provides ground cover and soil nutrients. The remaining grasses in the mixture are all native perennial grasses.

The mulch and seed is dropped in a pattern to scatter it in long strips starting at the highest elevation and heading downhill. Each helicopter load would cover just over one-half acre. It is estimated approximately 1600 loads would be needed in order to adequately cover the area. The helicopters can make a turn around about every 5 minutes. It is estimated that the seed and mulch placement would be completed in 3-4 days depending upon flying weather.

	



[bookmark: Activities2]Component Activities
How will each of the components of the action be performed under this alternative?

	Component of the Action
	Activity for this Alternative

	X
	Example: Transportation of personnel to the project site
	Example: Personnel will travel by horseback

	1
	Establish landing/loading area (outside of RRSM wilderness, on top of rim)
	Determine safe location for aerial flight, with adequate space for storage of materials and supplies. Provide for road maintenance and dust abatement.

	2
	Transport equipment, personnel, mulch and seed to landing/loading area
	Fly in helicopters, drive in other equipment, drive in personnel, mulch and seed.

	3
	
	Coordinate with dispatch and local airports and establish an R.F.A. for 3-4 days around the flight path.

	4
	Distribute seed and mulch in wilderness
	Set up landing/loading area for rapid turnarounds and begin operations. Load nets with straw and seed and attach to long line. Transport loads via helicopter to high severity burned area, drop and return.

	5
	Return equipment and personnel off site.
	After completion, fly helicopters out. Drive equipment and personnel off site.

	6
	Clean up and rehab landing/loading area.
	Complete any clean up and site rehabilitation needed. 


Wilderness Character
What is the effect of each component activity on the qualities of wilderness character?  What mitigation measures will be taken?

[bookmark: WC2]
UNTRAMMELED
	Component Activity for this Alternative
	Positive
	Negative
	No Effect

	X
	Example: Personnel will travel by horseback
	☐	☐	☒
	1
	Seeding and mulching 
	☐	☒	☐
	2
	Preserving soil productivity and slowing runoff 
	☒	☐	☐
	Total Number of Effects
	1
	1
	NE

	Untrammeled Total Rating
	0



Explain:
	Seeding and mulching to control erosion alters post fire erosional events, and could be considered a form of trammeling. However, the Slide Fire did not occur within the natural fire cycle, and was human caused. The fire effects are product of both this and historic fire suppression policy.
     Using seed and mulch to preserve the soil productivity and slow the rate of runoff are actions that will not hinder, manipulate or control the community of life. These actions are likely to help retain soil and re-establish vegetation in some places within the wilderness, and may help lessen downstream effects.



UNDEVELOPED
	Component Activity for this Alternative
	Positive
	Negative
	No Effect

	X
	Example: Personnel will travel by horseback
	☐	☐	☒
	Total Number of Effects
	0
	0
	NE

	Undeveloped Total Rating
	0



Explain:
	No impact



NATURAL
	Component Activity for this Alternative
	Positive
	Negative
	No Effect

	X
	Example: Personnel will travel by horseback
	☐	☐	☒
	1
	Use of barley in seed mix
	☐	☒	☐
	2
	Decreased soil loss and retaining some site potential
	☒	☐	☐
	Total Number of Effects
	1
	1
	NE

	Natural Total Rating
	0



Explain:
	Annual barley is not native to Red Rock Secret Mountain, but the unnatural effect would be temporary. As an annual barley establishes quickly after seeding and helps to hold soil during its short lifecycle. The native grasses take longer to establish, but are perennial and will persist.
     The risk of soil loss and loss of site productivity caused by the Slide Fire is permanent and would most likely not have occurred naturally.



SOLITUDE OR PRIMITIVE & UNCONFINED RECREATION
	Component Activity for this Alternative
	Positive
	Negative
	No Effect

	X
	Example: Personnel will travel by horseback
	☐	☐	☒
	Total Number of Effects
	
	
	NE

	Solitude or Primitive & Unconfined Rec. Total Rating
	0



Explain: No effect
	



OTHER FEATURES OF VALUE
	Component Activity for this Alternative
	Positive
	Negative
	No Effect

	X
	Example: Personnel will travel by horseback
	☐	☐	☒
	1
	Slow erosion and runoff
	☒	☐	☐
	2
	Conserve soil resource
	☒	☐	☐
	3
	Conserve site potential
	☒	☐	☐
	Total Number of Effects
	3
	
	NE

	Other Features of Value Total Rating
	3



Explain: 
	Alternative 2 would help to slow erosion and conserve the soil resource. Conservation of site potential would occur after perennial seed germination. The actions proposed will not prevent erosion, debris flow, flooding and downstream effects. The loss of vegetation and ground cover as a result of the high severity fire has made the soil vulnerable. Expected precipitation will result in devastating effects. These actions would help moderate the effects.



[bookmark: Other2]Other Criteria
What is the effect of each component activity on other comparison criteria?  What mitigation measures will be taken?

MAINTAINING TRADITIONAL SKILLS
	Component Activity for this Alternative
	Positive
	Negative
	No Effect

	X
	Example: Personnel will travel by horseback
	☐	☐	☒
	Total Number of Effects
	0
	0
	NE

	Maintaining Traditional Skills Total Rating
	0



Explain:
	Not applicable



SPECIAL PROVISIONS
	Component Activity for this Alternative
	Positive
	Negative
	No Effect

	X
	Example: Personnel will travel by horseback
	☐	☐	☒
	Total Number of Effects
	0
	0
	NE

	Special Provisions Total Rating
	0



Explain:
	Not applicable



ECONOMICS & TIME CONSTRAINTS
	Component Activity for this Alternative
	Positive
	Negative
	No Effect

	X
	Example: Personnel will travel by horseback
	☐	☐	☒
	1
	Aerial seeding and mulching as emergency BAER implementation treatment
	☒	☐	☐
	2
	Must occur before monsoon season
	☐	☒	☐
	Total Number of Effects
	1
	1
	NE

	Economics & Time Constraints Total Rating
	0



Explain:
	The total cost estimate is approximately $800,000, and must be completed prior to monsoon season about July 1.



[bookmark: SafetyVisitors2]Safety of Visitors & Workers
What is the effect of each component activity on the safety of visitors and workers?  What mitigation measures will be taken?

SAFETY OF VISITORS & WORKERS
	Component Activity for this Alternative
	Positive
	Negative
	No Effect

	X
	Example: Personnel will travel by horseback
	☐	☐	☒
	1
	Aerial seeding and mulching
	☒	☐	☐
	Total Number of Effects
	1
	0
	NE

	Safety of Visitors & Workers Total Rating
	0



Explain:
	Alternative 2 will reduce the potential and duration of the threats to natural and cultural resources, as well as to human life and safety. 





Summary Ratings for Alternative 2

	Wilderness Character

	Untrammeled
	0

	Undeveloped
	0

	Natural
	0

	Solitude or Primitive & Unconfined Recreation
	0

	Other Features of Value
	3

	Wilderness Character Summary Rating
	3

	

	
Other Criteria

	Maintaining Traditional Skills
	0

	Special Provisions
	0

	Economics & Time Constraints
	1

	Other Criteria Summary Rating
	1

	

	Safety

	Safety of Visitors & Workers
	1

	Safety Summary Rating
	1




MRDG STEP 2, ALT 2: 104

MRDG STEP 2: Alternative Comparison

	Alternative 1:
	No Action

	Alternative 2:
	Aerial seeding and mulching



	Wilderness Character
	Alt 1
	Alt 2 
	Alt 3
	Alt 4

	
	+
	-
	+
	-
	+
	-
	+
	-

	Untrammeled
	1
	4
	0
	0
	
	
	
	

	Undeveloped
	0
	0
	0
	0
	
	
	
	

	Natural
	1
	1
	1
	1
	
	
	
	

	Solitude or Primitive & Unconfined Rec.
	0
	0
	0
	0
	
	
	
	

	Other Features of Value
	0
	0
	3
	0
	
	
	
	

	Total Number of Effects
	2
	5
	4
	1
	
	
	
	

	Wilderness Character Rating
	3
	3
	
	

	

	Other Criteria
	Alt 1
	Alt 2 
	Alt 3
	Alt 4

	
	+
	-
	+
	-
	+
	-
	+
	-

	Maintaining Traditional Skills
	0
	0
	0
	0
	
	
	
	

	Special Provisions
	0
	0
	0
	0
	
	
	
	

	Economics & Time Constraints
	0
	0
	1
	1
	
	
	
	

	Total Number of Effects
	0
	0
	1
	1
	
	
	
	

	Other Criteria Rating
	0
	0
	
	

	

	Safety
	Alt 1
	Alt 2 
	Alt 3
	Alt 4

	
	+
	-
	+
	-
	+
	-
	+
	-

	Safety of Visitors & Workers
	0
	1
	1
	1
	
	
	
	

	Safety Rating
	-1
	0
	
	




MRDG STEP 2, ALT COMPARISON: 114
MRDG STEP 2: Alternatives Not Analyzed

Alternatives Not Analyzed
What alternatives were considered by not analyzed?  Why were they not analyzed?

	BAER action, so either action or no action was evaluated.



MRDG STEP 2: Decision
Refer to the MRDG Instructions before identifying the selected alternative and explaining the rationale for the selection.Selected Alternative



	☐	Alternative 1:
	

	☒	Alternative 2:
	Aerial seeding and mulching

	☐	Alternative 3:
	

	☐	Alternative 4:
	

	☐	Alternative 5:
	

	☐	Alternative 6:
	

	☐	Alternative 7:
	

	☐	Alternative 8:
	



Explain Rationale for Selection:
	The two alternatives were about equal in effects, but Alternative 2 has the potential to make some improvement in safety.



Describe Monitoring & Reporting Requirements:
	BAER team will monitor post-implementation and may re-evaluate following the monsoon season. 





Approval of Prohibited Uses

Which of the prohibited uses found in Section 4(c) of the Wilderness Act are approved in the selected alternative and for what quantity?
	☐	Mechanical Transport:
	

	☐	Motorized Equipment:
	Aerial Seeding

	☐	Motor Vehicles:
	

	☐	Motorboats:
	

	☐	Landing of Aircraft:
	

	☐	Temporary Roads:
	

	☐	Structures:
	

	☐	Installations:
	



Record and report any authorizations of Wilderness Act Section 4(c) prohibited uses according to agency policies or guidance.

Refer to agency policies for the following review and decision authorities:
	Prepared
	Name
	Position

	
	Charlotte Minor
	Landscape Architect

	
	Signature
	Date

	
	
	6/14/2014

	

	Recommended
	Name
	Position

	
	
	

	
	Signature
	Date

	
	
	




	

	Recommended
	Name
	Position

	
	
	

	
	Signature
	Date

	
	
	

	

	Approved
	Name
	Position

	
	
	

	
	Signature
	Date

	
	
	





Appendix A Slide Fire Map with Burn Severity
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Appendix B Coconino Forest Plan (1987) and Draft Revised Forest Plan (2013) Direction Pertaining to Proposal
 Coconino Forest Management Plan 1987
Goals - Wilderness: Provide a wilderness management program that achieves high quality wilderness values while providing for quality wilderness recreation experiences. Allow wildfire to play a more natural role. Protect the current status of air quality related values (AQRV's) in the Sycamore Canyon Wilderness Class I Airshed. Treat other wildernesses in the same manner as Class I Airsheds. Initiate the Wilderness Opportunity Spectrum (WOS) system in Forest wildernesses. Develop wilderness management direction that establishes Limits of Acceptable Change (LAC).
Wildlife and Fish: Manage habitat to maintain viable populations of wildlife and fish species and improve habitat for selected species. Cooperate with the Arizona Game and Fish Department to at least achieve management goals and objectives specified in the Arizona Wildlife and Fisheries Comprehensive Plans and strategic plans, and on proposals for reintroduction of extirpated species into suitable habitat. No unapproved species are introduced. Support the Arizona Game and Fish Department in meeting its objectives for the state. Improve habitat for listed threatened, endangered, or sensitive species of plants and animals and other species as they become threatened or endangered. Work toward recovery and delisting threatened and endangered species. Identify and protect areas that contain threatened, endangered, and sensitive species of plants and animals.
Riparian: Accomplish eighty percent of the riparian recovery by 2030. The remaining 20 percent will be significantly improved, but will not have all of the characteristics of a fully recovered riparian area, such as 3 age classes of woody vegetation. Cooperate with Arizona Game and Fish Department to achieve management goals and objectives in the Arizona Cold Water Fisheries Strategic Plan.
Soil, Water and Air Quality: Maintain or, where needed, enhance soil productivity and watershed condition. Put all areas in a satisfactory watershed condition by 2020. Maintain a high quality sustained water yield for Forest users and others. Identify and protect wetlands and floodplains. Consider air quality during prescribed fires especially Class I areas over wildernesses.
Research Natural Areas, Botanical and Geological Areas: Manage RNA's for scientific research or baseline studies. Protect potential RNA's pending decision by the Chief. Manage specially designated areas to protect their special qualities and to provide interpretation and education.

Forest Wide Management Direction (Standards and Guidelines)
Cultural Resources: Consult with Native Americans when projects and activities are planned in sites
or areas of known religious or cultural importance. The Forest complies with the National Historic Preservation Act (NHPA) in decisions involving interactions between cultural and other resources. Cultural resources are managed in coordination with the State Historic Preservation Plan (SHPO). Until evaluated, the minimal level of management for all sites is avoidance and protection. Identified sites are evaluated for their National Register eligibility when they are severely damaged, when they will be impacted by an undertaking, or information about the uniqueness, commonness, and characteristics of their site class are sufficiently known to make an informed decision. Sites for which determinations of eligibility have not been made are managed as if they are eligible, unless consultation with the SHPO indicates otherwise.

Wildlife and Fish: Habitat management for Federally listed species will take precedence over unlisted species. Habitat management for endangered species will take precedence over threatened species. Habitat management for sensitive species will take precedence over non-sensitive species. Follow approved recovery plans. Inventory, evaluate, and prepare recovery schedules for proposed, T&E, and sensitive plant and animal species in the first decade or as species are proposed. Monitor approved schedules, reproductive success, and effects of management activities at occupied threatened, endangered, and sensitive species sites. Reintroduce T&E species in accordance with recovery plans. Mexican Spotted Owl - In protected and restricted areas, when activities conducted in conformance with these standards and guidelines may adversely affect other threatened, endangered, or sensitive species or may conflict with other established recovery plans or conservation agreements; consult with US Fish and Wildlife Service to resolve the conflict. Monitor changes in owl populations and habitat needed for delisting. Northern Goshawk - Manage for uneven-age stand conditions for live trees and retain live reserve trees, snags, downed logs, and woody debris levels through out woodland, ponderosa pine, mixed conifer and spruce-fir forest cover types. Manage for old age trees such that as much old forest structure as possible is sustained over time across the landscape. Sustain a mosaic of vegetation densities (overstory and understory), age classes and species composition across the landscape. Provide foods and cover for goshawk prey. Manage the ground surface layer to maintain satisfactory soil conditions i.e. to minimize soil compaction; and to maintain hydrologic and nutrient cycles. When activities conducted in conformance with these standards and guidelines may adversely affect other threatened, endangered, or sensitive species or may conflict with other established recovery plans or conservation agreements; consult with US Fish and Wildlife Service to resolve the conflict. 

Riparian: Emphasize maintenance and restoration of healthy riparian ecosystems through conformance with forest plan riparian standards and guidelines. Management strategies should restore degraded riparian areas to good condition as soon as possible. Damage to riparian vegetation, stream banks, and channels should be prevented. 

Water Resources: Conduct water quality monitoring of primary contact recreation sites to standards of FSM 2540 and Arizona Water Quality Standards for full body contact waters (swimming and wading). Conduct monitoring as necessary to assure compliance with standards for aquatic life and wildlife where known problems are occurring. Maintain current satisfactory watershed conditions and improve any unsatisfactory conditions to satisfactory by 2020. Implement resource improvement projects that are cost-effective and/or are beneficial for maintaining and improving water quality, quantity, and soil productivity. Priority is given to vegetative versus structural measures. Implement emergency fire rehabilitation measures where necessary to protect soil and water resources from intolerable losses or to prevent unacceptable downstream damage.


	
Draft Revised Forest Plan 2013 
Forestwide Management Desired Conditions All Riparian Forest Types: Flooding is the primary disturbance, not fire. Fire is a disturbance from incursions originating in adjacent systems and may creep into riparian corridors. Fire in riparian areas is influenced by the fire regime condition class in adjacent vegetation types. Depending on temperature, precipitation, and drought, fire behavior and effects are variable. Fire in the surrounding watersheds periodically provides slight increases in sediment, nutrients, and water that cause minimal channel modifications. 
Desired Conditions Interior Chaparral: Interior Chaparral has vegetation with varying age classes and densities that protects against accelerated erosion and is maintained by frequent intervals of high-severity fires. During early stages of succession, Interior Chaparral contains a grass and forb component in the understory. The mid- to late-development stages are dense, nearly impenetrable thickets with considerable (about 35 to 45 percent of soil surface) shrub litter (e.g., small stems, leaves). Standing dead material may accumulate in areas that have not burned for several decades. Greater than 70 percent of chaparral is mid- to late-development closed canopy with some openings of grasses and forbs. Canopy is more open at dry sites and more closed at wetter sites. Interior Chaparral is in a constant state of transition from young to older stages and back again, with fire being the major disturbance factor. Natural high severity fires (75+ percent mortality or top kill) occur with a frequency of once every 35 to 100 years. Long fire return intervals allow for reestablishment of seed bank and development of fuel loads and spatial continuity of fuels necessary for fire. Although soil productivity is generally low and most soils are inherently unstable on steep slopes, there is sufficient vegetation and litter cover to protect soil from accelerated erosion.
Desired Conditions for Ponderosa Pine: Ponderosa Pine has a mosaic of trees with varying age classes and understory vegetation which provide habitat for a variety of species, including Mexican spotted owls and northern goshawks, and ground fuels conducive to low-severity fires.  The composition, structure, and function of vegetation conditions are resilient to the frequency, extent, and severity of disturbances and climate variability that is similar to conditions prior to 1850 (pre-fire disruption17). The landscape is a functioning ecosystem that contains its components, processes, and conditions that result from endemic levels of disturbances (e.g. insects, diseases, fire, and wind), including snags, downed logs, and old trees. Grasses, forbs, shrubs, and needle cast (e.g., fine fuels), and small trees maintain the natural fire regime. Organic ground cover and herbaceous vegetation provide protection of soil, moisture infiltration, and contribute to plant and animal diversity and to ecosystem function. Frequent, low-severity fires (Fire Regime I) are characteristic in this PNVT, including throughout northern goshawk home ranges. Spatial heterogeneity and discontinuous crowns (interspaces between groups and single trees) prevents fire spread. Natural and human disturbances are sufficient to maintain desired overall tree density, structure, species composition, coarse woody debris, and nutrient cycling.
Desired Conditions for Wildlife, Fish, Plants: Sustainable populations of native and desirable nonnative plant and animal species, including special status species, are supported by healthy ecosystems and ecologically responsible forest activities and reflect the diversity, quantity, quality, and capability of natural habitats on the forest. Human-made or altered habitats may be necessary to support populations in the short term, but in the long term, species are enhanced and/or returned to natural habitat. Habitats for special status species support viable, self-sustaining populations. Ecological conditions provide habitat for federally listed and other special status species. Habitat conditions contribute to the survival and recovery of listed species, allow for repatriation of extirpated species, contribute to the delisting of species under the Endangered Species Act, preclude the need for listing new species, improve conditions for Southwestern Region sensitive species, and keep common native species common. Habitat conditions provide the resiliency and redundancy necessary to maintain species diversity and metapopulations. Habitats have the soil characteristics and native vegetation to support the species that are dependent on them. Streams and other aquatic systems have sufficient clean water, substrates, bank structure, and other features to provide high quality species habitat which benefits survival, growth, reproduction, and migration of associated native species. Properly functioning stream ecosystems provide habitat for native and desirable nonnative species and are resilient to disturbances. Standards: Direction for species listed as threatened, endangered, proposed, or candidate takes precedence over direction for species not listed by the U.S. Fish and Wildlife Service. Guidelines: Habitat management objectives and species protection measures from approved recovery plans should be applied to activities occurring within federally listed species habitat to promote recovery of the species. To improve the status of species and prevent Federal listing, management activities should comply with species conservation agreements, assessments, and strategies.vide high quality species habitat which benefits survival, growth, reproduction, and migration of associated native species. Properly functioning stream ecosystems provide habitat for native and desirable nonnative species and are resilient to disturbances. Standards: Direction for species listed as threatened, endangered, proposed, or candidate takes precedence over direction for species not listed by the U.S. Fish and Wildlife Service. Guidelines: Habitat management objectives and species protection measures from approved recovery plans should be applied to activities occurring within federally listed species habitat to promote recovery of the species. To improve the status of species and prevent Federal listing, management activities should comply with species conservation agreements, assessments, and strategies.


Desired Conditions for Water Quality: Water quality is sustained at a level that retains the biological, physical, and chemical integrity of the aquatic systems and benefits survival, growth, reproduction, and migration of native aquatic and riparian species. Water quality meets or exceeds Arizona water quality standards and supports identified designated beneficial uses and native aquatic species.
Desired Conditions for Stream Ecosystems: Stream ecosystems, riparian corridors, and associated stream courses are functioning properly and resilient to natural disturbances (e.g., flooding) and climate change; promote the natural movement of water, sediment, and woody debris; and provide habitat for native and desirable nonnative riparian and aquatic species. 
Desired Conditions for Fire Management: Wildland fires burn within the range of intensity and frequency of the historic fire regime of the vegetation communities affected. High-severity fires rarely occur, except where this is part of the historical fire regime. See desired conditions for appropriate vegetation types. Wildland fires do not result in the loss of life, property, or ecosystem function.
Desired Conditions for Heritage Resources: Historic and prehistoric sites, including known American Indian sacred places and traditional cultural properties, are preserved and protected for their cultural importance. They are generally free from adverse impacts or impacts are minimized through consultation with those tribes who are descendants of the prehistoric people who have used the area in historic times. Site integrity and stability is protected and maintained on sites that are susceptible to imminent risks or threats, or where the values are rare or unique.
Desired Conditions for All Designated Wilderness Areas: Wilderness and recommended wilderness areas provide their full range of social and ecological values for which these areas were recognized with special status. Ecosystems within wilderness are functioning within their historic range of variability. Ecological conditions trend toward the desired conditions for the respective vegetation types within each wilderness. Other ecological features (e.g., biophysical features, geological resources, aquatic systems) achieve or are trending toward their desired conditions. Native species are present and supported by properly functioning habitat conditions. Disturbances, including fire and flooding, are able to play their natural role in vegetative succession, while accounting for public health and safety concerns. Ecological conditions trend toward the desired conditions for the respective ecological resource within each wilderness. Invasive plants and animals do not occur at levels that disrupt ecological functioning. Plants used for traditional medicine and cultural purposes thrive here.
Desired Conditions of Red Rock-Secret Mountain Wilderness: There are seven major vegetation types: Ponderosa Pine, Mixed Conifer, Interior Chaparral, Piñon-Juniper Evergreen Shrub, Riparian Forests, and Semidesert Grasslands Arizona cypress communities are preserved. The wide variety of vegetative types provides habitat for equally diverse wildlife populations. Native fish populations in the West Fork of Oak Creek persist and are minimally affected by invasive aquatic species. Cliffs that are occupied peregrine falcon habitat are undisturbed during the breeding season. Invasive plants do not occur at levels that disrupt ecological functioning. Plants used for ethnobotanical purposes thrive here. Heritage sites remain unaltered. Spectacular red, tan, and buff cliffs that mark the edge of the Colorado Plateau are found throughout this wilderness. Steep forest canyons interspersed with red rock arches and formations provide outstanding opportunities for solitude farther into the area. Visitor encounters are higher at the eastern end of the West Fork of Oak Creek. Opportunities for primitive recreation are many. Primitive hiking is allowed, but overnight camping may be restricted because of the overlying research natural area and resource protection.
Desired Conditions Research Natural Areas, Botanical and Geological Areas: Research natural areas have excellent examples of the ecological features for which they were designated, with little evidence of human activity or disturbance. Visitor access and use occurs at environmentally acceptable levels to maintain the research values of the RNA. Special use permits within these areas are inappropriate unless they are related to research for which the area is designated. Fire management mimics natural fire processes and is compatible with ongoing research. The Oak Creek Canyon RNA protects a diversity of vegetation within Oak Creek Canyon. The Oak Creek Canyon RNA is an example of a biologically diverse creekside area and is a paleobotanical area containing plant species surviving from the last ice age. West Clear Creek proposed RNA retains the riparian communities in a steep canyon setting as well as hanging gardens and springs
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Slide Fire Seeding and Mulch Treatment Area
Name


Harding Point - 184 acres
Oak Creek - North - 26 acres
East Pocket - 802 acres
Oak Creek - South - 82 acres
Sterling Canyon - 1,081 acres
Non-FS Ownership
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Watershed 

Name 

Watershed 

Size 

(square 

miles)

Average  

Gradient, 

Longest 

Flow Path 

% 

Unburned

% 

Low 

% 

Mod

% 

High

Pre-Fire 

Peak 

Discharge 

(cfs) 

a

Post-Fire 

Peak 

Discharge 

(cfs) 

a

Increase in 

Peak 

Discharge

 b

Pre-Fire 

Discharge/s

quare mile

Post-Fire 

Discharge/s

quare mile

Post-

Treatment 

Peak 

Discharge 

(cfs) 

a

Acres of 

Mulch 

Treatment 

Howard 

Pocket

2.84 8% 4 57 30 8 710 19403-fold 250 683 1610

472

West Buzzard

17.8 5% 64 24 11 1 1810 29102-fold 102 163 2700

375

Pine Tank

2.69 16% 7 36 37 20 740 29104-fold 275 1082 2500

354

Sterling 

Canyon

3.08 9% 4 29 45 22 820 26003-fold 266 844 1980

818

Casner Cabin 

Draw

8.84 5% 35 50 14 1 1700 32502-fold 192 368 3130

230

Unnamed 

Tributary to 

Oak Creek

0.51 25% 1 9 28 62 130 8507-fold 255 1667 420

288

Unnamed 

Tributary to 

West Fork

0.41 24% 0 5 32 63 90 7308-fold 220 1780 390

205

Barney Spring 

Canyon

3.46 21% 14 53 29 5 700 19503-fold 202 564 1700

285

Notes:

b - Rounded to nearest whole number

a - Roundest to nearest 10.
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