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Executive Summary:

A severe wildfire and associated high soil burn severity has occurred on hillslopes and drainage catchment areas above and in gulleys and creeks that have a history of instability. This has resulted in an increased risk to the public from natural hazards associated with this area.

This plan discusses possible mitigative treatment options to reduce erosion risk from the Springer Fire and then describes the proposed hillslope soil treatments which are intended to reduce this risk in critical areas (those that may impact public safety and infrastructure). These options and proposed risk reduction measures are in addition to the standard deactivation (rehabilitation) of all fire suppression activities.

The Ministry of Forests and Range's focus is on treatments within the Crown forest and within the fire boundary, which have been identified as a new area eligible for funding under the Fire Vote when warranted by risk and feasibility. Other agencies such as MOT, PEP, RDCK may undertake treatments on the fans or in gullies below the fire. However, because they reduce the amount of overland flow and sediment available to cause downslope events, hillslope soil treatments are recommended even when downslope treatments are deployed. Soil mulching treatment is proposed and since it has not been done by the Ministry before, we involved USDA Forest Service specialists in our assessment and prescription development because they have used these treatments extensively.

To provide context for the discussion of mitigation options, the current status of the Risk Analysis, Assessment and Mitigation process for this fire is discussed. The Risk Analysis Report was completed September 1 with minor updating September 14, 2007. Further risk analysis of longer-term hazards (primarily slope instability, some hydrologic) is planned for completion this fall, after the hillslope soil treatments and completion of treatments on  nonstatus road systems in high risk areas (MOFR nonstatus road assessment completed and mitigative works to start week of September 24). In addition, a snow avalanche hazard evaluation is apparently underway by MOT

Options for risk reduction include removal of the elements at risk, protection of the elements at risk, or reducing the likelihood of a deleterious event occurring. A number of options are discussed, particularly for hazard reduction in the Crown forest area. Hillslope soil treatments (mulching with straw and seeding with a fall cereal grain) are almost always carried out in the USA where these type of hazards are more common following wildfires; these are considered the most feasible in the Crown forest area on the Springer Fire. 

Priority categories for mulching treatment consideration have been developed to reflect 3 types of public safety risk that have been tabulated and mapped, with the following areas feasible to treat: I to residents (65 Ha), II to traveling public on or near main highway crossings (2.5 Ha), and III to traveling public elsewhere along highway 6 (41.5 Ha); for a total proposed treatment area of about 110 Ha. Area feasible for grass seeding is slightly larger, up to 140 Ha. Costs for the hillslope treatments are estimated at $ 80 per Ha for seeding, and about $ 1600 per Ha for the straw mulching. Total cost will depend on which risk categories are treated. 

Not all slopes and drainages are feasible for treatment, particularly the heavily burned gulley headwall areas in Allen Creek and most of the Enterprise 1 tributary, which is above Highway 6 near the new proposed bridge crossing. It is up to other agencies including MOT, MOE, PEP and RDCK to consider these risks further and keep stakeholders informed of the hazards and risk reduction efforts. 

A target level of risk reduction is not defined because it is not possible to fully define the elevated risk created by the fire effects on the soils, gulley systems and the associated watersheds involved. However, where a large proportion of the high soil burn severity can be treated, we expect a significant reduction in the level of risk with short-term hazards reduced closer to pre-burn conditions. 
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A.  POST-WILDFIRE EROSION RISK MITIGATION OPTIONS

This report describes background regarding policy, fire effects on soils, and the range of mitigation options that may be used to eliminate or reduce risks to public safety from such a fire. These options and treatments are in addition to the normal deactivation and rehabilitation of fire suppression activities.
1. Scope (and limitations):

Under draft policy (BC Ministry of Forests and Range, 2007a), mitigative treatments may be eligible for funding if they reduce risk to critical elements at risk from the Crown forest area within the fire polygon.

It is possible that other agencies, such as MOT, PEP and RDCK, and possibly private landowners, may undertake mitigative treatments outside of the fire polygon. Some options are discussed briefly in this report, but such works are beyond the scope of the Ministry of Forest and Range’s jurisdiction. However, this report may help other agencies and individuals prioritize such treatments by identifying areas where slope treatments are considered feasible and likely to reduce risk (and conversely areas where this is not feasible).
Most houses and building sites at risk are located on alluvial/colluvial fans that would naturally be periodically subject to debris flows or floods. Depending on the location of an individual residence/building site, the magnitude of an event that they would be exposed to under the pre-fire condition likely ranges from approximately a 1-in-15 to over a 1-in-300 year event. The wildfire in the catchment areas of these gullies and streams has increased the upslope hazard for reasons described in the Risk Analysis Report by Nicol et al. (2007). Consequently, the weather events that act as triggers for these events do not have to be as large, and rather “unremarkable” events. A thunderstorm providing 20 minutes of intense rainfall, may be enough to create an erosional/depositional event. (For example, one such event has already occurred on August 31 in  Enterprise Creek, on a more severe gulley system, blocking the road and damaging a bridge at 5 km – Photos 1 and 2.)
It is not up to the Ministry of Forests and Range to determine acceptable or tolerable risk to the occupants of houses, nor to undertake detailed risk analysis
. However, the Ministry can continue to provide technical information to help other agencies, private companies, and individuals in such determinations. (Other agencies such as MOT, PEP, and RDCK may have mandates to provide assessments, counselling and/or treatments in this regard.)
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Photo 1. Catchment area of Enterprise Creek 5 km gulley, showing concentrated overland flow on severely burned soils, which contributed to debris flow on or about August 31, 2007.
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Photo 2. Bridge damage at 5 km on the Enterprise Creek road, from small debris flow that occurred on or about August 31, 2007.
2. Context:

The proposed Crown forest treatment regime is part of an overall risk assessment and mitigation process supported by draft policy, procedures (BC Ministry of Forests and Range 2007b) and an MOU developed by and between the MOFR Southern Interior Forest Region, Protection and Resource Tenures and Engineering Branches, and the Provincial Emergency Program. The mitigative treatment options and proposed risk reduction measures presented in this report are in addition to the standard deactivation (rehabilitation) of all fire suppression activities.
The Springer Fire is more complicated than most interface fires in that multiple elements are at risk, from multiple gulley and stream systems, and also from various short and long-term natural hazard processes. The result is a multistage approach to risk analysis, risk assessment, and risk reduction (including proposed mitigation):

2.1 Risk Analysis 
 

1. Risk Analysis relating to short-term hazards (3-5years) report with recommendations – done and communicated to PEP who contacts stakeholders, available on Ministry FTP site as well. 
2.  Risk analysis of longer-term (greater than 5 years) hazards (primarily slope instability, some hydrologic) – planned for completion this fall after hillslope soil and non-status road treatments 

3. Assessment of non-status road systems in high risk areas as recommended by risk analysis - underway and will feed into 2.

4. Snow avalanche hazard evaluation – suggested action by MOT

 

(1-3 undertaken by Region and District, and presumably funded by Fire Vote)
2.2 Risk Assessment

1. Upon the review of the risk analysis, it was decided that further exploration of risk reduction strategies was warranted given the extent of identified high risk.

2. Risk reduction options available to MOFR include the deactivation of roads and trails in and above the high risk areas, hillslope soil treatments, and tree planting.  Whether risk reduction strategies are implemented, and to what degree, will depend on the available budgets, the implementation method, and the anticipated effectiveness in risk reduction. Levels of risk reduction are further discussed in Section 4.
 

2.3 Mitigation (Risk Reduction - Crown forest work done by District with Regional and Fire Centre support)
 

A. Hillslope Soils Mitigation plan – this report, which proposes 125-140 Ha for treatments.
B. Nonstatus roads deactivation upgrading, as necessary - will be done this fall

C. Longer-term slope, hydrologic stability mitigation (if anything feasible, might be planting trees) – next spring

D. District/Licensee - Status roads (FSR’s and operational) drainage upgrades or deactivation as may be necessary (none may be needed on this fire) – this fall

E. MOT - Avalanche hazard mitigation - might mean planting trees next spring

F. MOT/PEP/RDCK - possible protective/deflective structures on fans, or in gullies, near elements at risk

 

(A-C undertaken by Region and District, and might be partly or completely funded by Fire Vote; some of D may be considered but unsure)

3. Background information on wildfire erosion and the Springer Fire.

Post-wildfire erosion occurs as a result of altered soil hydrologic properties, due to high burn severity which results in loss of the protective forest floor layer, the creation of  water-repellent soils (Photo 3) and/or clogged or crusted soils that reduce infiltration and increase overland flow and erosion (further discussion in Curran et al. 2006). Analysis of risk follows principle described by Jordan et al. (2006) and outlined in the procedures and policies referenced in this report. 
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Photo 3. Water repellent soils in Cory Creek area, note water (covered with dust) ponded in trench used to estimate % coverage of this condition.
In British Columbia most of our recent experience with post-wildfire erosion comes from events resulting from the 2003 fires, which occurred under similar soil drought conditions as the 2007 fires in southeastern BC. Local erosion events that resulted from the 2003 fires included Kuskonook and Lamb Creek fire events in 2004, and Ingersol fire events in 2005. These events could likely have been prevented or reduced in severity and extent through mitigative treatments on the burned soils. In North America, most experience with post-wildfire erosion and mitigation, and hence most literature, research and operational techniques comes from the USDA Forest Service Burned Area Emergency Response (BAER) operational treatments and associated research (eg, Robichaud et al. 2000; Napper, 2006).
The Springer Fire area has been subject to previous natural hazard events, including those made more frequent or severe due to road drainage problems (Curran et al. 1990). Some photos and description of this history, and the specific Hazards and Elements at Risk identified on Springer Fire, have been described in the Risk Analysis Report (Nicol et al. 2007). The immediate natural hazards are due to processes related to short-term fire effects on soils (increased peak runoff and overland flows due to high soil burn severity and water repellent soils that can lead to debris flows, debris floods and related events). Longer-term hazards may have been increased by the wildfire and are under further evaluation while the short-term hazards are being mitigated.

Elements at risk are primarily residential housing and a Highway, but also include domestic water supply,  power supply infrastructure and fibre optics line. These have been prioritized for mitigative treatment consideration by the Ministry and other agencies, as follows:
4. Criteria for mitigative treatment and target level of risk reduction

For treatments on the Crown forest land within the burn polygon, criteria for risk reduction for post-wildfire hazards has been proposed in three categories, which may be useful for other agencies considering downslope mitigation as well:

I. High risk to public safety with regard to local residents
,

II. High risk to public safety with regard to specific highway infrastructure (e.g., a crossing), and
III. High risk to public safety with regard to highway infrastructure in general (e.g., no specific crossings of concern but still may be very dangerous if someone collides with a road blockage they do not see in time).

Individual water, power supply systems, and fibre optic lines are not considered in the above categories because they are not considered public safety related elements; however, these elements may also be protected to some degree indirectly by mitigative works within the Crown forest.

Individual hazard areas and elements at risk have been identified in the Risk Analysis Report by Nicol et al. (2007). The Ministry of Forests and Range considers category I, protection of residences, to be the highest priority for hillslope soil remediation treatments, where the elevated risk is high and where such treatments are feasible and may reduce this risk. The next priorities are categories 2 and 3. 
Ideally a specific target level of risk reduction would be set. However, due to a number of factors, the degree or extent of risk reduction can not be absolutely determined. These factors include, but are not limited to:

· uncertainty of climatic events that may trigger a natural hazard event,

· natural slope instability and related processes that already occur in the area,
· variation in the success of proposed treatments, due primarily to climatic events influencing soil mulches and natural and artificial (seeding, planting) re-vegetation, and

· influences of areas that can’t be treated (e.g.,  areas that are too steep such as much of the Allen Creek drainage)
The degree of expected risk reduction will depend on the type of mitigative treatment selected and the extent of implementation of the treatment. It will not be possible to reduce the risk to pre-burn conditions; however, the objective of mitigative treatments is to reduce the frequency and the magnitude of the hazard occurrence.  So for a given storm event, with treatments, the number of landslides and/or the volume of the landslides may be reduced.  In addition if protection/diversion treatments are implemented downslope of the fire, the landslides that do occur may not impact the elements at risk.
5. Mitigative treatment options to reduce risk
 The mitigative treatments may include the following, and often more than one of these areas are pursued by the various agencies and individuals involved in managing and living with the increased risk:
1. Removal of the element at risk

2. Protection of the element at risk, and/or

3. Reducing the likelihood of an event creating the risk

This report focuses on 3, above but discusses 1 and 2 briefly first.

5.1 Removal of the element at risk.

Where high risk exists, one option is to remove the element in danger. This is clearly the safest option but does represent a major upheaval in the case of a personal residence (or even one in the building stage). However, in some cases this may be the only available option in order  to ensure an acceptable/tolerable level of risk to the occupant. Houses are of particularly concern because the exposure of the occupants to the risk is almost full time, particularly considering that many of the climatic events that may trigger an event occur during evening and early morning hours (e.g, thunderstorms). 

5.1.1 Temporarily vacating a home during high risk conditions

One option would be to vacate a high risk location during weather events that are considered a potential trigger for these hazards. However, the forecasting of such events may not be reliable because the short-term risk is primarily related to convective rainfall events that may be “unremarkable” in nature and hence difficult to predict or detect when it is occurring high above the residential area (e.g., perhaps as low as 10 mm in a short duration, high intensity rainfall; the recent Enterprise Creek event occurred when only 6 mm was measured at the closest weather station). 

This may have some merit for longer-term risks related to long duration rainfall events (risk analysis still underway and to be completed this fall). Weather monitoring and warning systems should be considered by other agencies (e.g., MOT, PEP, RDCK) and residents made aware of weather patterns and events of concern, both in the short and long-term.
Note that as per scope and limitations, this entire area of mitigation falls beyond the Ministry of Forest and Range mandate.
5.2 Protection of the element at risk

Protection of the element at risk may be achieved through engineered structures designed to either catch or deflect a debris flow or flood coming down a channel or heading towards a structure (e.g., a house). Through adequate design, construction and maintenance, engineered structures have proven to be successful in protecting elements as a result of hazards created by wildfires in the USA. Various designs exist on US Government websites and other designs have  been forwarded to us from the USDA Forest Service BAER specialists, and were passed onto MOT, PEP and RDCK.
Protection of the travelling public could be achieved by closing the highway during storm events; however, the uncertainty of predicting such events likely precludes this alternative.  Alternatively protective works at the highway location should be considered. 

Note that as per scope and limitations, this area of mitigation falls beyond the Ministry of Forest and Range mandate.

5.2.1 Water and Power Supplies

Due to extensive areas of high soil burn severity, and resulting ash, charcoal and exposed mineral soil, residents have to expect some sedimentation (e.g., ash and charcoal) and disruption of water supply and power generation systems, whether debris flows or floods occur or not. Consideration should be given to protecting water supply systems, power supplies, and fibre optic lines for the residential areas at risk from wildfire erosion. Alternative sources should also be available should an erosion event occur.
Note that as per scope and limitations, this area of mitigation falls beyond the Ministry of Forest and Range mandate.

5.3 Reducing the hazard (or likelihood of an event occurring)
This report focuses on treatments within the Crown forest area that are considered to reduce the hazard, and hence reduce the potential for an event 
In the case of the Risk Analysis Report, it was not possible to quantify the level of risk. Consequently, it is similarly not possible to quantify the risk reduction that may be possible by undertaking treatments. However, literature is available on some of the treatments to demonstrate the kinds of reductions that may occur and this is discussed briefly for each treatment type considered below. Again, most of the experience comes from the USDA Forest Service BAER operational treatments and associated research. 

Treatments that may and often do occur on BAER projects include:

· Gulley and stream channel treatments to reduce water velocity and sediment bulking

· Road drainage structure deactivation and upgrading

· Tree planting to reduce longer-term hazards such as snow avalanche or slope instability

· Hillslope soil treatments

Hillslope soil treatments are normally considered first, but the discussion is organized to lead up the soils treatment plan.

5.3.1 Gulley and stream channel treatments to reduce water velocity and sediment bulking

A number of gulley and stream channel treatment options were considered amongst our team and discussed with USDA Forest Service specialists. Our collective opinion is that these are not viable and practical for MOFR to implement on the Springer Fire. The various types of treatments, and some reasons for not considering them further include:

1. Bioengineering takes a long time to fully establish. While bioengineering can be effective regarding surface erosion over a small area, it is considered more cost effective to mulch or place intensive contour logs. 
2. Check dams – log crib checks dams could be considered between say 1600m and the 1350m elevation; however, these are costly, require detailed engineering (there have been cases where the failure of the check dams have caused increased debris flow volumes and loss of life), and they require maintenance (budget and access for cleaning them out after an event)

3. Contour felled logs were not considered viable because of the roughness of the slopes involved.

4. Silt fences are not robust enough to actually stop anything of volume and require a lot of maintenance.
5. Debris racks and catch basins – typically installed at the base of the slope (above highways and bridges, which are outside of the MOFR jurisdiction)

6. Flexible cables (Geobrugg), - require detailed engineering, are costly, and require maintenance and ongoing access.     
These in channel works are beyond the scope of what the MOFR can consider at this time and it has been suggested that good treatment of hillslope soils with mulching can reduce or prevent the needs for these treatments. 

Consideration of check dams diversion berms, catchbasins or the Geobrugg would be either by MOT if they feel the risk is too high, or in coordination with (or by) other agencies/individuals.
Designs and examples of downslope treatments are available in various BAER publications, some of which the authors have and some of this information has been circulated to PEP, MOT and the Regional District.

Regarding any specific areas for intensive treatment - depends on the ability to spread the mulch effectively at the headwaters of the drainages. Fortunately this option exists on all gulley systems, except Allan Creek (although the main headwaters of Allan Creek are not burned very severely, just the upper gulley areas).
5.3.2 Road drainage structure upgrading

After wildfire, increases can and do occur in overland and subsurface flows, resulting in a need to evaluate the adequacy of existing road deactivation and drainage structures. Various models and procedures are available for these evaluations, including numerous models developed for the USDA Forest Service under climatic conditions similar to the Springer Fire. 
FSR’s and operational roads are the responsibility of Licensees and the local forest districts.  

For non-status roads, a review has been undertaken in high risk areas in order to determine if the roads present a significant additional hazard, by further diverting or concentrating overland flows.  This review has just been finished and recommendations are being made regarding any required deactivation works that will commence immediately.
5.3.3. Tree planting to reduce longer-term hazards such as snow avalanche or slope instability

This has already been identified as desirable for reducing snow avalanche hazard and may be desirable for slope stability (subject to ongoing analysis of longer-term hazards). Snow avalanche hazard and mitigation is considered a responsibility of MOT. Regarding longer-term slope stability, a review will be undertaken once hillslope treatments and nonstatus roads have been completed. If any planting is required, they will be reported and acted upon at the time of completion of that analysis. Note that tree planting in previously forested areas, even outside the operability line, can help provide a range of social and ecosystem services and free up other timber for harvest in the long-run. Maps and notes have already been supplied to the Forests For Tommorrow program to promote this planting.
5.3.4 Hillslope soil treatments

These are widely used to reduce overland flow, sediment bulking and resulting downslope erosion. In fact, in one of their recommendations, Robichaud et al. (2000) note that it is considered more effective to reduce erosion onsite (hillslope treatments) rather than collect it downstream (e.g., channel treatments which we have ruled out within the Crown forest area of the Springer Fire). A large suite of treatment options exist and are documented in BAER manuals (e.g., Napper, 2006). Due to the steep slopes involved, and the presence of bedrock, some treatments were not considered feasible on the Springer Fire, including contour-felled logs. Soil disturbance, which mixes water repellent layers and/or creates surface roughness or mulching is desirable but expensive and difficult on steep rocky hillsides such as the high risk locations. However, soil disturbance should be considered in any salvage harvesting, in consultation with soils specialists.) Soil disturbance is also prescribed to break up any overland flow channels that have developed on the hillslopes prior to mulching. Other treatments, including straw wattles were not considered necessary if an adequate mulching treatment is provided (and slope limits for wattles are about 40 % whereas mulching can occur on much steeper slopes).
Soil mulching is considered a viable treatment option and is discussed further in Section B

B. HILLSLOPE SOILS MITIGATION PLAN
Our team, with assistance from the USDA Forest Service specialists feel  that soil mulching is a viable treatment and we collectively undertook a preliminary logistics trial with straw and woodchips on August 29th (Photo 4 and 5). 
1. Objective of soil mulching treatment:

The objective is to provide a temporary soil cover (mulch). Mulching of severely burned soils is a common treatment under the USDA Forest Service BAER program. Research and operational experience under the BAER program demonstrates that mulching can help:

· protect exposed soil in high burn severity areas from raindrop action,
· reduce the potential for overland flow by providing a mulch with sediment trapping and roughness elements that slow the flow of water,  

· increase wetting potential, and hence water infiltration, into water repellent and/or ash-clogged or crusted soils, and

· enhance seed catch, germination and natural re-vegetation.
The hillslope areas that are normally considered for treatment in wildfires are those with both high vegetation and high burn severity. This is because high burn severity soils in moderate vegetation burn severity areas normally receive adequate natural mulching from needle fall. Hence, the moderate vegetation burn severity areas are not proposed for treatment on the Springer Fire.
Treatment priorities for the hillslope treatments are ranked in Table 1 based on the criteria in this report and the identified hazards and risks in the Risk Analysis Report (Nicol et al. 2007). Priority category is based on public safety criteria for treatment, as related to elements at risk: I = residential, II = Highway crossing, III= Highway with catchbasin or no crossing.
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Photo 4. Helicopter spreading straw mulch in logistics trial, August 29, 2007
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Photo 5. Resulting logistics trial from August 29th, top is hand spread, bottom by helicopter

Table 1. Identified risk areas from Risk Analysis Report (Nicol et al. 2007), ranked by treatment priorities. Hillslope segments are shown in Photos 6 and 7 and on Map 1.
	Creek
	Primary Hazard

Type
	Hazard Level
	Value at risk
	Partial Risk  Residents1
	Partial Risk Highway Users2
	Treatment  Rank and Priority4

	North Cory Creek
	Debris Flow
	High
	House, private property, highway
	High
	High
	I - 1. Very High

	South Cory Creek 
	Debris Flow
	High
	Building Site, House, private property, highway 
	High
	High
	I - 1. Very High

	South South Cory Creek
	Debris Flow
	High
	House, private property, highway
	High
	High
	I - 1. Very High

	Allen Creek
	Debris Flow
	Moderate to High
	Houses, private property, highway
	Moderate to High
	Moderate to High
	I - 2. High to Very High

	Face Unit R5 – South End
	Debris slide, or small debris flow
	Moderate to High
	Highway, residences at Allen Creek Fan
	Moderate (to High) 3
	Moderate (to High)
	I - 3. High to Very High

	Memphis Creek North Ridge
	Debris Slide
	Moderate
	Houses, private property, highway
	Moderate3
	Moderate3
	I  - 3. High due to overland flow observed and stacked switchbacks

	South Van Tuyl
	Debris Flow (flood at house location)
	High
	Highway, house, private property
	Low to  Moderate
	High
	I - 4. High

	Enterprise 1
	Debris Flow
	High
	Highway and perhaps new crossing location
	n/a
	High
	II - 5. High if affects new crossing

	North Van Tuyl Creek           
	Debris Flow
	High
	Highway, private property
	Low
	High
	III - 6. Higher if affects a crossing

	Mid Van Tuyl Creek 
	Debris Flow
	High
	Highway, private property
	Low
	High
	III- 6. Higher if affects a crossing

	Face units R3,R5,R6
	Debris slide, or small debris flow
	Low
	Highway, residences below highway
	Low
	Low
	III - 7. Small area at top of R5 may warrant treatment.  Rest Low or Moderate – not considered for treatment

	Memphis Creek
	Debris Flow (or floods)
	Moderate to High
	Highway
	n/a
	Moderate
	III - 8. Area with old mine road may warrant treatment – need to walk.  

	South Memphis
	Debris Flow
	Moderate
	Highway
	n/a
	Moderate
	III - 8. Up to MOT

	Enterprise
	Debris Flood
	Low
	Highway Crossing of Enterprise Creek
	n/a
	Low
	9. n/a

	R1 Unit
	Debris Flow
	Low
	Highway
	n/a
	Low
	9. n/a


1 Partial Risk or P(HA) is the probability of occurrence of a specific hazardous landslide and the probability of it reaching or otherwise affecting the site occupied by a specific element; n/a = not applicable.

2 Actual partial risk to highway users will depend on a number of factors including highway configuration, stopping distances, available storage volume upstream of highway, highway users per day, and drainage control.  Risk to highway users and infrastructure should be confirmed by MOT.

3These have been updated since production of the Risk Analysis report because of further investigation of the R5 fan and the old mine road area where there is  evidence of overland flow on slopes above this area and stacked switchbacks, both increasing the hazard; further investigation is underway and a prescription is being implemented for further drainage control on deactivated area of  the old mining road and logging trails above 
 4Rank is based on criteria for treatment as related to elements at risk: I = residential, II = Highway crossing, III= Highway with catchbasin or no crossing 
Drainage:   R5
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Photo 6.  View of R5, Allan and Cory area, the burned, gentler hillslopes on the uppers are those targeted for treatment (most of the rest are too sleep as per Map 1 - e.g., gulley headwalls in Allen) 
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Photo 7. View across the hillside showing parts of Memphis and Van Tuyl, and over to top of Cory drainage, all of these gentler sloped areas are targeted for treatment at various categories of treatment priority (subject to funding). Mulching logistics trial visible in middle of the slope, old landslide upslope from there. Old logging trails in foreground are being treated under the nonstatus road treatments.

2. Mulching (and Seeding) application:

Soil Preparation

Due to overland flow already occurring in some areas, hand crews should break up drainage pathways that are developing to ensure they do not persist under the mulch.

Seeding

In addition to mulching, the sites should be seeded with cereal rye in the high risk areas, (up to 70 % slope, with or without mulch). Because a heavy seed has been chosen, seeding may be done before or after mulching. A larger area is prescribed for treatment (up to 140 Ha, at a rate of 15 kg/ha outside of mulching areas, and 10 kg/ha. Seed all mulching areas (purple on Map 1, then the dark red areas, and finish by exhausting seed below the mulching areas following their priorities. 

Mulching

Soil mulching may be achieved through straw (most desired) or locally available woodchips (less desirable and not as effective in some studies). Straw mulching can be done with a helicopter (most desirable and safest) or hand crews (drive the straw along road and roll down hills, then spread - more of a safety hazard for the crews due to slippery walking and dead trees in the area). 

If straw supply is low then area treated could be increased by using wood chip mulching with local materials from the mill or onsite.  Either way, one would drive along roads/trails and either spread or create mulch with a head such as a hydro-axe along roads/trails and shred small trees and logs. Spreading would be done with machine and hand crews.

Seeding is desirable to help provide some temporary soil cover and initial re-vegetation. A fall sprouting cereal grain such as rye is desired to ensure adequate cover develops for this fall and next summer.
Treatment priorities

These are established in the tables and numbered on Map 1. Start at highest priority and proceed until supplies (funding) exhausted.

2.1 Straw mulching weight per area requirements
Discussion with the USDS Forest Service indicated that helimulching could be applied on slopes up to 60% and even up to 70% at a rate of 1.5 ton / Acre = 3.75 Tonnes / Ha. In the most critical areas we will go up to 70 % slope. 
The objective is to have 70 % coverage of the soil at a depth of 2.5 to 5 cm.  The application rate will be adjusted in the field to achieve the objective.
The straw must be kept dry for optimum application success.

 

 2.2. Cost Estimates for straw mulching and seeding
Based on current straw sources and time estimates for helicopter work, the District has estimated costs at about $ 1600 per Ha.

Seeding has been estimated at $ 80 per Ha based on protection costs.

Table 2. Areas feasible to treat in priority treatment areas. Hillslope segments viable for treatment are shown in Map 1 (Total feasible for mulching = 108.4 Ha).
	Creek
	Value at risk
	Treatment Rank and Priority
	Hectares of High Burn Severity
	Mulching Ha feasible (approx.)
	Other treatments?

	North Cory Creek
	House, private property, highway
	I - 1. Very High
	4.6
	4.6 ha
	MOT, PEP or RDCK?

	South Cory Creek 
	Building Site, House, private property, highway 
	I - 1. Very High
	4.5
	2.5
	MOT, PEP or RDCK?

	South South Cory Creek
	House, private property, highway
	I - 1. Very High
	5.7
	3.5
	MOT, PEP or RDCK?

	Allen Creek
	Houses, private property, highway
	I - 2. High to Very High
	11.3
	0.5 (most is too steep)
	MOT, PEP or RDCK?

	Face Unit R5 – South End
	Highway, residences at Allen Creek Fan
	I - 3. High to Very High
	20
	16
	MOT, PEP or RDCK?

	Memphis Creek North Ridge
	Houses, private property, highway
	I  - 3. High due to overland flow and stacked switchbacks 
	n/a (not a specific catchment area)
	Approx. 8 
	Upgrade drainage control on old road

	South Van Tuyl
	Highway, house, private property
	I - 4. High
	38
	30
	MOT, PEP or RDCK?

	Total Ha Rank I


	
	
	
	65.1 Ha Rank I
	

	Enterprise 1
	Highway and perhaps new crossing location
	II - 5. High if affects new crossing
	15.9
	2.5
	MOT, PEP or RDCK?

	Total Ha Rank II


	
	
	
	2.5 Ha Rank II
	

	North Van Tuyl Creek           
	Highway, private property
	III - 6. Higher if affects a crossing
	29
	19
	MOT, PEP or RDCK?

	Mid Van Tuyl Creek 
	Highway, private property
	III - 6. Higher if affects a crossing
	5.1
	5
	MOT, PEP or RDCK?

	Face units R3,R5,R6
	Highway, residences below highway
	III - 7. Moderate – High
	
	R5N – 2.8
	R3 not considered requiring treatment

	Memphis Creek
	Highway
	III - 8. Moderate-High
	102.8
	14 (does not include North Ridge)
	

	South Memphis
	Highway
	9. n/a
	IN ABOVE
	IN ABOVE
	

	Enterprise
	Highway Crossing of Enterprise Creek
	9. n/a
	Not determined
	Not determined
	

	R1 Unit
	Highway
	9. n/a
	
	Not determined
	

	Total Ha Rank III


	
	
	
	40.8 Ha Rank III
	


3. Monitoring requirements

Mitigative treatments are a new undertaking for the BC Ministry of Forests and Range. Like any new program or policy, this initiative will require monitoring to ensure treatments are properly applied, effective and valid. Implementation and Effectiveness monitoring are part of the operational responsibility, whereas Validation is applied research that is the responsibility of the Forest Sciences Program.

Suggestions for each are described briefly below:

Implementation – monitor to ensure that prescription specifications are followed and occur on the ground.

Effectiveness – monitor rainfall events and construct silt fences to evaluate the effectiveness of the various treatments, to gain experience for future fires (e.g., as per Robichaud and Brown, 2002)
Validation – undertake research trials such as rainfall simulation and further erosion monitoring to verify the soil and erosion processes involved. Currently the Nelson Forest Sciences Group has a Wildfire Erosion research project funded and has employed a junior scientist to work with them on this topic.
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Map 1. Springer Burn Severity Map showing potential treatment areas, which are those in higher risk watersheds – Areas shown in purple on the map are suitable for mulching (< 60 % slope gradient) and dark red are those suitable for seeding alone (< 70 % slope gradient). Drainage boundaries are in blue (no creeks are shown). Treatment priorities are in white boxes with dark black line delineating major differences; dark red lines are some of the seeding boundaries. Blue dots are treatment waypoints that will be finalized upon field inspection and depending on treatment categories funded.
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Appendix 1. USDA Forest Service Heli-mulch guide
Appendix 2. USDA Forest Service Aviation Tech Tips: Heli-mulching equipment and techniques
� The definitions and general framework given in Wise et al (2004) are used in the post-wildfire risk analyses. In particular, risk analysis is “the systematic use of information to identify hazards and to estimate the chance for, and severity of, injury or loss to individuals or populations, property, the environment, or other things of value”. Risk analysis (unlike risk assessment) does not include determining whether a risk is acceptable or tolerable.





� One area of moderate risk has been included (Memphis North Ridge) because overland flow has already been observed on slopes above an area of previous instability related to stacked switchbacks on an old mine road.
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