Emergency Stabilization of Earthworks Resulting From Fallen Trees
As trees on earthworks age, the potential for instability increases. Structural failures of older trees can cause serious damage to earthworks. Uprooting displaces large quantities of soil which increases earthworks’ vulnerability to erosion and the looting of exposed archeological sites.  Impacts resulting from the collapse of heavy limbs can incise and puncture earthworks and cause damage to their structural integrity.
Tree damage to earthworks typically results from unpredictable failures in structural stability.  Events such as uprooting, windthrow and limb or trunk snapping are often associated with wood deterioration and decay, storms, inadequate or damaged root systems, unstable soil conditions, etc.  Even with good tree management programs that include regular condition assessments and maintenance, failure of trees growing on earthworks will occur.  Storms, especially those that include both rain and high wind, can result in heavy losses of trees and excessive damage to earthworks. Immediate stabilization of impacted sites is the best means to correct damage, protect resources and mitigate further deterioration and loss.  

The following recommendations are provided to help stabilize damage to earthworks resulting from tree failure.
1. Tree has uprooted on or directly adjacent to an earthwork
a. Mechanically return an uprooted stump back into place 
· Cut tree canopy from the stump leaving a 3 to 5 foot section of trunk/stump attached to the root ball.

· Using a chainsaw with a carbide tipped chain, hand saw, or foresters lopping shears, cut away large roots from the edges of the rootmass and the hole to facilitate the return of the rootball into the ground.  To prevent saws from becoming dull quickly, it is helpful to mechanically remove or wash soil off of roots to be cut.

· Using a backhoe, front end loader, excavator, or other hydraulic equipment, lift and push the trunk to an upright position and press the rootmass into the hole.  Prior to driving heavy equipment onto or adjacent to earthworks, install construction matting to minimize ground disturbance and soil compaction.  If construction matting is not available, a double layer of ¾” plywood or an 8 to 12 inch layer of wood chips are excellent alternatives.  If heavy equipment is not available or access is limited, smaller uprooted tree stumps and root masses can be reset using a grip hoist pulley system. 

· After the rootball is returned to the original hole, flush cut or mechanically grind the remaining portion of the trunk and stump to grade.  As needed, regrade the area with soil that matches the parent soil as closely as possible in texture and composition.  Use a manual tamper to gently compact the soil in the hole. 

· Apply desired seed mix, a tackifier, fiber-mulch and, if needed a natural organic fertilizer, to enhance post germination growth.  Use a fertilizer with a low salt index to minimize adverse affects on archeological resources.

· In areas subject to erosion, lay an erosion control blanket, made of natural materials so that it will decompose, over the disturbed site. Tack the material in place to prevent it from being shifted.

Note:   The root mass and attached soil has tremendous weight.  Even if it appears that the weight of the root mass is leaning toward the root hole, as the trunk is cut away from the stump the root mass may move in an unexpected direction.

b. Alternative when mechanically replacing stump into hole is not feasible
· Remove as much soil as possible from the root mass and return it into the original hole.  This can be done mechanically with hand tools and/or by washing the soil off of the roots with a hose or pressure washer.
· Cut the trunk as close to the root mass as possible.  Also cut back and remove as many of the roots as possible.

· Remove the trunk, stump and root mass from the site.  For large heavy material, consider using a crane or loader. Prior to driving heavy equipment onto or adjacent to earthworks, install construction matting to minimize ground disturbance and soil compaction.  If construction matting is not available, a double layer of ¾” plywood or an 8 to 12 inch layer of wood chips are excellent alternatives.  If heavy equipment is not available or access is limited, some debris can be removed using a grip hoist pulley system. 

· If the stump and root mass cannot be removed from the site, treat flush-cut roots and stump with an herbicide labeled to prevent re-sprouting, such as Garlon 4.  Use a swipe applicator and extreme care to limit the application to the cambium zone on the trunk and roots.  Do not allow spill over onto other plants or into the soil.

· To accelerate decomposition of the wood that remains on-site, drill 1” holes, in a grid pattern 2-4” on center.  Backfill holes with a mixture of 50% organic nitrogen fertilizer such as blood meal and 25% soil and 25% sand.  Use a fertilizer with a low salt index to minimize adverse affects on archeological resources.  This will enhance microbial activity and hasten the decomposition process.

· Cover the returned soil with a 2” layer of sand.  The sand will serve as a tracer layer, similar to that used adjacent to underground utilities, to inform future excavations that there was ground disturbance at that depth.  Fill the remaining portion of the hole with soil that matches the parent soil as closely as possible in texture and composition.  Use a manual tamper to gently compact the soil in the hole. 

· Apply desired seed mix, a tackifier, fiber-mulch and a natural organic fertilizer, as needed, to enhance post germination growth.  Use a fertilizer with a low salt index to minimize adverse affects on archeological resources.

· In areas subject to erosion, lay an erosion control blanket, made of natural materials so that it will decompose, over the disturbed site. Tack the material in place to prevent it from being shifted.

2. Snapped Trunk or Fallen Limb

a. Tree snaps along trunk, the stump has not uprooted, large limb impacts earthwork

· Flush cut the remaining portion of the trunk to grade.  Cut the fallen tree into smaller, manageable sections; remove debris to gain access to the limb(s) impacting earthwork.

· Cut limb(s) or trunk impacting the earthwork to a manageable size.  The wood should be removed by lifting, not dragging, so, if removal is to be done by hand, cut the limb(s) into small sections.  If equipment to facilitate the lifting of the wood, such as a crane or loader, can safely access the site without causing ground disturbance cut the limb into larger pieces.  Prior to driving heavy equipment onto or adjacent to earthworks, install construction matting to minimize ground disturbance and soil compaction.  If construction matting is not available, a double layer of ¾” plywood or an 8 to 12 inch layer of wood chips are excellent alternatives.  If heavy equipment is not available or access is restricted, smaller limbs and trunk sections lifted using a tripod or grip hoist pulley system.

· To accelerate decomposition of the limb(s) or trunk that cannot be safely lifted and removed from the site, drill 1” holes, in a grid pattern 2-4” on center.  Backfill holes with a mixture of 50% organic nitrogen fertilizer such as blood meal and 25% soil and 25% sand.  Use a fertilizer with a low salt index to minimize adverse affects on archeological resources.  This will enhance microbial activity and hasten the decomposition process.

· Cover the impact depression on the earthwork caused by the fallen tree with a 2” layer of sand.  The sand will serve as a tracer layer, similar to that used adjacent to underground utilities, to inform future excavations that there was ground disturbance at that depth.  Fill the remaining portion of the depression with soil that matches the parent soil as closely as possible in texture and composition. Use a manual tamper to gently compact the soil into the depression. 

· Apply desired seed mix, a tackifier, fiber-mulch and a natural organic fertilizer, as needed, to enhance post germination growth.  Use a fertilizer with a low salt index to minimize adverse affects on archeological resources. 

· In areas subject to erosion, lay an erosion control blanket, made of natural materials so that it will decompose, over the disturbed site. Tack the material in place to prevent it from being shifted.

· Treat the remaining flush-cut stump with an herbicide labeled to prevent re-sprouting, such as Garlon 4.  Use a swipe applicator and extreme care to limit the application to the cambium zone on the trunk and roots.  Do not allow spill over onto other plants or into the soil.

b. Puncture damage from fallen limb

· Remove the limb if it can be lifted or pulled out of the earthwork without causing further soil disturbance.  If the limb cannot be removed without causing damage to the earthwork, flush cut it to grade allowing the wood in the earthwork to remain.  

· Remove all resulting debris by lifting, not dragging.  If using equipment to facilitate debris removal install construction matting to minimize ground disturbance and soil compaction.  If construction matting is not available, a double layer of ¾” plywood or an 8 to 12 inch layer of wood chips are excellent alternatives.  If heavy equipment is not available or access is restricted, smaller limbs and trunk sections lifted using a tripod or grip hoist pulley system.


· To accelerate decomposition of any wood that cannot be safely lifted and removed from site, drill 1” holes, in a grid pattern 2-4” on center.  Backfill holes with a mixture of 50% organic nitrogen fertilizer such as blood meal and 25% soil and 25% sand   Use a fertilizer with a low salt index to minimize adverse affects on archeological resources.  This will enhance microbial activity and hasten the decomposition process.

· Backfill any holes, ruts or depressions caused by the limb or its removal to re-establish the grade of the earthwork.  Use soil that matches original parent soil in composition as closely as possible (texture, % sand/silt/clay, % organic matter, fertility, etc.).  Use a manual tamper to gently compact the newly applied soil. 

· Apply desired seed mix, a tackifier, fiber-mulch and a natural organic fertilizer, as needed, to enhance post germination growth.  Use a fertilizer with a low salt index to minimize adverse affects on archeological resources.

· In areas subject to erosion, lay an erosion control blanket, made of natural materials, such as ash-fiber matting, excelsior mats, coco-jute liners etc., so that it will decompose, over the disturbed site. Tack the material in place to prevent it from being shifted.

