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This paper is intended to explain the source and predicted effectiveness of Project Design Features (also referred to as Project Design Criteria) included in Invasive Plant Treatment Projects in the Pacific Northwest Region of the Forest Service (Region Six).  The design features/criteria discussed herein are the result of interdisciplinary work since 2003. The focus of this paper is design features/criteria related to herbicides used to treat invasive plants, which are based on careful consideration of previous invasive plant treatment projects, field experience, Consultation with Regulatory Agencies for threatened and endangered species, and scientific reasoning.  Design features/criteria for the following invasive plant projects were reviewed and applied to Pacific Northwest projects as appropriate.  Individual design features are sourced to these documents where indicated. 

2002 Salmon Challis NF
2002 Bonneville Power Administration

2003 Payette NF

2003 Cottonwood BLM

2005 Willamette National Forest Buckhead Knotweed Project 

Additional design features/criteria were developed to minimize or eliminate the potential for harmful herbicide exposures.  These design features/criteria have been subject to ESA consultation on several National Forests between 2006 and 2008.
 
Introduction  

Invasive plants are found throughout National Forests across Oregon and Washington.  In October 2005, the Regional Forester decided to amend all of the National Forest Plans in Region Six by adding goals, objectives and standards for invasive plant management.  The amendments authorized use of ten herbicides for invasive plant treatment along with standards for herbicide use. An Environmental Impact Statement supporting the Forest Plan amendments was finalized in April 2005 (R6 2005 FEIS).  
The R6 2005 FEIS included detailed herbicide risk assessment information based on the best available scientific data. Risk assessment is based on available laboratory and field studies of how herbicides behave in the environment (i.e. persistence and mobility in soil and water) and how people, plants and animals respond to them.  Each herbicide behaves differently and an herbicide that may adversely affect one type of organism (i.e. non-target plants) may not harm another organism (i.e. fish).  The potential for harm associated with herbicide use varies widely based on treatment location, formulation, and application rate and application method.  

The R6 2005 FEIS compared the risk assessment information to actual treatment conditions across the region, and described the extent and nature of treatment that could potentially result in harmful exposures to people and/or the environment.  The Regional Forester reviewed the range of treatment situations known across the region and imposed limitations on herbicide use at the regional scale (i.e. not approving 2,4-D, not approving aerial application with sulfonylurea herbicides, not approving broadcast application of triclopyr - see the R6 2005 full text of the standards attached). 
At the regional scale, not all harmful scenarios could be eliminated by these limitations.  At the project scale, potential harmful scenarios can be avoided or made less likely to occur by limiting the herbicide rate, application method, timing, or formulation used in proximity to ground or surface waters, plants, animals, and people.   
How to Use This Paper
This paper can be referenced in NEPA documents, incorporated into effects analysis discussions of how and to what degree design features/criteria are thought to minimize impacts, and used to answer questions about the effects analysis in the regional and local project documents.  The tables and explanations can be adapted to local projects and directly used in NEPA documents.   

Variations in design features/criteria and buffers between projects is expected and encouraged.  These need to be explained by the local team in a manner similar to this paper. 
Herbicide Use Buffers 
Herbicide use buffers provide a way to minimize the likelihood of herbicides inadvertently reaching a habitat of concern such as a fish-bearing stream.  The R6 2005 FEIS and associated endangered species consultation documents indicated that certain herbicides broadcast at typical rates within 50 feet of a stream, wetlands, and some roadside drainage ditches could result in herbicides reaching concentrations in streams above a threshold of concern for fish and other aquatic organisms.
 

Neil Berg’s 2004 Monitoring Report compiled monitoring results for broadcast herbicide treatments given various buffers along waterbodies.  The results showed that indeed buffers lower the concentration of herbicide in streams adjacent to broadcast treatment areas.  In South Carolina, for instance, 90 foot buffers on streams broadcast with the herbicides triclopyr, picloram, and imazapyr eliminated herbicide detections in the adjacent stream.  In California, when buffers between 25 and 200 feet were used, herbicides were not detected in monitored streams.  A buffer of 100 ft is conservative for ground based spraying activities. Berg found that 15 meters (45 feet) was an effective buffer width to minimize herbicide concentration in streams from broadcast application, and that increasing buffer widths over this has diminishing returns.  However, given higher risks associated with certain herbicides, increased buffer widths are provided to present an increased level of caution. No herbicide would be broadcast within 100 feet of perennial streams on projects such as the Wallowa-Whitman National Forest (and others).  On the Olympic National Forest (and others), some exceptions apply, for instance aquatic labeled glyphosate may be broadcast within 50 feet of perennial streams. 
All of the previous consultation and NEPA documents reviewed contained various herbicide use buffers, ranging from simplistic (no herbicide use within 15 feet of a stream) to complex (buffer sizes vary by herbicide and application method).  
The buffers were not consistent but generally correlated to the risk assessment results regarding toxicity and environmental fate of the herbicides considered for use. Herbicides were grouped by characteristics such as mobility and potential to affect the aquatic ecosystem based on the risk assessments and previous examples, and buffers were developed to correspond to the characteristics.  The less mobile, persistent or potentially toxic to the aquatic environment, the closer to the stream that herbicide may be used.  

The specific buffers developed by the team considered results from the scenarios analyzed in the SERA risk assessments, risk levels associated to aquatic organisms as identified in the R6 2005 FEIS Fisheries Biological Assessment (R6 2005 BA), differences in application methods, whether water is present at the treatment site or not, buffers from previous Section 7 ESA consultations on herbicide treatments (e.g. Bonneville Power Administration 2003), and monitoring results.  

In many projects, spot and hand applications of certain herbicides are allowed on or directly adjacent to streambanks.  This is because spot and hand application methods reduce the potential for herbicide exposure compared to broadcast methods.  This follows similar guidance in the 2002 Biological Opinion for Salmon and Challis BLM Noxious Weed Control Program that states “… within 15 feet of live waters or areas with shallow water tables, the only herbicides authorized for use are aquatic approved herbicides and methods of control would include backpack sprayer, hand pump sprayer, wicking, wiping, dripping, painting, or injecting.”  A similar system of buffers was established in the 2006 Biological Assessment/Opinion for Fish Habitat Restoration Activities Affecting ESA and MSA-listed Animal and Plant Species found in Oregon and Washington. 
The reason that spot and hand treatment results in less potential exposure is:

 1) Less herbicide is be applied in a 24 hour period: spot and hand treatments are estimated, on average, to cost about 2.5 times more per acre because the operation goes slower and an applicator cannot cover as much ground per day. 

 2) The patchy nature of spot treatments results in less herbicide applied on any given acre.  With the exception of stem injection which requires a high application rate, spot and hand treatments rarely approach typical label rates per acre for broadcasting (Lucero August 2005, personal communication). 
3) The degree to which the applicator can direct the spray, limit drift and soil impacts, and ensure only target plants are affected is far greater under spot and selective methods than broadcast.  Overspray, drift, soil impacts, and availability to runoff are reduced because hand and spot treatments avoid drift, non-target plants and soils impacts.  The Washington State Department of Agriculture monitored use of aquatic glyphosate near streams and found that very little, if any, glyphosate was found in the water near treatment sites under spot and hand applications (WSDOA 2003).

For these reasons, the 2005 R6 Invasive Plant Monitoring Framework describes broadcast treatments in riparian areas as potential high risk sites for the purposes of monitoring of the effectiveness of project design features, whereas spot and hand treatments are explicitly not considered high risk (see ROD Appendix 1). 

Streamside Buffer Tables resulting from the process described above are depicted in Appendix A.  

Roadside Treatment Areas

Roadside ditches that are connected to surface water bodies can be herbicide delivery mechanisms if herbicides are applied along the road.  Most of the treatments across the region are along roadsides, and some roadside treatment areas may have the potential to deliver herbicides to streams.  Some projects refer to these road segments as “connected ditches” or “roadside segments with high risk to deliver herbicide.” 
Project design features/criteria related to these areas are appropriate to minimize the potential for roadside ditches to deliver herbicides to streams.  The streamside buffers above apply to roads within the stream buffers.  Additional design features/criteria apply to road segments outside the stream buffers but connected to the stream through ditches.  For instance, herbicides associated with higher risk to the aquatic environment would not be used within 15 feet of wet roadside ditches, and some projects avoided broadcast methods on segments of road connected to streams.   
Botanical Buffers

Botanical protection buffers were established to avoid off-site impacts from broadcast treatments.  The herbicide glyphosate was specifically modeled because it is widely prescribed in many situations (including riparian) and is non-selective (Dr. Harold Thistle 2005, personal communication).  Thus, it provides a reasonable basis for establishing a survey area and protection buffer for botanical species of local interest. 
In addition, Marrs, R.H. examined the distances drift XE "drift"  affected non-target vascular plants using broadcast treatment methods in the 1989 publication, Assessment of the Effects of Herbicide Spray Drift on a Range of Plant Species of Conservation Interest.  Marrs found that “no effects were seen to vascular non-target vegetation further than 66 feet from the broadcast treatment zone.”  This reinforces 100 feet is more than adequate as a broadcast buffer for botanical species of concern.  

Sulfonylurea herbicides are very potent and may drift further away and affect non-target plants at longer distances, especially under certain soil and weather conditions.  That is why the regional standard does not allow aerial spray of these herbicides and why additional design features/criteria exist as additional layers of caution when these herbicides are specifically proposed.  Site-specific analysts are encouraged to seek help modeling potential effects on non-target vegetation if broadcast of these herbicides is necessary in proximity to botanical species of local interest. 
Additional design features/criteria for sulfonylurea herbicides include: 
· Use of sulfonylurea herbicides (Chlorsulfuron, Sulfometuron methyl and Metsulfuron methyl) will be avoided on powdery, ashy dry soil, or light sandy soil (unless soils are wet and therefore heavier).  This measure minimizes the risk that contaminated soil may blow away from the target site and adversely impact non-target vegetation. 
Botanical Buffer Tables resulting from the process described above are depicted in Appendix A.

Early Detection and Rapid Response Analysis Approach

The sub-regional NEPA documents in Region Six include an element called “Early Detection/Rapid Response (EDRR) that approves treatment of infestations that are unknown or not present at the time of NEPA analysis.  The process includes inventorying and mapping existing sites; determining the range of treatments that would be effective for the known sites; considering the range of site conditions that are represented by known sites; considering the best available science to deal with uncertainty related to treating new detections and developing project design features/criteria that add redundant layers of caution. 

Herbicide risk assessments are based on application rates applied against a constant reference “field.”  The rate determines the potential for harmful exposure; SERA risk assessments indicate that many herbicide exposure scenarios become harmful when higher rates are broadcast across the treatment field.  Risk assessments provide models of how much chemical might be run off or leached into a nearby stream after immediate rainfall.  In most cases, the concentration of herbicide predicted to reach streams is below a level of concern for fish, although some impacts to aquatic plants and insects may be possible.  In some cases, sub-lethal effects to fish may be possible.  
Treatments under EDRR are limited to those analyzed in the NEPA documents for known sites. The EDRR analysis approach and implementation planning process are set up to identify anomalies and differences in new sites compared to the known inventory, should they occur.  This is intended to provide adequate review to ensure that EDRR will be limited to “similar treatments on similar sites.”  
In addition, the PDFs have been set up to provide layers of caution so that even if the exact locations are not known, the potential for adverse effects are minimized.  The effectiveness and purpose of individual PDFs are explained below.  The limitation on treatment type and the addition of PDFs, buffers and treatment limits (see section below) all work together to provide sideboards to deal with the uncertainty of treating new sites.  The potential for impact of any one treatment has been minimized to the point where there is little potential for contribution to adverse direct, indirect or cumulative effects.  The type of herbicides proposed for use does not accumulate in the bodies of people, fish or wildlife; harmful chronic exposures are not scientifically possible. The PDFs minimize potential for soil accumulation of herbicides and emphasize accident prevention. 

Monitoring of similar projects (see citations below) has not indicated that adverse effects are occurring from similar treatments in the region.   

Treatment Limits (Acreage Caps)

Given the level of uncertainty inherent in invasive plant treatments necessarily over time, especially considering EDRR, acreage caps are recommended to make sure the potential for adverse effects are limited in spatial and temporal extent.  There are many caps included in design features/criteria.   

The Mount Hood NF/Columbia River Gorge NSA 2008 FEIS included many layers and scales of caps to “prescribe the potential treatment methods that would be effective and ensure that treatments would be consistent with those analyzed in this EIS.” The caps are described as follows:

“The annual treatments would not exceed 13,000 acres within the Forest and Scenic Area: these treatments would be a combination of known treatment sites and newly discovered uninventoried treatment sites. In year 1, all acres would be new acres for treatment and would count towards the overall cap of 30,000 acres. In year 2, the acres treated in year 1 that require re-treatments would count towards the annual cap of 13,000 acres, but not the overall cap of 30,000 total landscape acres within the project area. And so forth. This annual cap was chosen because Chapter 3 analyzes the effects of treating 13,000 acres, so the effects are known and inform the decision.

Within these 13,000 acres that can be treated annually, the treatment areas located in riparian reserves could not exceed 5,000 acres. Further, the acres of treatment would be capped within each 5th field watershed: treatment could not exceed three percent per year in any one 5th field watershed. If the areas of National Forest System lands within each 5th field watershed are less than three percent, treatment can not exceed the amount of National Forest Service lands. Only 40 percent of the potential treatment acres could be within riparian reserves (see Table 2-9).

Overall, treatment can not exceed 30,000 acres of the project area landscape over 15 years for both known and future infestations. The former Forest botanist estimated that 50 percent of the Forest likely to be infested with invasive plants had been inventoried (Stein 2005). Assuming that the infestations on the remaining 50 percent of the likely infested areas follow a similar pattern and assuming that the Scenic Area mirrors the Forest, an additional 13,000 acres would be infested with invasive plants. In order to account for the uncertainty and unpredictability associated with invasive plants and their treatments, the treatments acres were expanded by an additional 15 percent (4,000 acres). Combining the known infestations (13,000 acres), future estimate (13,000 acres), and expansion acres (4,000), the total landscape assessed to be treated is 30,000 acres on the Forest and Scenic Area over the next 15 years.” 
Other projects have used other types of caps. For instance, the 2006 Biological Assessment/Opinion for Fish Habitat Restoration Activities Affecting ESA and MSA-listed Animal and Plant Species found in Oregon and Washington included a treatment cap limiting annual treatments to ten percent of any riparian area in a 6th field watershed. 

On the Olympic National Forest, annual treatments within 150 feet of a creek are limited to 10 acres for every 1.5 mile length of stream.  This cap was based on SERA risk assessment model parameters and was intended to ensure effects are limited to those disclosed in the Olympic 2008 FEIS.  

The Salmon-Challis NF included the following cap for its invasive plant treatments: “Within any 6th code HUC, no more than 1,000 acres of Federal (BLM and Forest Service [FS]) herbicide application will occur annually.” 

The variation in these caps is related to local climate, soil conditions, presence of species of concern, and other factors. Caps have been discussed in ESA consultations for projects across the region. 
 Variation Between Herbicides

The R6 2005 FEIS disclosed the properties and risks associated with the herbicides proposed for use.  The aquatic risk assessment grouped the herbicides into levels of risk depending on the potential effects on the aquatic ecosystem.  The lowest risk group contains those herbicides for which levels of concern were either not exceeded, or only exceeded the level of concern for aquatic macrophytes.  The moderate risk group contains those herbicides for which levels of concern were exceeded for two aquatic species groups other than fish (plants, insects).  The higher risk group contains those herbicides for which levels of concern for fish were exceeded.  

The aquatic risk assessment is based on SERA Risk Assessment models.  At the project scale, proposed actions can be modeled using site-specific information that often shows less potential exposure than the worst case scenarios modeled at the regional scale.  In addition, design features/criteria can be applied when using herbicides associated with moderate or higher risks to the aquatic environment.  These design features either avoid the situations associated with a level of concern for the aquatic environment or limit the extent or rate of exposure, which minimizes the potential for harm to any element of the aquatic (or terrestrial) environment.  

The following table highlights design features that are associated with specific herbicide properties:

	Active Ingredient

Selected Herbicide Brand Names
	R6 2005 FEIS Effects
	Project Design Features Specific to this Herbicide



	Chlorsulfuron

(Telar, Glean, Corsair)


	Moderate aquatic risk group. Mobile in clay soils.  Drift or transport through soil could adversely affect non-target plants.   
	Not labeled for aquatic use, follow buffer table.  

Do not use on dry, ashy, or light, sandy soils except if conditions will be wet within 24 hours

Application of chlorsulfuron is the second to last choice within roadside treatment areas having high risk of herbicide delivery and, in wetlands and riparian areas, especially adjacent to fish bearing streams.

No use within 15 feet of wet roadside ditches.

Avoid use of chlorsulfuron on soils with high clay content (finer than loam).

	Clopyralid

(Transline)
	Mobile in coarse soils.  Low aquatic risk group.  Contaminated with hexachlorobenzene (HCB) as a result of the manufacturing process. HCB has been found in peregrine falcon eggs (Pagel, personal communication, 2005).
	Not labeled for aquatic use, follow buffer table.  

Avoid use of on shallow or coarse soils (coarser than loamy sand.)
Minimize exposure of peregrine falcons to HCB by limiting repetitive use of picloram within 1.5 miles of their nest sites.  



	Glyphosate

(35 formulations, including RoundUp, Rodeo, Accord XRT, Aquamaster, etc.)


	Aquatic label – High aquatic risk group. 

Rendered inactive in contact with soil which reduces mobility.   


	Aquatic labeled glyphosate may be used next to streams 

Lakes and Ponds –- No more than half the perimeter or 50 percent of the vegetative cover or 10 contiguous acres around a lake or pond would be treated with herbicides in any 30-day period.

 Wetland vegetation would be treated when soils are driest.  If herbicide treatment is necessary for emergent target plants when soils are wet, use aquatic labeled herbicides. Favor hand/selective treatment methods where effective and practical.

With the exception of hand/selective treatment methods, herbicide application within riparian areas would not exceed typical label rates.  

Treatments above bankfull and within the aquatic influence zone (riparian area), would not exceed 10 acres along any 1.6 mile of stream reach within a 6th field subwatershed in any given year. In addition, treatments below bankfull would not exceed 6 acres total on an annual basis per 6th field sub-watershed.

The formulation applied must be aquatic labeled for use in wetlands and riparian areas. 

	Imazapic

(Plateau)
	Low aquatic risk group.
	 Not labeled for aquatic use, follow buffer table.  

	Imazapyr

(Arsenal, Arsenal AC, Chopper, Stalker, Habitat)


	Aquatic Label

Moderate aquatic risk group.
	Aquatic labeled imazapyr may be used next to streams.

Lowest effective label rates would be used for each given situation.  In no case would broadcast applications of herbicide or surfactant exceed typical label rates.  Do not exceed a rate of 0.70 lb active ingredient (a.i.)/acre with broadcast and spot applications.

Aquatic labeled imazapyr may be used within riparian areas.  
 Lakes and Ponds –- No more than half the perimeter or 50 percent of the vegetative cover or 10 contiguous acres around a lake or pond would be treated with herbicides in any 30-day period.

 Wetland vegetation would be treated when soils are driest.  If herbicide treatment is necessary for emergent target plants when soils are wet, use aquatic labeled herbicides. Favor hand/selective treatment methods where effective and practical.

With the exception of hand/selective treatment methods, herbicide application within the riparian area would not exceed typical label rates.  The formulation applied must be aquatic labeled for use in wetlands and riparian areas.
Treatments above bankfull and within the aquatic influence zone (riparian area), would not exceed 10 acres along any 1.6 mile of stream reach within a 6th field subwatershed in any given year. In addition, treatments below bankfull would not exceed 6 acres total on an annual basis per 6th field sub-watershed.

	Metsulfuron methyl

(Escort XP)
	Low aquatic risk group. Drift or transport through soil could adversely affect non-target plants.   

 
	Not labeled for aquatic use, follow buffer table.  

Do not use on dry, ashy, or light, sandy soils except if conditions will be wet within 24 hours
No use within 15 feet of wet roadside ditches.

	Picloram

(Tordon K, Tordon 22K)
	High aquatic risk group. Highly mobile in some soils (coarse), can affect soil biology, most persistent. Contaminated with hexachlorobenzene (HCB) as a result of the manufacturing process. HCB has been found in peregrine falcon eggs (Pagel, personal communication, 2005).
	Not labeled for aquatic use, follow buffer table.  
Lowest effective label rates would be used for each given situation.  In no case would broadcast applications of herbicide or surfactant exceed typical label rates. 
Avoid use of picloram on shallow or coarse soils (coarser than loam.) No more than one application of picloram would be made within a two-year period, except to treat areas missed during initial application.

No use of picloram… on roadside treatment areas that have a high risk of herbicide delivery. Application of picloram is the last choice in wetlands and riparian areas, especially adjacent to fish bearing streams.

No use within 15 feet of wet roadside ditches.

Minimize exposure of peregrine falcons to HCB by limiting repetitive use of picloram within 1.5 miles of their nest sites.  

	Sethoxydim

(Poast, Poast Plus)
	 High aquatic risk group.
	Not labeled for aquatic use, follow buffer table.  

Application of sethoxydim is the last choice within roadside treatment areas having high risk of herbicide delivery and, in wetlands and riparian areas especially adjacent to fish bearing streams: 

 No use within 15 feet of wet roadside ditches.

	Sulfometuron methyl

(Oust, Oust XP)


	Moderate aquatic risk group. Can affect soil biology, relatively persistent, mobile in coarse soils. Drift or transport through soil could adversely affect non-target plants.   
	Not labeled for aquatic use, follow buffer table.  

Do not use on dry, ashy, or light, sandy soils except if conditions will be wet within 24 hours

Lowest effective label rates would be used for each given situation.  In no case would broadcast applications of herbicide or surfactant exceed typical label rates.

Avoid use on shallow or coarse soils (coarser than loam.)  No more than one application within a one-year period, except to treat areas missed during initial application.

Application of sulfometuron methyl is the second to last choice within roadside treatment areas having high risk of herbicide delivery and, in wetlands and riparian areas, especially adjacent to fish bearing streams.

	Triclopyr

(Garlon 3A, Garlon 4, Forestry Garlon 4, Pathfinder II, Remedy, Remedy RTU, Redeem R&P)
	Aquatic label – 

High aquatic risk group.  

More mobile and persistent than glyphosate.  
	Aquatic labeled triclopyr may be used up to 15 feet from surface waters.  

Comply with R6 2005 ROD requiring spot and hand/selective treatments only. 

Triclopyr would not be applied to foliage in areas of known special forest products or other wild foods collection.

 No use of …Triclopyr BEE, … on roadside treatment areas that have a high risk of herbicide delivery

Lakes and Ponds –- No more than half the perimeter or 50 percent of the vegetative cover or 10 contiguous acres around a lake or pond would be treated with herbicides in any 30-day period.

 Wetland vegetation would be treated when soils are driest.  If herbicide treatment is necessary for emergent target plants when soils are wet, use aquatic labeled herbicides. Favor hand/selective treatment methods where effective and practical.

With the exception of hand/selective treatment methods, herbicide application within the riparian area would not exceed typical label rates.   The formulation applied must be aquatic labeled for use in wetlands and riparian areas.
Treatments above bankfull and within the aquatic influence zone (riparian area), would not exceed 10 acres along any 1.6 mile of stream reach within a 6th field subwatershed in any given year. 


The following tables array the effects outlined in the R6 2005 FEIS and design features/criteria intended to minimize or eliminate adverse effects.  The source and effectiveness of the design features are discussed.  Selected design features/criteria are further explained following the table.

	Adverse Effect by Resource
	Project Design Features/Criteria
	Source and Effectiveness

	Non-target botanical species (R6 2005 FEIS Chapter 4.3)

Herbicides have the potential to shift species composition and reduce diversity of native plant communities, as less herbicide-tolerant species are replaced by more herbicide-tolerant species.  Adverse effects would most likely be localized and short term, although an accidental spill could result in more intense effects (greater number or extent of non-target plants and fungi affected).
	 Use barriers or avoid broadcasting within 100 feet of species of local interest; no spot application within 10-15 feet of species of local interest (depending on condition); special care with sulfonylurea herbicides.  


	No broadcast buffers are based on modeling by Thistle (2006) that demonstrates the non-selective herbicide glyphosate (most frequent herbicide prescribed in most projects) is unlikely to harm non-target botanical species. Distances for spot treatment were based on professional judgment and anecdotal experience described by Cathy Lucero and Robin Dobson in 2006.  
Restrictions on use of sulfonylurea herbicides on certain soil types reduce the potential for these herbicides to drift and harm non-target species.  These buffers and design features are assumed to be 100% effective in eliminating adverse effects to botanical species of local interest.  Monitoring is recommended to validate this assumption. 



	Pollinators  (R6 2005 FEIS Chapter 4.3.3)

Page 4-38 notes that “toxic effects for glyphosate and triclopyr show up only at the highest application rate.”   
	Use lowest effective rate, no broadcast of any herbicide above typical rate, use higher concentrations only with selective treatments such as stem injection.

Herbicide Transportation and Handling Safety planning and an acceptable plan for Spill Containment is required. 
	Avoiding higher than typical rates eliminates potential for adverse effects to honeybees.  Honeybees would not be likely exposed where higher rates may be used such as knotweed stem injection.  



	Soil Productivity (R6 2005 FEIS Chapter 4.7.1)

Picloram and sulfometuron methyl are associated with adverse effects to soil organisms, although adverse effects to soil productivity are not expected. These herbicides are persistent in certain soil type. 
	Limit repetitive treatments and allow sufficient time for herbicide break down to eliminate potential for cumulative effects to soil productivity.  Avoid use of sulfometuron methyl on shallow or coarse soils (coarser than loam). No more than one application of sulfometuron methyl would be made within a one-year period, except to treat areas missed during initial application.

Avoid use of picloram on shallow or coarse soils (coarser than loam).  No more than one application of picloram would be made within a two-year period, except to treat areas missed during initial application.
	These design features/criteria eliminate potential for picloram and/or sulfometuron methyl to accumulate in the soil and impact soil biology and/or productivity.  This finding is based on professional interpretation of best available science.  


	Adverse Effect by Resource
	Project Design Features/Criteria
	Source and Effectiveness

	Terrestrial and Riparian Wildlife  (R6 2005 FEIS Chapter 4.4)

SERA risk assessments indicate that amphibians, birds, and mammals that eat grass or insects may be affected by broadcast herbicide at certain rates under certain conditions.  Theoretical doses are based on scenarios that are unlikely to actually occur because animals would not likely consume treated vegetation in the amounts needed to acquire the harmful dose.  However, herbicide exposure from an accidental spill could have more intense effects. 

HCB has been found in peregrine falcon eggs (Pagel, personal communication, 2005). Clopyralid and picloram become contaminated with hexachlorobenzene (HCB) as a result of the manufacturing process.   Peregrine falcons may suffer effects to reproduction from environmental contaminant (ibid.).   
	Reduce number of harmful exposure scenarios by herbicide use buffers near streams and lakes, not broadcasting at higher than typical rates, avoiding herbicide application when soil moistures are highest. 

Avoid repetitive exposures to clopyralid and picloram within 1.5 miles of falcon nests.  

Herbicide Transportation and Handling Safety planning and an acceptable plan for Spill Containment is required.
	Pagel provided the design features related to peregrine falcon.  There is no data that specifically links HCB with reproductive problems in peregrine falcons, but the prudent approach is to minimize exposure of peregrine falcons to HCB by limiting the use of clopyralid and picloram near their nest sites. Clopyralid and picloram use are not prohibited within nesting territories of peregrine falcons because t is highly improbable that peregrines would be exposed to clopyralid or picloram as a result of invasive plant treatments according to R6 standards.  This is because of the nature of the small and scattered invasive plant infestations that are the target for treatment and other measures to reduce drift and adverse exposure.  No evidence suggests a direct impact from use of herbicides in this manner to falcons or other birds.

Amphibians and mollusks are less likely to be exposed to herbicide applications that occur when conditions are dry.  Herbicide use buffers near streams and lakes, and limitations on extent of treatment in these areas, also reduce potential for harm to amphibians and mollusks.  These findings are based on understanding of amphibian behavior.

Taken together, these the design features/criteria eliminate potential for adverse effects to wildlife species of local interest.  This finding is based on professional interpretation of the best available science. 

Spills are extremely unlikely to occur given the many safety precautions included in the projects. This finding is based on actual experience demonstrating that similar projects with similar precautions have not resulted in herbicide spills (Bulkin, personal communication, 2007).


	Adverse Effect by Resource
	Project Design Features/Criteria
	Source and Effectiveness

	Human Health (R6 2005 FEIS Chapter 4.5)

At higher application rates, some of the herbicides approved in the R6 2005 ROD are associated with increased risk to human health, mainly to workers.   

For herbicide treatments assuming typical application rates and exposure factors no public exposure scenarios exceeded the target HQ <=1.  However, under a spill scenario, risk from NPE exceeded a level of concern for drinking water.  The likelihood of someone drinking from a contaminated pond, however, is very low. See Chapter 4.5 and Appendix Q for details about herbicides, application rates and methods that may lead to harm.  
	Triclopyr application rate will not exceed 1.0 lbs a.i./ac (or typical rates which are lower).  Use selective spray techniques to further reduce dermal exposure.  Favor other herbicides wherever they are expected to be effective.

--Sulfometuron methyl application rate will not exceed 0.2 lb a.i./ac for any method (or typical rates which are lower) or broadcast at 0.12 lb ai per ac. 

--NPE surfactant will not exceed 1.67 lb a.i./ac (or typical rates, which are lower), or broadcast at 0.5 lb ai/ac

--Picloram broadcast application rate will not exceed 0.5 lb a.i./ac (or typical rates, which are lower)  

--NPE surfactant would not be ground-based broadcast at a rate greater than 0.5 lbs. a.i./ac (pounds of active ingredient per acre).  Favor other classes of surfactants wherever they are expected to be effective.

Project design features associated with consultation with individuals, groups and agencies and prior notice/posting of treatment sites. 

Herbicide use buffers near streams, wetlands, wells, springs and water intakes. All wells and springs used for domestic water supplies would be protected with a 100 foot buffer for wells and a 200 foot buffer for springs.  Follow label guidance relative to water contamination.

Avoidance of use of persistent herbicides such as picloram in areas where leaching into the ground water table is likely (coarse soils).

Triclopyr would not be applied to foliage in areas of known special forest products or other wild foods collection. Special forest product gathering areas may be closed for a period of time to ensure that no inadvertent public contact with herbicide occurs. Popular berry and mushroom picking areas would be posted prominently marked on the ground or otherwise posted. Special forest product gatherers would be notified about herbicide treatment areas when applying for their permits.  Flyers indicating treatment areas may be included with the permits, in multi-lingual formats if necessary.  American Indian tribes would be notified annually as treatments are scheduled so that tribal members may provide input and/or be notified prior to gathering cultural plants. 

 Herbicide Transportation and Handling Safety planning and an acceptable plan for Spill Containment is required.
	These limitations eliminate herbicide exposure scenarios of concern for human health.  

Drinking water sources are buffered to minimize potential for any herbicide to reach drinking water.  

Many redundant design features/criteria such as avoiding harmful scenarios AND closing a treated campground so that people are not inadvertently exposed to any herbicide. 

Spills are extremely unlikely to occur given the many safety precautions included in the projects. This finding is based on actual experience demonstrating that similar projects with similar precautions have not resulted in herbicide spills (Bulkin, personal communication, 2007).




	Adverse Effect by Resource
	Project Design Features/Criteria
	Source and Effectiveness

	Herbicide Effects on Aquatic Organisms (R6 2005 FEIS Chapter 4.7.2) 

Herbicides may be toxic to aquatic plants and invertebrates, thus indirectly affecting fish by reducing primary production or the trophic structure of invertebrate communities. Certain formulations of four herbicides (glyphosate, triclopyr, picloram and sethoxydim) are associated with higher relative risks to the aquatic ecosystem. Glyphosate is short-lived in the environmental which limits the potential for exposure to fish.  

Clopyralid and picloram are prone to leaching under certain soil conditions. Chlorsulfuron is prone to runoff under certain soil conditions.
	 The following treatment methods are shown in order of preference (if effective and practical), within roadside treatment areas having high risk of herbicide delivery, in wetlands, near aquatic influence areas, especially adjacent to fish bearing streams:

 (1) Manual methods (e.g, hand pulling).

 (2) Application of clopyralid, imazapic, and metsulfuron methyl, aquatic glyphosate, aquatic triclopyr, aquatic imazapyr.

 (3) Application of chlorsulfuron, imazapyr, sulfometuron methyl.

 (4) Application of glyphosate, triclopyr, picloram, and sethoxydim

With the exception of hand/select methods, herbicides would be applied at typical (or lower) rates within Aquatic Influence Zones.

In addition, specific herbicide use buffers near streams (see Appendix A).

No use of picloram or Triclopyr BEE, and no broadcast of any herbicide on roadside treatment areas that have a high risk of herbicide delivery to surface waters. Aquatic labeled herbicides or herbicides associated with lower risk to aquatic organisms would be applied using spot or hand/selective methods within 15 feet of the edge of a wet roadside ditch. For treatments of target vegetation emerging out of the wet roadside ditch only aquatic labeled herbicides would be used

Avoid use of clopyralid on high-porosity soils (coarser than loamy sand).  Avoid use of chlorsulfuron on soils with high clay content (finer than loam).  Avoid use of picloram on shallow or coarse soils (coarser than loam.) 
No more than half the perimeter or 50 percent of the vegetative cover or 10 contiguous acres around a lake or pond would be treated with herbicides in any 30-day period. Treatments within the aquatic influence zone, would not exceed 10 acres along any 1.6 mile of stream reach within a 6th field subwatershed in any given year.

Wetland vegetation would be treated when soils are driest.  If herbicide treatment is necessary for emergent target plants when soils are wet, use aquatic labeled herbicides. Favor hand/selective treatment methods where effective and practical.  

Herbicide Transportation and Handling Safety planning and an acceptable plan for Spill Containment is required.  No herbicide mixing within 150 feet of any streams. 
	Herbicide use buffers and other project design features/criteria virtually eliminate the potential for herbicide to be delivered to streams in concentrations of concern.  Buffer distances are based on previous monitoring (Washington DOA) and research (Berg 2004) and vary depending on the potential toxicity, mobility and persistence in the environment.  Previous projects were reviewed to determine trends in buffer distances. 

Limitations on herbicide formulation and broadcasting along certain roadside ditches (along with the riparian buffers that also apply) minimize risks of delivery to streams from roadside treatments. These limitations are based on professional judgment given potential risks and properties of the various herbicides. 

Requirements to use aquatic labeled herbicides are intended to highlight existing label restrictions. Restrictions on use of certain herbicides on certain soil types reduce potential for run off and leaching.  These are based on label advisories and SERA risk assessments. 

Restrictions on the extent of treatment in a given site condition (i.e. the aquatic influence zone) ensure herbicides will not be delivered in amounts greater than SERA risk assessment scenarios. Professional interpretation and reasoning led to restrictions on extent of treatment in discrete locations such as lakes and/or ponds to ensure that refugia for localized species are maintained throughout the year.

Spills are extremely unlikely to occur given the many safety precautions included in the projects. This finding is based on actual experience demonstrating that similar projects with similar precautions have not resulted in herbicide spills (Bulkin, personal communication, 2007). 

Redundant design features and buffers ensure that exposures over a level of concern (sub-lethal adverse effects) for fish are avoided. This finding is based on professional interpretation of best available science.


Details about Selected Project Design Features/Criteria

The following discussion is intended to shed light on the source and effectiveness of additional design features found in projects across the region. 

--POEA surfactants, urea ammonium nitrate or ammonium sulfate would not be used in applications within 150 feet of surface water, wetlands XE "wetlands"  or on roadside treatment areas having high potential to deliver herbicide.  
This design feature/criteria was developed to address concerns about these chemicals: “…the combination of POEA surfactant and glyphosate has been shown to cause inflammation of gill tissue in fish, and to reduce survival rates especially for young fish (Folmar et. al 1979)”  The 2005 Regional Fisheries BA stated “…the risks associated with glyphosate will depend largely on formulations applied in the vicinity of streams, and application rates and methods specified for site-specific projects.”  

Thus a buffer of 150 feet was proposed to abate these risks.  The distance of 150 feet was proposed because it is 3 times wider than Berg’s “effective broadcast buffer” and is therefore extremely conservative.  This ensures that these chemicals do not contact surface waters.  This distance is also coincident with the “Aquatic Influence Zone” of a fish bearing stream (see 2008 Olympic National Forest Invasive Plant Treatment FEIS for more information).  
-- To minimize herbicide application drift during broadcast operations, use low nozzle pressure; apply as a coarse spray, and use nozzles designed for herbicide application that do not produce a fine droplet spray, e.g., nozzle diameter to produce a median droplet diameter of 500-800 microns. Herbicide applications would occur when wind velocity is between two and eight miles per hour to reduce the chance of drift.
This design feature/criterion reduces potential for drift and off target impacts because drift is directly correlated with nozzle size. Factors affecting droplet size are nozzle type, orifice size and spray angle, as well as spray pressure, and the physical properties of the spray mixture.  Wind speed restrictions also substantially contribute to a reduction in drift (Spray Drift Task Force 2001). By simply changing the type of nozzle (diameter of pore size) used during broadcast treatments, the drift potential of herbicide can be effectively and substantially decreased as the droplet size forced out the nozzle is increased in size (Dr. Harold Thistle April 2006, personal communication,).
This criterion was used as parameters in modeling that was used to determine no-broadcast buffers to protect botanical species of concern.  Dr. Harold Thistle modeled the potential for glyphosate to impact non-target vegetation from drift.  The model predicted a 100-foot broadcast buffer would prevent glyphosate from harming plant species that are further away.   As droplet size increases, herbicide drift decreases.
Spray nozzle pressure, the amount of water applied with the herbicide, and herbicide release height are also controllable determinants of drift XE "drift"  potential.  Weather conditions such as wind speed and direction, air mass stability, temperature and humidity and herbicide volatility also affect drift.

Commercial drift XE "drift"  reduction agents are available that are designed to reduce drift beyond the capabilities of the determinants previously described.  These products create larger and more cohesive droplets that are less apt to break into smaller particles as they fall through the air. They reduce the percentage of smaller, lighter particles that are the size most apt to drift.

--Herbicide use would not occur within 100 feet of wells or 200 feet of spring developments.  For stock tanks located outside of riparian areas, use wicking, wiping or spot treatments within 100 feet of the watering source.
This comes from Washington State regulations (Thornton, personal communication).  It also is consistent with buffer rationale above.  The amount of herbicide that may be delivered to streams, even given an exposure scenario including streamside broadcasting, does not exceed a threshold of concern in drinking water; neither for humans nor livestock.  The use of spot and hand treatments is less likely than broadcast to reach streams in concentrations of concern.  Thus, this design feature/criteria adds a layer of caution to herbicide use that already inherently is lower risk.  

--Treatments within the aquatic influence zone would not exceed 10 acres along any 1.6 mile of a stream. This is based on risk assessment modeling scenarios and ensures that herbicide concentration will be equal to or less than modeled amounts. 
This design feature/criterion, coupled with no-broadcast buffers, provides strong assurance that herbicide use would not result in herbicides reaching streams in concentrations likely to harm fish and other beneficial uses of surface water.  The SERA risk assessment scenarios assume 100 percent treatment of 10 acres of treatment along any 1.6 miles of stream.  This design feature/scenario ensures that no more than 17 percent (10 for every 58 acres) of the aquatic influence zone in any 1.6 mile stretch could be treated annually, resulting in far less herbicide applied within the aquatic influence zone than modeled in the SERA risk assessments. 

--Lakes, Ponds and Wetlands – No more than half the perimeter, 50 percent of the vegetative cover on any acre, or 10 contiguous acres around a lake, pond or wetland would be treated with herbicides in any 30-day period.

Ten acres is based on SERA risk assessments (see above).  This design feature/criteria is intended to provide refugia for amphibians and riparian dependent species living in a discrete pond, lake or wetland.  No data exists to validate the effectiveness of this design feature/criterion. It is based on professional judgment of wildlife and fishery biologists and resource managers. 
-- Avoid use of sulfometuron methyl on shallow or coarse soils (coarser than loam.)  No more than one application of sulfometuron methyl would be made within a one-year period.  Avoid use of picloram on shallow or coarse soils (coarser than loam.). No more than one application of picloram would be made within a two-year period.
This design feature/criterion is based on the toxicological profile of picloram and sulfometuron methyl.  These herbicides are relatively persistent in soils, and of the ten available herbicides, were identified in the R6 2005 FEIS as having potential to affect soil organisms.  The intent is to minimize accumulation of these herbicides in the soil so that sufficient degradation occurs before more herbicide is potentially added to the soil.  In addition, use on lower productivity soils (shallow and coarse), would be avoided.  This eliminates the scenarios of concern identified in the R6 2005 FEIS.  
APPENDIX A 
Herbicide Use Buffers – Perennial and Wet Intermittent Streams – Olympic National Forest, 2008 
	Herbicide
	Perennial and Wet Intermittent

Stream Buffers

	
	Broadcast (feet)
	Spot (feet)
	Hand/

Select (feet)

	Chlorsulfuron
	100
	50
	Bankfull

	Clopyralid
	100
	15
	Bankfull

	Glyphosate
	100
	50
	50

	Glyphosate (Aquatic Formula)
	50
	No buffer**
	No buffer

	Imazapic
	100
	15
	Bankfull

	Imazapyr
	100
	50
	Bankfull

	Imazapyr (Aquatic Formula)
	50
	No buffer
	No buffer

	Metsulfuron Methyl
	100
	15
	Bankfull

	Picloram
	100
	50
	50

	Sethoxydim
	100
	50
	50

	Sulfometuron Methyl
	100
	50
	Bankfull

	Triclopyr-BEE
	None Allowed
	150
	150

	Triclopyr-TEA (Aquatic Formula)
	None Allowed
	15
	No buffer


*Changed from waters’ edge to no buffer to allow for effective treatment of some target populations in stream islands using spot methods. 
**No buffer means that treatment may occur anywhere across the stream channel where target vegetation exists including backwater channels, braided streams, floodplains, etc even when water is present.
Herbicide Use Buffers, Dry Streams - Olympic National Forest, 2008 

	Herbicide
	Buffers For Streams That Are

Dry At The Time Of Treatment

	
	Broadcast (feet)
	Spot (feet)
	Hand/

Select (feet)

	Chlorsulfuron
	50
	15
	Bankfull

	Clopyralid
	50
	Bankfull
	No buffer

	Glyphosate
	100
	50
	50

	Glyphosate (Aquatic Formulation)
	50*
	No buffer
	No buffer

	Imazapic
	50*
	Bankfull
	No buffer

	Imazapyr
	50
	15
	Bankfull

	Imazapyr (Aquatic Formulation)
	50*
	No buffer
	No buffer

	Metsulfuron Methyl
	50*
	Bankfull
	No buffer

	Picloram
	100
	50
	50

	Sethoxydim
	100
	50
	50

	Sulfometuron Methyl
	50
	15
	Bankfull

	Triclopyr-BEE
	None Allowed
	150
	150

	Triclopyr-TEA (Aquatic Formula)
	None Allowed
	15
	No buffer


Herbicide Use Buffers – Wetlands/High Water Table/Lake/Pond - Olympic National Forest, 2008 

	Herbicide
	Wetlands, High Water Table Areas,

Lakes and Ponds

	
	Broadcast (feet)
	Spot (feet)
	Hand/

Select (feet)

	Chlorsulfuron
	100
	50
	Water’s Edge

	Clopyralid
	100
	15
	Water’s Edge

	Glyphosate
	100
	50
	50

	Glyphosate (Aquatic Formula)
	50**
	No buffer
	No buffer

	Imazapic
	100
	15
	Water’s Edge

	Imazapyr (Aquatic Formula)
	50**
	No buffer
	No buffer

	Imazapyr
	100
	50
	Water’s Edge

	Metsulfuron Methyl
	100
	15
	Water’s Edge

	Picloram
	100
	50
	50

	Sethoxydim
	100
	50
	50

	Sulfometuron Methyl
	100
	50
	Water’s Edge

	Triclopyr-BEE
	None Allowed
	150*
	150

	Triclopyr-TEA (Aquatic Formula)
	None Allowed
	15
	No buffer


*This buffer was increased from 50 to 150 feet to ensure non-aquatic triclopyr is avoided throughout all Aquatic Influence Zones. 

** If wetland, pond or lake is dry, there is no buffer.  

 Protection Buffers for Botanical Species of Local Interest - Olympic National Forest, 2008 
	
	Distance from Species of Interest

	
	Further than 100 ft.
	100 ft to 10 ft.
	Closer than 10 ft.

	Application Method Allowed
	All methods according to PDFs. 
	Botanical SOLI would be shielded with a protective barrier during broadcast herbicide application. 

No additional limitations for spot and hand/selective treatments
	1. Broadcast application is not permitted.

2. If soils are saturated or wet at time of application, spot application is not permitted.  Elsewhere, botanical SOLI would be shielded with a protective barrier during spot treatments. Hand application of herbicide and/or non-herbicide treatment permitted without protective shielding.
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� ESA consultation on these or similar design features/criteria has been completed on the Willamette, Mount Hood, Gifford Pinchot and Olympic National Forests and the Columbia River Gorge National Scenic Area, and is ongoing on several other Forests.   In addition, ESA Consultation occurred in 2006 for Fish Habitat Restoration Activities Affecting ESA and MSA-listed Animal and Plant Species found in Oregon and Washington. 


 


�Under even worst case scenarios without additional buffers, herbicide use according to R6 Standards would not result in herbicide concentrations in streams above a threshold of concern for drinking water (R6 2005 FEIS). 








