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Introduction 

More than one-half – 53.6 percent – of Arkansas’ land area is forested according to the most recent Forest List Data collected by the Arkansas Forest Commission (AFC) and the U.S. Department of Agriculture (USDA) Forest Service (USFS). Private landowners including farmers, ranchers, and other individuals own over 58 percent of the forest land in the state and many actively manage their forest lands. National forests account for 12.4 percent of Arkansas total forested acreage. Forest resource companies own or lease 25 percent of the state’s forest land.

Figure 5.1. Distribution of forestland in Arkansas, 1999 

http://www.arkansaswater.org/NPSmanagementPlan/Images/Chapter%205/Figure%205.1%20Arkansas%20Forest%20Land.jpg
Source:  University of Arkansas, Center for Advanced Spatial Technology, 2006. 

The Arkansas Department of Environmental Quality’s (ADEQ) most current List of Impaired Waterbodies does not identify silviculture as a primary or secondary source of impairment for any Arkansas waterbodies. By comparison, the U.S. Environmental Protection Agency (EPA) reported to Congress in March 2002 a list of 1,040 waterbodies it identified as impaired by silviculture nationwide (EPA, 2002). 

The 1997 water quality List identified silviculture as a major source of “impact,” not necessarily impairment (ADEQ, 1997). The only mention of silviculture in ADEQ’s 2002 305(b) report regards general concerns about the impact on water quality of conversion of forests to pasture in the Ouachita Mountains and Boston Mountains ecoregions, which is addressed in the agricultural section (Section 4) of this update (ADEQ, 2002). Impacts to aquatic habitats, biota and water quality by silviculture in southeastern United States streams including Arkansas have been itemized and described in an American Fisheries Society publication (Filipek, 1993). 
AFC maintains guidelines for silvicultural best management practices (BMPs) in the publication Best Management Practices for Water Quality Protection (AFC, 2002). While the use of silvicultural BMPs is voluntary in the state of Arkansas, AFC also performs a biennial statewide assessment of the implementation rate of these BMPs. Although BMP implementation surveys began in 1998, due to changes in the monitoring instrument and protocol, direct comparison between the latest survey and those done prior to 2005 is not possible. In 2002, a new survey instrument was adopted to conform to the updated BMP guidelines. Likewise, in 2005, aerial reconnaissance was adopted as the new method for identifying potential tracts to be included in the survey.

The most recent survey was completed in July 2008, with the statewide BMP implementation rate being 86 percent, two percentage points lower than the rate determined in the 2005 survey (AFC, 2008). Private non-industrial forestlands scored 81 percent, a significantly lower implementation rate than any other ownership group. Federal lands scored 99 percent BMP implementation while state lands scored 93 percent, and industrial lands scored 89 percent. The 2008 survey instrument groups silvicultural BMPs into four major categories: 
· streamside management zones (SMZs) which rated 80 percent; 
· harvesting, which rated 87 percent; 
· roads, which rated 82 percent; and 
· regeneration, which rated 87 percent. 

By physiographic region, the Delta scored 88 percent; the Ozark region scored 87 percent; the Ouachita region scored 86 percent; and the Southwest region scored 86 percent for BMP implementation. 
The 2008 Implementation Survey also indicated that improvements needed on all ownership classes during the survey were as follows:

· water-bars on skid trails, fire-lines, and inactive roads; 

· seeding and mulching where needed to stabilize soil; 

· gemporary crossing structure removed and bank stabilization; and
· mechanical site preparation in ephemeral stream channels. 

Potential Pollutants from Silviculture  

Compared to agriculture, the magnitude of nonpoint source (NPS) pollution from silvicultural activities is generally small. Silviculture is included as a statewide program in the latest NPS Pollution Management Plan because forestry operations have the potential to degrade several water quality characteristics in localized waterbodies receiving drainage from forestlands when BMPs are not followed, particularly in vulnerable headwater streams. These potential increases in water quality contaminants discussed below are usually proportional to the severity of site disturbance. 
Sediment: Sediment is typically the primary pollutant associated with forestry activities. Soil erosion is the detachment and movement of soil particles from the soil surface. Soil loss by erosion is not sediment yield; however, it creates a potential for sediment yield. Sediment yield is the amount of eroded soil material that actually enters bodies of water. Sediment that reaches waterbodies can be particularly detrimental to benthic organisms and many fish species when it covers food sources and spawning sites and smothers bottom-dwelling organisms and periphyton. Suspended sediments increase turbidity, adversely affecting aquatic vegetation photosynthesis and aquatic organism respiration. Turbid waters tend to have higher temperatures and lower dissolved oxygen concentrations. A decrease in dissolved oxygen levels can stress and/or kill aquatic vegetation, fish and benthic invertebrates. 

Siltation/turbidity is the greatest cause of impairment to Arkansas streams. While forestry contributes sediment, it is not listed as a primary or secondary source of impairment in any Arkansas waterbody. The local impact of sediment from timber harvesting and road construction on water quality can be significant when BMPs are not followed, especially in smaller headwater streams. Gravel, dirt, and other roads are considered to be the major source of erosion from forested lands, contributing up to 90 percent of the total sediment production from forestry operations according to studies (Rothwell, 1983). These effects are of greatest concern where forestry activity occurs in high-quality watershed areas that provide municipal water supplies or support fisheries. Roads, constructed and maintained without use of recommended BMPs, especially those with steep gradients, deep cut-and-fill sections, poor drainage, erodible soils and poorly or improperly constructed road-stream crossings contribute to most of this sediment load, with road-stream crossings being the most direct source of erosion and sediment. 
USFS estimated potential erosion rates in the Ozark-Ouachita Highlands from various land uses by river basin and watershed, using 1992 U.S. Department of Agriculture Natural Resources Conservation Service (NRCS) data from the National Resource List. In this highly forested region, forestland’s share of potential erosion was less than three percent in most watersheds, and exceeded 10 percent in just one watershed. By comparison, pastureland had the highest rates of total potential erosion, ranging from six percent to 99 percent (USFS, 1999). 
Nutrients: Nutrients from forest fertilizers, such as nitrogen and phosphorus adsorbed to sediments, in solution, or transported by aerial deposition, can cause harmful effects in receiving waters. Excessive amounts of nutrients may cause enrichment of waterbodies, stimulating algae blooms. Large blooms can result in reduced dissolved oxygen levels. This process, termed eutrophication, depletes the dissolved oxygen aquatic organisms need to survive. 

In general, runoff from forested watersheds has a significantly lower nutrient concentration than drainage water from watersheds under agricultural use. In a nationwide EPA study, it was determined that nutrient concentrations are generally proportional to the percentage of land in agricultural use and inversely proportional to the percentage of land in forested use (EPA, 1977). 

Pesticides: Herbicides, insecticides, and fungicides used to control forest pests and undesirable plant species can be toxic to aquatic organisms. Pesticides that are applied to foliage or soils are most readily transported to surface waters and groundwaters. Some pesticides with high solubility and persistent pesticides that tend to absorb onto particulates are of greatest environmental concern. Other chemicals that may be released during forestry operations include fuel, oil, and coolants used in equipment for harvesting and road-building operations. 
Organic Debris: Organic debris includes residual logs, slash, litter, and soil organic matter generated by forestry activities. These materials place an oxygen demand on receiving waters upon decomposition. If dissolved oxygen levels decrease to low levels and remain low, fish and other aquatic species may be stressed and/or die. In addition, logging slash and debris dumped in streams can alter stream flows, increasing bank cutting and resulting sedimentation. However, in some ecosystems, small amounts of naturally occurring organic material can be beneficial to fish production. 
Temperature: Increased temperatures in streams and waterbodies can result from vegetation removal in the riparian zone from either harvesting or herbicide use. Temperature increases can be dramatic in smaller headwater streams, adversely affecting aquatic species and habitat. Increased water temperatures can also decrease the dissolved oxygen holding capacity of a waterbody. 

Stream Flow: Increased stream flow may result from vegetation removal in some situations. Tree removal reduces evapotranspiration, which may increase water availability to stream systems. The amount of stream flow increase is related to the total area harvested, topography, soil type, and harvesting practices. Increased stream flows can scour channels, erode streambanks, increase sedimentation, and increase peak flows. 
Water Quality/Program Goals 

The state’s most current List of Impaired Waterbodies does not fully support designated uses. Siltation/turbidity of reservoirs and streams has been identified as the largest source of NPS pollution. While silviculture is not currently identified as a source of these pollutants in the waters of the state, activities associated with silviculture may contribute to sediment and other pollutant loads, particularly in small high quality headwater streams. 
The ultimate goal of the silviculture statewide program is 
that through targeted awareness, BMP training, monitoring, 
and other voluntary programs, silviculture will never be 
identified as contributing to impairment of the waters of 
the state. 
Long- and short-term programmatic objectives for the elements of this statewide program are given in the following sections. 
Objectives and Milestones 

AFC is the lead agency for implementation of the silviculture statewide program. For all statewide programs, the overall program strategy is to continue the voluntary process whereby federal and state programs cooperate in priority areas of the state, where water quality problems have been identified. As long as this cooperative process results in improved implementation of BMPs and reductions in NPS pollutant loads, it will be viewed as successful. However, if the cooperative process does not result in nonpoint source reductions and water quality improvements, then state and local entities will investigate additional steps needed to enable waterbodies to meet their designated uses using an adaptive management approach described in the introduction to this update. 
5.1. Continue to strengthen outreach and training programs in BMP implementation for landowners and loggers by: 
· Developing additional mechanisms for delivering BMP implementation training targeted at private non-industrial landowners (e.g., educational workshops, expanded local partnerships in areas where there are high concentrations of private non-industrial landowners and increasing emphasis on woodland management in farm planning). 
· Placing BMP outreach and training programs aimed at private non-industrial forestland owners in the broader economic context on the assumption that landowners will better manage a resource they value. 

Timeline for Milestones: October 2011 – September 2016 

5.2. Continue to partner with the Arkansas Forestry Association and its Forest Practices Committee as well as the Arkansas Timber Producers Association to deliver and evaluate the effectiveness of BMP training to effect behavioral change as measured by BMP implementation, trainings and technologies. 
Timeline for Milestones: October 2005 – September 2010 
5.3. Continue to promote incentives for landowners and/or loggers to increase voluntary BMP implementation. Review options to increase landowner incentives to adopt BMPs. 
Timeline for Milestones: October 2005 – September 2010 
5.4. Continue to improve the quality of BMP implementation monitoring (e.g., increasing the sample size to improve the validity of subgroup results, identifying sites in riparian areas, and investigating alternatives to better identify the universe of harvest sites). 

Timeline for Milestones: October 2005 – September 2010 
5.5. Continue assessing the effectiveness of silviculture BMPs to protect Arkansas water quality (e.g., reduce sedimentation) building on ongoing evaluation and recognizing that such assessment is a long-term, ongoing process. Consider conducting special assessments of high quality headwater streams using synoptic surveys or other methods as resources allow. 

Timeline for Milestones: October 2011 – September 2016 
5.6. Continue to review new research as it becomes available to re-evaluate AFC silviculture BMP guidelines, involving both scientists and stakeholders in the dialogue. 

Timeline for Milestones: October 2011 – September 2016 
5.7 The state will participate in/support regional forest conferences, workshops, or outreach trainings when appropriate.
Timeline for Milestones: October 2011 – September 2016
5.8 Provide or support specialized technical assistance, outreach, supplies, and equipment when needed to address NPS issues related to silvilcutural activities and deemed appropriate by AFC and ANRC. Request for “specialized” services or equipment will be evaluated by AFC and ANRC on a case by case basis. 
Timeline for Milestones: October 2011 – September 2016 
5.9  During or post catastrophic events, appropriate assessment will be conducted as to how it affects water quality. Implementation(s) will be prioritized when appropriate to maintain water quality. 
Timeline for Milestones: October 2011 – September 2016
Program Tracking and Evaluation 

The silviculture section of the NPS Pollution Management Plan can be tracked and evaluated on three levels:  short-term inputs, intermediate processes, and long-term outcomes. The program will track program activities (e.g., how many landowners, loggers, foresters or purchasers participated in education and training programs, how many fact sheets were developed, how many newspaper articles were published, etc). These input measures track effort expended, which is a first and necessary step toward effecting change. 
Timeline for Milestones: October 2011 – September 2016

The second measure of the program focuses on whether program activities result in behavioral changes (i.e. BMP implementation). AFC will continue to monitor BMP implementation and is taking steps to improve the effectiveness of its monitoring. Results are published in a biennial report available on the AFC website. 
Timeline for Milestones: October 2011 – September 2016
The ultimate measure of the program is whether or not streams are removed from the 303(d) list of impaired waters. The most current List of Impaired Waterbodies did not identify silviculture as a primary or secondary source contributing to impairment. The desired evaluation outcome is that silviculture will not be listed as a primary or secondary source contributing in future List of Impaired Waterbodies. 

Timeline for Milestones: October 2011 – September 2016 

Brief Summary of Institutional Context 

AFC is the lead agency for the implementation of the statewide silviculture program in the NPS Pollution Management Plan. AFC seeks to reduce sediment concentrations and loading in priority watersheds and statewide through the proper and consistent voluntary implementation of silvicultural BMPs on private and public forest lands. 
AFC began providing BMP training and education program for non-industrial forestland owners in 1998-99, which has continued since. The Arkansas Timber Producers Association and the Best Management Practices Committee of the Arkansas Forestry Association launched a logger BMP education program in 1995. Since then, over 12,500 logging contractor employees and procurement foresters from Arkansas have been trained in water quality BMP implementation. 
In 1996, the AFC adopted a BMP implementation monitoring framework protocol as recommended by the BMP Monitoring Task Force for the Southern Group of State Foresters. Additional modifications to the survey were made in 2002 and 2005; in 2002 the survey instrument was amended to comply with the updated AFC BMP guidelines, and in 2005, aerial reconnaissance became the method of selecting tracts for the survey. The AFC monitors and reports silviculture BMP implementation every  two to three years. The AFC completed the first survey in May 1998. The second monitoring survey was completed in July 1999, third in 2001/02, fourth in 2004, fifth in 2005/06, and sixth in July 2007/08. The previous three surveys can be found on the AFC BMP Program webpage at http://www.forestry.state.ar.us/bmp/bmp_review.html. 
AFC published its Arkansas Forestry Best Management Practices for Water Quality Protection in March 2002 after two years of review of the available research and discussion among wide-ranging stakeholders. The latest version of the publication can be found at:

http://www.forestry.state.ar.us/manage/OnlineBMPImplementationReport0708.pdf.
Through a Memorandum of Understanding, ADEQ refers citizen complaints about pollution from silvicultural activities to AFC for investigation and voluntary resolution before taking enforcement action. 
In addition, AFC assists landowners obtain financial assistance through several programs, including the Environmental Quality Incentives Program (EQIP), the Conservation Reserve Program (CRP) and the Wildlife Habitat Incentives Program (WHIP)) for managing their forestland. The Forest Stewardship Program recognizes and rewards landowners who manage their forestlands for multiple uses and provides resource professionals to assist them in obtaining a written forest management plan. The Forest Legacy Program (FLP) uses conservation easements and fee-simple acquisitions to protect environmentally important privately owned forestlands that are threatened by conversion to non-forest uses. 
Cooperating Entities 

Cooperating entities are listed and described in the cooperating entities section of the 2011-2016 NPS Pollution Management Plan. 

Federal Consistency 

USFS and NRCS have pledged to work with AFC and ANRC on federal consistency with the silviculture statewide program. USFS standards and guidelines for management activities are designed to meet or exceed all state BMPs. AFC monitors and reports USFS BMP implementation. ANRC works with NRCS on consistency of BMPs that are being recommended through WHIP, EQIP and other farm bill programs it administers. ANRC strives to coordinate targeting of priority watersheds and BMPs through involvement in the NRCS State Technical Committee as well as NRCS representation on the NPS Pollution Management Plan Stakeholder Group. 
Common Best Management Practices 

AFC is the lead agency for interpreting, monitoring, and updating forestry BMPs and management measures in Arkansas. In 2002, AFC completed a major update of their BMP guidelines. This effort included extensive public input and comment. The guidelines have subsequently been updated. The latest version of the publication can be found at:

http://www.forestry.state.ar.us/manage/OnlineBMPImplementationReport0708.pdf.
These management measures closely resemble EPA’s National Management Measures to Control Nonpoint Source Pollution from Forestry (EPA, 2005[ECC1]). The measures and practices given below are excerpted from AFC’s Best Management Practice Guidelines. 

Planning: Careful planning is an essential first step to environmentally sound forest management. Seeking professional assistance during planning can be critical in protecting water quality. The selection of silvicultural operators such as loggers, site preparation contractors, foresters, and others who have received BMP training can help ensure that BMP plans are prepared and understood before starting silvicultural activities. 

· Site Assessment: Use available topographic maps, aerial photographs and site visits to locate and plan protection for the following: 
· streams, drainage, and crossings; 

· critical areas subject to rutting and/or erosion;
· existing roads and trails; 

· proposed haul roads and skid trails; 

· log landing locations; and 

· buffer zones for streams.

· Timing: Determination of the best time of year for specific forestry activities.

· Timber Sale Contract Requirements: Inclusion of requirements for proper BMP implementation, installation, and maintenance in the timber harvest contract. 
· Special Planning for Wetlands, Obstructions and Areas to Avoid: Identification of environmentally sensitive areas and provision to avoid impact from forestry activities on these areas.
Streamside Management Zones (SMZs): Vegetation and soils adjacent to waterbodies are critical for maintaining healthy aquatic systems. SMZs are buffer areas, strips of land immediately adjacent to waterbodies where timber management activities are specifically designed to protect water quality. SMZs are established on both sides of streams. SMZs: 
· slow and spread the flow of water;
· serve as a filter, which reduces movement of sediment and nutrients into waterbodies; 

· stabilize streambanks;
· minimize logging debris from reaching the waterbody;
· act as a buffer strip;
· maintain cooler stream water temperatures and can cool down elevated temperatures; and 

· provide an allochthonous energy source for aquatic biota and flora in the associated stream. 

AFC categorizes streams as ephemeral, non-ephemeral, braided and lakes and ponds. Standards for SMZs for each category are given as BMPs, except ephemeral streams which do not require SMZs. 
In all SMZs, the following activities are discouraged: 
· harvesting trees growing directly on banks or overhanging a waterbody; 

· prescribed fires that burn to mineral soil. Light cool burns are permitted; 

· locating portable sawmills or log decks in SMZs;
· creating excessive rutting, especially where ruts run perpendicular to a stream; and
· leaving logging debris in front of cave entrances and in sinkholes if the effect is to change the natural flow of water. 

Non-ephemeral SMZs: SMZ width is based on percent of the adjacent slope of the forest area: 
· Slope < 7 percent - minimum SMZ 35 feet;
· 7 percent < Slope < 20 percent - minimum SMZ 50 feet; and
· Slope >20 percent - minimum SMZ 80 feet. 

Retain a minimum of 50 sq. ft. basal area per acre. Trees should be evenly spaced throughout the SMZ to maintain bank stability and protect water quality. Fell trees away from the stream except where safety is a concern. 

Ephemeral SMZs: Maintain an overstory of vegetation or trees if possible, if not, then maintain lower lying vegetation and intact forest floor. Mechanical site preparation should not disrupt the ephemeral stream channel. No SMZ required. 

Braided Streams: Consider multiple channels as one stream. The SMZ includes all land between the channels as well as the prescribed SMZ width adjacent to the most exterior channels. Follow other applicable SMZ guidelines for non-ephemeral streams. 

Lakes and Ponds: Minimum SMZ is 35 feet measured beginning at the break in slope at the top of the shoreline. Follow SMZ guidelines for non-ephemeral streams. 

Road Construction and Maintenance: Proper road construction and maintenance protects water quality during and after silvicultural activities. BMP Implementation Surveys conducted by AFC indicate that practitioners should focus more attention on implementing forest road BMPs.
Road Location/Planning: Use soil surveys, topographic maps, aerial photographs, or site visits to plan road locations to protect water quality. Design roads to minimize stream crossings. Where stream crossings are required, cross at right angles to the stream, locate roads along the contour or along the crest of long ridges and maintain sufficient distance between the road and the SMZ to allow right-of-way maintenance. 

Road Construction: Use at least the minimum design standard that provides a road sufficient to carry the anticipated traffic load with minimum environmental damage. Remove timber from rights-of-way and deck it outside SMZs. Design roads no wider than necessary. Balance cuts and fills to minimize excess excavated material. Place sidecast or fill material above the ordinary highwater mark of any stream except where necessary to stabilize stream crossings. Plan and conduct work so that water quality is protected during heavy rain. When needed, use seeding and mulching in a timely manner to reduce erosion. Implement appropriate BMPs during road construction. 

Road Drainage: Ensure good road drainage with a combination of properly constructed and spaced wing ditches, broad-based dips, rolling dips, culverts, and bridges. Wing ditches should be constructed so water will be dispersed and not cut channels across the SMZ. At cross drains (culverts or dips) install rip-rap or other devices at the outlets to absorb and spread water. Use brush barriers or check dams along road fill areas or other sensitive areas. 

Install ditches, culverts, cross drains, and wing ditches at low points in the road. Use crowning, ditching, culverts, and/or out-sloping to drain roads naturally. Provide cross drainage on temporary roads. Provide out-fall protection if cross drains, relief culverts, and wing ditches discharge onto erodible soils or over erodible fill slopes. Use diversion or wing ditches wherever possible to carry road drainage water onto the undisturbed forest floor. Use adequate sized culverts to carry the anticipated flow of water 

A road grade of less than 10 percent is preferred. Changing grade frequently, with rolling or broad-based dips, protects water quality better than by using long, straight, continuous grades. On highly erodible soils, grades should not exceed 8 percent. Grades exceeding 8 percent for 150 feet may be acceptable as long as appropriate BMPs are implemented. Graveling the road surface can help maintain stability. Install water turnouts, broad-based dips or rolling dips before a stream crossing to direct road runoff water into undisturbed areas of the SMZ. With the exception of stream crossings, roads should be located outside the SMZ. 
Out-slope the entire width of the road where road gradient and soil type permit. Use cross drainage on in-sloped or crowned roads to limit travel distance of runoff water. Where roads are in-sloped or crowned, and gradients begin to exceed 2 percent for more than 200 feet, broad-based dips or rolling dips should be placed within the first 25 feet of the upgrade. 

Road bank cuts normally should not exceed five feet in height, should be sloped, and the soil stabilized to prevent erosion. Cuts may need to be fertilized, limed, seeded, and mulched to establish cover. 
Road Maintenance: Crown or out-slope the road surface to disperse surface runoff and minimize erosion of the roadbed. Keep wing ditches free of blockages and keep culverts open and clean to allow unrestricted passage of water. Revegetate or stabilize erodible areas where natural vegetation is not sufficient to stabilize the soil. Minimize traffic on roads during wet conditions. Consider using geomat or rock to reduce road damage. Periodically inspect roads to see if BMPs remain effective. Re-establish vegetation as needed. Minimize traffic following maintenance work on sensitive road sections to allow them to stabilize. Keep roads free of obstructions to allow free flow of water from the road to the forest floor. Rework roads if road conditions deteriorate and may harm water quality. 

Stream Crossings: Cross streams only if the harvest site cannot reasonably be accessed otherwise. Remove temporary crossing structures after use. Stabilize and restore the streambanks. Permanent stream crossing should use bridges, culverts, shelf-rock fords, geoweb, concrete slabs, or other materials. Low water fords may be used if excessive turbidity is not created. 
Design bridges to protect stream-crossing approaches from erosion. The streambank, stream channel and adjacent SMZ should have minimum disturbance. Construct stream crossings during periods of dry weather when stream flow is low and the chance of erosion is minimal. Concrete slabs should be excavated so that the surface is level with the stream bottom and at the same slope. Concrete slab approaches should extend beyond the stream channel to prevent scour around the ends of the slab. 

Streambanks should be stable and stream bottoms should be hard. If not naturally stable, use materials such as geotextiles or temporary bridges. Use planking, geoweb, rock or other nonerosive material to reduce disturbance to unstable streambeds and streambed approaches. 

Remove from streams excess material and woody debris generated during road construction. Deposit this material above the ordinary high water mark. Stabilize the material. Use head walls, wing walls, rip-rap, or geomat if necessary. 

Inspect stream crossings frequently during operations to determine if erosion is being controlled. Streambanks should be stable and soil movement into the stream should be minimal. Correct erosion problems by implementing the BMPs. 

Except for crossings, equipment should stay out of streambeds. 

Broad-Based Dips: Broad-based dips are recommended for roads with less than 10 percent grade. Installation should take place after basic clearing and grading for roadbed construction. An energy absorber such as rip-rap and, in some cases, a level area where the water can spread, can be installed at the out-fall of the dip to reduce water velocity. On some soils the dip and reverse grade section may require bedding with crushed stone to avoid rutting the road surface. Broad-based dips should be placed cross the road in the direction of water flow. Broad-based dips are not recommended for constantly flowing water. 

Rolling Dips: Rolling dips are a cross between water bars and broad-based dips. Like broad-based dips, they have a reverse grade (except it is shorter) and they tip water off the road. Like water bars, they may also rely on a mound of soil at the downhill side. Rolling dips can be used on haul roads having a slope of 10 percent and greater. 

Rolling dips can be used after basic clearing and grading for roadbed construction after logging is completed. A 10- to 15-foot long, 3 to 8 percent reverse grade is constructed into the roadbed by cutting from upgrade to the dip location and then using cut material to build the mound for the reverse grade. In hills, locate rolling dips to fit the terrain as much as possible. They should be spaced according to the slope of the planned roadbed. 

Rolling dips are not suitable for constantly flowing water. 

Wing Ditches: Wing ditches collect and direct road surface runoff from one or both sides of the road away from the roadway and into undisturbed areas. Wing ditches move water from roadside ditches and disperse it onto undisturbed areas adjacent to the road. 
Pipe Culverts: Road and stream crossing culverts collect and transmit water safely from side ditches, seeps, natural drains, or streams under haul roads and skid trails without eroding the drainage system or road surface. 

The pipe should be long enough so both ends extend at least one foot beyond the side slope of fill material. Culverts should be designed to carry the anticipated flow. The culvert should be placed with a 1 to 2 percent downgrade to prevent clogging. Lay the bottom of the culvert as close as possible to the natural grade of the ground or drain. Provide erosion protection for culverts. Lay aggregate or other suitable material on approaches to fords, bridges, and culvert crossings if needed to ensure a stable roadbed approach and reduce sediment in the stream. Fill for temporary culverts can be washed rock. Washed rock may remain in the channel when the culvert is removed. Remove culverts, bridges, and fill material other than washed rock from temporary stream crossings upon completion of operations and return the crossing as close as possible to its original condition. Install erosion protection measures at the culvert outlet as needed to minimize downstream erosion. 
On larger streams and/or streams having substantial fisheries, box culverts utilizing the natural substrate as the culverts bottom may be a good substitute for pipe culverts since the stream substrate makes up the bottom of the culvert. This allows for migration of fish above and below the culvert due to stream velocity refugia being provided by the natural substrate. Using box culverts with a natural substrate bottom also alleviates any problem caused by high drops at the downstream end of the culvert (outlet). 

Inactive Road Stabilization: Waterbars are recommended for stabilizing inactive roads, firelines, and trails. Logging slash may also be effective. They act to divert side ditch and surface runoff, which minimizes erosion, and provides conditions suitable for revegetation. 

Inactive Road Revegetation: Covering bare soil is the first line of defense in preventing erosion. Revegetation is recommended for bare soil. Schedule revegetation when soil and weather conditions promote rapid germination of seeds and development of the plants. Plant seed to the proper depth, fertilize where needed, and use adequate seeding rates. Periodically inspect areas of revegetation to ensure successful reestablishment of the intended ground cover. 

Inactive Road Protection: Waterbars are essential to controlling soil erosion due to excessive water volume and velocity of road’s runoff. Successful stabilization depends upon water control. Block vehicular traffic at entrances and exits of retired roads, firebreaks, and trails where vehicular traffic is expected. Use gating, large earthen berms, ditching, fencing, and similar barricades. 
Harvesting: Harvesting timber is more than cutting trees. It includes layout and construction of access roads, skid trails for moving logs, and strategic location of landings for transporting products out of the woods. Timber harvesting activities should be conducted to minimize the effects on soil and water. Special care should be taken on steeper slopes and near bodies of water. If possible, schedule harvests during periods of dry weather to reduce sedimentation. 

Design of Harvest Site: Plan harvest size, skid trails, and landing locations to reduce the area of ground disturbed. For areas subject to excessive erosion, plan harvest activities to enable revegetation efforts to occur during times of the year that favor successful revegetation. Sites should be inspected frequently during harvesting to identify soil movement into waterbodies. If erosion is occurring, promptly implement corrective BMPs. When harvesting is completed, disperse water from landings and skid trails using water bars, logging slash, or vegetative cover. Be prepared to control and limit off-site soil movement. If revegetation or stabilization is needed, do this work as soon as possible after harvesting is complete. Compacted soils may need to be disked or scarified to improve water infiltration and create a suitable seedbed. Construct water bars on skid trails and firelines as needed. Pay attention to slope and soil type as it pertains to type of structure and spacing requirements. Where skid trails cross streams install water bars or turnouts to divert all runoff away from stream channel. All areas to be seeded and/or mulched should be stable. Install traffic barriers to prevent off-road vehicle damage to recently stabilized areas. 

Log Landings: Log landings or log decks are areas of concentrated equipment use and traffic. Well-planned and managed log landings will protect water quality. Take precautions to reduce rutting, soil compaction, and/or interference with water flow in order to reduce erosion. For example, if soils are wet, use special techniques such as logging mats and mulch. Locate landings to avoid or reduce stream crossings. Locate landings as part of planning the road system. Minimize the size and number of log landings. Locate landings on dry sites so natural drainage disperses water onto the forest floor but not into a stream. 
Storage & Handling of Fuel, Oil, Coolants and Products: Restrict fueling and equipment maintenance work to designated areas of landings. Do not do this work near streams. Store fuel, oil, coolants, and other products properly. 
Felling and Bucking: Fell trees away from a stream and keep debris out of the stream whenever possible. If a tree is felled into a stream, protect the streambanks during tree removal. Fell trees so the butts face the direction of skid whenever possible. Promptly remove significant logging debris from streams. Significant debris can alter the flow of the water and scour banks. However, some woody debris let in streams can be beneficial since it acts as a macroinvertebrate colonization medium and provides fish cover so balance needs to be found on an individual site basis. 

Skidding: Skid trails serve as transport routes for equipment moving trees, logs, or other material from the place of felling to a log landing or deck where they are stored or loaded for transport. Because heavy equipment is usually used in skidding, soil disturbance may occur. Plan skid trail layout to protect water quality. Follow the contour to the greatest extent possible. Timber should be skidded uphill either to a contour skid trail or more level ground. On slopes of 20 percent or greater, skid uphill. Skid trails on slopes should have occasional breaks in grade or logging slash that disperse water. Where stream crossings are planned, use portable crossing structures, culverts, poles, or natural fords with firm bottoms, stable banks and gentle slopes. Do not use soil as a temporary fill material when water is in the stream. If a ford or crossing will cause excessive rutting or turbidity, then bridges, culverts, concrete slabs or other constructed fords should be used. Minimize the number of stream crossings. Skid across a stream only at stable locations identified during harvest planning. Upon completion of skidding, remove all temporary fill material from stream beds. If the banks are crushed or if soil is eroding, stabilize the streambanks. Do not use stream channels as skid trails. 

Wet Weather Skidding: Avoid logging in excessively wet areas or during excessively wet weather. If skidding in wet weather, take the following precautions to protect water quality:  Stabilize bare areas during any temporary shut-downs in logging operation if needed to protect water quality; minimize skid trail construction at grades greater than 30 percent. With grades greater than 30 percent, install frequent rolling dips and follow contours. Stabilize these skid trails. If off-site soil movement occurs, control it with rolling dips, and prompt re-vegetation. Minimize straight runs of 300 feet or more at grades greater than 20 percent. 
Harvest Site Closeout: To ensure proper implementation of BMPs, a helpful final step is an onsite examination of the harvest area. This procedure is referred to as a “walkout.” Review contracts or other documents that set-out BMPs required for the harvest area. Stabilize roads, skid trails, and log landings by using revegetation techniques if needed. Clean up spills. Haul litter, such as oil cans, grease containers, crankcase oil filters, old tires, and used fluids to a proper disposal facility. Remove significant logging debris from streams. Significant debris can alter the flow of the water and scour banks. Scatter woody debris above the high water mark of stream. Perform closeout erosion control on erodible areas before equipment is moved off the site. 
Mechanical Site Preparation: Mechanical site preparation involves the use of ground contact equipment to manipulate vegetation and soil conditions before reforestation. Methods most commonly used are shearing, raking, subsoiling, disking, chopping, windrow/piling, and bedding. Shearing, raking, windrow/piling, bedding, and disking are high intensity methods of mechanical site preparation that expose a greater percentage of the soil on the treated site. Subsoiling and chopping are lower intensity methods. Erosion potential increases with the higher intensity methods, especially in areas with steep slopes. 
Choose a site preparation method that exposes and disturbs the minimum mineral soil necessary to meet the desired reforestation objective. The boundaries of all SMZs should be defined before site preparation begins. Do not conduct mechanical site preparation in SMZs. Minimize crossing streams. If crossings are necessary they should be kept to a minimum, and made at right angles to the stream. Avoid intensive site preparation on soils NRCS has identified as highly erodible. Do not damage water control devices (i.e., culverts, wing ditches). When damage occurs, repair or replace the device promptly. Avoid heavy equipment operations in wet soil conditions. Intensive site preparation should always follow contour of land. 
Forest Chemicals: Pesticides/herbicides, and fertilizers are forest chemicals. The following guidelines for the handling and application of forest chemicals will help prevent their translocation to open water sources. 
If any hazardous chemical of reportable quantity is accidentally spilled during normal working hours, notify ADEQ. Outside of normal working hours, notify the Department of Emergency Management at (501) 682-0716. Take immediate measures to contain all chemical spills. Communicate spills to appropriate supervisors, landowners, and authorities. 

Forest Chemical Management: Follow label instructions. Do not aerially apply forest chemicals to SMZs unless labeled for open water application or during a forest health emergency (e.g., gypsy moth). Chemicals should not be allowed to leak from equipment. Do not service equipment near streams or other water sources. Properly dispose of empty containers. Minimize the use of streams, lakes, ponds, or rivers as water sources. When this water is used to mix chemicals, do not contaminate water source. Chemicals should not be applied when water contamination is likely to occur from physical spray drift. Chemicals should not be applied immediately before precipitation or after a rain if there is still runoff. Consider upcoming storm predictions to time chemical application. Label containers according to state and federal regulations. Apply fertilizer at appropriate rates. Seek professional advice on application rates. Applicators should be properly licensed and trained and/or certified if applicable.
Reforestation: Reforestation should be completed as soon as practical after harvesting. Seek professional advice on reforestation options. 

Machine plant along the contour of the land. Repair and stabilize any damage from machine planting that will cause erosion. Machine planting equipment should avoid crossing or turning around in roads, road ditches and wing ditches. Use existing access and stream crossing areas when planting. Preserve and replace all BMP harvesting or site preparation installations. 

Fire: If a fire becomes “too hot”, the entire humus layer can be consumed, exposing the underlying mineral soil to erosion. AFC BMP Implementation Surveys have found that the erosion potential from sites burned too hot increases as slope increases. Extreme caution should be used when burning on slopes exceeding 20 percent. 

Prescribed Fire: Before ignition, moisture levels within the soil, forest fuels, and the air should be sufficient to prevent major exposure or damage to the mineral soil, especially on moderate to severely erosive soils. Install firelines parallel to streams outside the SMZ. Do not plow firelines through the SMZ. Firelines within the SMZ should be constructed by hand. On final harvest cuts, when slopes of the site exceed 20 percent, individual fire strips should not exceed 300 ft. in width between ignition and burnout. Buffers or breaks are recommended on slopes exceeding 20 percent. 

Wildfire Suppression and Reclamation: During wildfire emergencies, firefighting activities are not restricted by BMPs. Potential erosion problems should be corrected as soon as a wildfire is suppressed. Actively eroding gullies should be stabilized as part of wildfire reclamation. Inspect fire lines periodically and stabilize as needed to minimize runoff entering streams. 

Firelines: Control practices can be implemented during fireline construction to prevent erosion. Periodic inspection and proper maintenance can prevent erosion on established firelines. Use barriers such as roads, rights of way, and plowed fields as firelines. Install firelines on the contour as much as possible. Use bladed or harrowed firelines instead of plowed firelines whenever possible. On slopes exceeding five percent, and at approaches to streams and roads, install water bars with water turnouts in firelines according to the BMP recommendations for skid trails. Use hand tools or back blade firelines away from the edge of gullies, streams, or roads. 

Fireline Maintenance: Mowing or disking, rather than blading, should be used to maintain firelines to reduce exposing mineral soil. 
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