ACTIVITY TYPE:  Oil and Gas – Exploration

Subsurface geology is not always definable by rock outcrops on the land surface.  Thus, at times it is necessary to use geophysical prospecting methods to acquire data on subsurface geology and geologic structures.  Geophysical exploration typically has low to moderate levels of surface disturbance.  Three geophysical survey techniques can be used to map the subsurface geology through measurements of the gravitational and magnetic fields, and seismic reflections. Gravity and magnetic surveys involve portable field units that are transported by 4WD pickup, ATV, or aircraft.  At times, small holes (a few inches in diameter) are dug to bury the meters.  Seismic reflection surveys require use of a seismic “source” and a series of geophones to detect the reflection.  Seismic sources include drilled and surface explosives, and ground vibrations.

ACTIVITY COMPONENTS AND WORK ELEMENTS

Geophysical Exploration (Temporary use less than 1 year)

Roads (primitive) - Primitive (i.e. non-permanent) roads may be built in association with geophysical activities.  These roads are typically 10 to 12 feet wide, and are built to accommodate light traffic and are intended for short-term use. The roads may require vegetation clearing, and a bulldozed roadbed.   In general, geophysical surveys tend to use existing roads and trails whenever possible.  However, the surveys sometimes are performed in a grid pattern, which requires road building.  Primitive roads are reclaimed after use, which involves ripping the roadbed and revegetating the disturbed ground.

Heavy Equipment – Most activities require some element of initial, maintenance, or rehabilitation dirt work, drill rig hauling, and construction and testing equipment. These large vehicles include dozers, scrapers, graders, backhoes, trenchers, truck-hauled or self-mobile drill rigs, and welder trucks, which are used in oil and gas exploration, development, and reclamation activity. It does not include vehicles used to transport personnel and materials to and from a work site – for those Work Elements, see Vehicular Traffic - (Semis, Trucks, and ATV’s) Work Element. Tractor dozers, tractor backhoes, and road graders of various sizes are used for road and well pad clearing and construction (Access Road Construction Activity Component). Pipeline excavation and construction uses the above equipment as well as mechanized mowers, wheeled trenchers, and truck-mounted welders. Heavy equipment typically weighs more than 5 tons, has aggressive tire or track transport, is very noisy and generates noticeable exhaust plumes. Impacts include noise, destruction of vegetation, soil disturbance, smell, dust, increased erosion, minor spills of fuel and lubricants, and are intense for the duration of the work at the site.

Vehicular Traffic (Trucks and ATV’s) – Vehicular traffic includes such vehicles as Semi trucks, bulldozers, water trucks, cement trucks, graders, rig-moving trucks, pickups, cars, ATVs, etc.  Impacts associated with vehicles include air pollution (dust on non-paved roads and NOx), noise and ground disturbance.  Ground disturbing activities to accommodate these vehicles (roads, pads, etc.) will be discussed under the appropriate section. During the drilling phase, many vehicles traverse the roads to gain access to the drilling operation which would include vehicles to support a drilling crew, sometimes a cementing crew, tool pushers, mud men, electric-loggers, stimulation crews, etc.  After drilling and completion, traffic quickly diminishes and a pumper may visit the well anywhere from daily to weekly with the exception of an occasional workover rig that may be required to repair the well.
Aircraft Landing Strips and Access – Remoteness, legal or policy restrictions, or extreme cost of land access may require the use of helicopter or fixed-wing aircraft for access to operation sites. For both types of aircraft, some surface disturbance is necessary. Helicopter landing and staging areas (equipment and fuel storage) will require up to 1 acre of cleared, relatively level land surface. A cargo drop zone or landing strip and equipment/fuel storage area for fixed-wing aircraft will depend on the site elevation, maximum loading, and associated length of take-off/landing needed, but a minimum of 1/4 mile strip of clear, relatively level land surface may be expected. Each type of access facility will require work crews & human presence, vegetation clearing/pioneering, heavy equipment/dirt work, finish, surfacing, dust control or suppression, and erosion control similar to road construction, to the degree demanded by the location‘s physical characteristics and the proposed aircraft type and operational needs. Refer to those work elements for impacts and descriptions. The scale (physical and time) of the proposed operations will determine the scale and duration of the impacts.

1.  Helispots: Vegetation clearing requires removal of all vegetation over 18 inches in height. Minimum clearing limits are determined by the type of helicopter and terrain but may be estimated at a clear, level site of 30 feet square and a safety circle of 110 feet in diameter. Equipment storage will require additional clear area. Multiple-use helispots will require more space, up to 100 feet width and 600 feet length cleared area. Dust suppression may be required depending on the surface and operational needs (water, chemical, or physical means). 

2.  Fixed-wing Cargo Drop Zone: For fixed-wing air cargo drops (where the aircraft does not land), vegetation clearing of a zone of at least 1,600 feet length (in the direction of flight path) and 400 feet width may be needed. Standing vegetation will be felled and cleared, but surface brush and grass may be left undisturbed. 

3.  Fixed-wing landing strip: Vegetation clearing will be required for all vegetation except grass and low forbs/brush. Surface grading will be required if the strip is not relatively level. Dust suppression will be required depending on the surface material, aircraft, and operation (water, chemical, or physical means).

Foot Access - Foot access may be needed to perform the various surveys.  Foot traffic would occur along existing roads and trails, and cross-country.  There may be anywhere from 2 to 10 people participating in any one activity at a given time.  Foot traffic would be of limited duration.

Explosives (Shot Hole and Surface) –  The shot hole (including the mini-hole source) source requires drilling a series holes (usually 5 to 10 sites per mile) to predetermined depths ( ranging from 5 to 15 feet for mini hole sources, and 25 to 200 feet for conventional shot holes, the hole diameter is usually 2 to 6 inches), and placing explosives at the bottom of each hole.  The explosive can range from 5 to 50 pounds.  The holes are usually drilled with an ATV or truck mounted drill rig, averaging about 100 square feet of disturbance per site.  The shot holes are usually detonated simultaneously over several miles.  Each shot hole is then filled with native materials and the sites reseeded.  Impacts include ground shock, human and mechanical noise, minor vegetation clearing, small-scale soil compaction and transitory smoke and noise. 

In some cases, portable drilled shot hole sources are used.  These involve using limited depth drill rigs that are transported to the site by helicopter.  The impacts are as described above.

The surface explosive technique uses explosives placed in very shallow holes (less than 10 feet deep) or mounted on short poles above the ground surface.  Drilling the shallow holes involves use of a small truck-mounted drill rig, which creates about 25 square feet of disturbance per hole.  There are typically between 5 and 10 holes per mile.  Surface explosive equipment can be transported by 4 WD truck, pack animal or helicopter.  Impacts include minor ground shock, human and mechanical noise, minor vegetation clearing, small-scale soil compaction and transitory smoke and noise.

Ground Vibrations (Thumper Trucks) - Ground vibrations can be made using the explosive methods described above, but can also be achieved using a “vibrator source” or the Vibroseis method.  This method uses a 4WD, 4x6, or tracked vehicle equipped with a heavy metal plate.  The plate is dropped to contact the land surface at regular time intervals.  Typically 2 to 8 vibrators are used at a time.  Impacts include minor ground shaking, minor soil compaction and noise.  These are limited to the immediate area where the work is occurring.

Minor Reclamation - Geophysical operations generally have very little land disturbance, with the exception of when primitive roads or aircraft landing strips are needed.  Reclamation associated with seismic shot holes and drilling generally involves scarifying the soil and hand-broadcasting seed to revegetate.  Primitive roads and landing strips would require ripping the roadbed or airstrip and then reseeding.

Minor vegetation clearing/scrubbing - Vegetation is clipped off next to the soil surface to allow for temporary uses, such as strat tests, some geophysical operations, etc.

Temporary Markers (Flagging, Pin Flags) - After an oil and gas lease is obtained and prior to performing any ground disturbing activities (roads, pads, pits, drill-hole site, etc.) wooden stakes are placed in the ground by the lessee or operator to denote proposed impact zones for agency inspection and analysis.

Pack Animal Access - Access and mobilization to reach and maneuver around the work site could be accomplished with pack animals (e.g., horses, mules, llamas and goats).  Pack animals may be needed to access areas that cannot physically be accessed by a road system or by mechanized vehicles.  These areas may include but are not limited to, wilderness and roadless areas, areas with seasonal or year round access restrictions (i.e. wildlife concerns), or watersheds with erosive or unstable soils.  Roads often have seasonal closures to protect lambing and calving, or during wet periods when roads are subject to damage by erosion.  Pack animals can only be used, however, when the work activity does not require the use of heavy equipment or large quantities of material (i.e. fencing supplies, gravel, soil, or large structures).  For oil and gas operations, pack animals may be used to carry geophysical or geochemical equipment.
Geochemical Exploration and Electromagnetic Surveys (Temporary Use Less Than 1 Year)
Geochemical exploration involves accessing the area of interest, and collecting samples of soil, rock and water to be sent to a lab for analysis.  Electromagnetic surveys involve using portable equipment to take other measurements.  These methods generally have surface disturbance akin to that of foot traffic.

Vehicular Traffic (Trucks and ATV’s) – Vehicular traffic includes such vehicles as Semi trucks, bulldozers, water trucks, cement trucks, graders, rig-moving trucks, pickups, cars, ATVs, etc.  Impacts associated with vehicles include air pollution (dust on non-paved roads and NOx), noise and ground disturbance.  Ground disturbing activities to accommodate these vehicles (roads, pads, etc.) will be discussed under the appropriate section. During the drilling phase, many vehicles traverse the roads to gain access to the drilling operation which would include vehicles to support a drilling crew, sometimes a cementing crew, tool pushers, mud men, electric-loggers, stimulation crews, etc.  After drilling and completion, traffic quickly diminishes and a pumper may visit the well anywhere from daily to weekly with the exception of an occasional workover rig that may be required to repair the well.
Aircraft Landing Strips and Access – See Geophysical Exploration AC.

Foot Access - Foot access may be needed to perform the various surveys.  Foot traffic would occur along existing roads and trails, and cross-country.  There may be anywhere from 2 to 10 people participating in any one activity at a given time.  Foot traffic would be of limited duration.
Pack Animal Access - Access and mobilization to reach and maneuver around the work site could be accomplished with pack animals (e.g., horses, mules, llamas and goats).  Pack animals may be needed to access areas that cannot physically be accessed by a road system or by mechanized vehicles.  These areas may include but are not limited to, wilderness and roadless areas, areas with seasonal or year round access restrictions (i.e. wildlife concerns), or watersheds with erosive or unstable soils.  Roads often have seasonal closures to protect lambing and calving, or during wet periods when roads are subject to damage by erosion.  Pack animals can only be used, however, when the work activity does not require the use of heavy equipment or large quantities of material (i.e. fencing supplies, gravel, soil, or large structures).  For oil and gas operations, pack animals may be used to carry geophysical or geochemical equipment.
ACTIVITY TYPE:  Oil and Gas – Development

The U.S. Government administers approximately 600 million acres of mineral estate.  The oil and gas mineral estate is available for lease by private parties.  Current lease terms are for a period of 10 years and so long thereafter as oil and gas is, or can be, produced in paying quantities.  Compensation from private parties for the rights to the public oil and gas mineral estate are in the form of a one-time bonus premium and the continuing payment of a royalty; usually about 12.5% of the proceeds from the sale of the oil and gas produced.  Title to the oil and gas mineral estate also includes the use of a reasonable amount of surface area for development activities.

The lease contract contains numerous provisions for the extraction of the oil and gas including augmentation by a set of Federal regulations governing development activities.   Surface use is regulated under a permit system whereby the lessee submits for approval any planned development activities that involve surface disturbance.  The approval is granted under the legislative and regulatory requirements of 1. FLPMA and various other public laws, 2. The general lease provision of natural resource, environmental quality, and life and property protection, 3. The descriptive activities analyzed in land use plans and, 4. The site-specific evaluations conducted for an individual permit.

ACTIVITY COMPONENTS AND WORK ELEMENTS

Wells Spacing and Density

Well spacing and density are sometimes used interchangeably, although spacing determinations are usually attached to reservoir development and density determinations to surface occupation.   The placement of wells is based on adequate reservoir development to ensure a single well will sufficiently drain an allocated area.  Another consideration is the protection of correlative rights when the drainage area includes more than one mineral estate.  Also, a review of the anticipated surface use is conducted to ensure minimal surface disturbance while allowing the lessee the freedom to use as much of the surface as is necessary for oil and gas extraction. 

Wells Per Unit Area - On public lands the BLM is responsible for determining spacing, and through their land use plans, well density.  Spacing is authorized via an approved Application for Permit to Drill, through determinations by Field Offices, and by accepting and applying the spacing decisions of individual state oil and gas commissions.  The petroleum engineer reviews the completion of area wells, the characteristics of the geologic formation to be completed, considers any state spacing decisions, and then determines the appropriate well spacing on a general scale (10, 20, 40, 80, 160, 320, or 640 acres).  

For density determinations, land use plans include a reasonably foreseeable development scenario and the corresponding resource analyses (impacts) are conducted based on this anticipated development scenario.  Appropriate mitigation is identified and implemented at the leasing and/or APD stage.  Mitigation may include the specific location of wells depending on the impact to a resource.  The well is then appropriately situated within the spacing unit to accommodate the resource.  If no accommodation can be made, then alternatives, such as directional or extended reach drilling or dual completions, are considered.

Well Surveying and Location Staking (Well Bore, Roads, Well Pad Dimensions)
Vehicular Traffic (Trucks and ATV’s) – Vehicular traffic includes such vehicles as Semi trucks, bulldozers, water trucks, cement trucks, graders, rig-moving trucks, pickups, cars, ATVs, etc.  Impacts associated with vehicles include air pollution (dust on non-paved roads and NOx), noise and ground disturbance.  Ground disturbing activities to accommodate these vehicles (roads, pads, etc.) will be discussed under the appropriate section. During the drilling phase, many vehicles traverse the roads to gain access to the drilling operation which would include vehicles to support a drilling crew, sometimes a cementing crew, tool pushers, mud men, electric-loggers, stimulation crews, etc.  After drilling and completion, traffic quickly diminishes and a pumper may visit the well anywhere from daily to weekly with the exception of an occasional workover rig that may be required to repair the well.
Foot Access - Foot access may be needed to perform the various surveys.  Foot traffic would occur along existing roads and trails, and cross-country.  There may be anywhere from 2 to 10 people participating in any one activity at a given time.  Foot traffic would be of limited duration.
Temporary Markers (Flagging, Pin Flags) - After an oil and gas lease is obtained and prior to performing any ground disturbing activities (roads, pads, pits, drill-hole site, etc.) wooden stakes are placed in the ground by the lessee or operator to denote proposed impact zones for agency inspection and analysis.
Minor vegetation clearing/scrubbing - Vegetation is clipped off next to the soil surface to allow for temporary uses, such as strat tests, some geophysical operations, etc.
Cultural and Biological Surveys
Need to see resource experts for this Activity Component
Vehicular Traffic (Trucks and ATV’s) - Vehicular traffic includes such vehicles as Semi trucks, bulldozers, water trucks, cement trucks, graders, rig-moving trucks, pickups, cars, ATVs, etc.  Impacts associated with vehicles include air pollution (dust on non-paved roads and NOx), noise and ground disturbance.  Need text specific to survey work.

Foot Access - Foot access may be needed to perform the various surveys.  Foot traffic would occur along existing roads and trails, and cross-country.  There may be anywhere from 2 to 10 people participating in any one activity at a given time.  Foot traffic would be of limited duration.
Camps

Test Trenches

Aircraft surveys
Access Road Construction
Roads are constructed for access, development, operations and maintenance. Construction uses a work crew, tractor dozer, tractor backhoe, road grader, and gravel trucks. The work crew (which can be several crews from the SMA, proponent, and contractors) identifies trees to be cut and removed, scales and values the timber, and cuts and removes the trees. The tractor dozer clears and roughly shapes the general road prism. The tractor backhoe sets culverts for drainage, refines the road prism where needed and shapes cut and fill slopes to final grade. The grader finishes the road prism. For roads with a gravel surface, gravel trucks transport and place coarse subsurface and finer surface gravel, with compacting of the coarser material accomplished by vehicle use prior to placement of the finer travel surface material.  
Vegetation Clearing/Pioneering – The SMA or contractor marks and scales trees to be cut. All vegetation cleared is disposed of as required by the SMA (trimming, scattering, piling, chipping, mulching, burial).  Trees, brush, and all other vegetative materials are cleared from the area so that roadbed construction can begin.  Bulldozers, graders, backhoes, and power tools such as chainsaws and roadside brushers may all be used.  Vegetation is seldom cleared beyond the top of a cut, or fill toe.  Sometimes vegetation is left in the lower section of the fill area on temporary roads.

Installation of Drainage Features and Bridges – Sensitive stream and riparian areas will be avoided where feasible and practical. Where a road crossing is necessary, it will meet the SMA requirements for these areas (fords, rolling dips, culverts, bridges, etc.) to minimize impacts. Road drainage will be designed to minimize sediment input to streams.  Culverts and bridges may be permanent or temporary, and are designed to allow for fish passage when needed.  They help reduce sedimentation in streams during construction, as well as avoid erosion after construction.  Culverts used on fish-bearing streams are all designed for 100-year flood events.  The diversion of water around the culvert installation site is done to protect water quality.  De-watering occurs when working in the stream channel Sediment fencing, other erosion control measure, or the use of clean “drain rock” bedding and backfill (at least halfway up on culvert) is used during culvert installation.

Heavy Equipment—Dirt Work  – Construction (dozer, grader, and backhoe) will require an average of 7 days of heavy equipment operation per road mile constructed. 

Vehicular Traffic--Large truck and Semi -- For gravel-surfaced roads, an average of 240 round trips by 20-yard gravel trucks will be required per road mile constructed. Roads constructed on non-SMA lands may require less disturbance if constructed to lower standard.

Vehicular Traffic—Pickup and ATV – Work crews will travel daily in and out of the area. Impacts include noise, smell, trash, placement of waste facilities, and are locally intense for the duration of the work.

Finish – Many different types of “finishes” may be used to complete the surface of a road.  Some roads may only need a “dozer finish” and other roads may need an asphalt finish.  The majority of roads on Forest Service and BLM lands have a grader finish.

Surfacing – Surfacing is designed to meet anticipated road use.  Native surfacing is generally used on low volume roads.  On Occasion, aggregate is used to help stabilize moisture-sensitive sub-grades and protect against erosion on erosive surfaces.

Erosion Control –Erosion control is an item that is needed for many activities associated with oil and gas operations.  Erosion control is needed along roads, on the drill sites during drilling and during production.   Erosion control can be achieved by proper maintenance of roads with rolling dips, water bars, and culverts.  Gravelling the road surface can also help reduce erosion.  On the drill pads, the pads are designed with a gentle slope to one side to facilitate drainage off the pad without causing erosion.   Contour ditches are typically used to intercept and divert water from running on the drill pads. Sediment control devices such as straw bales and silt fence are used to trap sediment that does migrate off the drill pads.  In extreme cases, geotextile fabrics may be used to stabilize erosive slopes.  Revegetating disturbed ground as soon as possible after disturbance is also used to control erosion problems.  

Well Pad Construction

Prior to drilling a well, a well pad must be constructed.  The pad is generally 5 acres or less to accommodate drilling operations and then is interim reclaimed to less than an acre in most cases to accommodate production operations.

Heavy Equipment (Dirt Work) – Construction of new access roads will require an average of 7 days of heavy equipment operation per road mile constructed (See Access Road Construction Activity Component for a description of the dirt work for road construction). Roads constructed on non-SMA lands or roads for temporary use only may require less activity if constructed to lower standard. 

Pipelines will be routed along existing roads where feasible, but may cross areas where there is no present road access. Pipeline route excavation and backfilling and pipeline installation will require mechanized mower, tractor dozer, tractor backhoe, and wheel trencher at several intervals along the line (depending on time, terrain, and cost constraints). The tractor dozer smoothes the route terrain. The tractor backhoe and/or the wheel trencher excavate the trench. The depth and width of the trench depend on the size and number of pipelines to be laid. After installation of the pipeline, tractor dozers and/or track backhoes backfill the trench and dozers compact and contour the route, stabilize stream crossings, and shape cut and fill slopes to final grade. Typically, the pipeline fill is crowned to allow for later subsidence in the fill. 

Well pads for single wells are generally between 1.5 and 5 acres, depending on the depth of the target formation, the equipment available, the terrain, and other factors. Pads for multiple (directionally drilled) wells are about 25% larger per additional well. The pad site is cleared of vegetation and stripped of topsoil, which is stored and protected for reclamation. The site is leveled, with cuts and fills as needed (general practice is to equalize cut and fill material so that no large amounts of fill or waste remain). The reserve (drilling and produced fluid) pit is excavated (typically on the cut side of the site, not in fill), generally 10 feet deep, 80 feet long, 6 feet wide, unless site restrictions require a different shape. In some cases, the pit will be lined (bentonite clay or impervious fabric) to prevent leakage, or reserve tanks may be required where a pit is impractical or undesirable. Areas where heavy equipment will operate or where a resistant surface is required, will be graveled (typically not all the surveyed or cleared pad will require gravel). During reclamation and rehabilitation, all unneeded roads and surface facilities are removed or recontoured. Well pads are reclaimed to the requirements of the SMA (for abandonment, the entire pad; for production, the portion not needed for operations). 

Impacts include ground clearing and recontouring, soil compaction, loss of habitat, noise, increase of erosion, individual plant/animal deaths, fumes, visual intrusion, nighttime lighting, fuel spills, and are locally intense for the duration of the construction.

Vegetation Clearing and Soil Stockpile (<5 acres) - Topsoil and native vegetation is removed and stockpiled for use in the reclamation process in a location that will inhibit mixing with subsurface materials and minimize wind and water erosion.

Grading, Cuts and Fills - The pad is constructed with a gentle grade to allow for surface water drainage into ditches, waterbars or terraces.  Surface graveling may be required in areas of high rainfall to maintain pad-surface stability (generally not in Colorado).  Cuts and fills may be necessary depending on the slope of the terrain.  Disturbed side slopes are immediately terraced and seeded to prevent erosion.  Fill areas are compacted to minimize the chance of slope failure.

Mud Pit - A pit large enough to hold at least the volume of the hole is constructed and may be lined with plastic or bentonite to prevent fluid loss or environment contamination and should be constructed in the cut portion of the pad. Pits improperly constructed on slopes may leak along the plane between the natural ground level and the fill.  In these situations, a keyway or core trench 10 to 2 feet wide is excavated to a minimum depth of 2 feet below the original ground level.  The core of the embankment is then constructed with water-impervious material.   In some environmentally sensitive areas, self-contained mud systems may be used.  

Reserve and Flare Pits – During drilling operations, ther reserve pit contains extra mud that is used in emergencies to restore the proper drilling environment when unexpected changes in down-hole pressure are encountered.  It also has the flare line piped to it.  It is generally located downwind of the drilling operations flare pit.

Fencing - Fencing of pits and well pad may be required to prevent access by people, wildlife or livestock.  Fencing is a regulation in the Conditions of Approval for an APD. A five strand woven wire (livestock proof) fence with H braces at the corners is required at reserve pits and disposal pits.  If the disposal pit contains bad water (oil, etc.) netting or flagging is used to prevent birds from entering the water.  Fencing may also be required for revegetation at the time of reclamation.  This is to restrain livestock from grazing the reclaimed site. 

Normal Well Drilling

A well must be drilled in order to produce oil and/or gas from the lease.  Before drilling a well, the lessee, or an operator for the lessee, must file an Application for Permit to Drill (APD).  The operator must file the application with the District or Resource Area Office in which the action will take place.  The application must include a plan for the drilling of the well and a plan for the protection of the surface and environment.  The drilling plan contains information as to the depth of the well, how it will be constructed, how groundwater and other mineral resources will be protected, and how blowouts and other emergencies will be prevented or dealt with.  The surface use plan covers such concerns as the location and amount of surface disturbance and how that disturbance will be reduced or eliminated.  It covers mitigation of impacts to wildlife, cultural resources, vegetation, soil, surface water, and other and uses and values.  Each resource or value is evaluated in light of the RMP decisions.  The operator is responsible for incorporating all RMP decisions in the proposed APD.  If the APD does not have the appropriate information and mitigation incorporated, the application may be modified or rejected.  In most APD’s in Colorado, the few RMP decisions not incorporated by the operator are attached to the approved application by the BLM as Conditions of Approval (COA’s). 

At a minimum, each APD is reviewed by a BLM geologist, petroleum engineer, and surface reclamation specialist and by the Authorizing Officer (Area or District Manager).  The geologist evaluates the need for groundwater and other mineral resource protection and the structural competency of casing point formations.  The petroleum engineer evaluates the drilling plan, the well construction, and the safety of the operation.  The surface reclamation specialist evaluates the surface plan, checks the proposal against the RMP and other guidance, conducts the on-site inspection, analyzes impacts, proposes mitigation, and writes the Environmental Assessment.  The surface reclamation specialist also calls upon other expertise as needed in the analysis of impacts and recommendation of mitigation and reclamation requirements.  For example, the BLM archaeologist would recommend any needed mitigation for impacts to cultural resources.

APD information is posted in the local authorizing office for a 30-day public notice period.  The APD may not be approved until the comment period has expired.  Each lease where an APD is proposed is checked to see if a bond has been posted to cover abandonment of the well should the lessee/operator default on their obligations under the lease.  Each application is evaluated as described above, and subjected to a field inspection of all proposed disturbed areas.  Appropriate, site-specific mitigation is then attached to the APD as COAs.  A cultural resource inventory is conducted for each APD, and a report sent to the Resource Area archaeologist for evaluation.  In designated areas, endangered species or other inventories may be conducted.  The proposal is subjected to a National Environmental Policy Act (NEPA) review (an EA) that checks for conformance with the RMP and determines whether or not there is a need for additional review (i.e., an expanded EA or Environmental Impact Statement).  EAs are prepared for all APDs on federal lands in Colorado.  When all impacts are analyzed, all necessary mitigation incorporated, and the public notice period expired, the APD may be approved.

In cases where the proposed well is obviously part of a larger field development, and such development has not already been scrutinized by a NEPA document other than the RMP, a "field development" EA is prepared.  This EA looks at conformance of the specific field development with the general development analyzed in the RMP.  As with the APD EA, an EIS is prepared if the projected field development does not conform to the analysis of field development in the RMP.

Heavy Equipment (Drill Rig and Transportation) – Truck-mounted drill rigs are used for shallow and some exploratory drill holes, and are fairly mobile. Larger drill rigs for holes more than several thousand feet deep (production and disposal wells) may be moved without disassembly for short distances, but must be broken down into several parts for longer travel. Several large vehicles are needed; gross weights of vehicle and load can exceed 80,000 pounds (40 tons). Following successful drilling, a mobile completion rig, generally smaller than a standard rig, is used for perforation, fracturing, and installation of production tubing. Periodically during production, a mobile workover rig (similar to a completion rig) is trucked to the site for maintenance of the well. Impacts include noise, nighttime lighting, fugitive dust, fumes, fuel and load spills, and are locally intense for the duration of the rig transport and set-up, and take-down and removal.

Vehicular Traffic (Semis, Trucks, and ATV’s) – Vehicular traffic includes such vehicles as Semi trucks, bulldozers, water trucks, cement trucks, graders, rig-moving trucks, pickups, cars, ATVs, etc.  Impacts associated with vehicles include air pollution (dust on non-paved roads and NOx), noise and ground disturbance.  Ground disturbing activities to accommodate these vehicles (roads, pads, etc.) will be discussed under the appropriate section. During the drilling phase, many vehicles traverse the roads to gain access to the drilling operation which would include vehicles to support a drilling crew, sometimes a cementing crew, tool pushers, mud men, electric-loggers, stimulation crews, etc.  After drilling and completion, traffic quickly diminishes and a pumper may visit the well anywhere from daily to weekly with the exception of an occasional workover rig that may be required to repair the well.

Noise – Above-background noise results from oil and gas activities.  Noise emitters include compressors, trucks, additional traffic, drilling rigs, pumping units, cementing, acidizing and fracing pumps and trucks, etc.  BLM does not regulate noise. The Colorado Oil and Gas Conservation Commission does have noise limits on operations based on impacts to humans.  Limits range from 50 dba to 80 dba.  IADC safety alert #98-105 reveals that a squeaky drawworks brake emits about 99 dba. Many other factors need to be considered, such as distance from the source, wind, noise frequency, etc. 

Engine Emissions - Initially, the access road and drill pad location will be constructed using heavy dirt moving equipment.  The time to construct the road and pad will last for less than one week.

During drilling operations, diesel/crude oil/gas engines with a combined power rating of approximately 3000 hp will be used 24-hours a day for about 2 weeks.  The engines are needed to lift and rotate the pipe, create electricity, pressurize hydraulic systems, pump the mud, and for various others drilling needs.

Additionally, trucks and semi-tractor trailers will be visiting the drill site at all hours of the day to transport the drill crew, steel casing, and other equipment demands.  And, in some cases, the flaring of gas will occur for a short time at the end of the drilling operation.

Human Wasters (e.g., refuse) - Drilling operations are the only occasion when human waste will be present (approximately 2 weeks in duration) at the well site.  An enclosed trash cage is placed onsite and portable toilets are used.  In most cases, self-contained trailers are onsite.  When the drilling operation is completed, all trash is taken to the nearest landfill and the portable toilets and trailers are removed.

24-Hour Operation - All drilling operations are conducted 24-hours a day.  

Short-term (<6 months) - The duration of most drilling operations is approximately two weeks.  During that time the well bore is drilled to the desired depth, cased and cemented, and placed in a static condition for completion operations.  For deeper wells (10-24,000 feet) the drilling operation may last for over a year with all necessary equipment and accommodations for a long-term operation.  However, states such as Colorado, Utah, Montana, and New Mexico have very few deep wells.  Most deep wells are drilled in Wyoming.

Fencing - Fencing is a regulation in the Conditions of Approval for an APD. A five strand woven wire (livestock proof) fence with H braces at the corners is required at reserve pits and disposal pits.  If the disposal pit contains bad water (oil, etc.) netting or flagging is used to prevent birds from entering the water.  Fencing may also be required for revegetation at the time of reclamation.  This is to restrain livestock from grazing the reclaimed site. 

Nighttime Lighting - - Since the drilling operation is conducted 24-hours a day, the drill rig and the immediate surrounding area is lighted.  The lighting is directed toward the work area to ensure a safe working environment.  Lighting to illuminate the extra equipment used for special operations, such as wind direction indicators or signs necessary for H2S operations, may be directed outward.  No lighting is placed on the access roads.
Water Hauling - In order to safely drill a well bore into the subsurface and contain the pressures that exist at depth, drilling mud is used.  The pressure exerted by the drilling mud prevents formation pressures from reaching the surface in an uncontrolled manner.  The makeup of the drilling mud is usually water, bentonite clay, and additives, with water being the main component.  The active drill mud circulating system will contain mud in the well bore and a volume in steel mud tanks at the surface.  If the mud becomes contaminated, some of the mud is dumped into the reserve pit to allow room for the addition of new clean mud and additives.  Therefore, to adequately maintain the active mud system, an ample supply of water will be hauled to the site initially, and thereafter as needed.  Approximately 2500 barrels of fluid is contained in the active mud system when the well finally reached total depth.

Water is hauled to the site via trucks that can hold about 90 barrels of water per load.  Depending on the drill mud requirements, numerous trucks could be visiting the site.  The water will be placed in a segregated portion of the reserve pit for future use or directly into the active mud system (mixing tank).  Alternate sources of water, such as the drilling of a water well close to the location, may be used to meet the demands for wildcat drilling operations.

Normal Well Drilling – Special Provisions
Under certain circumstances, “normal” well drilling may require special provisions including temporary living quarters, landing strips, long term drilling (up to 2 years), a water source well, large wells pads (up to 10 acres), encountering hydrogen sulfide gas, or blowouts.

Human Housing/Living Quarters - On most drilling sites a few trailers are setup for the more perennial crew such as the drillers, mud loggers, tool pushers, and company personnel or are used as an office.  These trailers are self-contained, placed on the edge of the well pad, and can be mobile.
For deep wells longer-term accommodations are required.  These accommodations can include cooking and eating facilities, sleeping quarters, and recreational amenities.  Sometimes trailers are used but most of the time they are skid mounted fixtures.  A source of water is secured and sewage capacity constructed.  The operation of living quarters is managed under the approved APD.

Other than drilling operations, there are no housing or living quarters associated with oil and gas operations conducted under a lease.  For field operations, a company may setup offices proximate to the field.  However, these offices are managed under a special use permit granted by the appropriate SMA.

Aircraft Landing Strips – See Geophysical Exploration AC.
Long-term Drilling (up to 2 years) - The only difference from normal drilling is the duration of long-term drilling.  With deeper wells, the drilling takes much longer, and a rig (in this case would be the large platform-type drill rig) would be used.  The equipment would be on the location for the duration of drilling, generating the associated traffic, noise and human presence.

Water Source Well  - For longer term projects, a water well for use at the location may be needed.  Drilling a water well would be similar as described under well drilling, except that a smaller rig would be used.  The well would be cased and completed with a method for water withdrawal (hand pump, or submersible).  At the completion of use, the well would be abandoned, similar to the description in the Well Maintenance and Plugging Activity Component..

Large Well Pad (<10 acres) - Construction would be the same as described for the Well Pad Construction Activity Component, except that a larger surface area would be disturbed.

Hydrogen Sulfide (H2S) - Some oil and/or gas wells produce hydrogen sulfide (H2S) gas as a by-product of hydrocarbon production. H2S is a highly toxic, colorless, gas that is heavier than air. At low concentrations, H2S has an offensive odor similar to rotten eggs. At high concentrations, it is a poisonous gas that can paralyze the respiratory system and be fatal in minutes.  Where H2S is known to be present at an oil or gas well, the operators are required to post signs warning of the hazard.  Windsocks are also required in order to ensure that personnel work upwind of the well.

Blowouts – A blowout is an uncontrolled escape of gas or fluid (drilling mud, formation water, or oil) from a well borehole during drilling or production, potentially causing fire, explosion, damage or destruction of the drilling rig and well bore, injury or death to the rig personnel, and catastrophic environmental damage to the well site and local surroundings. The Blowout Prevention System (referred to as the Blowout Preventer or BOP Stack) is a normal part of the well drilling system designed to prevent blowouts. The BOP Stack consists of 3 valves mounted at ground level just below the drill floor. These valves are used to shut in (close) the well hole if high pressure is encountered during drilling. High pressure can cause the drilling mud and formation fluids (water, gas, oil) to overcome the normal fluid circulation system and escape uncontrolled from the well. This situation is detected at the drill floor by an increase in the flow of mud from the well during drilling, signaling the need to stop the drilling operation and close the BOP Stack valves. Only if the BOP Stack fails does a blowout occur. Once the well is shut in, heavy mud is pumped into the hole to counteract the high pressure and stop the entry of fluid into the well hole. High-pressure wells require a BOP as part of the normal production system. 

The BOP Stack is installed during normal drilling operations and does not involve separate or additional site impacts or equipment. However, if the BOP Stack fails and a blowout occurs, costs and impacts can range from short-term drilling delays, venting of gas, moderate equipment damage, and contained or escaped fluid spills, up to total loss for the equipment and personnel and complete destruction of the local environment. Minor blowouts involving small releases of gas or fluid are unusual events. Catastrophic blowouts are extremely rare.
Coal Bed Methane - Well Drilling and High Water Volume Disposal
Some wells produce wastewater (most notably coal bed methane wells). Produced water which is not suitable for surface disposal due to chemical or particulate content may be evaporated in ponds, treated and released into surface drainages, or disposed of by injection into subsurface geological formations, which requires drilling a reinjection (disposal) well.

Reinjection Well – Excess produced water may be disposed of by injecting it into a deeper formation, using reinjection wells. Such water is only injected into a formation having water of equal or poorer quality. A reinjection (disposal) well installation includes the well bore, an emergency fluid pit, several storage tanks for water storage, buried pipeline for water, waste tank, and pump building, as well as surface gravel, parking and loading area, and fencing as needed. These wells are drilled and completed in the same manner as standard production wells. See Normal Well Drilling and Well Completion Operations Activity Components for the appropriate work elements and impacts.

Disposal Pit/Evaporation Pond – Water that is discharged at the surface must meet water quality standards. Because produced water may contain oil, oil skimmer pits may be established between production facilities and surface discharge locations. Surface discharge may then be sent into evaporative pits. Open pits may require protective fencing and netting to prevent wildlife and domestic stock from becoming trapped.

Water Treatment on Site – If allowed by economics and local authority, produced water can be treated at the production site or a collection facility and discharged into local drainages. The treatment facility depends on the nature of the impurities being removed or mitigated. 

Minor vegetation clearing/scrubbing - Vegetation is clipped off next to the soil surface to allow for temporary uses, such as strat tests, some geophysical operations, etc.

Heavy Equipment—Dirt Work – Excavation of ponds and leveling of land for facilities requires dirt work. The amount of disturbance is dependent on the size of the project. See Heavy Equipment (Dirt Work) Work Element.

Small Buildings – Treatment facilities may require small structures for security and protection of the treatment plant. See Buildings (Large and Small) Work Element.

Coal Bed Methane Production – Additional Provisions
Coal bed methane production differs from conventional gas production in some ways. Since the methane is liberated from the entire geological formation, whether a drill hole is present to collect the gas or not, some amount seeps to the surface through fractures, faults, and other conduits (such as domestic water wells or other well bores)

Methane Seeps & Vegetation Loss – In areas where the producing formation is shallow or exposed at the surface, or where a high degree of connection exists between the producing formation and the surface, escaping methane gas can saturate the soil horizon. This can result in displacement of oxygen and suffocation of plant roots. Most forms of vegetation are vulnerable to this and will die over time, leaving a bare area. Where the escaping methane is concentrated, it can reach explosive levels. 

Staging Areas (Temporary On-lease)

Staging areas are areas to the side of the actual pad where the company stores equipment for drilling until they can get the pad constructed.  There is only minor surface disturbance since they are just storing equipment.  No dirt work is required.   It is for a short term and requires less than five acres   

Well Completion Operations (Casing, Stimulation, Testing)

After the well is drilled, a completion casing is cemented in the well.  A wellhead, consisting of valves, gages, and fittings is installed at the surface.  The completion casing is then perforated and sometimes fractured or acid stimulated to enhance production A production pump and/or tubing is run in the well and connected at the surface to the well head. Sometimes an external pump-jack is used to operate the downhole pump via rods.  Temporary Production testing equipment (e.g., meter, portable tank, flare line, etc.) is brought on location.  If the well is economic, then permanent production equipment, consisting of tanks, measurement units, separators, etc. is installed.

Temporary Dirt Work (Non-routine) - If a well needs to be stimulated, it may be necessary to re-disturb the well site or add to the initial disturbance of the well site to facilitate the necessary stimulation equipment.  For example, a fracture stimulation could require 5 pump trucks, a bulk truck, a fluid truck, monitoring vans, and 5 portable production tanks for approximately one week.  Once the job is performed, the ground is rehabilitated.

Heavy Equipment – Most activities require some element of initial, maintenance, or rehabilitation dirt work, drill rig hauling, and construction and testing equipment. These large vehicles include dozers, scrapers, graders, backhoes, trenchers, truck-hauled or self-mobile drill rigs, and welder trucks, which are used in oil and gas exploration, development, and reclamation activity. It does not include vehicles used to transport personnel and materials to and from a work site – for those Work Elements, see Vehicular Traffic - (Semis, Trucks, and ATV’s) Work Element. Tractor dozers, tractor backhoes, and road graders of various sizes are used for road and well pad clearing and construction (See Access Road Construction Activity Component). Pipeline excavation and construction uses the above equipment as well as mechanized mowers, wheeled trenchers, and truck-mounted welders. Heavy equipment typically weighs more than 5 tons, has aggressive tire or track transport, is very noisy and generates noticeable exhaust plumes. Impacts include noise, destruction of vegetation, soil disturbance, smell, dust, increased erosion, minor spills of fuel and lubricants, and are intense for the duration of the work at the site.

Noise – Above-background noise results from oil and gas activities.  Noise emitters include compressors, trucks, additional traffic, drilling rigs, pumping units, cementing, acidizing and fracing pumps and trucks, etc.  BLM does not regulate noise. The Colorado Oil and Gas Conservation Commission does have noise limits on operations based on impacts to humans.  Limits range from 50 dba to 80 dba.  IADC safety alert #98-105 reveals that a squeaky drawworks brake emits about 99 dba. Many other factors need to be considered, such as distance from the source, wind, noise frequency, etc.

Operations Waste – Construction, maintenance, operation and reclamation of all aspects of oil and gas development generate waste, including debris from construction (felled trees, slash, broken materials, wrappings, containers, drums, cables, chemicals), accumulated production and waste fluid (crude oil, condensates, contaminated soil, gas, water, brines, drilling mud), operating and maintenance materials (lubricating oil, glycol, ethylene glycol, diethanolamine, cleaning chemicals, paints, solvents, rags, trash). These wastes need to be periodically removed and disposed of off site, typically by truck (standard pickup up to heavy haul/tanker trucks). Production or waste gas may be flared (burned) or vented to the air on site. Combustion motors will vent treated emissions. Hazardous substances will be present in limited quantities at well sites and production facilities. These materials are regulated by EPA and OSHA. Periodic replacement of broken equipment and chemical restocking are required; delivery and servicing crews use trucks and standard passenger vehicles as needed. Impacts include noise, nighttime lighting, smells, spills of chemicals/fluids, release of carbon dioxide and methane gas, and are local and periodically continuous for the life of the well/field. 

Flaring/Venting - Flaring or venting gas is sometimes performed during well installation.  Flares can sometimes be seen a good distance away from the well location.  Venting the gas without flaring also occurs.  These activities are shorter term, but can introduce higher concentrations of gas in the immediate vicinity of the well location.  
Vehicular Traffic (Trucks and Semis) - Vehicular traffic includes such vehicles as Semi trucks, bulldozers, water trucks, cement trucks, graders, rig-moving trucks, pickups, cars, ATVs, etc.  Impacts associated with vehicles include air pollution (dust on non-paved roads and NOx), noise and ground disturbance.  Ground disturbing activities to accommodate these vehicles (roads, pads, etc.) will be discussed under the appropriate section. During the drilling phase, many vehicles traverse the roads to gain access to the drilling operation which would include vehicles to support a drilling crew, sometimes a cementing crew, tool pushers, mud men, electric-loggers, stimulation crews, etc.  After drilling and completion, traffic quickly diminishes and a pumper may visit the well anywhere from daily to weekly with the exception of an occasional workover rig that may be required to repair the well.

Interim Well Pad Reclamation (Producing Well)

Heavy Equipment - Most activities require some element of initial, maintenance, or rehabilitation dirt work, drill rig hauling, and construction and testing equipment. These large vehicles include dozers, scrapers, graders, backhoes, trenchers, truck-hauled or self-mobile drill rigs, and welder trucks, which are used in oil and gas exploration, development, and reclamation activity. It does not include vehicles used to transport personnel and materials to and from a work site  (see Vehicular Traffic - (Semis, Trucks, and ATV’s Work Element). Tractor dozers, tractor backhoes, and road graders of various sizes are used for road and well pad clearing and construction (See Access Road Construction Activity Component). Pipeline excavation and construction uses the above equipment as well as mechanized mowers, wheeled trenchers, and truck-mounted welders. Heavy equipment typically weighs more than 5 tons, has aggressive tire or track transport, is very noisy and generates noticeable exhaust plumes. Impacts include noise, destruction of vegetation, soil disturbance, smell, dust, increased erosion, minor spills of fuel and lubricants, and are intense for the duration of the work at the site.

Pit Abandonment - All pits must be reclaimed to a natural condition similar to the rest of the reclaimed pad area.  In addition, the reclaimed pit must be restored to a safe and stable condition.  If it was necessary to line the pit with a synthetic liner, the pit should not be trenched or filled while still containing fluids.  Pit must be allowed to dry, be pumped dry, or solidified in situ prior to filling.  The pit area should usually be mounded to allow for settling.  The mounding will also allow for positive surface drainage off the reclaimed pit, to help lessen the leaching or lateral movement of undesirable substances from the well pad area into surface streams or shallow aquifers. 

The concentration of hazardous substances in the reserve pit at the time of pit backfilling must not exceed the standards set forth in the Comprehensive Environmental Response, Compensation and Liability Act of 1980 (CERCLA).  All oil and gas drilling-related CERCLA hazardous substances removed from a location and not reused at another drilling location must be disposed of in accordance with applicable stat and federal regulations.

Recontouring  - Involves re-contouring, which means bringing all construction material back onto the well pad and reestablishing the natural contours where desirable and practical.  Well site reclamation should be planned on both producing and abandoned well sites.   The entire site or portion thereof, not required for the continued operation of the well, should be reclaimed.  Final grading or backfilled and cut slopes should be done to prevent erosion and encourage establishment of vegetation by seeding. 

Cut and fill slopes should be reduced and graded to blend the site to the adjacent terrain.  The disturbed sites should be prepared to provide a seed bed for reestablishment of desirable vegetation and reshaped to blend with the natural contour.  Such practices may include contouring, terracing, gouging, scarifying, mulching, fertilizing, seeding, and planting.

All excavations, pits, or drill holes should be closed by backfilling when they are dry and graded to conform to the surrounding terrain.  Waterbreaks and terracing may be installed to prevent erosion of fill material. 

Erosion Control - Erosion control is an item that is needed for many activities associated with oil and gas operations.  Erosion control is needed along roads, on the drill sites during drilling and during production.   Erosion control can be achieved by proper maintenance of roads with rolling dips, water bars, and culverts.  Gravelling the road surface can also help reduce erosion.  On the drill pads, the pads are designed with a gentle slope to one side to facilitate drainage off the pad without causing erosion.   Contour ditches are typically used to intercept and divert water from running on the drill pads. Sediment control devices such as straw bales and silt fence are used to trap sediment that does migrate off the drill pads.  In extreme cases, geotextile fabrics may be used to stabilize erosive slopes.  Revegetating disturbed ground as soon as possible after disturbance is also used to control erosion problems.  

Seeding - Disturbed areas are revegetated after the site has been satisfactorily prepared.  Site preparation may include ripping contour furrowing, terracing, reduction of steep cut and fill slopes, waterbarring etc.  The operator will be advised as to species, methods of revegetation and seasons to plant.   

Seeding is done by drilling on the contour whenever practical or by other approved methods.  Seeding and/or planting is repeated until satisfactory revegetation is accomplished, as determined by BLM/FS.  Mulching, fertilizing, fencing, or other practices may be required. 

Weed Control - It is necessary to control weeds and there are several ways to treat weeds, including hand crank granular spreaders and liquid spray applicators.  The liquid spray can be by a hand sprayer or a sprayer applicator attached to a truck or ATV.  A Pesticide Use Plan (PUP) is required prior to the application. Should we use NW writeup???? Too detailed??

Normal Production Equipment, On-lease (Long-term to 50 years with few beyond)
A typical oil or gas well has a production life of about 20 years.  In some cases, the wells are in place and producing for 50 years or more.  The pad sites are generally the same size as for shorter-term activities; the difference is that the facilities are in place for a longer time period.

Heavy Equipment (Dirt Work) – Construction of new access roads will require an average of 7 days of heavy equipment operation per road mile constructed (See Roads and Road Maintenance-New Construction for a description of the dirt work for road construction). Roads constructed on non-SMA lands or roads for temporary use only may require less activity if constructed to lower standard. 

Pipelines will be routed along existing roads where feasible, but may cross areas where there is no present road access. Pipeline route excavation and backfilling and pipeline installation will require mechanized mower, tractor dozer, tractor backhoe, and wheel trencher at several intervals along the line (depending on time, terrain, and cost constraints). The tractor dozer smoothes the route terrain. The tractor backhoe and/or the wheel trencher excavates the trench. The depth and width of the trench depend on the size and number of pipelines to be laid. After installation of the pipeline, tractor dozers and/or track backhoes backfill the trench and dozers compact and contour the route, stabilize stream crossings, and shape cut and fill slopes to final grade. Typically, the pipeline fill is crowned to allow for later subsidence in the fill. 

Well pads for single wells are generally between 1.5 and 5 acres, depending on the depth of the target formation, the equipment available, the terrain, and other factors. Pads for multiple (directionally drilled) wells are about 25% larger per additional well. The pad site is cleared of vegetation and stripped of topsoil, which is stored and protected for reclamation. The site is leveled, with cuts and fills as needed (general practice is to equalize cut and fill material so that no large amounts of fill or waste remain). The reserve (drilling and produced fluid) pit is excavated (typically on the cut side of the site, not in fill), generally 10 feet deep, 80 feet long, 6 feet wide, unless site restrictions require a different shape. In some cases, the pit will be lined (bentonite clay or impervious fabric) to prevent leakage, or reserve tanks may be required where a pit is impractical or undesirable. Areas where heavy equipment will operate or where a resistant surface is required, will be graveled (typically not all the surveyed or cleared pad will require gravel). During reclamation and rehabilitation, all unneeded roads and surface facilities are removed or recontoured. Well pads are reclaimed to the requirements of the SMA (for abandonment, the entire pad; for production, the portion not needed for operations). 

Impacts include ground clearing and recontouring, soil compaction, loss of habitat, noise, increase of erosion, individual plant/animal deaths, fumes, visual intrusion, nighttime lighting, fuel spills, and are locally intense for the duration of the construction.
Disposal Pits - Disposal pits are sometimes used to contained water produced as during oil or gas production.  These pits can be at various states of fill during production, they are usually fenced and covered to prevent wildlife from entering.

Buried Flowlines - Flowlines are small diameter (2 to 4 inch) gas pipelines that transport the gas from an individual well to a larger gas pipeline.  These are typically buried 4 to 6 feet below the land surface.  Signs are normally placed along the line to alert people in case digging occurs.  These remain in place for the life of the well.  Periodic maintenance including spot digging may occur along the flowline.  In most cases they are left buried in place when no longer needed.

Containment Dikes - Dikes are usually built around tank batteries, slug tanks, and depending on location, around the well pad itself.  Dikes are steep sided berms with a flat top.  They are constructed using dozers or backhoes. The containment dikes are designed to hold the fluids from a tank should a rupture occur.

Separation Equipment - The separator is a normal piece of equipment for a well site, which is placed on the well pad with no impacts other than the possibility of small spills of hydrocarbons and chemicals such as antifreeze.  They require periodic maintenance, including painting, etc.  

Measurement Equipment - There are several pieces of measuring equipment on a well site (i.e., the well pad), with no impacts other than the possibility of small spills of hydrocarbons and chemicals such as antifreeze.  These types of devices measure the gas produced the pipeline flow, and water production. They require periodic maintenance, including painting, etc.  
Tank Battery - Usually 2 to 3, several hundred-gallon tanks are present at the well site, and are placed in one of the containment dikes.  These contain the produced fluids after onsite separation.  There will be an oil tank(s) and maybe a water tank(s) if the approved method of disposal calls for off-site disposal (rather than on-site disposal such as pits, re-injection, or surface discharge).  The normal size of the tanks is approximately 8,500-17,000 gallons.
Flaring/Venting - Flaring or venting gas is sometimes performed during well installation.  Flares can sometimes be seen a good distance away from the well location.  Venting the gas without flaring also occurs.  These activities are shorter term, but can introduce higher concentrations of gas in the immediate vicinity of the well location.  
Noise – Above-background noise results from oil and gas activities.  Noise emitters include compressors, trucks, additional traffic, drilling rigs, pumping units, cementing, acidizing and fracing pumps and trucks, etc.  BLM does not regulate noise. The Colorado Oil and Gas Conservation Commission does have noise limits on operations based on impacts to humans.  Limits range from 50 dba to 80 dba.  IADC safety alert #98-105 reveals that a squeaky drawworks brake emits about 99 dba. Many other factors need to be considered, such as distance from the source, wind, noise frequency, etc.
Vehicular Traffic (Semis, Trucks, and ATV’s) – Vehicular traffic includes such vehicles as Semi trucks, bulldozers, water trucks, cement trucks, graders, rig-moving trucks, pickups, cars, ATVs, etc.  Impacts associated with vehicles include air pollution (dust on non-paved roads and NOx), noise and ground disturbance.  Ground disturbing activities to accommodate these vehicles (roads, pads, etc.) will be discussed under the appropriate section. During the drilling phase, many vehicles traverse the roads to gain access to the drilling operation which would include vehicles to support a drilling crew, sometimes a cementing crew, tool pushers, mud men, electric-loggers, stimulation crews, etc.  After drilling and completion, traffic quickly diminishes and a pumper may visit the well anywhere from daily to weekly with the exception of an occasional workover rig that may be required to repair the well.
Fencing - Fencing is a regulation in the Conditions of Approval for an APD. A five strand woven wire (livestock proof) fence with H braces at the corners is required at reserve pits and disposal pits.  If the disposal pit contains bad water (oil, etc.) netting or flagging is used to prevent birds from entering the water.  Fencing may also be required for revegetation at the time of reclamation.  This is to restrain livestock from grazing the reclaimed site. 

Buildings (Large & Small) – Generally, oil and gas development operations do not require permanent buildings; most facility needs are housed in mobile or temporary structures that require no significant surface disturbance. However, large fields may require a management office, worker housing, and storage buildings. Some gas (conventional and coal bed methane) fields require compression of the produced gas, requiring a compressor station. A typical compressor station requires 6-7 acres of level ground, access road, buried pipelines, gravel surfacing, and surface facilities (compressor, several fluid storage tanks, parking and storage areas, lighting and fencing). Power may be supplied by the local electric grid or by on-site gas-fired generators. Impacts include noise, dust, smells, visual intrusion, and construction work, and are locally intense for the duration of the occupancy of the site.

Special Production Equipment (On- and Off-lease)
During the production of the well.  A well’s or a group of wells’ production will be piped through various production equipment.  This equipment includes pipelines, tank batteries, compressors, gas plants, central delivery points, spcc pits, and injection wells.  Yards are also used to store equipment.

Pipelines - Pipelines carry produced fluid from the well through the various production equipment and finally to sales.  Generally, pipelines on the well pad are buried but can be on the surface or elevated, and are about 2 to 6 inches in diameter.  The pipeline that leaves the lease is generally buried but can be suspended and generally take the same path as the lease road.  Pipeline construction should not block, dam or change the natural course of any drainage.  Cut and fill slopes are generally waterbarred or regraded to conform to the adjacent terrain.  Suspended pipelines should provide adequate clearance for runoff debris, wildlife, or livestock. As the number of wells increases, the number of pipelines increases.  The area required to construct a pipeline varies from about 15 inches wide for a two to four inch line to greater than 75 feet for a 24 to 36" line with even greater surface disturbance on slopes.

Power-lines - Electric power is sometimes needed at the well site to run various pieces of equipment, such as pump-jacks, LACT meters, gas meters, compressors, etc.  Power-lines can be elevated or buried in much the same manner as pipelines.

Compressor Station - Generally, when gas is produced from a well, it is at a lower pressure than what many sales line will accept.  In order to sell the gas in these instances, it is necessary to compress the gas to sales line pressure.  Generally, it is also advantageous to use a single compressor to service many wells rather than have a single compressor for each well.  The size of the compressor varies on the number of wells/ volume of gas and/or sales line pressure.  Off - lease compressors are generally half the size of well pads.

Central Tank Battery - The purpose of a tank battery is to store oil for sales.  Generally, there are at least two tanks; one tank that can be filling as the contents of the other are measured and sold.  Oil is transferred from the wells to tank storage facilities (tank battery) before it is transported from the lease. If it contains gas and water, they are separated before the oil is stored in the tank battery.  To service several wells, a centralized tank battery is used.  It is usually co-located with one of the wells but can be on a separate pad.  The size of the battery and pad depends on the amount of production handled.  Treating and separating facilities can be located with the tank battery or at each individual well site.

Central delivery point - Prior to leaving the lease, gas production is processed, metered, transferred to a gas plant  and sold.  Sometimes, it is advantageous to combine several wells’ production prior to separating, metering, compressing, transfer to a gas plant and then selling it.  A central delivery point can be co-located with one of the wells or have its own pad.  In general, the pad would be about the size of a well pad.

Gas Plant - Gas plants are usually the final step in gas processing prior to selling.  Gas plants take field gas and separate all the constituents and provide a sellable product.  They are usually very large, handle production from many wells, and are several miles from the well.

Injection Well - Methods of increasing recovery from reservoirs generally involve pumping or compressing additional water or gas into the reservoir to maintain or increase reservoir pressure.  This process is called secondary recovery and involves drilling or converting existing producing wells into injection wells.  Surface disturbance from a a water flooding recovery system is similar to drilling and development of an oil and gas well itself.  Surface use is increased substantially since as many as for injection wells may be used for each production well in the field.

SPCC Pit - Spill Prevention Control and Countermeasure Pits are pits that an operator puts in place as part of his SPCC plan for preventing oil spills as required by EPA.

Pipe Yards - Pipe or other equipment yards may be approved and are generally a fenced site that is cleared of vegetation for an operator to store production equipment.  Sizes and number of these yards vary.

Buildings (Large & Small) – Generally, oil and gas development operations do not require permanent buildings; most facility needs are housed in mobile or temporary structures that require no significant surface disturbance. However, large fields may require a management office, worker housing, and storage buildings. Some gas (conventional and coal bed methane) fields require compression of the produced gas, requiring a compressor station. A typical compressor station requires 6-7 acres of level ground, access road, buried pipelines, gravel surfacing, and surface facilities (compressor, several fluid storage tanks, parking and storage areas, lighting and fencing). Power may be supplied by the local electric grid or by on-site gas-fired generators. Impacts include noise, dust, smells, visual intrusion, and construction work, and are locally intense for the duration of the occupancy of the site.

Human Housing/Living Quarters - On most drilling sites a few trailers are setup for the more perennial crew such as the drillers, mud loggers, tool pushers, and company personnel or are used as an office.  These trailers are self-contained, placed on the edge of the well pad, and can be mobile.
For deep wells longer-term accommodations are required.  These accommodations can include cooking and eating facilities, sleeping quarters, and recreational amenities.  Sometimes trailers are used but most of the time they are skid mounted fixtures.  A source of water is secured and sewage capacity constructed.  The operation of living quarters is managed under the approved APD.

Other than drilling operations, there are no housing or living quarters associated with oil and gas operations conducted under a lease.  For field operations, a company may setup offices proximate to the field.  However, these offices are managed under a special use permit granted by the appropriate SMA.

Well Maintenance and Plugging (Periodic Work over) 
There are many types of well maintenance operations.  They can be as simple as a drive up inspection to monitor the conditions of the surface equipment or as involved as bringing in a workover rig (small rig similar to a water well drilling rig) to work on the subsurface equipment.  The person that monitors and operates the surface equipment is called a “pumper” and will visit the location at least once a week.  Other personnel will periodically visit to calibrate the measurement equipment or maintain the well site condition (roustabouts).

Workovers are performed when a failure in the subsurface equipment occurs.  The time spent onsite will vary depending on the operation performed but will usually last a couple of days.  The workover rig mast will be secured by using the deadmen situated at the edge of the location and a temporary surface storage tank or pit may be used.  Additional supplies (steel tubing, subsurface pumps, sucker rods, etc.) may be brought to the location to replace the worn subsurface equipment.

Plugging operations are a form of workover; only this time the well bore is permanently sealed.  In addition to a normal workover, bulk cement, cement pump, and water trucks will be on location.  Normally, the operation will last a few days.  Final reclamation of the well pad and access road will begin soon afterward.

Short-term - Workover and plugging operations usually last less than a week.  Workover operations occur on average once per year.  Of course, plugging operations occur only once.

Temporary Surface Disturbance (Non-routine) - All attempts are made to ensure that workover operations are conducted on the well pad and do not include disturbance to areas reclaimed after drilling operations or to new areas outside of the production location.  Disturbance that may be encountered include the digging of a temporary pit to contain fluids or an area to store equipment.  When the operation is concluded, any impact to the surface is mitigated (spills cleaned, pits refilled and re-contoured, etc.). 

Heavy Equipment – Most activities require some element of initial, maintenance, or rehabilitation dirt work, drill rig hauling, and construction and testing equipment. These large vehicles include dozers, scrapers, graders, backhoes, trenchers, truck-hauled or self-mobile drill rigs, and welder trucks, which are used in oil and gas exploration, development, and reclamation activity. It does not include vehicles used to transport personnel and materials to and from a work site – for those Work Elements, see Vehicular Traffic - (Semis, Trucks, and ATV’s). Tractor dozers, tractor backhoes, and road graders of various sizes are used for road and well pad clearing and construction (See Activity Component - Access Road Construction). Pipeline excavation and construction uses the above equipment as well as mechanized mowers, wheeled trenchers, and truck-mounted welders. Heavy equipment typically weighs more than 5 tons, has aggressive tire or track transport, is very noisy and generates noticeable exhaust plumes. Impacts include noise, destruction of vegetation, soil disturbance, smell, dust, increased erosion, minor spills of fuel and lubricants, and are intense for the duration of the work at the site.

Vehicular Traffic (Semis, Trucks, and ATV’s) – Vehicular traffic includes such vehicles as Semi trucks, bulldozers, water trucks, cement trucks, graders, rig-moving trucks, pickups, cars, ATVs, etc.  Impacts associated with vehicles include air pollution (dust on non-paved roads and NOx), noise and ground disturbance.  Ground disturbing activities to accommodate these vehicles (roads, pads, etc.) will be discussed under the appropriate section. During the drilling phase, many vehicles traverse the roads to gain access to the drilling operation which would include vehicles to support a drilling crew, sometimes a cementing crew, tool pushers, mud men, electric-loggers, stimulation crews, etc.  After drilling and completion, traffic quickly diminishes and a pumper may visit the well anywhere from daily to weekly with the exception of an occasional workover rig that may be required to repair the well.

Noise – Above-background noise results from oil and gas activities.  Noise emitters include compressors, trucks, additional traffic, drilling rigs, pumping units, cementing, acidizing and fracing pumps and trucks, etc.  BLM does not regulate noise. The Colorado Oil and Gas Conservation Commission does have noise limits on operations based on impacts to humans.  Limits range from 50 dba to 80 dba.  IADC safety alert #98-105 reveals that a squeaky drawworks brake emits about 99 dba. Many other factors need to be considered, such as distance from the source, wind, noise frequency, etc.
Well Pad, Access Road, and Production Facility Maintenance (Periodic)
A well will run all year and requires monitoring and maintenance to keep it in working order.  Routine periodic production facility, well pad, and road maintenance will occur year-round as conditions require and allow. Company or production personnel will visit each well daily to monitor equipment and make necessary repairs. A well may require an annual workover, to ensure proper functioning of the well. Vegetation growth, including noxious plants/weeds, will require trimming, treatment, or removal from pads and roads. On some roads, traffic controls will be required during maintenance operations. The pumper will visit the well regularly throughout the year, which, in the winter, may require snowmobile, snowcat, or snowplowing. 

Blading and Grading - Routine surface and borrow ditch repair and blading will meet SMA and/or County requirements for the specific road. See ROADS AND ROAD MAINTENANCE--Road Maintenance. Impacts include noise, dust, increased sedimentation, and are limited to the duration and area of the work.

Snowplowing - Plowing and removal of snow will meet SMA and/or County requirements for the specific road and the immediate access needs of the operator. See REFORESTATION. Impacts include noise, increased sedimentation, and increased human and vehicle presence on open roads, and may continue through the snow season, as roads are plowed open after each storm or access request.

Surface Rocking (Rock Replacement) – Roads and well pads with gravel surfaces will periodically require replacement of the gravel due to travel/parking wear and snowplowing. See ROADS AND ROAD MAINTENANCE--Road Maintenance.  Impacts include noise, dust, and increased sedimentation, and are limited to the duration and area of the work.

Erosion Control - Erosion control is an item that is needed for many activities associated with oil and gas operations.  Erosion control is needed along roads, on the drill sites during drilling and during production.   Erosion control can be achieved by proper maintenance of roads with rolling dips, water bars, and culverts.  Gravelling the road surface can also help reduce erosion.  On the drill pads, the pads are designed with a gentle slope to one side to facilitate drainage off the pad without causing erosion.   Contour ditches are typically used to intercept and divert water from running on the drill pads. Sediment control devices such as straw bales and silt fence are used to trap sediment that does migrate off the drill pads.  In extreme cases, geotextile fabrics may be used to stabilize erosive slopes.  Revegetating disturbed ground as soon as possible after disturbance is also used to control erosion problems.  

Dust Abatement - See ROADS AND ROAD MAINTENANCE--Road Maintenance for dust abatement work elements. 
Vehicular Traffic—Pickup and ATV – Each well may be visited daily or several times per day as needed. Vehicles include standard crew trucks and equipment vehicles. Work crews will travel to and from the work site daily. Traffic control measures may involve on-site traffic control personnel. Impacts include noise, dust, fumes, and trash, and are limited to the duration and area of work. 

Workovers – A workover uses a rig similar to a well completion rig. Work is limited to daylight hours generally and may take several days to weeks. One workover per well each year may occur. Impacts include noise, visual intrusion, and pressure venting of gas, and are limited to the duration and area of work.

Painting – Facilities are painted to conform to the SMA’s direction for visual resource management, and for protection from the elements. Painting may include treatment of new surfaces and cleaning and removal of old paint by mechanical/abrasive or chemical methods. Impacts include noise, fumes, dust, and chemical waste, and are limited to the duration and area of work.

Spills Cleanup - (see Work Element: Operations Waste) Keep this reference, or add text???
Weed Control – see Weed Control Activity Component

Final Reclamation (Dry Hole or Exhausted Producer, Well Pad and Access Road)

 SEQ CHAPTER \h \r 1If no production was found during drilling operations or when the well is eventually depleted, it must be abandoned and the disturbed areas reclaimed.  Reclamation is necessary to restore the well bore, well site, road, and other disturbances to a condition that approaches or exceeds the native condition.  In most cases, reclamation activities are ongoing during the life of an oil and gas field or area.
Heavy Equipment - Most activities require some element of initial, maintenance, or rehabilitation dirt work, drill rig hauling, and construction and testing equipment. These large vehicles include dozers, scrapers, graders, backhoes, trenchers, truck-hauled or self-mobile drill rigs, and welder trucks, which are used in oil and gas exploration, development, and reclamation activity. It does not include vehicles used to transport personnel and materials to and from a work site – for those Work Elements, see Vehicular Traffic - (Semis, Trucks, and ATV’s). Tractor dozers, tractor backhoes, and road graders of various sizes are used for road and well pad clearing and construction (See Activity Component - Access Road Construction). Pipeline excavation and construction uses the above equipment as well as mechanized mowers, wheeled trenchers, and truck-mounted welders. Heavy equipment typically weighs more than 5 tons, has aggressive tire or track transport, is very noisy and generates noticeable exhaust plumes. Impacts include noise, destruction of vegetation, soil disturbance, smell, dust, increased erosion, minor spills of fuel and lubricants, and are intense for the duration of the work at the site.

Pit Abandonment - After plugging, the drilling rig is removed and the surface, including the reserve mud pit, is restored to the requirements of the surface management agency.  This may involve the use of dozers and graders to re-contour those disturbed areas associated with the drill pad plus the access road to the particular pad.  The reserve pit (the part of the mud pit in which a reserve supply of drilling fluid and/or water is stored) must be evaporated or pumped dry, and filled with soil material stockpiled when the site was originally prepared.

Recontouring  - Involves re-contouring, which means bringing all construction material back onto the well pad and reestablishing the natural contours where desirable and practical.  Well site reclamation should be planned on both producing and abandoned well sites.   The entire site or portion thereof, not required for the continued operation of the well, should be reclaimed.  Final grading or backfilled and cut slopes should be done to prevent erosion and encourage establishment of vegetation by seeding. 

Cut and fill slopes should be reduced and graded to blend the site to the adjacent terrain.  The disturbed sites should be prepared to provide a seed bed for reestablishment of desirable vegetation and reshaped to blend with the natural contour.  Such practices may include contouring, terracing, gouging, scarifying, mulching, fertilizing, seeding, and planting.

All excavations, pits, or drill holes should be closed by backfilling when they are dry and graded to conform to the surrounding terrain.  Waterbreaks and terracing may be installed to prevent erosion of fill material. 

Removal of Production Facilities - All production facilities are removed when the well is plugged and abandoned.  The surface equipment is purged, disconnected, and trucked away.  Flowlines are normally left in the ground unless the need exists to remove them.

Road Decommissioning/Closure - See Pacific NW Screens.
Pipeline and Flow line - Natural gas pipelines transport gas from the wells (gathering or flow lines) to a trunk line then to the main transmission line from the area.  Flow lines are usually two-to-four inches in diameter and may or may not be buried.  Trunk lines are generally six-to-eight inches in diameter and are buried, as are transmission lines, which vary in diameter from 10-36 inches.  The area required to construct a pipeline varies from about 15 inches wide (for a two-to-four inch surface line) to greater than 75 feet for the larger diameter transmission lines (24-to-36 inches).  Surface disturbance is primarily dependent on size of the line and topography of the area on which the line is being constructed.

Usually two-to-six inch diameter pipelines transport oil and gas on the well site, and between the wells, the treating and separating facilities, and central collection points.  These lines can be on the surface, buried, or elevated.  Construction of a pipeline requires excavating and hauling equipment, a temporary or permanent road, possibly pumping stations, clearing the right-of-way of vegetation, and possibly blasting.  Most pipelines will contain gas since oil transport by truck, rather than pipeline, may be more economical.

Reclamation and abandonment of pipelines and flow lines may involve replacing fill in the original cuts, reducing and grading cut and fill slopes to conform to the adjacent terrain, replacement of surface soil, material, waterbarring and revegetating in accordance with a reclamation plan.  Pipeline trenches are compacted during backfilling and maintained to correct backfill settling and prevent erosion.  Waterbars and other erosion control devices are repaired as necessary.  Pipeline routes are not used for roads unless constructed and authorized for such purpose.  Abandoned pipeline routes are waterbarred.

Seeding - Disturbed areas are revegetated after the site has been satisfactorily prepared.  Site preparation may include ripping contour furrowing, terracing, reduction of steep cut and fill slopes, waterbarring etc.  The operator will be advised as to species, methods of revegetation and seasons to plant.   

Seeding is done by drilling on the contour whenever practical or by other approved methods.  Seeding and/or planting is repeated until satisfactory revegetation is accomplished, as determined by BLM/FS.  Mulching, fertilizing, fencing, or other practices may be required. 

Fencing - Fencing is a regulation in the Conditions of Approval for an APD. A five strand woven wire (livestock proof) fence with H braces at the corners is required at reserve pits and disposal pits.  If the disposal pit contains bad water (oil, etc.) netting or flagging is used to prevent birds from entering the water.  Fencing may also be required for revegetation at the time of reclamation.  This is to restrain livestock from grazing the reclaimed site. 

Reclamation Monitoring - To evaluate achievement of reclamation objectives of erosion control and desirable vegetation establishment, canopy cover by species is measured/estimated by using a 3' by 3' grid or other method of estimation.  The results are used to form the basis for necessary follow-up actions for the operator, such as re-treatments or releasing the operator’s bond when reclamation is deemed successful.  BLM monitors the reclamation-in-progress sites generally once every year or two years.

All Except Where Otherwise Noted - Surface reclamation is a process of reducing the impacts of ground disturbance.  Reclamation is required of all oil and gas operators.  The goal of reclamation is to control erosion on the site and establish desirable (seeded and native) vegetation to set the stage for natural process to restore the site.  Erosion is considered controlled when water naturally infiltrates into the soil without gullying, headcutting or slumping, rills are less than 3 inches deep.  Desirable vegetation is considered established when no noxious weeds are present, undesirable vegetation is less than 5%, and vegetation is self-sustaining.  After the site is reclaimed, the operator’s obligation for reclamation is complete.  Restoration occurs some time afterwards (maybe 20 years or so). Specific reclamation requirements vary depending on the nature and extent of disturbance, site-specific reclamation goals and objectives, site condition including the nature of the soils, topography, aspect, surrounding vegetation and climatic factors.  Reclamation measures include resetting topsoil, implementing runoff, erosion, and sedimentation control, preparing the site for reseeding and controlling noxious weeds.  Reducing the need for reclamation include avoiding areas with high erosion potential (soils with high alkaline or salt contend), avoiding areas with saturated soils (wetlands, seeps, riparian areas), reduce well pad size, round corners, utilize existing disturbed sites, locate two or more wells on a single pad, use pipeline corridors where practical.
Weed Control

It is necessary to control weeds and there are several ways to treat weeds.  Hand crank granular spreaders and liquid spray application.  The liquid spray can be by a hand sprayer or a sprayer applicator attached to a truck or ATV.  A Pesticide Use Plan (PUP) is required prior to the application.

Foot Access - Foot access may be needed to perform the various surveys and tasks.  Foot traffic would occur along existing roads and trails, and cross-country.  There may be anywhere from 2 to 10 people participating in any one activity at a given time.  Foot traffic would be of limited duration.

