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operations (e.g., small areas, areas with poor access, overly steep slopes, and rocky

conditions), mechanical or hand broadcast seeding is employed. PWCC uses two types of drill

seeders. A Truax seeder is used for the majority of seeding operations, while a heavy duty

Rangeland drill is used for rough or rocky site conditions or interseeding.

The permanent seed mixes contain species with variable seed size, physical characteristics and

planting depth requirements. Certain species are inherently difficult to seed because of seed

morphology or high trash content associated with plant materials. To overcome these

difficulties, the drill seeding equipment is equipped with multiple seed boxes to handle seed

variability and differing seedbed ecology needs. The seed drop tubes can be manipulated to

allow seed with shallow seeding depth requirements to be broadcast on the ground and lightly

covered by drag chains, while seed requiring deeper coverage is dropped in the drill disk

furrows and covered. Both the Truax and Laird rangeland drill seeders are similarly equipped

and capable of seeding as described above.

The remaining reclamation practices including mulching and planting of cultural plants, shrubs

and trees and associated wildlife habitat development and enhancement are discussed in detail

in following sections of this chapter.

Mulching and Other Soil Stabilization Practices. Surface mulches are beneficial to vegetation

establishment and provide surface soil stability by reducing wind and water erosion (Brammer,

1982; Plass, 1987; and Valentine, 1971). Mulching also enhances vegetation establishment by

modifying seedbed microclimate characteristics, reducing loss of soil moisture and crusting,

and increasing infiltration. The primary mulch used is native grass hay with grain straw used

as a secondary mulching material and for temporary stabilization. The more specialized

excelsior/straw type mattes or wattles and geotextile fabrics are used for rill and gully

repair or localized site stabilization.

The Surface Stabilization Plan implemented during various phases of reclamation is presented

in Chapter 26. Attachment B, "Terrace Spacing" to that chapter was developed as supporting

documentation for the terracing program, a component of the overall surface stabilization

plan. The Universal Soil Loss Equation (USLE) (Wischmeier and Smith, 1978), updated in a

USDA-ARS revised program titled Revised USLE (RUSLE) (Simanton, 1987), and further revised in

2003 (Toy and Foster, 2003) for reclamation operations was used to estimate soil loss when
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terraces and BTCA practices, including contouring/surface roughness, mulching, and permanent

vegetation were applied to reclaimed lands. The soil loss estimates derived from the RUSLE

program runs support the effectiveness of the BTCA practices. The values for factor C (cover

and management) used in the RUSLE program to determine newly reclaimed soil loss estimates

were based on applied levels of native grass hay mulch. When these methods and expected

levels of cover were evaluated using the C factor subroutine in the RUSLE program, the

resultant low C factors were estimated to range from .050 to 0.55 for native grass hay

mulching. These values, which reflect a high level of effectiveness, were determined through

inputs that represent applied reclamation procedures and the resulting surface conditions

specific to the Black Mesa complex.

PWCC will primarily stabilize all revegetated areas with anchored native grass hay and

secondarily anchored straw mulch. Straw mulch will be used on all temporary revegetation and

only on permanent revegetation when native grass hay is unavailable and a site needs immediate

protection. Mulch, whether as native grass hay or annual grain straw, will be applied

uniformly at an approximate rate of two tons/acre. All mulching materials will be clean and

not contain noxious weeds. The mulch will be anchored by mechanical crimping. A tackifying

agent would be an alternate anchoring method.

Areas that have been soiled outside of the primary seeding season and which will be

permanently seeded during the next available primary seeding season will be ripped and disked

on the contour as temporary stabilization without application of a mulch. The ripping and

disking operations leave a very rough surface and contour disking features that further reduce

wind erosion and runoff, trap snow, and increase infiltration. This fallow period allows the

replaced soils to settle and develop a more firm and effective seedbed. Soil moisture is

recharged in the profile as well. The effectiveness of PWCC's contouring/tillage practice is

demonstrated by low P factor values in RUSLE evaluations presented in Attachment B to Chapter

26. These P factor values range from 0.36 to 0.39.

Soil replacement activities are maximized from mid-March to November (Figure 1) . Soil

replacement outside of that period occurs on an opportunistic basis dependent on soil

conditions or adverse weather. Soil replaced from January to April and then again from
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application of improving BTCA practices, both internally and through technology transfer.

Annual monitoring of revegetation activities and reclaimed area results provide the basis

for demonstrating establishment of wildlife habitat. Bond release evaluation, in

addition to normal vegetation sampling results, will include detailed analysis of

postmine topography, mapping of high density shrub areas, and identification of the

interspersed woody habitat areas established through shrubland, woodland, cultural plant,

and pinyon transplant revegetation efforts.

Non-vegetal Enhancement. Rock features will be incorporated as appropriate into the

habitat areas and general reclaimed landscape. The benefits of constructed rock features

for wildlife have been documented (Stoecker, et al., 1985; Giles, 1971; Tessman, 1982)

and include big game escape and thermal cover, enhanced shrub establishment sites, small

mammal denning, and raptor perch and foraging areas. However, residents of Black Mesa

have voiced concerns about these features and have requested that their use be limited

due to concerns of disease associated with increases in small mammal populations.

Rock features will be constructed in suitable locations at an average rate of 1 per 100

acres of reclaimed land. These primarily linear rock features may be located along ridge

tops, or as small outcrop features on slopes. These linear features will be a minimum of

100 feet long, 10 feet wide, and 5 feet high if on a ridge or flat area, or from the

outside edge down to the ground level (face) if on a slope. Rocks piled up to 8 feet in

height, irregular in configuration, and approximately .01 acres in extent may be included

as rock features for areas constructed prior to 2001 and occasionally in newer areas.

For purposes of durability, the structures will be constructed entirely of rock. Rock

downdrains, spillways, and drainages will often be included as rock features since they

typically provide area wide habitat, structural diversity, and landscape stability.

A selection of shrubs and trees listed in Tables 4 or 5 may be seeded or planted in

conjunction with the rock feature, with north and east facing aspects preferred. Rock

features will not be established in areas where residents have requested that they not be

used. The final number of rock features will be strongly controlled by the availability

of suitable rock. Durable rock of sufficient size is limited on the leasehold.

Furthermore, there is a great demand for this large durable rock for armoring drainage

channels to reduce or eliminate channel erosion. The regulatory authority has emphasized
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mitigation of channel erosion and this has required most of the durable rock to be used

there leaving considerably less for construction of rock features. Rock armored

downdrains, spillways, and drainages, including those where inlet terraces have been

removed, will often be kept as permanent rock features thereby offering wildlife habitat,

landscape stability, and providing structural diversity.

Mitigation plans for potential impacts to raptors on the leasehold are described in

detail in Chapter 10 and include annual ahead-of-mining monitoring for active raptor

nests and appropriate monitoring studies to assess populations of and potential impacts

to the Mexican spotted owl, red-tail hawks, and other raptors.

Raptor hunting and resting perches, constructed of steel pipe, wooden posts, or a

combination of both with cross-bars or small platforms will be placed on reclaimed lands.

The final design will be based on current BTCA designs developed for raptor perches.

Additionally, some power line transmission poles crossing the reclamation will be

retained to serve the same function. The perches will be installed at a minimum density

of one per 400 acres. The perches will be approximately 10 feet in height but may be

taller. Perches will be established in areas not visible from a permanent road.

Annual monitoring studies are conducted in established, active prairie dog colonies to

assess the potential occurrence of black-footed ferrets (when prairie dog surveys suggest

the need). See Chapter 10, Wildlife Resources for detail. Wildlife monitoring is

conducted in reclaimed areas on an ongoing basis to document use of these areas by

wildlife and identify any need for more intensive studies such as reestablishment of

prairie dog colonies in reclamation or observation of Mexican vole activity. The unique

aspects of Mexican vole populations within the leasehold are discussed in Chapter 10.

Baseline studies and ongoing monitoring have revealed that substantial populations of

this species occur in certain reclaimed areas and as a preferred habitat.

Livestock and Wildlife Watering Facilities. Water resources are a critical habitat

factor for wildlife and a necessary nutritional requirement for livestock. On Black Mesa

premining water resources have been limited, compounded further by an arid and highly

variable climate. Premining water resources within and adjacent to the Black Mesa

leasehold consisted of wells, water impoundment structures, springs, and intermittent

reaches of ephemeral channels. Chapter 17, Protection of the Hydrologic Balance

describes premine water resources and these are shown on Drawing 85322. For the most
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Nineteen permanent internal impoundments currently exist or will be available for 

livestock and/or wildlife use as a part of the postmining landscape (Drawing 85324).  

Three are located in the N-2 coal resource area: N2-RA (wildlife habitat only), N2-RB, 

and N2-RC.  The remaining 16 are pre-law and post-law internal impoundments located in 

the J-3 coal resource area (J3-G and five other unnamed impoundments), J-1 coal resource 

area (J1-RA and J1-RB), N-8 coal resource area (N8-RA), the N-1 coal resource area (N1-RA 

and six unnamed impoundments).  One additional proposed permanent internal impoundment 

has been constructed in the J19 coal resource area (J19-RB).  Additional existing pre-law 

depressions that periodically hold water are also available but are not considered 

permanent water sources due primarily to restricted watersheds and climatic variation. 

 

PWCC will also retain 31 existing and future sediment control structures (permanent 

impoundments) providing additional surface water bodies for livestock and wildlife to 

those above.  The impoundments include nine existing MSHA structures: J-7 Dam, J-7-JR, 

J2-A, J16-L, J16-A, N-14H, N14-G, N14-F, and N14-D.  Twenty existing sediment control 

structures are also included.  They include J3-D, J3-E, N5-A, N6-L, N11-G, J7-R, TPF-D, 

J27-RA, J27-RB, J27-RC, TPF-E, N7-D, J16-G, J21-A1, J21-C, N7-E, N10-A1, N10-D, N11-A, 

and N12-C.  Two sediment ponds scheduled for construction during the remaining life-of-

mining activities are also proposed and include N10-G and J21-I.  These existing and 

proposed ponds all meet or will be upgraded to meet the permanent pond design criteria.  

Their size, configuration, and upstream watersheds indicate persistent water retention 

(see the discussion of Permanent Impoundments, Chapter 6).  Monitoring of water quality 

will provide sufficient information to demonstrate the suitability of these sources to 

support the intended postmining land uses. 

 

Two public water standpipes have been constructed by PWCC on the leasehold, one west of 

the N14 coal resource area and one west of the J1 coal resource area.  These sites, 

located on Drawing 85324, are connected to the N-aquifer potable water distribution 

system and provide excellent water in terms of quality and quantity.  These sources of 

water are available for further development as livestock and wildlife watering areas, 

should the Tribes desire their retention in the postmining land use plans. 

 

Maintenance and Management 

PWCC’s maintenance and management program for revegetated areas includes, but may not be 

limited to: monitoring; interseeding, reseeding and augment planting; weed control; 







would include the same specifications. Sediment or other mine related ponds will have

only the dam structure fenced unless complete exclusion of livestock is required.

Trespass livestock are removed as necessary from areas not authorized for grazing.

PWCC has implemented a reclaimed area livestock grazing and management program with

residents on or adjacent to the Black Mesa Complex. For areas reclaimed under the

Initial Program regulations this includes areas approved as ready for grazing by the

regulatory authority. For Permanent Program lands, reclaimed areas with established

vegetation may be included in the grazing program without regulatory approval. The

reclaimed land grazing goals include preventing excessive wolf plant development;

stimulating vegetative growth, productivity, and nutrient cycling; encouraging plant

regeneration through seed dispersal and seedling establishment; demonstrating successful

postmine land use achievement, and providing a grazing resource to residents during the

liability period. Proper grazing under a managed program benefits the reclaimed

rangeland plant communities while providing residents with education opportunities in

grazing management principles and sustainability of the resource. PWCC develops a

grazing plan and agreement for areas included in the managed grazing program. The

documents describing the plan and maps showing locations are maintained at PWCC

administrative offices with copies provided to the residents.

Revegetation Success Standards

Background. PWCC uses a combination reference area comparison and technical standard

approach for judging revegetation success on Permanent Program reclaimed lands at the

Black Mesa Complex. The application of this approach has evolved as a result of ongoing

negotiations with regulatory authorities and operating experience.

In the original 1981-1985 Mining and Reclamation Plan (Permit AZ-0001), PWCC proposed

using large unfenced pinyon-juniper woodland and sagebrush shrubland reference areas.

The areas were several hundred acres in size and each contained a tenth-acre exclosure to

account for livestock grazing effects. In response to Stipulation No. 26 attached to

Permit AZ-0001, PWCC expanded the original exclosures in the large reference areas such

that each exclosure exceeded two acres in size. The large unfenced areas were dropped,

and the enlarged exclosures of 2 acres or more were adopted as the reference areas.
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Application of the reference areas on AZ-0001 jurisdictional lands (Initial or Interim

Program) is described in the Permit Application Package for Permit AZ-0001 (Volume 1,

Chapter 3, page 29, and Volume 6, Appendix 16) and in the Vegetation and Wildlife

Resources 1981 Report (Appendix B, Page 26).

An additional issue raised by regulatory authorities during the review of the 1981-1985

Mining and Reclamation Plan concerned the use of pinyon-juniper reference areas for

judging the success of grassland dominated reclaimed areas. Although the pinyon-juniper

reference areas accurately represent approximately 65 percent of the premining vegetation

on lands disturbed by mining, OSMRE technical staff expressed concern that comparison of

pinyon-juniper reference areas with reclaimed grasslands was invalid. The concern was

based on the naturally sparse shrub and herbaceous understory characteristic of this

community. It was suggested that reference areas in the sagebrush shrubland provided a

more realistic standard for success because of assumed greater herbaceous cover and

production associated with the sagebrush community.

In the Mining and Reclamation Plan for the J-21 mining area (Permit AZ-0002A) , the N-14

sagebrush shrubland reference area was proposed for use in determining revegetation

success. This approach was applicable to lands disturbed during the period from the date

of permit issuance (December 28, 1984) to the date Permit AZ-0001C was issued (July 6,

1990). The Jurisdictional Permit Map (Drawing 85360) shows the J-21 mining areas where

Permit AZ-0002A revegetation success standards were applicable.

Revegetation success for J21 lands included under Permit AZ-0002A will be evaluated using

standards and methods applicable under Permits AZ-0001D and AZ-0001E. A complete

description of the previous revegetation success standards for Permit AZ-0002A

jurisdictional areas is contained in the AZ-0001 permit at Volume 39, Chapter 3, Page 22;

Volume 44, Appendix I, Page 105; and Volume 53, Tab 14, Section 3. The inclusion of AZ-

0002A permit areas with the AZ-0001D and AZ-0001E permit areas for revegetation success

evaluations makes the process more efficient and simpler to administer with no less

stringent requirements. The J21 AZ-0002A lands were reclaimed with methods similar to

those used on AZ-0001D and AZ-0001E lands and are for all practical purposes

indistinguishable.

Condition No. 3 attached to Permit AZ-0002A required PWCC to present an evaluation of

techniques for determining revegetation success to OSMRE. The OSMRE was apparently still
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uncomfortable with the reference area approach as it was being applied on the Black Mesa

leasehold. PWCC submitted the response on June 11, 1985. The evaluation, and subsequent

discussions with OSMRE personnel, indicated that although valid with regard to SMCRA and

subsequent regulations, the reference area approach may not be the most appropriate

method for setting all revegetation success standards at the Black Mesa and Kayenta

Mines. The primary problem appears to be comparisons of different plant communities

(i.e., herbaceous dominated reclaimed versus woody dominated native vegetation) to

determine revegetation success. This fundamental problem exists throughout the western

U.S. where surface mining is regulated under SMCRA.

OSMRE transmitted the results of the first midterm permit review (MPR) of Federal Permit

AZ-0001C on February 16, 1993. Deficiencies in the AZ-0001C PAP were identified in the

MPR, prompting OSMRE to order several revisions to the permit document. Revision Order

No. 5 included nine required modifications to address concerns about vegetation

measurement techniques and success standards. PWCC took issue with some of the

modifications required in Revision Order No. 5. After a series of discussions, these

issues were resolved (OSMRE correspondence dated October 7, 1993) and proposed revisions

were incorporated in the PAP on November 8, 1993.

Land use is the prime consideration in reclamation planning and implementation at the

Black Mesa Complex. Therefore, land use should serve as the framework around which

reclamation success is determined. The postmining land uses of livestock grazing,

wildlife habitat and cultural plant use are similar to premining uses on the leasehold.

The land capability for grazing and certain kinds of wildlife habitat on the leasehold

are vastly improved in the postmining landscape as a result of established reclaimed

plant communities. The revegetation plan establishes reclaimed lands with much greater

utility for the grazing land use without diminishing the ability to provide wildlife

habitat and populations of culturally significant plants. The premining vegetation

resources (Chapter 9), although compatible with the existing land uses, cannot serve them

adequately in many cases because of historically overstocked and overgrazed range.

The response to Condition No. 3 (Permit AZ-0002A) stated PWCC's intention to develop

revegetation success standards based upon a combination of technical guidance documents

and pre-existing vegetation attributes. In response to Permit AZ-0001C Midterm Review

Revision Order No. 5, PWCC was required to conduct additional monitoring to develop a
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historical record of ground cover utilizing new sampling methods. Since the fall of

1991, PWCC has annually monitored the native reference areas for ground cover using point

intercept methods. PWCC has observed variation in seasonal cover for the sagebrush

reference areas based on seasonal climatic variation. While not as widely fluctuating as

the herbaceous dominated reclaimed areas, it is felt that using seasonal comparisons to

the sagebrush reference areas is an appropriate method for evaluating cover success. The

proposed standards for the rangeland and key habitat areas are presented in the following

sections. These tables are included with the respective rangeland and habitat area

sections of this chapter. The derivation of each is discussed below. The standards will

be used to measure revegetation success on lands reclaimed under the jurisdiction of

Permits AZ-0001C, AZ-0001D, AZ-0001E, and AZ-0002A.

Rangeland Success Standards. The Permanent Program Performance Standards indicate that

the key intent of the cover success criterion is effectiveness for stabilizing the soil

surface from accelerated erosion. Vegetation cover alone, while providing an important

means to document species composition, does not provide a complete indication of the

potential for preventing soil loss. In this context, ground cover as defined in 30 CFR

701.5 appropriately satisfies the intent of the regulations.

PWCC will use ground cover as the standard for the revegetation success cover criteria.

Ground cover is defined as the portion of total ground surface area that would be hidden

by the combined cover of live vegetation, standing dead plant material, and litter when

viewed in a vertical projection downward. Litter is defined as dead plant material that

has detached and fallen to the ground. Standing dead material is still attached to the

plant and may include grass culms, leaves, or woody material. This measurement

subtracted from 100 percent would equal the portion of bare, exposed soil, and thereby

quantify the effectiveness of the cover for reducing and resisting soil erosion. Rock,

while effective as hydrologic cover is not included in determining the cover standard.

PWCC will derive the ground cover standard for rangelands (Table 8) from vegetation data

collected from the three sagebrush shrubland reference areas on the Black Mesa leasehold

(reference area comparison approach). These reference areas are J7 sagebrush, N7/8

sagebrush, and N14 sagebrush. A technical standard for cover was not developed because:

(1) the Natural Resources Conservation Service (NRCS) Form-5 soil series interpretation

records do not specify expected ground or vegetation cover values; (2) limited range site
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peak of the later fall season growth or regrowth. Sampling is scheduled in this manner to

quantify dynamics of the vegetation resulting from the bimodal precipitation patterns.

Cool and warm season perennial species and seasonal annuals differ in times of peak

development. Sampling twice annually better describes the variable vegetation response in

terms of this seasonality.

The Black Mesa leasehold receives an average annual rainfall that is well under 26 inches

and must meet the 10 year liability requirements of the regulations. The following

paragraph describes the manner in which vegetation sampling results are used in

revegetation success evaluations. Sampling and demonstration of revegetation success will

be within the time frames of the responsibility period as specified in 30 CFR 816.116.

Reclaimed area ground cover data from either the spring or fall sampling periods, but

collected in two distinct years, and no sooner than year nine of the liability period, is

used resulting in two sample means which quantify the annual ground cover needed for

comparative purposes. The reclaimed area cover data is compared to the mean sagebrush

reference area data collected during the same season and year. Vegetation cover data will

not be pooled or combined from two seasonal samples. The shrub or tree density data,

collected once each year (spring or fall), provides two sample means for comparison. The

greatest seasonal reclaimed area production data for the spring or fall sample periods in

each of the two required years of sampling is used for the production parameter. This

spring or fall "peak of green", is compared to the production success standard. The lesser

seasonal production will also be reported to better describe the off-season production, but

will not be used in success determinations.

Sampling results are presented in much the same manner as they have been presented in

annual vegetation resources reports submitted to regulatory authorities. All data

necessary to support the comparisons will be included.

Revegetation Plan Summary

The Revegetation Plan, in association with Chapter 22 (Minesoil Reconstruction) provides

the basis for development and establishment of stable and productive plant communities that

have a high level of utility and can meet the intended land use goals of livestock grazing,
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wildlife habitat, and cultural plant use as well as any secondary land use goals outlined

in Chapter 14 (Land Use).

Diverse seed and planting mixes, the various shrubland, woodland, and cultural site

planting scenarios, and the varying topographic and edaphic characteristics provided by the

reclaimed landscape, will aid in the development of heterogeneous plant communities that

are themselves diverse and have a high level of utility. These methods reflect the best

available technology currently available, and barring force majeure, provide the greatest

opportunity for the overall success of reclamation. The methods and technology detailed in

the overall reclamation plan are designed to restore basic ecosystem function and advance

successional processes, thus providing a high degree of assurance that reclaimability and

sustainability of affected lands can be met. Changes or improvements in the best available

technology currently available, based either on outside research or findings from PWCC's

test plots and operational experience, are incorporated as needed to insure that successful

reclamation is met and the postmining land use goals are achieved.

Four Federal permits and reclamation plans are enforced at the J-21 mining area (Permit

Nos. AZ-0002A, AZ-0001C, AZ-0001D, and AZ-0001E and their related renewal permits). Permit

AZ-0002A is enforced on lands disturbed during the period from the date of issuance

(December 28, 1984) to the date Permit AZ-0001C was issued (July 6, 1990). Permits AZ-

0001C, AZ-0001D, AZ-0001E, and their related renewal permits are enforced on lands

disturbed after July 6, 1990. The Jurisdictional Permit Map (Drawing No. 85360) shows the

relationship of these permit areas at the J-21 mining area.

The seed mix and planting dates used on Permit AZ-0002A reclaimed lands may be found in the

permit application package at Volume 53, Tab 14 (Sections 1 and 2). That seeding plan is

similar to the plan presented herein for Permits AZ-0001C, AZ-0001D, AZ-0001E, and their

related renewal permit jurisdictional lands.
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