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CHAPTER 21
" BACKFILLING AND GRADING

Introduction

activities is a result of careful planning and implementation by the reclamation,

engineering, and operations departments. This chapter, in_conjunction with the sSurface
Stabilization Program descriﬁed in Chapter 26, will quanpitatively describe the magnitude
and rate of grading, the planning and methodology eﬁployed to .estimate the configuration
w;f the‘final postmining'iéndform, ana thé backfilling gnd grading to be performed'within
the framework of the estimated postmining‘topography. ‘In addition,'Chapter 26‘describés
a plan for establishing drainage systems and stabilizing  the ‘reclaimed surfaces.
Finally, this chapter ana Chapter 26 will demonstrate that the postmining surface
configuration résembles' the general premining surface configuration, blends into the
surrounding terrain, complimenLS'the surrounding drainage pattgrns, provides for graded

spoil material stability, prepares for a stable reclaimed surface, and suppcrts the

postmining land use.

Historical Grading Summary

:

The first mining operations on the Black Mesa leaseé began in 1970 at the J-3 pit, Black
Mesa Mine. " since fhat time, the J-27, J-1/N-6, and J-7 pits have been opened. -The J-3,
J;7, and J-27 pits have been comple;ély mined and reclaimed. At Kayenta Miné, the N-1
pit was the first to be mined‘with'operations beginning in 1973. Subsequently, the N-2,
N-7/8, N-10, -N-14, J-16, J-21, J-19, N-11, N-9, and N-11 Extension (N-99) pits were or
will be opened. Currently, operations are being condﬁcted in ‘the N-9, J;i9, and J-21
pits. The N-1, N-2, N-7/8, Néll, N-14; and J-16 pits ha&e‘been completely mined, and the
N-10 pit has beeh temporarilyVClosed. Reclamation will be completed in accordance with
the pfojected reclamatioh schedules in Chapter 20. Reclamation has been completed at the -

N-1, N-2, N-7/N-8, N-10, N-14, and J-16 pits.

Postmining Topography

The design of postmining topogfaphy utilizes information presently available and is ‘at
best an estimate or prediction. An appropriate design methodology and form of
presentation must be developed to best utilize‘thé available information and produce a

' best estimate product that is not unnecessarily overdesigned andvadequate’for estimating
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material utilization, general slope configurations, watershed boundaries, macro-drainage

networks, landform simij.arity, and extent of disturbances that may ‘occur. Although
exactness' cannct be produced, the. presented 'estimated“topograpiqy can provide the
. framework for disoussing \‘ backfilling and  grading operations a.nd surface stabilinzbation
plans {Chapter 2‘6) -for the various situations that may occur. In ’accordance witﬁ the
discussion in Chapter 26 ‘and numerous OSM/PWCC meetings,. PWCC utilizes the ‘Surface
' Stabilization Plan as the iterétive‘proce\ssw, (s‘ee Chapter ‘26, Fig'ure l) to. develop the
~final postmining topography, utlllzlng the backfilling and grading guldellnes discussed
in this chapter and the regulatlons The Annual Surface Stablllzatlon Report will provide
the regulatory authority the current ' statué of the backfilling and grading in each

reclamation area, a_nd the proposed and existing drainage blans.

Postmining topography is presented on 1" = 400', plan soale, at a lOk—foot contour

interval. (Drawing No. 85352, 1" = 400' scale).

The postmining topooraphy was developed for the current 1life of mine plan for each actiwve
pit area and proposed N-11 south ektension. The 1" = 400' scale maps were developed from
the latest aerial mapping.  In adc:lition, in - subsequent vyears, the ‘ finai postmining
topography will be reevaluated during the implementation of the Surface Stabil:':zation
Program desoribed in Chapter 26. The following discussion explains how the‘ postmining

topography was develcped for the current and future mining areas.

‘The first .step in developing the post.tﬁining topography was to develop range diagrams
perpendicular to the existing and planned pits on approximately 1000-foot centers or
less. fia.nge diagra.m‘sr are cross—‘seotions illustrating how the overburden will’ be moved
and the configurati‘on of the . final surface after mining is complete. The range diagrams
were engineered utilizing software developed in-house from the f‘;VCC geological model. A
regraded surface was then developed for each range diagram assuming a cut/fill. baia.nce.
Elevations were determined for points along the regraded.surface. AutoDesk (LDD) then
transfe‘rred these pointsf back into the —pla.n v1ew us;Lng Land Development Desktop or

similar engineering software. Us:Lng LDD and the elevatlon po:.nts from the ra.nge dlagram, .

a primary postmining surface was developed. This surface was then adjusted by hand for

regradlng of ramps, to ensure all areas drained, and to tie the postmining topography

- into existing topography. The completed postmining surface is on Drawing No. 85352.

calculated and compared to the total overburden volume mined as determined by the

life of mine model. “The total overburden volume was determined us:.ng LDD whlch
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bottom surface and calculated thé volume - within éach mining‘ area. The lowes’t'; mineable
coal seam béttom surface was gievelopéd using the curreﬁt ‘mine pila.n and the lowest
mineable coal seam bottom—of—coal structure ‘maps. The life of mine ofiérburden \volume for
‘each mining area was ca‘lcﬁlated from the area mine model. The bank cubic vards (bcy)
calculated fr&zﬁ the mine model was s’welled‘ by 25% and then’ coﬁ(paréd to - the tydtal
overburden volume. This swell factor has been  typically used by mining operations
personnel for field planning and by the Mine Planning Departmenﬁ for wvarious material
calculations With no‘ appreciabie discrepancies discefnable when mate,fial are actually
h‘a.ndled.' A study of the 5—7 resource area deterﬁlined an = average swell factor

approximately equal to 21.6 percent. A discussion of this study is presented in

Attachment A.

The material balance results are shown on Table 1. - As shown on Table 1, all volume

comparisons are within + 5%.

Topographic manipulation includes recontou;;ing or réshaping‘ of. the spoil after coal
removal in a bman.ner that minimizes the potential for soil erosion apd facilitates the
é§tablisfunent of a stable landform. Utilizing the methods' described in the "Postmining
Topography" section, &n estimated postmining topography has been. developed that is
'similar to the original landform (see Drawipg No. 85352). Since implementation of the1 3
Surface Stabilization Proéram in 1990, . PWCC wutilizes the guidelines outlined for
backfilling and grading in vthis chapter, Drawing No. 85352, the procedures outlined in
Chapter 26, Figure 1, 4and ‘the approved Surface Stabilization i?rogram to develop the
postmining landform. .As a result of creating this landform, vthe postmining dra;nage
netw;j‘rk will also. devélop characteristics similar to the premiﬁing _draj;nage system (see
Chaptérs 15 th.ro‘uérh 19). The premining drainage ﬁetw‘ork at theA Kayeﬁta Complex typically
produces many deep.ly—incis'ed channels, which develop supercritica1> flows during large
precipitation events. In order to minimize these‘k'deeply-incise‘d channels 'within tﬁe
‘postmining drainage network, . generally PWCC will -utilize grass-lined swales in flatter
gradea intérior spoil. .reclaimed areas, gradient terraces -and swales, reclaimed
downdrains, énd reclaimed ephemeral and iﬁtermittent channels in steepef 6utslppe, ramp,.
and final pit reclairried areas ﬁo intercept sﬁrface runoff and cdhvey runoff away from the

reclaimed areas and to develop an adequate postmining drainage system.

The - topographic manipu‘lation ~pro;:ess begins as the oyerburden is placed in the
piles and the coal has been removed (see Chapter 26, Fi.guré 1. Thé tyﬁe K]
operation, the direction of overburden removal, and the final quil pile cont %
will begin to .dictate grading 'operations» and the development of drainage /pattern

reclaimed watershed. Once the spoil is placed in its final resting place, but befoy ;
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rough grading .of the spoil peaks, the. engineer will begin the preliminary design of

coriveya.nces as outlined in Chaptef 26, Figure 1. This preliminary 'design will provide/
the 'preliminai"y watershed drainage plan,' which‘ will be used by the field reclamation crew
for guidance in rough grading the spoil around aad in the conveyance structure locations
(i.e., reclamation channels and downdrains) . ’ This watershed drainage plan will be based
o the. engineef’s estimate iof the reclaimed watershed size, time of concentfation,
conveyance geometry, and other appropriate site-specific watershed characteristics. The
preliminary - watershed drainage plan will conform to ’the backfilling and  grading
4requirements discussed in this chapter. This plan will guide the. field reclamation crew ‘

during the rough grading operation, including general direction of dirt movement.

Once .the rough grading has been initiated, the engineerA will deirelop the final .design of
all conveyances including main reclaimed channels and main downdrains based on the
preliminary drainage conveyance plan . and the basic design data collected from the site.
Before the topsoil ie spread on the‘ graded spoil, and after the graded spoil has been
field checked for suitabilitﬁ ‘{criteria, the engineer will determine the watershed size
‘a.rid final location for ~all conveyances including gradient terraces, swales, ~and

downdrains. Conveyance structure size, slope, and lining type will be desighed based on

updated topography data (see Chapter 26, Figures 1).

The majority of ' the area within each reclaimed resource area oonsists of graded interior
spoil. These areas are relatively flat compared to other areas in the reclamation.
Observatioxis of surface me,chanical manipulation and revegetation measures implemented to
date appear adequate to control rill and gully formation in these areas. Revegetated
swales are utilized in conjunction with the surface mechanical manipulation measures to
control " runoff and velocities. In other areas where slopes are steeper or where
ephemeral drainages are designed to cccur, including reclaimed' outslopes, reclaimed
highwalls, majoxr reclamation channels, reclaimedr ra.mbs, and facilities areas, PWCC will
use a conibination of gradient terraces, reclaimed downdrains, or reclaimed ephemeral and
. inteimittent channels to minimize erosion while still approximating the original

landform.

Back’filling and Grading Procedures

,\?’%‘73 JGj/ fic)

. < Ry
o The previous section ‘described the development of postmining topographic maps ,2 LT e ma o

"generally depict the life-of-mine estimated approximate original contour to ibé achiév”eﬁd 20 12
r

all highwalls and spoil piles being eliminated, stable slope configuraqlgns, %@ﬁ@

landform that supports the postmining land use. This section will disc




detail, within the framework of the estimated postmining'topography maps, the béckfilling

and ‘grading activities to be  performed during the rsirface mining and reclamation

operations to achieve the landform configuration. The following section will describe
the procedures to be utilized to -establish a stable landform in. the field.  In addition,
‘a detailed discussion of and 'devsign methodology for a  surface .stabilization plan: is

bresehted in Chapter 26.

The surface mj.ning operétion -at the Kayenta Complex is. a conventional form o;ﬁ strip
mining, cailed area mining, wherein the overbur’den ébove the coal is'reﬁoved in pérallel
strips across the coal field U.'EJ:til the entire area 1is mined. Draglines ekcavaﬁe the
overburden by creating wide trencl_'ies or cuts and piling the spoil along the side of the
cut.." When mining in a coalfield bégins, thé first_,‘ cut is called a box cut and the dirt
and rock materj;al from Ehe cut is called box cut spoil. This vvspé)il fdiffers from other
spoil in that it is placed outside and adjacent to the cut being mined onto lands that
have not been mined. The other spoil, internal spoil, results from cuts create‘d after

the initial box cut and is backfilled directly into the adjacent, previously mined cut.

Re%:lamation grading activities commence after the lowest .mineable coal seam has been
extracted and a sufficient amount of spoil material is avaiiable for grading. It h‘as,
been Peabody Western Coal Company's experience that grading three "or more spoils
simultaneously produces more desirable reclamation results than grading one spoil at a‘
tin.le. This is more desirable because the creation of gradéd 'slopes“ consistentvwit‘:h the
estimated postminiﬁg landform is primarily dependent upon the abllity to perform "area.
grading” versﬁs grading one of two spoil rows. -Because of many variables encountere_d in
the overburden removal process, it is very difficult to predict the exact, final
configuration Of, the spoil. Thus, the final planning for. reclamation grading must be
performed after the spoii is created in order tq grade the disturbed areas . in a diverse—
manner such thé.t surface irregularities are created to minimize erosion, improve range

and wildlife habitat, increase topographic diversity, and increase infiltration and soil

moisture holding characteristics for the revegetation process.

Although more than three speoil ridges may occasionally exist along irregular box cuts,
certain inside and outside curves, and where haulage ramps exist in the pit, they will be .
relatively limited in extent. The Surface Stabilization Plan, Chapvter 26, allows PWCC to

maintain more than four spoil ridges when vneéded to develop the approved PMT.

pit configuration becomes regular and progresses into. the field,

Lrjjltabl{e,;‘ﬁ AR 20'\2
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generally be accomplished when three spoil ridges exist. Creating an ac
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‘ postmining landform is the primary consideration that determines the number

ridges that may exist in the field. Once the spoil piles are reduced to the po




equipment can be safely operated across the slope éfr the rough graded area, final grading

is performed.

Box cut spoil is placed onto unmined land as described in Chapter 5, and shown on the
Estimated Postmining Topographic Map, (Drawing No. 85352). Suitable topsoil, vegetation,
and organic material are removed from the area where box cut spoil is excavated, placed,

and graded .

Once sufficient spkoil material is available, rough grading is performed with bulldozers,
Scrapers, maintainers, loaders/end-dump  trucks, and occasionally, draglines. Typigally,
the proéess of gradihg begins with ioulldozers buildiiig roadways into the ungraded spoil.
Once. access intc the sﬁoil is provided, dozers and/or scrapers move the spoil material in
the direction requiréd to achieve the desired landform and surface stébilization, begin;
~establishment of = reclaimed drainage networks, prepare for surface stébilization
activities, and blend the ﬁaterial into the surrounding terrain. Planning for the box
cut and internal spoil:grading must ﬁecessarily consider factors including the mine. plan,
'depths of seams to be mined, mining equipment, coal transportation networks, landfoﬁn to
be achieved, surrounding terrain, ‘natural surrour'l'ding drainage networks, and reclaimed
drainage networks. At- the Kayenta Complex, the box cuts are usually at a lower sﬁrface
_elevation relative to the remainder of the cuts in the coal resource area. . Being at a-
lov;rer elevation, 45che reclaimed drainage network will usually exit the reclaimed lands
through a box cut area and the in-pit coal transportation ramps will typically originate
from the box cut area. It is therefore 1ogica1 that, where practicablle, reclaimed

drainages can generally be located at and exit from the reclaimed areas through these

haulage ramps.

During the mining operations, spoil is placed to accommodate haulage ramps. When
-reclamation grading begins on the spoil in ramp areas, the material is typically used to

create reclaimed drainages —and to facilitate the construction of other surface

stabilizing controls. All Dbox cut outslopes arev graded to as shallow a slope as
practicable Dbut not steeper than "4(H):1{(V). - Postmine hillslopé gradients will be
measurea and averaged £from the. crest to toe. Short segments may be steeper to'
_accommod.ate landform blending by native areas and reconstructed drainages. It is éiso

-anticipated that some box cut spoil grading will create a sepaﬁ:ation between an

" reclaimed drainage slope and/or exit location. This is evident when revi? il

estimated postmining topography of the J-19 resource area (Drawing 85352). «’




Box cut spoii may alsc be placed and giaded onto natural uphill -slopes. - The reclaimed
lands are configured to accept odtainage in aA stable ’manner‘ and allow water to flow
through or along the reclaimed area. It is important to realize ttat sufficient spoil
material is necessary in order to prov1de the flexibility needed to adequately configure
dralnage>into, through, along, and out of the reclaimed areae. .. 8ince box cut spoil
material is configured to blend with the natural topography, oreate:drainage netﬁotks,
and achieve theipostmining land use, suiface stabilization measures such as'contouring,
:.swales, aﬁd terraces may be employed in addition to limiting the steepnese and'length of

slopes, creating concave slopes, and providing a roughened surface for - placement of

suitable plant growth media.

As the mining and reclamationkactivities.progress through the box cut area into the coal

field, the internmal spoil material becomes relatively regular, varying as_the original
topoéraphy Varies. The grading operations are conducted to continue the estabiished
drainage networks and other topographic manipulations and to achieve thé estimated
postmining landform. The internal slopes- are relatively flat- but compllmentary of the

drainage netwoxrks.

When a resource area has been completely mined, one of two final cut types will exist.
One type, a double final cut, does not result in a final highwall and the other, a single
final cut will create a final highwall. The J-19 West( Njﬁ, N-11, and N-14 coal resource
areas conclude with double final cuts. The J-7, J-19, J-21, N-9, and N-11 Extension (N=-
99)‘ coal resource areas will conclude witt, single final cuts. . The 'remaining coal
resource areas, J-16 and_N—lO, are the only two areae that would conclude with a final

highwall at a recovery or cropline.

Final pit grading'vdepends on the type of final cut. Double final  cut grading wili
backfill the cut with spoil matefial.» Slopes into the primary drainages will be in a
coﬁcave coﬁfiguration‘and the postmining primary drainage network will be constructed to
be stable in order to ensure that the postmining land use will be achieved. - Single final
cuts will be backfilled with epoil material and, if necessary, materiallfrom the final
highwall. Blasting a portion cf the highwall and/or ripping the material with dozers and
hauling or dozing it into the final cut will ensure stable contours, adequate backfill

material is obtained, and an adequate drainage network are achieved. Appropriate

measures will be taken to conserve suitable plant growth media. Flnal slope gradiﬁgxﬁgr/j“'

Wide

MAR €

produce slopes as flat as practicable but no steeper .than 3{H): 1(V) to create l
swales where complete backfilling is not practicable. Postmine hillslope grad1§§ts wi
be measured and averaged £from the crest to toe. Short segments may’ be

accommodate landform blending by _natiVe areas and reconstructed draihages.‘
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anticipated that intensive planning and grading activities as described in Chapter 26
will be necessary to reclaim the final cut and highwall to provide stable flow through
drainage, blend any inflow from undisturbed draineges into the reclaimed area, and to

minimize erosion.

Waste materials are not used for fill. Mining waste materials, in the form of rider.
seams, carbonaceous shale, matefials with high sodiﬁm»adsorption ratio (SAR), and high -
" sulfur materials, when encountered, -are buried under a minimum of four feet of

noncombustible material (see Chapter 22).

Coal waste generated at the coal handling‘ facilities is essentially nonexistent since
rejected coal is recycled. ’through the crushere or processed through a screening system
and secondary crusherxr unt.i.l proper Vs'ize specifications are achievea. “INon—co‘e.l waste
consisting principally of rock is estimated to amount to less ti'lan 0.025 percent of tile
total material processed at the coal handling facilities. This rock material is returned
to an active pit and covered with epoil ’material.

Until it’ was closed in 1997, Peabody -operated Van OSM. approved solid, non-coal waste‘
landfill in the mined-out Je3 coal resource area. The type‘of materials excluded from
the J-3 Landfill prior te Closure and the operations plan for- the landfiil can be found
- in Appendix CF, Volume 12. PWCC has contracted with a solid waste wvendor to pickup and
haul the solid waste material off-site to a fegulated lai}dfill, (see the Solid Waste

Disposal section in Chapter 6, Volume 1).

Graded Spoil Stabil ity

Several studies have been performed to investigate the stability of graded spcil on Black
Mesa. In the fall of 1981, Water, Waste and Land, Inc¢c. of Fort Collins, Colorado
inveetigated the stability of spoil for use in the creation of internal impoundments.
Graded spoili heights of 100 feet and 3:1 slopes were investigated. 'vThe investigatore
"concluded thaﬁ the wet; zone’ caused by the infiltration of water downward from a ponding
» afea would not be expected to create a phreatic surface within ﬁhe slope of the spoil.
No ground-water mound would be expected to develop to a height that would affect the

stability of the graded spoil slopes. The case where an embankment was to be placed‘

s1a)
@12

5@ g,‘\‘a';;z W;V

computed (Volume 27, Appendix D). SN
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In June, 1984, Sergent, Hauskins & Beckwith; consulting geotechnical engineerskperformed

slope stability analyses for graded slopes on the exterior of the southwest portion of

N-14. Analyses were performed for existing conditions and also assuming a maximum

spoil height of 200 feet and a -3:1 élope. Static safety factors off3.09 and 4;20 were
determined for two existing slopes. ﬁsing the maximum height and slope‘assumptions given : '
above, a safety factor of 2.25 was calculatéd. The ground-water tablé could rise from no |
satﬁration ‘(existing situation) to saturation within 40 feet of. the creét before the

safety factor would be reduced to 1.5 (Sergent, Hauskins & Beckwith, 1984).

Given that the material in J-3, N-6, and N-14 as examined in these analyses is generally
representative of the range of spoil charaéteristics experienced‘oﬁ the Mesa, maximum
- slopes are >3:l, and noA‘phreatic sﬁrface would be'.expecteﬁ‘ to develop except in the
immediate Qicinity of internal imboﬁndments,, ho spoil stability probléms ‘would ‘be

expected to develop. : ' ,

Based on the above and past experience at Black Mesa,rthé pfobability of slides occurring
is low; however, at any time should a slide occur which results from mine-related
activities and which may have a potential adverse effect on public property, health,

safety, or the environment, Peabody Western Coal Company will notify 0SM “of the

occurrence of the slide and the remedial measure proposed to be undertaken.
Affected Lands

A total of 64,858 acres of land have been leased to Peabody on Black Mesa for the purpose
of mining. The Black Mesa Complex proposed life-of-mine permit area contains
approximately 62,930 acres of land, {see Chapter 3, Attachment 6). Estimated

disturbances  for each mining area may be found in Chapter 20.

)

The major disturbances due to the mining operation include the area actually mined and
the area upon which spoil is deposited and graded. The approximate areas of major
disturbance aré shown on the Jurisdictional Permit and Affected Lands Map, Drawing No.

85360.

Future PMT Design Techniques

. : BN
may allow a more stable surface to be designed that minimizes the guantit 0Bt required %ﬁﬁﬁﬁ

e, RFERD

terraces and maintenance. The resulting postmine topogfaphy will be

»
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combination’ of = geomorphic  principles, . drainages, engineered structures, and BTCA

practices.

Using these principles, PMTs are developed as follows:

e Final spoil and high wall topography is created using PWCC range diagram cross-

sections. ‘Final ramps and high walls were also located in the spoil topography.

* Cross-sections were taken through the spoil topography at intervals of approximately
500" usually at 90-degree from the final pit. Additional sections were added for

ramps, drainages, and existing ridgeline continuation.

}During the cross-section design phase, slopes oh the final high wall are,3.6:l or
flatter and internal slopes are 4.0:i or flatter. Cut/fill Ealance was maintained
with each cross-section. Some cross—secﬁions had drainages inflﬁencing the amount
‘of material available to £ill in the pit. An example is the final high wall on
the lower eastside of N-9; the drainage channel would be routed through the final
pit and through the N-C Pond drainagé chahnel.‘ Thekdrainage slope/was maintained

at 0.5%-1.0% so fill material was also restricted.

¢ A preliminary PMT topography was generated for review. Modifications are made to
the topography for routing out drainages and mass balancing. This process is

repeated until all drainage is routed off the PMT and Mass Balance is within 5%.

e Drainages using meandering was utilized in certain areas, but with a 10-ft contour
interval; meanders are sometimes not clearly shown.. The 1arger meanders are. shown

in the final pit areas.

Following is a presentation of the comparison of the N-9 Pre- and Post-Mining slopes,:
(see Table below). With PWCC's proposed PMT Maps, about 436 acres are. shifted from
slopes steeper than 25% to the 0%-25% categories with over 60 percent shifted to the 0%-

13% slope categories. These flatter slopes will allow more of the reclaimed land to be

DK o

O
. ‘.\5\
pa 202 B

used by livestock and local residents.

Yies

. }

A%wg;’ iy ED >

O,
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KAYENTA MINE

N-9 MINING AREA

SLOPE EVALUATION:

(ACRES) " ' : POST vs. PRE (ACRES)

SLOPE % __ | pRE-MINING posmmmé pifference |

0 to 9% , | 3ea _ 457 ' 93

9% to 13% , 235 - 4i1 ' 176

13% to 18% 271 i 385 ' 114

18% to 25% | 282 ) 335 | 53.

25% to 33% 194 0 | -104

Greater than 33% 242 0 ’ ‘-242

TOTAL AREA: 1588 1588 , ' 0.

PWCC’s. PMT maps have historically been produced on a 10 ft. conﬁour interval and a
1"=400' map scale. Ih the ‘N—9‘ mining area, YPWCC commits to reclaim the postmining
drai‘nage‘areas ﬁo a similar drainage density as the premining drainage areas. PWCC willk
fine-tune the drainage network as required prior to bond release approval. ‘
PWCC will minimize using terraces when designing and . implementing the postmine drainage
network.  On March 4, 2002, the Surface Stabilizati,ﬁon Plan was evalgated, modifiea, and
approved reducing the terrace density . (by 20 to 50 percent) required for postmine lands.
This reduction was justified based on siﬁe—specific so'ii and vegetation monitoring data.
PWCC will continue to evaluate vegetation success ‘r_elated to .stability, slope erosion,
and £errace _Vspacing in an attempt to reduce terrace ins‘tallzation whenever feasible and
practical. Drawing No. ‘85’352, Sheet No‘s. K—C and K—? shows the N-9 PMT slopes as refined

will be stable, erosion will be minimized, and the approved postmine land use will be

met.

PMT Design Using Geomorphic Principles

Chaptef 26, Surface Stabilization -Plan - (Plan) ' presents PWCC’'s detailed prbgra;h for

establishing a reclaimed landscape that will be effective in providing long term:erosion

oz

o\/ KA A
implementation of the various stabilization measures; and it provides measur &"whichh‘%%lﬁl
insure the implemented ‘stabilization program .remains . functicnal and’ ef

minimal maintenance.
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Attachment A to Chapter 26, Reclamation Scale Geomorphology, presents . supporting
ioformation related to -the Plan -including sodiment trénsport observations based on
monitoring and modeling data, geomorphic characteristics of an adjacénti un-mined
watefshed, ond ranges of seleot geomoxrphic chafooteristics proposed to . be used as’
sideboafds for designing and constructing reclaimed watersheds in ndned-coal resource
areas . (CRAs) within permanent program areas at thev Kayenta Complex. \Geomorphic
chafacteristics with sidebdards include hillslooe: lengths vand gradients, channel

gradient, sinuosity, drainage density, and terrace lengths and gradients.

Using steps one through five as outlined in the previous section of this Chapter (Future
PMT Design_Techniques) and Chaoter 26, Surface Stabilization Plan, a preliminafy PMT will
be deveiopea. Modifications to thé PMT will then be .made- for -establishing preliminary
drainage networks and mass balancing that ensure select geomorphic characteristics are
within the sideboara values provided in Table 1 of Attachment'Arto Chapter 26. This
process 1s repeated keeping the select geomorphic characteristics within sideboard values

until the Mass Balance is within five percent.

PMTs that are developed to achieve Mass Balance criteria within five percent and exhibit
geomorphic characteristics within the’ sideboard values will . result in{ preliminaryk
drainage networks that will be used as templates for developing grading plans and
creating drainage patterﬁs and hillslope configurations for reclaimed watersheds during

the rough grading phase (see Chapter 26, Surface Stabilization Plan) .

Small Depressions

During -the process of "final grading, small depressions may be established ‘within

reclaimed landscapes on an opportunistic basis pursuant to 30 CFR 816.102(h)., These

feafures’willAenhanre postmining topographic diversity, promote landscapebstaﬁilipy,:and‘
act as seasonal opportunistic. surface water oollection‘sites that retain watef for short
?eriods of time. ‘Smali ‘depréssions will serve as wildlife eﬁhoncement features and
micro—topograﬁhic niches for establi;hment of unique plantv species. The smail
depressions will also provide seasonal, opportunistic, short-term livestock water sources
alding in ‘grazing distribution. These sﬁall depressions will be beneficial for

minimizing ercsion, conserving and retaining moisture, creating and enhancing wil

habitat, increasing species diversity, and assisting revegetation and grazingzék
. ) ’ - ’ N
access throughout the postmine landscape will not be restricted by the small é?pres

. WO
sioms 90\

Wit

.nor will they constitute a hazard. Small depressions may occur throughout th




depressioﬁs will not have specific aesign criteria, they will be small enough thatbthey
will occur within the limits of the approved AOC. These small depressiens will also meet
the.following speciﬁicvcriteria:

s Each depressioh or combination of directly adjacent depressions;will be less than

one acre foot total capacity,

e No depression will be deeper thanle feet,

¢All small depressions wili be incised (below ground level),

e The in-ponding area slopes for tﬁe small depressions will be 5:1 or flatter, and

e At bond release, small depression areas will ﬁe subject to vegetation sampling.

similar to any area within the bond release parcel.

In-channel Pools

During the process of establishing final d;ainages in the reclaimed landscape, in~-channel
poole may be developed as o?portunities occur. These features will be unique and are not
conside;ed toibe permanent impoundments. Similar to small depressiomns, in—chennel_pools
will enhance postmining‘ topographic divefeity, promote reclaimed' stream channel
stability, provide additional sediment control, attenuate floﬁs, and act as seasonal
opportunistic surface Water collectionvsites thaE retain water for short ﬁeriods of time.
In-channel pools will serve as wildlife enhancement features and provide unique site
conditions for. establishing species and communities adapfed to - more mesic site
conditions. - The in-channel pools will also provide seasonal, opportunistic, short-term
livestock and wildlife water sources aiding in grazing‘distribution and meeting critical
habitat needs. These‘in-channel pools will be beneficial for minimizing~sediment loss,
conserving and retaining moisture, cfeating and enhancing wildlife habitat features,
increasing species and community diversity, and enhancing revegetation - and grazing
management. - Normal access throughout the postmine landscape Will net be restrieted by
the in-channel' pocls nor will they constitute a hazard. The in—channel poois may occur
in all but the uppermost reaches of drainages througheut the postmining landscape where
. they are compatible With thebstability of the fill. ' The in-channel pools will be incised
with no structure and the pooling area will be confined to the incised in—chennel pool
area. Aithough ;hese in-channel pools will not havejspecific design criteria, they will
be small enough so as to occur within the limits of the approved AOC. These in-channel

bools‘will also meet the following specific criteria:

e Fach in-channel pool will be less than 1.5 acre feet total capacity,
eNo in-channel pool will be constructed within 50 feet up—‘of'down—str

edjacent in-channel pool,
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e No in-channel pool will be deeper than 5 feet,

eAll in-cha.n.ﬁe}. pools will be inéised {below ground 1eve1b) , B
¢ The maximum percentage of a gi\}en total channel reach -length where‘ in—channél pools
will be constructed will not exceed 25 percent, e

OThe_ in-channel pools widths will be ncs wider th;\n the designed channel ‘top width,

e The side slopes for the in-channel pdois will be 10:1 or flatter in the diréction of
flow and 4:1 or'flatter'éoir‘slopés perpendicular to the channel,  and

e At ‘bond release, in—channél pool areas'wiil be"subject to Vege,t,ation sa;npling

similar to any area within the bond release parcel.

Average annual sediment vyields have been calculated for more than 4,000 acres of
reclaimed mined lands at the Kayenta Complex usiné a w‘atershed}model (EAST) . The model
was .déﬁeioi)ed based Aon v'a ﬁine—&ear‘ study _of 4s1'ﬁallr watersheds on Black Mesa between 1984
a.nd 1992. An average annual sediment yield of 3.2 tons/acre was predicted for reclaimed
watersheds in the ‘Nl and N2 areas, 'énd thisAyalue takes into account both hill slope and
channel erosion. An average annual sediment yield of.0.78 tons/acre was calculated for
reclaimed hill s;Lopes in the N7/N8 mining area, and fepresents hilEI. slope erosion only.
Based on recent measurements of representative infchénnel pools found- in the Jl6
reclaimed mining area, one of the largest measured featured a volume of 10,350 cubic
feet. The contributing drainage area 1is about 160 acres. Annual vsediment yield
representative. of both hill slope and channél eroskion (3.2 tons/acre) would generate
about 11,600 cubic feet of sediment and could completely fill this in-channel pool during
one year of a;rerage precipitation. Annual sediment’yield that only represents hill slope
erosion controlled by terraées (0.78 tons/acre) would generéte about 2,700 cubic feet oﬁ
sediment, and could fill this in-channel pool in less than 4 years. -Considering avel_‘;a'ge
annual sediment yields predicted for more than 4,000 acres of rgclaimed areas on Black
Mesa, typical in-channel pools méy £i1ll in wi‘thin one year .if active channel erosion
prodesses prevail above each pool, and may persist as long as four vears if only hill

slope erosion is the predominate contribution of sediment to the in-channel pools.

Measurements of stream flow sediment concentrations have been collected during a range of
runoff events at stream monitoring sites located in both reclaimed and undisturbed:
watersheds on Black Mesa as part of the small watershed study. Sediment rating curves ,

'which depict the relationship between stream discharge (cfs) and sediment  discharge

" and the corresponding sediment .discharge for this large evént is about 1000
Based on - the sediment rating curves developed ' from data .collected in

watersheds, a large runoff event of 10 cfs or greater would generate appraxi
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22,700 cub;'gc feet of sediment that coul_d bégvdeposited in the Yin-channel pools. This is
_ more than c_ioub‘ie theA size of the large in-channel pool found iﬁ the J16 recl’amatio‘n
mentioned above, and suggests one very . large runoff- évent in a recléimed area at the:
Kayenta Complex could generate enough sediment to completelif £ill in se%feral of the

larger in-channel pools constructed.

Regardless, the life of in-channel pools' constructed in reclaimed stream channels at the
Rayenta Complex will depend on the fnagnitudé, duratioﬁ; and frequency of runoff eveqﬁé,
sediment delivery charaqteristiés and sedimenﬁ yields. Channel erosion is a dynamic
process, gnd can cause stream channel beds to aggrade or degrade depending on local
channel geometry and gradient, and the amount of sediment transported. Tﬁe capacity of a
stream Vchannel to transport sediment and the amount of sédiment available to transport
both govern whether seaiment deposition océﬁrs or whether thé stream channel bea scours.
Hill slope erosion processes will likely dominate iﬁ the post-mining landscape as opposed
to channel erosion. processes, as channely design and constmction methods will result in
relatively stable stream channels in comparison with t‘he sénd—bed channels that have bke/en .
formed in‘ the surrocunding natural landscape on Black Mesa.  In-channel pools constructed
in stable reclaimed stream éhannels should persist for several years until sediment’
contributions from upland hill slopes and to a lesser extent tﬁe upstream channel beds
and banks ’eventually £i1l these in‘, Once the in-channel pools £ill in, the stream
channels will continue to adjust according to the variability of runoff events and the

sediment transported during each runoff event.
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