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CHAPTER 26
SURFACE STABILIZATION PLAN

Introduction

Chapter 26 presents the detailed plan for establishing a reclaimed landscape that will
provide effective surface stabilization and@ long texrm erosion control with minimal
maintenance. The plan is presented in thre_e major segments: background on the
environmental and geomorphologic setting and evaluation of current applied reclamation
practices relating to surface stability; the proposed surface stabilization program along
with applicable geomorphic criteria; and procedures, design criteria, and other
documentation in support of the plan. The plan egtablishes the basis for PWCC's
operational decisions for reclamation. The basis takes into account site parameters,
material properties, characteristics of the mining operation, reclamation procedures, and
Best Technology Currently Available (BTCA) practices that are proven or most applicable
for the Xayenta Complex, The basis also includes detalled criteria for design and
implementation of the varicus stabilization measures and measures for insuring the
implemented stabilization plan remains functional and effective with minimal maintenance.
The surface stabilization plan, accompanying documentation and supporting information,
and appropriate sections of the Permit Application Package (PAP), when reviewed in total,

clearly demonstrate a stable and sustainable reclaimed landform will he established.

Reglional Envirommental and Geomorphologic Setting

A Dbrief roview of the more important processes that influence regional land surface
stability are provided in this section. This review is necessary because the Black Mesa
region has high erosion potential. Past and present reclamation practices related to
surface stabilization have, to a large degree, been dictated by local erosional and
gstability processes. The surface stabilization plan evolved through monitering the
raegponse c¢f both undisturbed and reclaimed lands to the processes that affect surface

stability, a more thorough understanding of the processes themselves, and applying this

BTCA practices needed to insure sustained surface stability.
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Chapter 15 (Hydrologic Description) containg detailed information on the regionmal and
local hydrolcgy of Black Mesa. Tt includes descriptions of the geologilc and hydrologic
features and processes that determine basin responses to the semi-arid olimate. The
relationships among the wvarious independent and dependent wvariables which characterize
drainage basin geomorphology on Black Mesa are complex and typical of arid and semi-arid
conditions. Native drainage bpasin morphologies are characterized by high glraina.ge
densities, areas of bedrock control, moderate to steep upland hillglopes that feature
shallow, highly erosive soils, and ﬁiominently entrenched channels in the higher order
streams. These drainage basin characteristics are indicative of the typical Black Mesa
watershed responses to the high energy rainfall events over time. The climate of Black

Mesa is arid to semi-arid, and typically produces from 8 to 12 inches of precipitati'on

annually (Chapter 11). Most rainfall cccurs as intense summer thunderstorms that produce
high kinetic energies. Thunderstorms result in large amounts of soil detachment and
subsequent. entraimment of seil particles by overland runcif. Both overland and

channelized runoff produced by the thunderstorms rapldly develops supercritical flow

regimes, which increases the erosive potential of the runoff dve to high tractive forces.

Other supporting information including sediment trangport based on monitoring data,
geomorphic characteristics of an adjacent un-mined watershed, and numeric targets or
ranges (sideboards) for select geomorphic characteristics to be used for designing and
constructing reclaimed watersheds at Xayenta Mine are provided in Attachment A to this

Chapter (Reclamation Scale Geomorphology) .

S0il resources within the Kayenta Complex are quantified and described in Chapter 8 and
Appendix A in Chapter 8. The majority of these scils possess physical characteristics
which make them moderately to highly susceptible to sheet erosion (high "K" factors).
Their potential for producing surface water runoff (hydrologic group) is wvariable,
ronging from low to high. In the native landscape, these scils are generally shallow and
the existing degree oﬁ erosion is moderate to severe depending in part on slope position
and rock outcreops or bedrock control. Deeper soils occur in the third and fourth order
washes and adjacent terraces and footslopes where colluvial and alluvial materials have
been deposited. These constraints must be considered to achieve the proposed postmining
land uses, and to comply with regulatory reguirements intended to conserve the available

s0il rescurce by utilizing it in the reclamation process.
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The degree of erosion that has been documented in the native landscapes is further
influenced by the amount {cover} and kind (structure) of wvegetation that cccurs on these
s0ils (see Chapter % for a complete description of the premining vegetation). In their
present condition, the sagebrush shrubland and pinyon juniper wvegetation communities have
hydrologic cover with a low degree of effectiveness for protecting the soil against
erogsion because woedy vegetation is dominant with a low level of ground cover. Historic
land use practices and overgrazing have been a significant factor in further reducing the
level of effective hydrologic cover. Chapter 14 contains a complete description of the
premining land uses and documents the current condition and trend of the rangeland
.resources on the leasehcld. These constraints are considered in reclamation and postmine

land use planning.

Surface Stabilization Plan

Introduction. The foilowing surface stabilization plan ensures all permanent programn
reclaimed lands are effectively stabilized, protected to minimize or control erosion, and
meet water cuality standards for receiving streams. Furthermore, the plan provides the
means for sustaining landform stability, productivity, and postmining land uses over time
under the prevailing environmental and geomorphic precesses characteristic of the Black
Mesa region. Baseline data collection and congoing monitoring programs have resulted in,
or have been designed to, achieve a greater understanding of these natural processes.
This has allowed PWCC to take a zrealistic approach in selecting or defining input
parameters for engineering degigns, selecting or developing reclamation BTCA practices,

and developing documentation through monitering or effective demonstrations.

Ongoing reclamation practices establish permanent, effective, and sustainable wvegetative
cover on stable landforms that achieve minimized erosion on reclaimed lands (Attachment
A). Data collected during small watershed studies conducted on reclaimed lands from 1985
through 1992 show water guality is better than background. Subsequent modeling based on
the data and the physically-based EASI model {Zevenbergen et al., 1990) demonstrated
average annual sediment yield (which is also related to soil loss) from watersheds
established in move than 2,000 acres of reclaimed mined lands at the Ka;yenta Complex is
equal to or less than background lewvels. The EAST model also serves as the primary to%fﬁﬁﬁ‘q

(R0

for evaluating the performance of Best Management Practices (BMPs), which are gsecdime
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control practices under the Clean Water Act (CWA) described in the section entitled
"Sediment Control Plan” later in this chapter and are practically synonymous with BTCA
practices. Revegetation monitoring data demonstrates ground cover in the reclaimed areas
achieves the success standard for cover within a few years after seeding, and has more
affective hydrologic cover for surface stabilization than premine wvegetation. Thus, it
can be demonstrated reclamation is successful, and when compared to performance standards
related to water quality and revegetation, has been effective and wvalidates the applied
BTCA practices. The results of these studies also support the continued application of
the current reclamation plan as a basis for the surface stabiliwzation plan presented in

the following sections.

The surface stabilization plan is effective through a number of procedures and practices,
relating both to planning and application as summarized in the following discussion. The
first major step in the overall process involves developing & post-mining topograﬁhic
surface (PMT) for the proposed coal resource area (CRA} to be mined (see Attachment C,
Reclamation Surface Stabilization Design Process and Chapter 21, Backfilling and
Grading) . This process Iinvolves developing a PMT while accounting for the total
overburden volume mined minus coal removed and the configuration of the spoils based on
the mine plan and excavation egquipment proposed for the CRA. The material balance must
be gquantified and verified to ensure adequate materials are available for creating the
PMT. The PMT development will also take into account types of equipment available to do
grading {i.e., dozers, scrapers, or d&raglines}. In addition, the PMT must be created to
incorporate a preliminary drainage network that includes the geomorphic sideboards (and
targets) provided in Attachment A. Finally, based on the overall PMT and preliminary
drainage network, designs for third and fourth order drainage chammels must be developed
in accordance with Attachment A and applicable performance standards and engineering
methods as described in Chapter 6, Facilities. The PMT that will depict the preliminary
drainage network and the designs of the third and fourth order channels will be submitted
to 0SM for approval with the five-year mine plan for the CRA. The designed PMT is an
approximate quantification of the latest mine plan. Changes to the mine plan will affect

the PMT in material volume moved, drainage design, and area disturbed.

The second major step involves activities associated with rough grading éi/ﬁg§§$gg%%gi\
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overburden materials. Depending on the configuration of mine pits, rough gggﬁﬂﬁg‘ggll i
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begin in areas available for grading after several spoil piles have been established;
and, in limited areas, rough grading may only commence after more than four spcil ridges
have been created. Approval of this surface stabilization plan allews PWCC to maintain
more than four spoil ridges when needed to develop the approved PMT. The timing of rough
grading will allow PWCC o assess the postmining layout of spoil piles and develop on-
the-ground rough grading plans to begin constructing the preliminary drainage network
approved by 0SM. Flexibility for initiating rough grading according to the preliminary
drainage network as described in this plan will ensure PWCC complies with the
requirements of SMCRA to conduct contemporancous reclamation. FWCC shall have the
flexibility to rough grade using any availakle eguipment (hot limited to just dozers).
PWCC will have from time to time draglines available for grading; this would delay the
rough grading schedule slicghtly (contemporaneous reclamation). This would allow

scheduling the dragline to be used in the most effective and economic way possible.

Rough grading will establish the 1ocr—;1tions and configurations of hillslopes and the
drainages based on the configuration of the speil piles and in consideration of the
preliminary drainage network depicted on the approved PMT, PWCC shall reserve the right
to have flexibility in final locations of PMT channels, ridges, and suitablie soil
locations (red rock). Concurrently, and after grading has achieved the desired final
surface elevations, PWCC will implement the spoil sampling plan and mitigation as
necessary to achieve suiltable plant growth media depths required in Chapter 22, Minesoil
Reconstruction. Third and fourth order channels will be constructed according to designs
submitted with the PMT during the permitting or permit revision process. Locations of
these chanmels will be determined by the locations of hauvlage ramps and final highwall
pit in the approved mine plan. Lower order channeis {1°% and 2™ order), short segment
terraces and swales, and drainage basin features {e.g., overall c¢oncave sliopes) built
during rough grading will be constructed according teo designs made once rough grading has
established the watershed basins and will adhere to gpecifications defined by the ranges
of their corresponding geomorphic sideboards or target wvalues provided in Attachment A.
Other drainage features such as downdrains, drop structures, cr other permanent features
that may be needed to ensure long-term stability with ninimal maintenance will be
designed and constructed during the rough grading step. Rough grading of these features
will begin only after preliminary designs are completed by a Registered Professiona}_}_,:;-ﬁ-;h,.‘;

AT

Enginecer. Preliminary or final designs for any permanent drainage channel, dow?’é\?@, A
Z

'3
-.C\r

drop structure, or other conveyvance structure will be completed and maintained in
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design file that will be kept at the Kayenta Complex for guiding construction activities
and for regulatory inspection purposes. The design file will be updated periodically and
at a minimum of once per year in conjunction with submittal of the Annual Reclamation
Status and Monitoring Report. The onsite file will be updated as changes are made to the
preliminary or subsecuent designs. As-built designs of each permaneni convevance feakbture
will be developed and certified by a Registered Professional Engineer. During any given
vear as backfilling and grading progresses through a mined CRA, ag-built designs will be
siubmitted to 08M with the Anpual Reclamation Status and Monitoring Raport. Those will

also become part of the design file,

The third major step invelves the replacement of salvaged soil regsources or Subplemental
surface plant growth media. Final construction of grade control structures (deowndrains)
and placement of channel armoring materials such as large diameter riprap may also be
completed during this step. In some cases, PWCC will use erosion fabric material in
channels in place of riprap. Replacement of salvaged soil. or supplemental surface plant
growth media on hillslopes will occur once hillslopes have been constructed within the
applicable geomorphic sideboards or targets in Attachment A and confirming the
suitability of regraded spoil in these arecas. Replacement of soil or plant growth media
on hillslopes may also occur while rough grading activitieg, associated with permanent
conveyance structures (e.g., 1% and 2™ order channels), is in progress. Replacement of
salvaged soil, suitable plant growth media, or armoring materials in channels or in the
vicinity of permanent conveyance structures will occur once structures conform to the
preliminary design criteria (see Attachment C, Reclamation Surface Stabilization Design
Process and geomorphic sideboards or targets in Attachment A). Temporary alternate
sediment control measures such as check dams will also be emploved during the third step.
These may be retained as permanent if they have become a stable and effective part of the
reclaimed waters_hed and removal would result in significant disturbance. Mechanical
surface treatments including deep ripping and contour furrowing will be conducted after

placement of soil or plant growth media.

The fourth major step involves the application of permanent seed mixes and specialty
plantings .as appropriate. Hay mulch will be applied at two tons per acre and anchored
following completion of seeding operations, The detailed revegetation plan is dfese?r ‘bsrrﬁ
p !

" ERTE,
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in Chapter 23, Révegetation.
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The completion of the fourth step marks the beginning of the 10-year liability period,
during which PWCC is required to continue monitoring and managing the reclaimed
watersheds as appropriate. Management activities include ongoing monitoring of reclaimed
CRA’s including periodic vegetation surveys, grazing management programs, erosion
inspections in accordance with the 1rill and gully plan, and watershed structure
monitoring (e.g., quarterly pond inspections), and items identified during quarterly OSM
inspections. One of the main goals of the Surface Stabilization Plan is to construct a
stable postmining landform that requires minimal long-term maintenance as practicable.
However, PWCC will perform maintenance of reclaimed watershed features during the 1l0-year
liability period or prior to final bond release as required, based on monitoring data

collected and both OSM and intermal inspections.

The major components of the Surface Stabilization Plan summarized above involve many
details and actions that are progressive in nature and inter-related. This facilitates
an approach for successful accomplishment of the surface stabilization and reclamation
objectives. Many of the major component discussions are presented in terms of BTCA
practices related to their inclusion as plan components, reference to appropriate PAP
sections that provide the detail for procedures that implement plan components or
practices, and adequate detail of a component not presented in other areas of the PAP

(e.g., topographic manipulation).

In accordance with the requirements of 30 CFR, Sections 780.18, 780.21(h), 816.41,
816.43, 816.45, 816.95, 816.102, 816.111, and other appropriate sections of the
regulations, PWCC implements proven BTCA practices to: 1)} establish an effective
vegetative cover; 2) minimize sheet erosion as a result of overland flow; 3) minimize
uncontrolled rill and gully development; 4) maintain a stable landform; and 5) insure

that productivity and postmining land uses are sustained.

The following references are used for design and construction of surface stabilization

measures.

1. "Handbook of Alternative Sediment Control Methodologies for Mined Lands", by Mining

and Reclamation Council of America and Hess & Fisher Engineers, Inc., March, 1985;
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2. "Design of Sediment Control Measures for Small Areas in Surface Coal Mining”, by
Simons, Li & Associates, Inc., May, 1983.
3. wSurface Mining Water Diversion Design Manual®, by Simons, Li & Associates, Inc.,

OSM/TR-82/2, September, 1982.

In addition, PWCC’s engineers and reclamation personnel frequently utilize design
procedures, construction techniques, and reclamation practices developed or updated by
other organizations such as the U.S. Natural Resource Conservation Service (NRCS}, the
U.S. Bureau of Reclamation, the U.S. Department of Transportation, the U.S. Army Corps of
Engineers, related state agencies, research organizations and universities, and other
coal mining and reclamation related organizations. PWCC’s operational history on Black
Mesa has resulted in the development and implementation of effective BTCA practices which

will continue to be used.

The methods and support measures necessary to implement the Surface Stabilization Plan
are summarized below with reference to their location in the PAP where appropriate.
Primary components of the measures to be used for reclaimed surface stabilization include
the use of geomorphic sideboards or targets as described in Attachment A. 1In addition,
PWCC will utilize engineered design and construction techniques for reclamation channels
(see Topographic Manipulation section), downdrains and other related grade control
structures, and limited use of short segment gradient terraces on slopes in accordance
with criteria provided in Attachment A. The short segment terraces will serve as low-
gradient first order stream channels that direct flow to the overall reclaimed drainage
network of 2* and higher order stream channels that will be properly designed and
constructed. To further aid in the stabilization of reclaimed land, surface mechanical
manipulations, mulching, and establishment of permanent cover on reconstructed hill
slopes will be used. Attachment B, "Terrace Spacing”, details effectiveness of these and

other measures in achieving a stable reclaimed landscape.

The following is a summary of the plan components and their location in the PAP.
1. Backfilling and grading as described in Chapter 21.
2. Reclamation scale geomorphology and geomorphic sideboards and targets

(Attachment A, Chapter 26).
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3. Implementation of the spoil suitability sampling plan and mitigation as

necessary to insure four feet of suitable plant growth media (Chapter 22).

4. Identification of drainage locations and other conveyance structures (Chapter
26) .
5. Design criteria for reclamation drainage structures, grade contrcl structures,

and design considerations (Attachments A, B, and ¢, Chapter 26; submitted
SedCad hydrology data with “Exhibit 1 Hydrology Parameters” map)

6. Replacement of socil or supplemental surface plant growth medium except in
primary drainages and associated conveyance structures (Chapter 22 and Chapter
26) .

7. Lecation of drainages and otﬁer related conveyance featuiés including permanent
terraces (Chapters 21 and 26).

a. Deep ripping of all areas except select conveyance structures and design
drainages (Chapters 22 and 23).

9. Contour furrowing/disking on all areas except selact conveyance structures and
designed drainages (Chapters 22 and 23).

10. B8eed, plant, or transpiant approved seed mixes or nlanting lists at approprilate
perioas and mulch with grass hay. Incorporate and anchor hay or straw mulch
(Chapters 22 and 23).

11. Monitoring, maintenance, reclaimed land management prior to bond release, and
rill and gqulily plan and conveyance structure implementation as necessary
(Chaptexrs 22, 23, and 26).

12. Postmining land use and management following bond release (Chapter 14).

The program discussion presénted below should be considered along with Figure 1 "Surface
Stabilization Plan Summary", the above referenced chapters in the PaPp, the specific
sections of the PAP as identified in the individual component and BTCAR practice

discussions, and Attachments A, B, and C to this chapter.

Implementation of the Surface Stabilization Plan. As mentioned above, the first step in

the overall Surface Stabilization Plan process involves developing the PMT and associated

preliminary drainage network. NDesigns for third and fourth order chammels are also
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Figure 1
Surface Stabilization Plan Summary
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facilities or use of other appreopriate measures pricr to mining or related disturbances.

The following describes the Surface Stabilization Plan process and implementation.

Sedimentation Ponds and Altermate Sediment Contrcl Measures. In accordance with 30 CFR

816.45, PWCC will design, construct, and maintain appropriate sediment ponds and octher
sedinent control measures tc prevent, to the extent possible, additional contributions of
sediment to streamflow or to runoff outside the permit area due to mining activity and to
minimize erosion to the extent possible. Sedimentation ponds will be the primary method
used to control runoff and additicnal contributions of sediment from the permit area
except fc;r those permitted areas exempted in the regulations. .Following reclamation
operations, and for a minimum of ten years after the last year of augmented seeding or
revegetative efforts during the liability period, PWCC will continue to utilize sediment
ponds and alternate sediment control methods individually or in combination to meet the

regquirements of 30 CFR 816.45.

The location of all existing and proposed sediment ponds can be found in the PAP on
Drawing 85405 "Sediment and Wat-:er Control Structures Map®. All sediment ponds will be
maintained until PWCC has regulatory authorization to remove the structure or control
measure, or until the applicable regulatory authority approves the structure as a
permanent. impoundment. A discussion of the purpose and design of the sediment ponds can

be found in Chapter 6§, "Sedimentation Ponds and Tmpoundments?.

Alternate sediment control measures may be used in conjunction with the sgediment ponds
or, in the case of the permitted areas which are exempt (e.g., roads}, may be utilized
individually or in combination +to minimize erosion and additional contributions of
sedinent to streamflow or runoff outside the permitted area. Sediment control measures,
singly or in combination, include practices utilized within and adjacent to the mining
disturbance areas. Sediment control measures will utilize proper mining and reclamation

methods. Sediment control practices may include, but are not limited to the following:

1. f)isturbing the smallest practicable area abt any one time during the mining and

construction operation; e
J,-.(h'("\" ‘é}
Z. Stabilizing graded material to promote a reduction in the rate and Vgl:wﬁe of “&°
&Y
runcf€; [:m, Fhivm
c‘\r
feas
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3. Retaining sediment within disturbed areas;

4, Diverting yunoff away from disturbance areas including stoc@iles, packslopes,
and material storage;

5. Divertin;;f runoff through disturbed areas usiﬁg stabilizeri earth channels,
culverts, or pipes to prevent, to the extent possible, additional contributions
of sediment outside the permit area;

6. Using straw dikes, silt fences, wattles, small V-ditches, riprap, mulches,
check dams, zipping, contour furrowing, vegetative sediment filters, small
depressions, sediment traps, and other measures that will reduce overland flow
velocity, reduce runcff wvolume, or trap sediment; and

7. Treating traffic areas with water or dust suppressant to reduce the potential

for wind and water erosion.
Upon implementaticon of the sediment control plan and installation of sediment control
measures and facilities, mining operations within that area are conducted as approved in

the Mine Plan.

Preliminary Watershed Design. The preliminary watershed design process begins during the

permitting process prior to mining operations. The first steps. involve development of
the PMT. After evaluatbting the material balance for overburden and the CRA that will be
mined, an iterative process will be used to develop a postwmining topographic surface and
drainage network that incorporates geomorphic features that are within the ranges of the
geomorphic sideboards and targets as shown on Table 6.1 in Attachment A, Reclamation

Scale Geomorphology (see also Chapter 21, Backfilling and Grading).

Topographic Manipulation. Topographic manipulation is a process of recontouring speil

after coal removal to minimize the potential for soil erosion, establish a stable
landforn, and develop a drainage network. Utilizing the methods described in Chapter 21
*Backfilling and Grading" and according to the su.lr]ruar"y presented in Attachment C, am
estimated postmining topography (PMT) is developed that approximates the original
landform, creates a stable landform, and depicts a preliminary drainage network that

conforms to the gecmorphic sideboards and targets provided in Attachment A {see Drawing

No. 85352). Grading plans will be developed and used to create a PMT and drainage

Reclamation Channels section and Attachment A).
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The topographic manipulation process begins after the overburden is placed in the spoil
piles and cocal removal and mining progress several pit widths. The volumes of overburden
removed as the mining pit advances can vary appreciably in the multi-seam CRA‘s at
Kayenta Mine due to changes in coal Sseam lithology. Some geams can be ofifset by
localized faults or pinch out completely, resulting in more or less overburden compared
to calculations of overburden to be moved that were based on the mine plan. In addition,
this wvariability in lithology may cause operational changes in dragline and/or truck-
shovel usage and pit configurations in order to ecoﬂomically mine the coal while
maximizing recovéry of the coal resources. Operational changes may include un-
anticipated volumes of additional spoil in certain locations as a result of end dumping
of parting materials and dead-head routes needed for draglines during mining. Ramp
locations may change, or the volume of spoil in the ramps or other locations may increase
te accommodate additional spoil encountered due to local and unidentified changing coal
seam lithology. As pits progress through the CRA, the resultant configuration of the
spoil piles will require some degree of flexibility in grading operations in order to
create a drainage network and post-mining topography that approximates the approved
estimated PMT and associated preliminary drainage network and comply with %the SMCRA
requirement to conduct contemporaneous reclamation. PWCC believes developing PMT's and
corresponding preliminary drainage networks that are based on the geomorphic sideboards
and ﬁargets containad in Attachment A, combined with.sound grading plans that will result
in drainages and owverall hillslope configurations that approximate the preliminary
drainage network, will_result in stable reclaimed watersheds that will require minimal

long-term malintenance.

-The preliminary drainage network developed as part of the PMT permitting preocess will be
used as a template for developing grading plans and creating drainage patterns and
hillslope configurations in the reclaimed watershed. The grading plans will guide the
field reclamation crew during the rough grading operation, including general directicn of
dirt movement. Temporary 7roadways will be built using bulldozers initiallyr in some
locations to provide accessg into internal gpoil plles as needed. Spoil ridges will be
shaped using awvailable equipment to form the drainage divides defined by the PMT followed
by rough grading to create concave hillslopes that will feature lengths and slopes within

geomorphic sideboards prowvided in Attachment A. The locations and directions of select

haulage ramps will be used to construct larger oxder chammels. Following these




apparent. Further rough grading of the channels will be conducted to ensure overall
concave profiles, desired channel gradients, and blending with upstream and downstream
native drainages. Concurrentiy during rough grading, PWCC will implement the spoil
sampling plan (see Chapter 22} where surface elevations are at or near final grade, and
perform additional spoil handling and rough grading for mitigation purposes as necessary.

Implementation of the grading plans will dnvolve f£ield checks to determine ;hether
significant deviations £rom the preliminary drainage network have occurred énd theiF
cause. The foliowing are general criteria PWCC will use during the field wverification

process to ensure the rough grading activities are creating a PMT and associated drainage

network similar to those currently approved for the permit:

e Variations in graded PMT will typically be within plus or minus 20 feet (WMA-WLQD,
2003) but may range up to plus or minus 50 feet with supporting PMT Fflexibility
demenstration as ﬁustified in the CRA design file and noted in the annual report.

sHillslope and channel features will be within ranges of corresponding geomorphic
sideboards and targets in Attachment A.

s Postmine hillslopg gradients for 3:1 and 4:1 landforms will be measured and averaged
£rom the qrést to toe. Short segments may be steeper to accommodate landform

blending by native areas and reconstructed drainages.

PRCC dtilizes field observations, ground surveys, and updated topography based on aerial
flights for comparing graded PMT to the approved estimated PMT, and to evaluate whether
ﬁillslopes and channel features created: during rough grading are within geomorphic
sideboards and targets (Attachment A). In addition, field werifications- conducted during
quarterly and partial O5M inspections will be used to assess the progress of rough
grading activities towards achieving the above criteria. Field werifications will be
documented during the rough grading process and kept in the associated preliminary desigd
file corresponding to reclamation progress in a CRA. The results for rough grading
activities performed during a given year Dby CRA (such as updated topographic maps,
grading plan status, and any noted deviations from the approved PMT) will be included in

the Annual Reclamation Status and Monitoring Report by May 31%° of the following year.

After field werifications have been completed and the overall configuration ofcft@'
W

reclaimed watershed has been found to meet geomorphic sideboards and targets and(éﬁg
o5
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approximate the approved PMT, PWCC will begin design work under the supervision of a
Registered Professional Engineer in order to develop preliminary designs that will serve
as construction specifications for building channels, gradient terraces, downdrains, or
other conveyance structures. Information such as reclaimed watershed size, time of
concentration, convevance geometry, and other appropriate site-specific watershed
characteristics will be utilized to develop preliminary designs that will in turn guide
the construction .of lower order channels, permanent short segment terraces (Order 1
chamnels) and other conveyvance struchtures including selection and placement of channel

armoring materials as appropriate.

Grade control structures such as downdrains or drop structures may be required to
establish drainages in reclaimed outslope areas, reclaimed arsas where steeper slopes
ocour, and arecas where reclamation is blended inte the adjacent natural or previously
reclaimed topagraphy, to control peak velocities and reduce runcff and erosion. The type
and size of these structures will be based on site-specific conditions including
watershed size, land use, curve number, peak discharge, topcogrephy, and soil conditicns.
General descriptions of these structures are provided below; however, the physical
geometry and location of éach structure is too site-specific to be precisely determined
a.n"d shown on the preliminary drainage network prior to the rough grading process. The

location and size of structures (designs) will be determined before Dbuilding these

structures during rough grading of the spoil.

Gradient terraces may be utilized in limited situations to gerve as short, first order
low-gradient ephemeral stream channels with limitations on lengthr (no greater than 1200
feet) and gradient (between 1.5 and 2.5 percent, gee Attachment A}, Tnformation
regarding the specifications, construction details, and limitations for using terraces

are summarized in the subsequent section Gradient Terraces and Swales.

Ephemeral channels that drain reclaimed watershed areas less than 640 acres will bhe
designed for the 10-yvear, 6-hour precipitation event. Intermittent chamnels that drain
reclaimed watershed areas greater than 640 acres will be designed for the 100-vear, 6-
hour precipitation event. Details regarding the design specifications and counstruction
details for reclaimed channels are summarized in the subsequent section Main Reclamation
Channels.

17




A design file for each convevance structure (including lower order channels) will be
maintained at the mine site that contains the preliminary desig_ns including calculations
and design criteria used for constructlien during rough gradirig. Other designed
stmctﬁres, which wmight be used in the associated reclaimed watersheds, will also be
included in the appropriate file. The dJdesign filegs will also be used by PWCC for
perfominé verification checks during Vrough gradiiig, and for 0SM during quarterly ar;d

partial inspecticns.

After completing rough grading of the sub-watersheds and drainage channels and
construction of permanent conveyance structures, the engineer will develop the final as-
built design of all conveyances including reclaimed chan.neis regardless of stream order
based on updated tcopeography {(aerial fli'ghts) and the final surveyed coﬁfiguration of the
structures. As-built designs for reclaimed channels and permanent conveyance features
constructed during the rough grading operétions will be developed under the gupervision
of Ia Registered Professional Engine.er. The as-built certification for each reclamation
watershed or subwatershed completed in a given vyear will be submitted to 0OSM in the

Annual Reclamation and Status Report by May 31°° of the following year.

Poermanent Water Conveyvance Feabtures. PACC will design and construct geveral categories

of permanent water conveyance structures in reclaimed watersheds in accordance with this

Chapter. These include short segment gradient terraces or swales (1°% order channels),
reclamation meandering downdrain channels (2™ order channels), main reclamation channels
(3* and 4™ order channels), and dfop structures whexre apprropriate. The following

sections discuss each of thege features and reference design and construction details
presented 1in Attachment C and future submittals of the SedCad hydrology data with
*Exnibit 1 HyGrology Parameters” map. The use of rock riprap or other suitable materials
to serve as armoring of chanmels and associated convevance structures is discussed in
each subsegquent section as appropriate and in more detail in future submittals of the

SedCad hydrology data with “Exhibit 1 Hydreclogy Perameters” map.

Gradient Terraces and Swales. During the rough grading process, upper watershed areas
requiring first order drainages,. or areas with steep slopes may occur where there is
little available spoil materials to create more diverse hillslopes or additional

subwatersheds. Steep slope areas include reclaimed box cut spoils, final pit and
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highwall reclamation, areas adjacent to ramps, haul roads, and drainages, and areas that
blend into adjacent, previously reclaimed lands or natural topography. Permanent short
segment gradient terraces or swales will be constructed into upper sub-watersheds and
into the steeper regarded spoil slopes during the rough grading process., The permanent
gradient terraces or swales will serve as first order, low gradient ephemeral channels to
break up slope length, cellect runoff, and convey the collected runoff safely off the

steeper reclaimed slopes into the reclaimed drainage channel network.

Permanent gradient terraces and swales will nét exceed 1200 feet in length, and will
feature overall gradients between 1.5 and 2.5 percent in accordance with the geomorphic
sideboards for these structures provided in Table 6.1 in Attachment A. The permanent
gradient terraces and swales will be designed using the 10-year, &-hour precipitation
event because they will be ephemeral, net exceed 1200 feet in length, and drain areas
well under 640 acres. In addition, permanent gradient terraces and swales will be
designed to feature minimum £freebcard greater than 1.0 feet to minimize overtopping.
Permanent gradient terraces and swales will feature either a trapezoidal or parabolic
cross section. Design guidelines for terraces are contained in Attachment B, Terrace
Spacing. Permanent gradient swales (1°° order channels) and terraces will be designed
under the direct supervision of a Registered Professional Engineer using procedures
discussed in Attachments B and C. These measures insure the short segment gradient
terraces and swales will require minimal maintenance and will be as effective and

sustainable as natural Order 1 drainages.

Construction of permanent gradient terraces and swales will be limited to topographic
areas where average Siopes are greater than ten percent. Terraces and swales will be
lined with gravel or rock riprap depending on engineering criteria provided in Attachment
C, or unlined using suitable soil or spoil materials to minimize erosion and meet the

safety factor of 5 feet per second for the design storm.

In summary, gradient terraces and swales will:

a. Serve as low-gradient, first order ephemeral channels;

b. Reduce sleope length on gtegper portions of reclaimed hillslopes;

c. Control and reduce overland runcif wvelocities as Order 1 channels in upper
watersheds;

d. Convey overland runoff to the reclaimed drainage channel network.
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a. Reduce sediment content in runoff water;
£, Reduce soil loss;
dg. Minimize vill and gqully development; and

h. Improve water quality;

Reclamation Meandering Downdrain Channels. Reclamation meandering downdrains are
erosion-resistant, trapezoidal grade coantrol structures or channels that may be needed to
convey concentrated runoff from native or reclaimed upstream contributing areas to aid in
minimizing erosion and long-term maintenance. Downdrains of this type are typically
constructed using erosion registant materialg such as properly —Sized gravel or rock
riprap. During the rough grading process, there may be locations in the reclaimed area
where it is necessary to provide a non-erosive transition from an up-gradient natural
channel or an isolated reclaimed sub-watershed into the reclaimed drainage network. In
addicion, meandering downdrain channels may be regquired if the reclaimed watershed slze
is large and steep enough, or the reclaimed area does not have sufficient area to create
less steep but longer channel lengths, to cause significant concentrated xunoff to the
downstream drainage channels, such as the outlets of higher order reclaimed channels.
Examples of these situvations include but are not limited to exterior reclaimed box-cut
slopes, small areas adjacent to a reclaimed ramp, or natural channels up-gradient of the

reclaimed drainage network in final highwall areas or areas where the reclalimed landscape

blend with the undisturbed native land.

Meandering reclamation downdrains will be erosion-resistant grade control structures
which will perform as short reaches of second order ephemeral or intermittent channels in
steep portions of reclalmed channels. The use of erosion resistant materials for
constructing these downdra.ins serve Lo increase the travel time of the runoff, reduce
peak runoff and wvelocities, and minimize erosion in the channel reach. Engineering
criteria for selecting the erosion resistant materials Ffor these reclamation downdrains

are provided in Attachment A and *Exhibit 1, Hydrology Parameters” map.

Reclamation downdrains will be field located during the rough grading process, and will
be baged on hoth site-specific conditions encountered during the rough grading process
and_preliminafy chammel designs and calculations of the volume of anticipated peak runoff_
from contributing watersheds. Dowvndrains will typically feature Dbottom ﬁxﬁgﬁ
approximately 15 feet. Salvaged soil will typically not be rep.laced along the/.‘j%g:gt;)m ¢
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width of reclamation downdrains or aleong both sides of the downdrain alignment extending
about 15 feet outward from the channel bottom te minimize loss of soil. Topsoil may be
placed up to the channel freebeoard limits. Design specifications for reclamation
downdrains are presented and discussed in Attachments A and € and “Exhibit 1, Hydrology
Parameters” map. Reclamation downdrains will be designed under the direct supervision of

a Registered Professional Engineer using procedures discussed in Attachments A and C.

Main Reclamation Channels. Drainage channels of wvarying stream orders will be utilized
to. convey runolf from reclaimed watersheds constructed in the postmining landscape. Ag
mentioned previously in this chapter, a preliminary drainage network is dJdeveloped in
conjunction with creating the estimated PMT Auring the permitting process. As hillslopes
and drainage divides become more develcoped during the rough grading process, the
locations of the channels and overall layout of the drainage network become more
apparent. Table 6.1 in Attachment A presents ranges of geomorphic sideboards and targets
for reclaimed channels {(channel gradient and sinucusity) and drainage networks (drainage
density). Third and fourth-order channel designs submitted during the permitting process
will feature gradients between 0.5 and 6.0 percent, Overall drainage densities for these
higher order channels will be between 80 and 120 feet per acre, and channel sinucusity

for third and fourth order channels will range between 1.06 and 1.15.

Preliminary designs for first and second-order channels constructed during the rough
grading process will feature gradients of 1.5 teo 7.5 percent and minimal channel
sinuosity (1.00 - 1.08) as specified in the geomorphic sideboards and targets for stream
orders 1 and 2 as provided in Attachment A. The drainage network of lower order channels
may include permanent, short segment terraces and swales as first order channels and
meandering downdrain channels as second order chamnels; and will feature drainage
densities within the range of 80 and 120 feet per acre as per the geomcrphic sidebqards

provided in Attachment A.
Preliminary designs for first and second order chamnels will be developed after field

verifications have been performed to confirm graded topographies approximate the

estimated PMT and channel gradients, sinuosity and drainage densities conform to

21




estimated construction specification for building chanmels, and will be completed under
the direct supervision of a Registered Professional Engineer using procedures discussed

in Attachments A and C.

Ephemeral chammels that drain reclaimed watershed areas. ‘1ess than 640 acres will be
designed for the 10-year, 6-hour precipitation event. Intermittent channels that drain
reclaimed@ watershed areas greater than 640 acres will be designed for the 100-year, 6-
hour precipitation event. Preliminary designs will take intc account site-gpecific
information such as overall drainage area and target an overall concave channel slaope.
Designs will be developed using reguired design inputs such as curve number, free board
requirements (minimum of 1.0 feet), time of concentration, etc. as detailed in Attachment
¢ and submitted SedCad hydrology data with “*Exhibit 1, Hydrology Parameters” map. Designs
will also provide sound criteria regarding the selection of the appropriate channel

armoring materials.

A design file for each reclamation channel will be maintained at the mine site that
contains the preliminary designs including calculations and design criteria used for
constructing these channels during rough grading. The design files will also be used by
PWCC for periorming verification checks during rough grading and for 05SM during guarterly

and partial inspections.

Four feet of suitable plant growth spoil material or other channel armoring materials
based on design considerations will be placed in the drainage channel. Fifteen feet on
each side of the designed reclaimed channel bottom will typically not be sciled to allow
for containment of the high flows and to confine any low meandering flow within the
channel area and away from the sciled and revegetated areas. Occasicnally, topsoil may
be replaced up to the designed channel freeboard limits. Revegetation of this additional
30-foot width will allow vegetation establishment within the channel as it develops its

characteristics.

After completing rough grading of drainage channels, the engineer will develop the final
as-built design of all conveyances Iincluding reclaimed channels regardless of stream

order and main downdrains based on updated topography (aerial flights) and the finpal

surveyed configuration of the structures. As-built designs for reclaimed channe.-_];’é‘.' aid

s
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other permanent conveyance features constructed during the rough grading operations will
be developed under the supervision of a Registered Professional Engineer using procedures

provided in Attachmeni{ C.

The “Estimated Postmine Topography Map” (PMT) will be used as a guideline fo_r the PMT
field grading control along with Attachments A, B; and C. Topographical grading and
chammel locations may vary from the PMT, but will feollow Attachment A side-boards for
design criteria. Topographical grading aﬁd channel lccations will £follow the estimated
PMT and general design location for direction and size. Field adjustments of the PMT in
the field due to changes in mine plans, grading equipment, and surface conditions give
the operator flexibility in completing the Geomorphic reclamation area to standards in

Attachment A.

Drop Structures. A drop structure ig a zrelatively small riprap-lined structure {as
compared to a reclamation downdrain) such as gakions or a structure built over an
erosion-resistant reck ledge which outcreops in the channel! and acts as a grade control
structure. Erosion-resistant stilling basins are constructed at the drop structure
outlet. Where large quantities of spolil are required to reduce the overall profile of
the channel slope, drop structures will be used to minimize excavation costs and
additional disturbance. PWCC’s use of drop structures will be limited to upland portions
of reclaimed areas where upstream native channels must be tied into reclaimed chamnels,

or other limited leccations in internal regraded spoils as needed.

Preliminary designs for drop structures developed after field verifications have bheen
performed will serve as constru;ction specifications for building drop structures, and
will be completed under the direct supervision of a Registered Professional Engineer
using procedures discussed in Attachments A and € and the submitted SedCad hydrelogy data

with "Exhibit 1, Hydrology Parameters” map.

Temporary Features Used in Support of Topographic Manipulation and Convevance Structures.

Additional features used in cenjunction with diversions and overland conveyances that are
considered temporary include check dams, gabions, wattles, erosion-resistant liners,

sediment traps, and water level spreaders. These structures are designed and constructed

. s IR T2
for grade stabilization and diversion outlet control, or solely constructed for the ‘.L(.\)?_ St ‘-’-LJ_;;?._

& 5
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Purpose of trapping sediment. These applications are discussed in subsequent sections of
this cheapter, in Attachment C, and submitted SedCad hydrclogy data with *Exhibit 1,

Hydrology Parameters” map.

Check Dams and Erosion-Resistant Liners. A check dem is a low-head structure constructed
across a channel to stabilize the grade or te centrol head cutting in constructed
channels. Check dams are used to reduce or prevent excessive erosion by reducing
velocities in  diversions, conveyances, and sedimentation pond inlets or‘ by providing
partially-lined channel sections or structures that can withstand high flow velccities.
Check dams are used where the capability of ecarth and/or vegetative measures is exceeded
in the safe handling of water at permissible wvelocities or in sections with excessive
grade. An erosion-resistant liner is a surface protection measure provided in critical

portions of the channel to control excessive erosion that may include gravel or rock

riprap.
Sediment Traps. A sediment trap is a small storage or detention area without special
inlet and outlet controls or specific side slopes. Sediment traps ares typically

constructed by excavation, or by creating an impoundment with leogs, riprap, silt fence,
or brush barrier/filter fabric as a low head dam. This measure is not considered by PWCC
as a long term feature ¢f the postmining landscape, but a temporary measure for

spaecialized applications such as contrel of sediment in roadway ditches or immediate

remedial control of areas contributing temporary excessive sediment vield.

In conclusion, the adherence to geomorphic sideboards and targets and development of
preliminary designs and construction of reclamation channels and related conveyance
structures during the rough grading process will p;omote the development of stable
drainage networks that réquire minimal long-term maintenance. Following rough grading
and construction of the reclaimed channels and otlier conveyances, minesoil reconstruction

activities, finish grading, and surface mechanical manipulations will begin.

Minesoil Reconstruction. PWCC’s minesoil reconstruction plan (Chapter 22) is designed to

insure that four feet of suitable plant growth medium is reconstructed on reclaimed lands

prior to revegetation. Specifications in the plan insure that suitable plant growth

unsuitable graded spoils are buried to a minimum depth of four feet.
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material is comprised of a combination of spoil and surface soil or of spoil and suitable
soil substitutes such as scoria. The plan provides flexibility in using erosionally
resistant and suitable plant growth materials on areas where the eroéicn potential is the
greatest, that is, supplemental surface plant growth materials or residual soils with low
"K" factors placed on the steepest reclaimed slopes. An example is the stable reclaimed
outslope in the N1l area. Prior to or upon completion of minesoil reconstruction
activities, appropriate surface mechanical treatments and revegetation measures are

implemented:

Surface Mechanical Treatments. surface mechanical Treatments are conducted both prior to

and after minesoil recomstruction activities and are critical to insuring surface
stabilizabtion and plant establishment are maximized and erosion is minimized. Surface
mechanical treatment (ripping} may be conducted both prior to and after soil replacement
of suitable spoil. The primary surface mechanical treatments are deep ripping, contour
furrowing/disking, and drill seeding on the contour. Other types of mechanical
manipulation that may be used include chisel plowing and slope or dozer tracking. Dozer
tracking, imprinting, and pitting all create surface roughness features that reduce
runaff, improve infiltration, and provide additional oppnrtamitieaes for seedling

establishment.

Ripping of graded spoil sand replaced soil is conducted with dozers equipped with multiple
shanks and road graders with ripper teeth. A chisel plow may be used to achieve similar
results on reclaimed lands. Soil ripping is conducted on the contour. Ripping reduces
compaction, increases infiltration and so0il moisture penetration, and improves plant
rooting while reducing erosion potential. The reduced erosion potential and benefits to
plant performance enhance both short and long term landform stability. The large
modified offset disk used in contour furrowing/disking operations for seedbed preparation
creates large furrows up to 15 inches deep and approximately three feet apart and has
proven effective in initial and long term surface stabilization. All soiled areas are

treated using this disk and operations are strictly performed on the contour.

These BTCA practices benefit initial surface stabilization and establishment of effective
vegetation that provides long term surface stability as demonstrated by vegetation

monitoring, successful termination of jurisdiction (TOJ) on initial program lands,

Phase II bond release on permanent program lands.
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Rock riprap is used for a wvariety of general and specialty applications, including
downdrain construction and the armoring of drainage and reclaimed stream channels where
necessary or in support of design specifications. It will also be used in the repair of
rill and gully areas where it has been determined to -be a more sustainable long term
stabllization measure. Tnportant criteria for the proper application of this practice
include selection of competent and durable materials, proper sizing of the rock materials
based on their characteristics and the application, and proper site preparation and

placement of the rock.

Organic or gectextile materials may be used where needed te provide surface protection or
enhance the performence of physical structures such as downdrains or rock riprap. These
materials are used in concentrated flow areas, situations where intensive erosion control
measures are reguired, or to maintain soil foundation conditions of structures. Organic
materiais include Jjute fiber matting or woocd or grain straw c¢ombined with netting.
Geotextile fabrics include synthetic woven fabrics used under rock riprap or downdrains
and open weave netting for surface stabilization. Geotextiles also include open cell
materials ol variable size opening that can be anchored, f[illed with scoil, gravel, or
reck and then seceded. Where surface netting is used, the areas are seeded prior to

netting placement.

Following completion of soil replacement, surface mechanical treatments, and seedbed
preparation, revegetation activities are conducted to establish an effective and

permanent vegetation cover.

Establishment of Effective and Permanent Vegetation Cover. The use of temporary

stabilizing cover and establishment of a permanent wvegetative cover insure the reclaimed
landscape is protected from erosion and attains a stable and sustainable surface
configuration, Permanently reclaimed areas are seeded with a predominantly native seed
mix dJdemonstrated to establish an effective, diverse, and permanent vegetative cover
adapted to the regional climatic conditions. The seeding of annual grains or temporary
perennial seed mixes will provide similar protection to temporarily reclaimed areas. The
parmanent vegetative cover has been demonstrated to be a key component in the long.term
surface sta.bility of the raeclaimed landscape (RCE, 1993). This is supported by ext;gr;s;ve

an ' t
vegetation monitoring, RUSLE calculations (see Attachment B}, successful }e@ﬁatlop

-.J' ool

jurisdiction (T0J), Phase II bond release, and the sustainable grazing maz}ag’ement progra.m
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implemented on reclaimed lands. Chapter 23, Revegetation Plan, provides a detailed plan
and discussion on revegetation BTCA practices and procedures develcoped for and adapted to

local environmental conditions.

The Rangeland seed mix is the primary mix used at Kayenta Mine and contains a high
percentage of grasses (approximately 65 percent of the composition) including short and
mid grasses and sod-formers. Species in this seed mix provide effective ground cover and
structural diversity to dissipate flow energies from overland f£flow, remove or filter
sediment, increase infiltration, and reduce rainfall energy. The forbs and shrubs
included in the mix provide benefits in the mid to tall vegetation category dissipating
more rainfall energy and providing added resistance te overland flows, especially in

drainages.

Increased vegetation growth, vigor, and stand diversity in reclaimed drainages due to the
availability of supplemental moisture improves the effectiveness of the established
vegetation. Areas have been planted to shrubland, pinyvon-juniper habitat, or cultural
pilants to enhance overall wildlife habitat and community diversity. Most of these sites
have heen establigshed on scoria  (red rock) substrates providing enhanced surface

stability.

Temporary stabilizaticn will be achieved through the use of annual cover crops or the
Tenporary Stabilization mix presented in Chapter 23, Appendix B. This mix contains a
selection of quick establishing perennial grasses that provide similar stabilization
benafits ag the Rangeland mix. The Temporary Stabilization mix is to be used on selected
areas that have not been permanently reclaimed but require a more permanent wvegetative
cover. For areas requiring a protective cover for less than two years, a cover ¢rop of

annmual grain will be seeded.

Surface Protection Measures. sSurface protaction measures include hay or straw rmualch,

organic Fiber and gectextile fabric matting or netting, and surface soil substitutes with
high coarse fragment content. Surface protection meagures reduce raindrop impact and
erosive overland flow wvelocities. The surface protection measures enhance the
establighment, development, and sustainabllity of the vegetative cover. These measure

are used in both temporary and permanent surface stabilization.

A
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Hay muiching is conducted as scon as praciticable following permanent seeding activities,
Hay is superior for mulching permanent reclemation areas because of its akhility to bhe
evenly spread, effectively anchored, benefits to seed mix germination and establishment
(enhanced scoil moisture and wind protection), its longer decomposition period, and good
hydrologic cover value: Straw mulching is used for stabilizing temporary reclamation
areas and is also applied immediately after seeding operations. The application rate for
hay and straw mulch is two tons per acre and anchored. Muiching provides effective
initial surface stabilization and protection while the permanent vegetative cover
establishes. Mulching is used on all reclaimed areas. When combined with surface
mechanical treatments that provide contouring and surface roughness benefits, highly
effective surface stabilization is achieved. The detailed mulching plan (Mulching and

Other Soil Stabkilization Practices) is presented in Chapter 23, Revegetation Plan.

The revegetation plan has been dynamic through continued modifications and significant
program improvements since 1886, More than 30 vyears of vegetation monitoring plus
vegetation sampling to suppert evaluations for termination of jurisdiction (TOJ) on
initial program lands, bond release on permanent program lands, and terrace spacing
justifications have demonstrated the combined effectiveness of surface mechanical
treatments, revegetation, and surface protection measures in establishing an effective
and sugstainable hydrologic cover. The EaST (Erosion 2and Sediment Impacts) (Wakter
Engineering & Technology, 1990, Zevenbergen et al. 1990) model was calibrated for
conditions at the Kayenta Complex. EAST combines a rainfall-runcff model with erosion
and sediment Cransport calculations to determine ercosien rates and sediment yield from a
basin. The model computes runoff and erosion on hillslopes and in the receiving channels
and conveys this sediment through the chammel network. Hydrologic cover, predominated by
vegetation and 2litter, 18 the most sensitive factor in the model and results have
demonstrated the effectiveness of the reclaimed area cover. The type and level of
established vegetation in reclaimed areas provides a strong and positive influence on the
model results for the reclaimed watersheds. The "Terrace Spacing Justification"
{Appendix B} further demonstrates through Revised Universal Soil Toss Eguation ({RUSLE

2003) evaluations the effectiveness of the reclaimed area vegetation in maintaining long

term surface stability and significantly reducing erosion.




uses will maintain an effective vegetative cover and the longevity of supporting BTCA
practices. The primary posimine land use for reclaimed lands at the Kayenta Complex is
grazing. Since 1898, PWCC has ilmplemented an annual managed grazing program- on reclaimed
lands using proper grazing management principles and rotational grazing systems. The
grazing program serves several purposes related to the goal of surface stabilization.
First, it demonstrates achievement of the postmine land use and utility te local land
users. Second, it demonstrates sustainability of the vegetation .and. hence the long term
effectiveness in maintaining a stable landform. Third, it provides stand maintenance for
continued health and vigor of the wvegetation for ongoing sustainability. The grazing
program results are documented in Reclamation Status and Monitoring Reports submitbted to

O8M annually.

Fither before or following completion of revegetation activities, linear detention or
filtering structures may he installed., A short list of the major types of structures and

their application ig detailed below.

Linear Detention and Filtering Structures. Linear detention and filtering structures are

uged to temporarily stabilize certain reclaimed areas during vegetation establishment,
provide sediment control for small or localized disturbance areas, and as aids in rill
and gully repair and maintenance activities. These structures may be used to satisfy a
short term requirement (e.g,, attenuwate flows on slopes during permanent wvegetation
establishment) or they may serve a longer term function [e.qg., alternate sediment
control) . However, thegse structures are not considered permanent landscape features and
are oriented towards complimenting other practices. These structures generally Ilend

themnselves best to treatment of smaller or more localized sites.

Iinear detention and filtering structures include silt or filter ifence, straw bale
barriers, straw watitles, brush barriers, etc. These struciures are temporary sediment
barriers consisting of synthetic £ilter fabric or as brush or straw bales placed along
the contour of a slope. A filter fence is a linear filter barrier constructed of
synthetic filter fabric, posts, and, depending on the strength of the fabric used, wire
fence. Straw wattles come in wvarious lengths and are generally constructed of straw
contained in a tube of plastic netting. They are used as temporary measures to redu

silope lengths and flows during vegetation establishment.
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to the slope angle or channel. Brush barriers are linear filter barriers which makes use
of residue méterials available from clearing and grubbing operations. Trenching and
anchoring oi the brush may be required for affectiveness. A straw bale barrier consists
of a row of entrenched and anchored straw bales. The structures are constructed on the
contour perpendicular to the direction of surface wataer flow. Filter structures can be
easily combined with other sediment control practices to form a complete alternate

sediment control system or they may provide sediment contrcol for a localized area.

Maintenance, Management, and Postmining lLand Use. Management and implementation of the

postmining land uses on reclaimed lands prior to bond release are oriented towards
remedial revegetation activities, maintenance of revegetated areas, activities related to
stand development or specialized planting areas, and protection and management of
reclaimed areas {fencing). Maintenance and management of reclaimed areas is discussed in

detail .in Chapter 23 "Revegetation Plan™,

Prior to and after release of reclamation liabkility, the postmining land uses are

implemented, The primary postmining land uses for EKayenta Mine are livestock grazng,
wildlife habitat, and ecultural plant use. The most intensive and extensive use is
livestock grazing. Under proper livestock grazing management, erosional and landform

stabllity will not be compromised because of the sustainability of the resource. Crazing
management has been approved by the regulatory authorities for a number of the reclaimed

lands at the Kayenta Complex and has been implemented annually at increasing levels since

19S58. Rotational grazing systems combined with proper use management levels has both
sustained and improved revegetated area stand characteristics. Tt has demonstrated the
feasibility and success of implementing the grazing postmine land use. The hydrologic

cover afforded by the revegetated areas is key to the stability of the reclaimed
landforms as demonstrated by previcusly mentioned reclaimed area modeling, monitoring,
and evaluation procedures. Monitoring has demonstrated continued stand performance of
the areas under livestock grazing management and demonstrates reclaimed area

sustainability and utility for lendform stability.
Fencing will be used to protect developing reclaimed areas. Iivastock utilization and
management and the continued sustainability of the resource is enhanced by fencing and

water, Any fencing installed for management of reclaimed lands and which is compatible =
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with the grazing plan, will be retained. The distribution and number of watering sources
on the postmine landscape will be enhanced from what existed prior to mining. The reader
is directed to Chapter 6 and Chapter 14 for a detailed discussion of postmine water
sources. A deferred rotation grazing system, as recommended and implemented, will insure
proper use of forage plants and allow for periodic rest of pastures during the growing
season. Thus, with basic plant physiological needs periodically met, the plant
communities are better able to sustain an effective vegetative cover while providing
valuable forage resources for livestock and wildlife. This in turn has and will continue

to maintain long term stability of the reclaimed landscape.

Jurisdictional Applicability

On January 29, 1982, OSM issued interim program Permit AZ-0001 for the Black Mesa and
Kayenta Mining areas; on December 21, 1984, OSM issued permanent program Permit AZ-0002A
for the J-21 mining area; and on July 6, 1990, OSM issued permanent program Permit AZ-
0001C (renewed as Permit AZ-0001D on July 6, 1995, 2000, 2005, and Permit AZ-0001E on
July 6, 2010) for Kayenta Mine. All mining and related reclamation after July 6, 1990
will be implemented in accordance with the approved Permanent Program Permit and

applicable regulations.

This PAP contains specific requirements for a surface stabilization plan including
designed terraces and downdrains, which is not required in the pre-law, in the pre-
interim permit, in the AZ-0001 permit, and in a portion of the AZ-0002A PAP areas.
(Lands in the AZ-0002A PAP area that do have specific requirements for terraces,
downdrains, etc., are those included in the revision approvals dated February 9, 1989 (J-
21 Disturbance Line Revision) and June 26, 1989 (J-21 Incidental Boundary Revision)).
The Jurisdictional Permit Map, Drawing 85360, shows where these and other jurisdictional

boundaries are located.

In some locations, subwatersheds will contain multi-jurisdictional lands. The design
engineer and reclamation manager will determine the best method to safely convey the
runoff onto or from the AZ-0001D, AZ-0001E and portions of the AZ-0002A permanent program
lands across other jurisdictional lands. New conveyance structures will be designed in

accordance with accepted engineering practices and design requirements in the surface
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stabilization plan provided herein. Upon completion of the preliminary watershed design

process and rough grading plan, rough grading operations and topographic manipulation

activities will be undertaken.

Rill and Gully Plan

The following discussion centers on the identification of rills and gullies and a
remediation plan to insure that landform stability, postmining land use, and water
quality are not adversely affected. The watershed structure design criteria presented in
Attachments A and C to this chapter and the submitted SedCad hydrology data with “Exhibit
1, Hydrology Parameters” map compliment the rill and gully plan presented here and should
be reviewed simultaneously with this plan. Together they will insure that a complete
effort will be undertaken to prevent, identify, and mitigate any rill and gully

development.

Reclaimed areas will be monitored for rill and gully development during routine
engineering, environmental, and reclamation inspections; annual revegetation monitoring;

and/or the formal annual rill and gully survey during the spring/early summer season.

Emphasis will be placed on periods following heavy snowmelt or rains and areas with
greater erosion susceptibility (i.e. greater slope gradients). If rills or gullies are
jdentified, the size, extent and cause of their formation will be determined and
documented. These will, in turn, provide the basis for deciding whether or not remedial
actions are required, and if so, choosing the necessary remedial activities. In this
regard, it is important to note the presence of rills and gullies is not necessarily an
indication active or significant erosion is occurring and landform stability is
compromised within a specific area, but may be the result of natural extremes in the

operational environment of the region.

Rills and gullies which form in areas which have been regraded and soiled or revegetated
and which either (1) affect establishment of the vegetative cover, or (2) disrupt
achievement of the approved postmining land use, or (3) cause or contribute to a
violation of water quality standards, will be filled, regraded, or otherwise stabilized
with soil or suitable soil substitutes will be replaced and the areas will be reseeded or
replanted. A larger remediation area may be required as determined by the source or

contributing area to the rills or gully formation area.
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The locations of rill and gully areas, a description of each feature, the type and extent
of remedial action taken, and monitoring related to the remedial action will be

documented in the annual files maintained at the Kayenta Complex and the Annual Survey of

"Rills and Gully Survey Report. The aforementioned report will be submitted annually to

OSMRE by May 31 each year as part of the Reclamation Status and Monitoring Report.

The cause of rill and gully erosion outside of designed drainageways, when such cause has
been determined to be persistent and likely to contribute to continued erosion, will be
remedied. Examples of rills or gullies where the cause may not be detrimental and,
therefore, not need to be addressed include minor rills in newly planted areas caused by

rainfall or snowmelt but not detrimental to the establishment of vegetation.

Rills and gullies for which the cause has been remedied are not required to be repaired
if (1) such repair would be detrimental to the overall reclamation effort in the areas
where they have occurred, (2) they are no longer active after the cause has been
remedied, (3) they will not interfere with the establishment of vegetation and water
quality bond release standards, and (4) they are judged stable upon field investigations
according to the following criteria:
(a) Rounding of channel sides;
(b) Discontinuance of channel expansion or extension;
(c) Extensive permanent establishment of vegetation on the sides and bottom of the
channel;
(d) Lack of unanchored clumps of soil and vegetation that have fallen from channel
sides;
(e) Discontinuance of down channel deposition of eroded materials;
(f) Establishment of a permanent vegetative cover on areas of erosional deposition;

(g) Accumulation of litter and organic matter in the channel.

Sediment Control Plan

30 CFR 816.45 requires that sediment control measures, including sediment ponds as best
technology currently available (BTCA), be designed, constructed, and maintained to meet
the more stringent of applicable state or federal effluent limitations. Consequently,

PWCC obtained National Pollutant Discharge Elimination System (NPDES) Permit NN0022179
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from the U.S. Environmental Protection Agency (USEPA). As part of the wastewater
permitting process, USEPA assigned discharge monitoring locations or outfalls that
coincide with the spillways at temporary sediment ponds constructed at the Kayenta

Complex where effluent must meet water quality criteria.

The effluent limitations at 40 CFR Part 434 for Subpart H, Western Alkaline Coal Mining
are applicable to alkaline drainage from reclaimed areas at Western coal mining
operations, including permitted outfalls at the Kayenta Complex that have eligible
reclaimed areas. The portions of the watersheds that were mined above several temporary
ponds have been regraded to achieve an acceptable postmining topography. These regraded
areas have been soiled using suitable salvaged soil in accordance with the requirements
in Chapter 22, Minesoil Reconstruction or the initial regulatory program. These areas
have also been seeded with a permanent seed mix as required in Chapter 23, Revegetation
Plan or the initial regulatory program and have an established vegetative cover at least

two years old.

Attachment D contains the Sediment Control Plan (Plan) for eligible outfalls (temporary
or proposed permanent sediment ponds) in NPDES Permit No. NN0022179. The plan includes
descriptions of the best management practices (BMP’s} PWCC has implemented above the
ponds to control sediment and erosion, and to minimize disturbance to the prevailing
hydrologic balance. The plan also summarizes design and construction specifications for

BMP’s, inspection criteria, and maintenance schedules.

Sediment yield demonstrations were conducted using the EASI computer model {Zevenbergen
et al. 1990; WET 1990). This model was calibrated using site-specific data collected at
the Black Mesa Complex over an eight-year period (RCE, 1993). EASI has been used to
predict mean annual runoff and sediment yield from several large areas that were
reclaimed under both the initial and permanent regulatory programs. These predictions
have been reviewed and approved by OSMRE and other agencies in support of applications
for Termination of Jurisdiction (N1/N2 and N7/N8 initial program areas), and in support
of approved Phase II performance bond release applications (J19, J21, and N14 permanent

program reclamation) at the Kayenta Complex.

Results of the modeling demonstrations for each temporary sediment pond are provided in
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separate modeling reports in the Appendices to the Plan. Each appendix also includes a
1°=400’ scale map that shows outfall locations, current topography of the entire
watershed, affected lands boundary within each pond‘’s watershed, and the BMP’s installed
in each watershed above each outfall in order to control sediment. The modeling
demonstrations show that average annual sediment yields predicted at each outfall
location taking into account the postmining, or reclaimed mine-land conditions within the
watershed are less than or equal to the average annual sediment yields for the premining,
or undisturbed conditions. Average annual sediment yields are provided in each modeling
report as tons/acre/yr, which are normalized values that account for differences between
premining and postmining acreages and topography. The sediment yield data shows that the
BMP's utilized by PWCC at the Kayenta Complex are effective in minimizing erosion and
sediment loads from reclaimed minelands, and ultimately, protecting the prevailing

hydrologic balance.
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Intreoduction

The wuse of gradient terraces on farmiand, rangeland, and reclaimed hillslopes 1is an
effective practice to control runoff, prevent erosion, and provide landform stability
(ASAFR, 1997 and USEPA, 2006). Gradient terraces have been used in certain permanent
program lands at the Kayenta Complex as a part of Peabody Western Ceal Company's (PWCC)
Surface Stabilization Program since permit approval in July 1980. Terrace spacing
specifications used to date were determined using Revised Universal Scoil Loss Equation
{RUSLE] Version 1.06 (Toy and Foster, 199§). This wversion addresses mined and reclaimed
lands and considered improved current BTCA reclamation procedures and measurements
reflecting actual field conditions found in reclaimed areas for RUSLE input factors. The
BAnerican Society of Agricultural Engineers (ASAE) promotes the use of slope length and
gradient factors, as found in RUSLE, for calculating terrace spacing (ASAE, 1997)}. This
method requires that horizontal terrace spacing nol exceed the slope length determined
for an allowable soil ioss predicted by RUSLE. Another correlative requirement is that
sufficient datae is available to realistically apply RUSLE. The following details
supporting information for determining the herizontal spacing of short segment gradient
terraces as first order drainages on upper reclaimed hillslopes at the Kayenta Mine
Complex. The information alsc supports using terraces on only a temporary basis, and it

supports the slope configuratien situations where no terraces are reguired.

Analysis Approach

The approach analyzes for erosion and so0il leoss on newly reclaimed slopes with or without
Best Technology Currently Available (BTCA) practices applied and in what scenarics use of
terraces would reduce erosion and soil loss. These BTCA practices substantially reduce
erosion from what would cccur without the use of these systems and in many cases show
terraces may only be needed as a temporary measure until wvegetation in the watershed is
established. In support of this premise, PWCC in cooperation with the Office of Surface
Mining Reclamation and Enforcement {0SM) has embarked on a terrace removal and monitoring
program at the Kayenta Mine in watersheds stabilized by an effective vegetative cover.
The use of residual soils, red rock {(scoria), or similar suitable overburden materials
that have a high coarse fragment or rock content have been used on select final graded

box cuts and highwalls at the Kayenta Complex to enhance reclaimed slope stabilitg,h”a.

P

L
Liy

negate or reduce the nsed for terraces. The approach considers the effectiverjegs of -
feo




reduce slope lengths for a given slope gradient to reduce erosion and provide landform
stability. Both RUSLE and EASI (WET, 1990 and Zevenbergen et al., 1990) were used in the
s0il loss evaluations and in determining where terraces may be appropriate or necessary
to aid in landform stability or for use in first order drainages. The feollowing discusses
input factors, supporting informaticn, and assumptions fog situations where short-segment
permanent terraces or temporary terraces will be used.

In order to evaluate where permanent shorit segment or temporary terraces are used and
determine acceptable horizontal spacing of gradient terraces, four reclamation scenarios
were developed using RUSLE soil loss estimates as a basis. BAST evaluations were also
used for soil loss estimates under similar conditions to support the RUSLE evaluations.
The first scenario reflects newly reclaimed areas with minimal BTCA practices,
representative reclaimed hillslope topography, the primary plant growth medium or soiling
materials including red zrock (scoria) mediums, and seeding on the contour. The second
scenaric includes similar soils and landform factors, but adds conservation system
compconents and BTCA practices (terraces, ripping, contour furrowing, revegetation, and
mulching), and evaluates cover and roughness factors from the BTCA practices. The third
scenario includes similar reclamation situations found in scenarios one and two, but
reflects established wvegetation conditions at bond release (year 10), the weathering of
contour furrows and roughness, and terraces are in place to. reduce slope length.

Scenario 4 reflects year 10 with minimal BTCA practices initially applied.

Revised Uniwversal Scil Loss Equation Factors

The Revised Universal Soil Loss Equation is written as follows:

A = RKLSCP
where,
A = average annual so0il loss in tons/acre/year
R = rainfall/runcff erosivity factor ;'ﬁ
K =

soil eropdibility factor
LS = hillslope length and steepness facter
C - cover—-management factor

P = support practice factor

Further factor develcpment or basis may be found in the four scenario discussions and
their accompanying tables. A detailed discussion of RUSLE and the wvarious factor inputs
may be found in Guidelines for the Use of the Universal Soil Leoss Equation (RUSLE}

2
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Version 1.06 on Mined Lands, Construction Sites, and Reclaimed Zands (Toy and Foster,

1¢98) .

R-Factor. The R Zfactor refiects the erosivity of rainfall and runcff for a given
geographical area. The value of R increases as the amount and intensity of rainfall
increases. Values for R have been computed for Arizona leocations, and for the Black Mesa

region, a value of 35 is representatiwve. This wvalue was used in all evaluations.

K-Factor. The X factor 1s an expression of the inherent erodibility of the s0il or
serface material at a‘ particular site under standard experimental conditions. The value
of K is a function of the particle size distribution, organic matter content, structure,
and permeability of the soil or surface material. The K factors used in the RUSLE
calculations represent the typical secils used in reclamation as well as values for
residual or coarse fragment scils. The basis for determining the K factors used in the
evaluations can be found in Appendix A to this document. The mean weighted postmine K
value for the PWCC leasehold is 0.38. A K wvalue of 0.43 represents the extreme postmine
erodibility situation for soiling materials. The K factor for residunal scils, red rock
{scoria}, or similar suitable overburden materials that have a high ccarse fragment or

rock content is 0.27.

LS-Factor. Erosion as influenced by topography is accounted foxr b.y the LS factor in
RUSLE. The effects of & hillslope length factor (L) are combined with a hillslope
gradient factor (S) in the calculated LS factor, Soil loss tends to increase as the
length or gradient of a hillslope increases. As the length of a hillslicpe increases,
total soil loss and soil loss per unit area increase as a result of progressive
accunmulation of runoff downslope. With an increase in hillslope gradient, welocity and
ercsivity of runoff increases. ﬁilislope lengths and gradients for the four scenarios
are representative of conditions that currently exist or are anticipated for reclaimed

arcas.

C-Factor. The C factor {cover-management) reflects the effect of plants; so0il cover
including rock cover, soil biomass (roots and incorporated residue); and soil disturbing

activities on soil loss. A sub-factor routine in RUSLE is used to compute soil-loss

sequence to soil loss from the standard condition.

The € wvalue is the average s¢
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Inputs for the sub-factors were mostly derived from actual field data or conditions, with
the remainder selected from the most representative options in the RUSLE sub-routine.
The time-invariant method option was used in all runs and for all scenarios. This method
was used because all scenarios represented a point in time or a conservative evaluation
for comparison purposes. The specific input parameters or assumptions to determine C

factors are discussed in the scenarios and the footnotes of the accompanying tables.

P-Factor. The P factor accounts for practices designed to reduce erosion. The C and P
factors are closely allied in their importance. The P factor accounts for practices that
reduce the erosion potential of the runoff by their influence on drainage patterns,
runoff concentration, runoff wvelocity, and hydraulic forces exerted by runoff on soil.
Mechanical practices used at the Kayenta Complex including contour deep ripping, disking,
and contour seeding are accounted for in the P factor calculation. The type of soiling
materials also has an effect on factor P; less erosive so0ils {lower K factor walues)
retain contouring features over a longer period of time. These same scils may have more
pronounced contouring features when initially developed. The contour furrows have an
effect on the establishing wvegetation by establishing greater cover in the furrows where
moisture is more concentrated. This contouring pattern of the wvegetation remains for
many years after the soil ridges associated with the furrowing have dissipated. Specific

P factor assumptions are presented under the scenario and table discussions.

Soil Loss Predictions

Soil loss predictions calculated from RUSLE were evaluated to aid in determining
acceptable horizontal spacing of gradient terraces, either as permansnt short segment
first oxder drainage terraces or temporary terraces. These predictions also support the
pasis for not installing terraces on hill slopes. Three reclamation scenarios were used

to provide the RUSLE estimates and management decision criteria.

Scenario 1. This scenario evaluates soil loss on typical reclaimed hillslopes with
s0il oxr scoria cover and no BTCA practices except contour drill seeding. Table 1
illustrates the resulting estimated soil loss when evaluated under Scenario 1. As can be
seen in Table 1, soil loss is high for all hillslope and gradient combinations except
where scoria materials (K = 0.27) are used as a cover/plant growth medium.

erosive soiling material (K = 0.43} has the highest so0il loss estimates. The sco %ﬁb




TABLE 1.

RUSLE Soil Loss Estimates for Newly Reclaimed Hillslopes with No Conservation

or BTCA Practices Except Contour Drill Seeding {Scenario 1)

RUSLE FACTORS '>'

Slope Length Slope Gradient Estimated

(Feet) {1} (zy (2 . R K LS o P Scil Loss

T/AC/YR
350 33 35 0.27 13.40 0.07 0.56 5.0
300 33 35 0.38 12.00 0.77 0.86 106
300 33 35 0.43 12.00 0.77 0.90 125
750 25 35 0.27 16.00 0.07 0.56 5.9
400 25 35 0.38 10.63 0.777 G.B6 94
100 25 35 0.43 10.63 0.77 0.90 111
500 20 35 0.38 9.23 0.77 0.86 81
500 20 35 0.43 9.23 0.77 0.90 96
600 15 35 0.38 6.86 0.77 0.86 61
600 15 35 0.43 6.86 0.77 0.90 72
800 10 35 0.38 4,17 G.77 .86 37
800 10 35 0.43 4.17 0.7 0.90 42

1)

Typical slope lengths corresponding to slope gradients found in reclaimed areas.

(2} Typical slope gradients found in newly reclaimed areas.
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low C factor of 0.07 and a P facter of 0.56. The more typical soiling materials have
much higher C factors due to no cover other than a low rock cover of 1.3 percent and very

little surface roughness. The P factors for the scoria soils are low due to some

contouring but principally from roughness. Again, Scenario 1 demonstrates resulting soil
loss with minimal BTCA practices applied. Scenario 1 does not reflect neormal BTCA

reclamation practices at the Kayenta Complex but is included as a baseline measure, not

the typical reclamation.

Scenaric 2. Scenario 2 addresses new reclamation of hillélopes where the conservation
measures and BTCA practices used at the Kayenta Complex have been applied (Table 2).
Slope lengths may reflect the placement of terraces ox a typical reclaimed slope length.
The exception to this is the 33 percent slope with scoria that is 350 feet long and the
25 percent slope with scoria that is 750 feet long. The scoria rock cover and the
contoured surface roughness from ripping results in wery low solil loss levels and thus
terraces are not required. The more typical secils (K = 0.38 and K = 0.43) also have low
501l loss estimates resulting from wvarious conservation and BTCA practices. The
conservation and BTCA practices reflect current procedures applied tc reclaimed areas at
the Kayenta Complex. These include ripping and deep furrow disking on the contour,
seeding of a permanent seed mix, and applicaticn of an anchored hay mulch at two tons per

acre on non-scoria soils (K = 0.38 and K = 0.43).

The iow C and P factors of 0.034 and 0.28, respectively, for scoria material reflect the
high percentage of rock cover (field measured average of 49 percent) and the very rough
field condition following contour ripping and disking. The C factor of 0.05 for soils
with K = 0.38 zreflects a surface cover of 58.5 percent (57.2 percent mulch and 1.3
percent rock cover) based on field measurements from a 1999 representative reclaimed area
in J18 that was hay mulched at two tons per acre. The K = 0.38 so0ils have a higher
random raoughness than K = 0.43 soils since surface features are more prevalent and not as
impacted by eguipment operations resulting in a slightly lower C factor for the K = 0.38
soils. The lower P factors for soils where K = 0.38 also reflect greater ridge heig£t
and -contouring features than the K = 0.43 soils. Consequently, soils with K = 0.43 have
greater C factor values and P factor values because surface roughness, ridge heights, and
contouring affects are reduced due to so0il textural characteristics and eguipment
operations. The mulch cover is similar for scils with K = 0.38 or K = 0.43.

gradient also has an affect on the P factor.

'
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TABLE 2. RUSLE Soil Loss Estimates for WNewly Reclaimed Hillsiopes with Terraces
Installed at the Specified Slope Lengths and Conservation and BTCA Practices Applied

{Scenario 2)

RUSLE FACTGRS

Slope Length Slope Gradient Estimated
(Feet) (512 R K LS o P Soil Loss-
T/AC/YR

350 33 35 0.27 13.40 0.034 0.28 1.2
200 33 35 0.38 9,14 0.05 0.36 2.2
200 33 35 0.43 9.14 0.055 0.3% 3.0
750 25 35 0.27 16.00 0.034 C.28 1.4
300 25 35 0.38 8.82 0.05 0.29 1.7
250 25 35 0.43 7.83 0.055 0.40 2.6
350 20 35 0.38 7.38 0.05 0.28 1.4
300 20 35 0.43 6.70 0.055 0.41 2.3
450 15 35 0.38 5.79 0.05 0.31 1.2
100 15 35 0.43 5.41 0.055 0.43 1.9
800 10 35 G.38 4,17 0.05 0.34 1.0
800 10 35 0.43 4.17 0.055 0.46 1.6

th Typical sleope lengths corresponding to slope gradients found in reclaimed areas.

2} Typical slope gradients found in newly reclaimed areas.

) pasis for RUSLE subfactors

R = Rainfall erosivity factor for the Black Mesa region
K = Soil erosivity factor
K = 0.27 = Average for scoria derived materials.
K = 0.38 = Typical sciling material
K = 0.43 = Soiling material with higher sili and very fine sand
LS = Hillslope length and gradient factor
Variable based on the combination of gradient and slope length
C = Cover-managenent factor
The C factor varies based on the amount of cover and the type and
configuration of surface roughness.
P = Support-practice factor
The P factor varies based on the type or degree of tillage practice,
contouring, or other surface configuration patterns and the results of the

practices relative to the type of sciling materials used. T




Scenario 3. The soil loss estimates in the third scenario ({Table 3) reflect permanently
reclaimed hillsicpes at year ten. They also reflect the previous application of a
variety of conservation and BTCA practices. Soils or plant growth medium include scoria

derived materials (K = 0.,27) and more typical sciling materials (K = 0.38 and K = 0.43).

The € factor of 0.039 for the scoria areas reflecis poteatial wvegetation cover and
residual rock cover based on sampling of several scoria areas reclaimed at the Kayenta
Mine in the last several years. The C factor for scoria areas is based on 14 percent
non—-stratified wvegetation cover and 39 percent rock and residue cover, but is alsc
heavily influenced by the remaining good surface roughness. Ridges also influence the T
factor of 0.8 and the contouring effects rxemaining as a result of this more resistant
material. Where scoria materials are used, soil loss estimates are low even for very

long slopes, and thus terraces are not required.

The C factors for soils with K = (.38 and K = (.43 were derived from spring 1998
vegetation sample data for the Black Mesa Complex, Precipitaticon prior to the sampling
was near average. The data were averaged from eight large random sample units located in
reclaimed areas ffom all active coal resource areas of the Complex. Many of the units
contained vegetaticn more than ten years old, and a wide variety of soils and topography
were present in the sample units. The resulting cover values included 30 percent non-
stratified wvegetation cover with 25 percent rock and residue cover. Annual production
averaged 960 pounds per acre. The C factor for soils with K = 0.38 is 0.059 reflecting
the above cover and producticn characteristics, but also considers residual ~surface
roughness features. The C factor for soils with K = 0.43 is 0.077 considering the same
cover and production wvalues, but with less surface rocughness due to more weathering
effects for these types of soils. The P factor for both s0iling materials equals 1, or
no contouring affects remaining. This is a conservative estimate for P since many
reclaimed areas retain some contouring and ridge features ten or more years after
reclamation. Also, because seeding operations are conducted on the contour and contour
furrows provide areas of enhanced moisture gduring wvegetation establishment, wvegetation

typically becomes oriented in contour strips.

Scenarie 4. The soil loss estimates in the fourth scenario {Table 4) reflect permanently
reclaimed hillslopes at year ten, but with no application of the wvariety of conservation
and BTCA practices in Scenario 3. This scenario is presented to illustrate the amount of
soil loss that would cccur if no terraces, conservation, or BTCA practices except
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TABLE 3. RUSLE S50il Loss Estimates for Permanently Reclaimed Hillslopes at Year 10,
Conservation and BTCA Practices Applied and Terraces Tnstalled; No Terraces on K = 0.27

Material (Scenario 3)

RUSLE FACTORS '*)

Slope Length Slope Gradient Estimated

(Fzet) ‘1 gy @ R K LS c P S50il Loss

T/AC/YR
350 33 35 0.27 13.40 0.03% 0.8 3.4
200 33 35 0.38 9.14 0.059% 1 7.2
150 33 35 0.43 7.52 0.077 1 8.7
750 25 35 0.27 16.00 0.039 0.8 4.0
300 25 35 .38 8.82 0.059 1 6.9
200 25 35 0.43 6.77 ¢.077 1 7.8
350 20 35 0.38 7.38 0.059 1 5.8
250 20 35 0,43 5.98 0.077 1 6.9
150 15 35 0.38 5.79 0.058 i 1.5
300 15 35 0.43 5.00 0.077 1 5.8
600 12 35 0.38 4.85 0.059 1 3.8
600 12 35 0.43 4.85 0.077 1 5.6
800 10 35 0.38 4.17 0.05% 1 3.3
BOO 10 35 D.43 4.17 0.677 1 4.8

11 Typical slope lengths corresponding fo slope gradients [ound in reclaimed areas.

2) Typical slope gradients found in established and newly reclaimed areas.

t3) Basis for RUSLE subfactors

R = Rainfall erosivity factor for the Black Mesa region
K = Soil erosivity factor
K = 0.27 = Average for scoria derived materials.

K =0.38

Typical soiling material

K = 0.43 Soiling material with higher silt and very fine sand

LS = Hillslope length and gradient factor
Variable based on the combination of gradient and slope length
C = Cover-management factor
The C factor varies based on the amcunt of cover and the type and

configuration of surface roughness.

o]
1

Support-practice factor
The P factor varies based on the type or degree of tillage practice,

contouring, or other surface configuraticn patterns and the respi& :QE

practices relative to the type of sciling materials used.



TABLE 4. RUSLE Soil Loss Estimates for Permanentiy Reclaimed Hillslopes at Year 10 with
¥o Installed Terraces, Conservation, or BTCA Practices BApplied at Initial Reclamation

Except Contour Seediﬁg [(Scenario 4)

RUSLE FACTORS ')

Slope Length Sleope Gradient Estimated

(Feet)(l) [%)(2) R K LS c P S50il Loss

T/AC/YR
300 33 35 0.38 12.00 0.18 1 28.7
300 33 35 0.43 12.00 .18 1 32.5
400 25 35 CG.38 10.63 0.18 1 25.4
400 25 35 0.43 10.63 0.18 1 28.8
500 20 35 0.38 9.23 0.18 1 22.1
500 20 35 0.43 9.23 0.18 1 25.0
600 15 35 0.38 6.86 0.18 1 16.4
600 15 35 0.43 6.86 0.18 1 18.6
800 10 35 0.38 4.17 0.18 i 10.0
800 10 35 0.43 4,17 0.18 i 11.3

i Typical slope lengths corresponding to slope gradients found in reclaimed areas.

2! Typical slope gradients found in established and newly reclaimed areas.

3] pasis for RUSTE subfactors

R = Rainfall erosivity factor for the Black Mesa region
K = So0il erosivity factor

R 0.38 = Typical soiling material

'

K 0.43 Soiling material with higher silt and very fine sand

il

LS = Hillslope length and gradient factor
Variable based con the combination of gradient and slope lengfh
C = 0.19 = Cover managemént factor.
The C factor of (.18 reflects reduced permanent cover and production
because of limited initial BTCA and conservation practices applied.
P = Support-practice factor
The B factor of 1 reflects limited remaining contouring or other surface

features.

establishment of vegetation were present. In comparing the resulis of Table 3 and Table
4, it can be seen that a substantial reduction in soil loss will ogcur with installed

e

vy
terraces and applied conservation and BTCA practices. _ﬂ%??\jﬁjﬁ;?%\\
A B B

boat

S
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EAST was also used to investigate how hillslope sediment yield varies with hillslope
gradient and hillsiope length and to determine the conditions when erosion could be
controlled using terraces. The model used rectangular hillislopes with straight terraces
located at the downstream ends of the hillslopes. The hillslopes were configured with
different gradients, lengths, and hillslope base lengths for the different scenarios.
The terraces were configured with different gradients and lengths. The hillslope base
length was always set equal to the terrace length. The vegetative cover was assumed to
be typical for reclaimed cover types and amounts from previcus modeling, such as the

modeling of the Phase 2 bond release for CRA N14 (Ayres Associates, 2008).

Figure 5.1 shows the impacts of hillslope gradient and length on the hillslope’s annual
average unit sediment yield. The unit sediment yield increases as hillslope gradient and
length increase. Hillslopes that are long and steep (i.e. at the top right corner of the
figure) have the greatest ercsion and sediment yield. Terraces, as an exosion control
measure, are necessary only for the longest and steepest hillslepes. Terraces control
erosion by reducing hillslope length. Based on the EASI analysis it is reasonable to
have few hillslopes that are eroding at rates greater than 0.8 t/ac/vyr. For example, a
hillslope with a gradient of 25% and a length of 500 feet will have a vnit sediment yield
slightly larger than ! t/ac/yr. If a terrace is designed to cut the long hililslope into
halves, the two hillslopes hecome 250 feet in length and have a unit sediment yield less
than 0.8 t/ac/yr. Figure 5.1 also implies the relation between terrace spacing and
hillslope gradient. As hillsliope gradient increases, terrace spacing should bes reduced
to maintain a specific erosion rate. It may therefore be beneficial to include terraces

for areas with erosion rates in excess of 1 ton/acre/year.
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Terrace Spacing

Terrace spacing is based on the slope length, slope gradient, soil K factors, RUSLE
factors, _andrRUSLE s0il loss estimates presented in Tables 2 and 3. Comparing Tables 2
and 3 shows terraces could be spaced farther apart and still achieve low soil losses.
Table 2 is based on initial recliamation and considers slope lengths based on installed
terraces and applied BTCA and conservation pracitices. Applied BTCA practices greatly
influence surfacé roughness and contouring features and have a zesulting lowering effect
on the C and P factors for . initial reclamation. These effects are gradually reduced over
time and P will approcach 1. Therefore, determining terrace spacing on the kasis of
factors presented in Table 3 is a more realistic approach for long-term stability
evaluations. Hillslopes covered with high coarse fragment soils such as scoria-derived
materials have low soil loss estimates regardless of hillslope gradients and lengths and
thus terraces are not required on slopes with these materials. High coarse fragment
materials may be placed on portions of reclaimed slopes to reduce soil loss and a need
for terraces. For slopes with more common soiling K factors (0.38 or 0.43), slope
gradient will be a significant factor in the spacing, as will the type of soiling
materials. Terrace spacing for soiling materials with K factor 0.43 (more erosive soils
with higher silt and very tine sand) will be reduced when compared to areas with slopes
solled with materials approximating K = 0.38. Generally, slopes of 15 percent or less
will not require terraces and terraces will not be required for any areas with slopes 10

percent or less.

The cover-management factor (C) in Table 3 has been determined from extensive data and
accurately reflects the benefits of long-term cover achievable at the Kayenta Complex and
Vdocumented by annual vegetation monitoring and observation. The J-21 reclaimed areas
have a significant reduction in the number of installed terraces, particularly in more
recently reclaimed areas. The J-21 reclaimed landform is well vegetated and stable;
analysis for Phase 2 bond release shows sediment yields are less than unmined conditions.
Further, PWCC is removing a number of previously installed terraces in well wvegetated
reclaimed lands and to date show no negative impe;cts in terms of added erosion or
landform instability. This confirms significantly fewef terraces, cr the linear extent

of terraces, need to be considered in ongoing reclamation operations. This is also

supported by the EASI analysis. The focus is now on periodic placement of first A‘(;‘rf(}i'%/dﬁ’df’?‘\
P w4

short segment gradient terraces and the possible use of terraces on a temporary ;a;'s‘is for
i

. n * ' - = Eioc, i 0 .
certain large planar slopes in regraded areas that are %transitional to more -tgéomoﬁphme FAVRTA
RS




grading practices or reflect a unique operational/reclamation constraint.

The effectiveness of applied BTCA practices is demonstrated when looking at Tables 3 and
4. Permanently reclaimed lands ten or more years old with applied BTCA practices and
terraces installed (Table 3) are estimated to have greater than a 70 percent reduction in
so0il loss compared to permanently reclaimed lands with little or no BTCA practices and no
terraces installed (or as longer slope lengths) (Table 4). The cover-management factor
(C) used in Table 4 evaluations is based on reduced cowver and productivity as a result of

increased soil loss and reduced landform stability.

Based on the above analyses and the concept of substantial reductions in soil loss, the
following horizontal spacings of gradient terraces for corresponding slopes and soil
types K = 0.38 and K = 0.43 are recommended. Horizontal spacing will be interpolated for
intermediate gradients. Terraces are not required for scoria derived materials or other

plant growth medium with K values of 0.27 or less.

Soil Type K = 0.38

Horizontal Spacing (£t)™ Slope Gradient'¥!
200 33
300 25
350 20
450 15
800 10

Spil Type K = 0.43

Horizontal Spacing (ft} ™ Slope Gradient'®
150 a3
200 25
250 20
300 15
800 10

W Maximum recommended distance between terraces for a corresponding gradient.

¥ Horizontal spacing will be interpolated for intermediate gradients.
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Appendix A

K factor Determination and Supporting Information

K Factor for Topsoil. The K factors for topscil salvage materials were determined as follows.

Premine so0il erodibility (K) values were determined for each projected mine pit disturbance area
using Order 1/2 soil survey maps prepared by Intermountain Soils (IMS). These Order 1/2 maps
{Volume 19, Drawing 85305A, Sheets 1-15) have a scale of 17”=4007. These maps were used to
calculate the percentage ©f the different map units and soil series in each mine pit disturbance
area as presented in Tables 15 and 16, respectively, as found in Appendix A of Volume 11A}). This
provides an estimate of the type and amount of soiling materials available for reclamation within

the variocus pit areas.

Postmine K factor values are dependent upon premine soil types and projected topsoil salvage
depths. IMS determined premine soil types and prejected topsoil salvage depths as discussed in
Appendix A (Volume 11A) and as shown on Drawings 85305A (Sheets 1-15, Volume 19) and 85305B
(Sheets 1-15, Volumes 19 and 20). A K factor Tor each surface and subhsurface horizon by scil
series sample site was calculated using the RUSLE program and site specific analyses data
contained in Attachments 2, 3, 4, and 5 of Appendix A (Volume 11A). The K Factor values were not
adjusted for the wvolumetric rock fragment content as recommended by Toy and Foster (1998). Table
1 shows each sample site, soil horizon thickness, and the respective K factors. This informaticn
was used to determine weighted “K” wvalues. These weighted walues were summed for the entire
topsoil salvage section to determine mean weighted postmine K values for each sample site and
each so0il series. The estimated disturbance areas for these soils types were multiplied by the
respective “K” factor and topsoil salvage depth for the respective so0il series to determine
weighted postmine XK values {Table 2}. These weighted values were then summed to determine the
mean weighted postmine K value of 0.38 for the entire projected Black Mesa leasehold disturbance
area {Table 2); The mean postmine K value of 0.38 was utilized to determine the terrace spacing
for a commonly anticipated reclaimed area soiling material as presented in the scenarios in

Attachment B.

The upper limit X = 0.43 uvtilized in the scenarios represents the extreme postmine erodibility
situation for soiling materials. The 0.43 K wvalue was determined from infermation presented in
Tables 1 and 2. Mean soil series K factor informatiqn presented in Table 2 shows 9% percent of
the salvaged topsoil will have an erodipility value less than 0.43. Individual soil.- ”

s E
sample increment K factor values presented in Table 1 indicates 83 percent of e salvaged




topsoil will have an erodibility value iess than 0.43. The actual percentage of postmnine K
values less than 0.43 will range between 85 and 96 percent depending upon the degree of mixing
which occurs during topscil salvage, storage, and redistribution. K = 0.43 provides a

conservative estimate.

K Factor for Suppiemental Plant Groﬁth Medium. éuitablé‘overburden will be utilized as a surface
plant growth medium (topsoil supplement} for reclamation of steep slope areas and to dewvelop
planting sites for cultural plants at the Kayenta Complex (see the Material Redistribution Plans
section of Chapter 22). Suitable overburden is recommended primarily for its inherent stability,
low erodibility potential, and as an appropriate plant growth medium for pinyon pine and other
culturally significant plants. Rock fragments on the surface and in the surface layer will
protect the plant growth medium from wind and water erosion. Rock fragments proctect the scil
from ercsion mainly by attenuating raindrop impact energy, causing flow energy to be dissipated
on nconergdible fragments, and slowing the velocity of surface runoff (McCormack et al., 1984}.
Rock fragments in the supplemental plant growth medium profilé have been disregarded for factor K
in RUSLE as recommended by Toy and Foster (1998). Rock fragmgnts on the surface are accounted

for in C factor calculations.

K factor values for typical suitable overburden ma£erials (red rock} and suitable regraded spoil
are shown in Table 3. The suitable overburden material values are derived from samples collected
in reclaimed areas with established red rock sites. These red rock s5ites are in the J19, J21,
N1l, and ¥l4 pit areas. Rock or coarse fragment volumetric content for the suitable overburden
materials ranged from 50 percent to 75 percent. K factors for these materials averaged 0.27 and
varied from .32 for clay loam red rock materials to .23 for sandy loam red rock materials. Sandy
joam red rock materials are highly representative of the types of red rock areas established.
However, the more conservative average K value of 0.27 was used in the scenarios. The K factor
value of .29 for suitable regraded spoil represents a value determined from the averaged
parameter information contained in the extensive PWCC spocil sampling database for regraded areas
at the Kayenta Mine. Rock or coarse fragment volumetric content for the snitable regraded spoil
material averaged 45 percent. This regraded spoil data was inciuded in annval Minesoil
Reconstructicn and Revegetation Activities Reports submitted te O©OSMRE (PCC, 1888; PCC, 1992;

PWCC, 1993-2001).




Table 1
Postmine Soil Erodibility (K) Factor Determination by

Soii Type and Sample Increment'!

Stop MNo. 27-108: Begay

Depth (Inches) 0-3 3-13 13-33 33-50 50-71 71-86
Permeability™® 2 2 3 2 2 2
Crganic Matter (%)™ 2.0 1.5 1.5 1.0 0.5 0.5
K Value 0.41 0.32 0.36 0.35 0.44 0.25

Stop Weo. 12-12: Begay

Depth (Inches) 0-3 3-9 9-21 21-35 35-59 59-83 83-112 112-137
Permeability 2 2 2 3 2 2 3 3
Organic Matter (%) 2.0 2.0 1.5 1.5 1.0 0.5 0.5 0.5
K Value 0.53 0.45 0.40 0.46 0.54 0.50C 0.55 0.50

Stop No. T858-30079 - 12 Thru 16: Begay

Depth {Inches) 0-10  10-22  22-33 33-43  43-60
Permeability 2 2 2 2 2
Crganic Matter (%) 2.0 1.5 1.0 1.0 0.5
Very Fine Sand (%)'" 30 32 29 29 31
K Value 0.33  0.34  0.37 0.38 0.38

Stop No. IS85-28979 - 1 thru 5: Begay

Depth {Inches) 0-6 6-12 12-38 38-50 50-60
Permeability 2 2 2 P 3
Organic Mater (%) 2.0 1.5 1.5 1.0 0.5
Very Fine Sand (%) 23 24 24 25 3l
K Value 0.29 0.30 ¢.31 0.30 6.39

Stop No. IS5-28979 - 6 thru 9: Begay

Depth (Inches) 0-2 2-26 26-52 52-65

Permeability 2 2 2 2

Organic Maktter (%) 2.0 1.5 1.0 0.5 .
Very Fine Sand (%) 28 27 25 25

K Value 0.39 0.28 0.33 0.37




Table 1 (Cont,)}

Postmine Soil Erodibility (K) Factor Determination by

Soil Type and Sample Increment'!

Stop No. ISS5-28979 - 10 thru 14: Begay

Depth {Inches) 0-7 7-20 20-41 41-54 54-60
Permeability 2 2 2 2 2
Organic Matter (%) 2.0 1.5 1.0 0.5 0.5
Very Fine Sand (%) 23 24 26 26 28
K Vvalue 0.34 0.32 0.35 C.35 0.31

Stop No. 19-5: Bond

Depth (Inches) 0-3 3-1i0 10-16
Permeability 2 3 3
Organic Mattexr (%} 2.0 1.5 1.0

K Value D.45 0.45 0.42

Stop Ne. 12-48: Cahona

Depth {Inches) 0-2 2-10 10-25 25-39 39-71 71-E8
Permeability 2 3 3 2 2 3
Organic Matter (%) 2.0 1.5 1.5 1.0 0.5 0.5
K Value 0.41 0.38 0.40 0.40 0.44 0.45

Stop No. 10-2: Cahona

Depth (Inches) 03 3-11 11-22 22-39 39-55
Permeability 2 2 3 3 3

Organic Matter (%) 2.0 1.5 1.5 1.0 0.5
K Value 0.61 0.47 0.47 0.40 0.28

Stop No. 121-224: Cahcna

Depth {Inches) 0-2 2-4 4-12 12-20 20-38 38-54 54-77 77-102 102-119 119-i41 141-171 171-186
Permeability 2 3 3 2 3 3 3 3 2 3 3 2
Organic Matter (%) 2.0 2.0 1.5 1.5 1.9 1.0 1.0 0.5 0.5 0.5 0.0 0.0

K Value 0.48 0.37 0.43 0;45 0.46 0.47 0.37 0.40 0.36 0.28 0.37 0.24




Table 1 {Cont.)

Postmine Scil Erodibility (K) Factor Determination by

Soil Type and Sample Increment !

Stop No. 1l-1: Cahona

Depth (Inches) 0-3 3-15 15-23 23-48 48-83

Permeability 2 2 2 2 2

Organic Matter {%) 2.0 1.5 1.9 1.0 0.5

K Value 0.4 0.55 0.50 0.55 0.70

Stop No. 19-61: Cahona

Depth (Inches) 0-1 1-3 3-12 12-19 19-29 29-40 40764
Permeability 2 2 2 2 2 2 2

Organic Matter (%) 2.0 2.0 1.5 1.5 1,0 1.0 0.5

K Value 0.42 0.34 0.27 0.34 0.27 0.25 0.13

Stop Mo, 11-6: Cahona

Depth (Inches) -3 3-9 9-18 18-42 42-61 6l-73 73-83 83-97
Permeability 2 2 2 2 2 2 3 2
Organic Matter (%) 2.0 1.5 1.5 1.0 0.5 0.5 0.5 0.5
K Value 0.58 0.45 0.47 0.48 0.43 0.24 0.38 0.48
Stop dNo. 11-67: Cahona

Depth (Inches) 0-3 3-12 12-22 22-29 29-46 a6-75 75-93
Permeability 2 2 2 2 2 2 2

Organic Matter (%} 2.0 1.5 1.5 1.0 1.0 0.5 0.5

K Value 0.53 0.47 0.39 0.41 0.43 (.48 0.32

Stop No. I85-29879 - 11 thru 14: Cahona

Depth (Inches) 0-9 S-20 20-32 32-90

Permeability 3 2 2 ]

Organic Matter (%) 1.5 1.5 1.0 0.5

Very Fine Sand (%) 30 34 28 18

K Value 0.38 0.35 0.28 0.33




Table 1 (Cont.)

Fostmine Soil Erodibility (K) Factor Determination by

Soil Type and Sample Increment'”

Stop No. T55-29979 - 1 thru 4: Cahona

pepth (Inches) -7 1-24 24-45 45-60
" Permeability 2 3 5 3
Organic Matter (%) 2.0 1.5 1.0 0.5
Very Fine Sand (%) 25 28 12 29
K Value 0.39 0.35 0.27 0.30

Stop No. TS55-2957 - 7 thru 10: Cahona

Depth (Inches) 0-10 10-22 22-35 35-46
Permeability 2 2 2 3
Organic Matter (%} 1.5 1.5 1.0 0.5
Very Fines Sand (%) 27 30 29 32
K Value 0.31 Q.41 0.36 0.37

Stop No. I85-29979 - 11 thru 14: (ahaona

Depth ({Inches) 0-10 10-17 17-30 30--40
Permeability 3 2 5 5

Organic Matter (%) 1.5 1.5 1.0 0.5
very Fine Sand (%) 30 25 23 18
K Value 0.38 0.36 0.31 0.34

Stop No. 1§5-2997 - 15 thru 18: Cahona

Depth {Inches) 0-10 10-26 26-39 39-60
Permeability 2 3 3 3
Organic Matter ({%) 1.5 1.0 1.0 0.5
Very Fine Sand (%) 28 28 32 26
K Value ’ 0.42 0.40 0.38 0.34




Table 1 (Cont.}

Postmine Soil Erodibility (K) Factor Determination by

Soil Type and Sample Tncrement ‘!

Stop WNo, I855-29879 - 18 thru 20: Dulce

Pepth (Inches} 0-2 2-9 9-12
Permeahility 2 3 - 2
Organic Matter (%) 2.0 1.5 1.5
Very Fine Sand (%) 22 31 23
Rocky Frag (% by wol)'™ 40 25 25
K Vvalue 0.30 0.35 0.33

Stop No. I55-30007% - 3 thru 5:; Dulce

Depth (Inches) 0-1 1-7 1-12
Permeability 2 2 2

Crganic Matter (%) 1.5 1.0 0.5
Very Fine Sand (%) 24 22 22
Rock Frag (% by vol) 40 25 25
K Value D0.35 0.34 0.35

Stop Wo. IS5-30079 - 6 thru 8: Dulce

Depth {Inches} 0-2 2-9 9-14
Permeability 2 2 2
Organic Matter (%) 2.0 1.5 1.0
Very Fine Sand (%) 22 28 28
Rock Frag (% by wol) 40 25 25
K Value 0.37 0.37 0,43

Stop Ne. 12-110: Dulce

Depth (Inches 0-1 1-6
Permeability 2 2
Organic Matter (%) 2.0 2.4
K Value 0.31 0.21




Table 1 (Cont.)

Pogstmine Soil Erodibility (K)

Factor Determination by

So0il Type and Sample Increment'

Stop No. 12-263: Dulce

Depth (Inches) 0-2  2-7
Permeability 3 3

Organic Matier (%) 2.0 2.0
K Value 0.40 70.34

Stop No. 19-64: Las Lucas

Depth (Inches) 0-1 1-4 4-17 17-31
Permeability 2 5 5 3

Organic Matter (%} 2.0 2.0 1.5 1.5
K Value 0.36¢ 0.34 0.32 0.33

Stop No. 14-13: Las Lucas

Depth (Inches) 0-5 5-20 20-38 38-549 59-9¢6 96-110 110-132
Permeability 3 5 5 2 1 i 2
Organic Matter (%) 2.0 2.0 1.5 1.0 1.0 0.5 0.5

# value 0.32 0.31 0.33 0.51 0.22 0.20 0.19
Stop Mo, 15-9: Las Lucas

Pepth (Inches} 0-4 4-9 9-26 26-60 60-84 B4-108 108-120
Permeability 2 2 3 4 3 2 3
Organic Matter (%) 2.0 2.0 i.5 1.0 0.5 0.5 0.5

K Value 0.33 0.33 0.38 0.39 34 0.22 0.29

S3top Ne. 15-9D8S: Las Lucas

Depth (Inches) 120-144 144-168 168-192
Permeability 3 3 2
Organilc Matter (%} 0.5 0.0 0.0
K Value 0.35 0.32 0.25

192-216 216-240 240-264

4 3

2




Table 1 (Cont.)

Postmine Soil Erodibility (K) Factor Determination by

Scil Type and Sample Increment M

Stop No. 12-111: Las Lucas

Depth (Inches) i20-144 144-168 168-192 192-216
Permeability 4 4 3 4
Organic Matter (%) 0.0 0.¢ 0.0 c.0
Very Fine Sand (%) 20 18 34 24
K Value 0.35 0.37 0.37 0.34

Stop No. 19-67: Las Lucas

Depth (Inches) 0-24 24-48 48-72 72-96
Permeability 3 2 3 3
Organic Matter (%) 1.5 1.0 1,0 0.5
Very Fine Sand (%) 27 25 27 26
K Value 0.38 0.30 0.34 0.39

Stop No. 19-69: Las Lucas

Depth (Inches) 0-24 24-48 48-72 72-96
Permeability 3 4q 3 4

Organic Matter (%) 1.5 1.0 1.0 0.5
Very Fine Sand (%) 30 19 26 19
K Vaiue C.38 0.36 0.38 0.37

Stop No. TIS55-28979 - 15 thru 18: Las Lucas

Depth [Inches) 0-10 10-22 22-40 40-60
Permeapility 2 2 3 2

Organic Matter (%) 1.5 1.5 1.0 0.5
Very Fine Sand {%) 27 27 27 49
K value .31 0.27 0.24 0.34




Table 1 (Cont.)
Postmine Soil Erodibility (K) Factor Determination by

Soil Type and Sample Increment ™

Stop No, IS85-2897% - 19 thru 22: Las Lucas

Depth (Inches)
Permeability
Organic Matter (%)
Very Fine Sand (%)

K Value

Stop No. I85-29879 ~ 1

0-8 8-19 15-43 43-60

thru 5: Las Lucas

Depth (Inches)
Permeability
Organic Matter (%)
Very Fine Sand (%)

K Vaiue

Stop No. I55-29879 - 6

0-8 8-24 24-36 36-46 4660
2 3 2 < 2
2.0 1.5 1.0 1.0 .5
30 26 30 32 32

0.39 0.33 0.31 0.32 0.32

thru 10: Las Lucas

Depth (Inches)
Permeability
Organic Matter (%)
Very Fine Sand {%)

K Value .

Stop No. 190-55: Oelop

Depth (Inches)
Perimeability
Organic Matter (%)

K Vvalue

Stop No. 12-259: Oelop

Depth { Inches)
Permeability
Organic Matter (%)

K Vvalue

0-10 10-30 30-40 40~50 50~-60

2 3 2 P 2
1.5 1.5 1.0 0.5 0.5
24 31 22 25 23
.30 0.39 4.35 0.38 0.39

0-4  4-10 10-20 20-40 40-60 60-84 84-108 108-132 132 156

2 2 3 5 4 5 5 5 5
2.0 2.0 1.5 1.5 1.0 0.5 0.5 0.5 0.0
0.38 0.29 0.33 0.29 0.32 0.37 0.3° 0.38 0.34

0-3 3-7 7-13 13-28 28-55 55-72 72-96 96-132 132-156 156-180 180-210

0.3% 0.40 0.36 0.37 0.38 0.35 0.41 0.44 0.51 0.45 0.48
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Table 1

{Cont.}

Postmine Soil Erodibility (X} Factor Determination by

Stop No. 12-231: Gelop

Depth {Inches)
Permeability

Organic Matter
Very Fine Sand

K Value

0-24

4
(%) 1.5
(%) 25

0.33

Stop No. 5-1: Pulpit

Depth {Inches)
Permeability
Organic Matter

K Value

Stop No. 13-14:

Depth {Inches)
Permeability
Organic Matter

K Value

Stop No. 19-65:

Depth (Inches)
Permeability
Organic Matter

K Value

Stop No. 19-68:

Dapth (Inches)
Permeability

Organic Matter
Very Fine Sand

K Value

0-3

(%) 2.0

(%)

S5an Mateo
0-6
4

(%} 2.0

San Mateo

0-24

3
(%) 1.5
(%) 20

0.386

Soil Type and Sample Increment

11

24-48 48-72 72-96 96-120 120-144 144-168
4 3 3 2 3 3
1.0 1.0 0.5 0.5 0.5 0.0
22 32 31 28 35 31
0.33 0.36 0.32 0.33 0.38 0.35
3-12 12-23 23-30
2 3 3
1.9 1.5 1.0
0.43 0.41 0.43
4-9 5-24 24-47 47-73 73-97 97-111 111-144
3 4 3 2 3 2 2
1.5 1.5 1.0 1.0 0.5 0.5 0.5
0.49 0.40 0.43 0.42 0.52 0.50 0.44
6-13 13-30 30-48 48-72 72-96
3 2 3 5 5
1.5 1.5 1.0 0.5 0.5
0.28 0.19 0.38 0.40 Q.40
24-48 48-72 72-96
4 3 3
1.0 1.0 0.5
186 25 24
0.37 0.38 0.37

144--168

(o




Table 1 (Conit.)

Postmine Soil Erodibility (X) Factor Determination by

Stop Weo. 12-213: Sharps

Depth (Inches) 0-2
Permeability 2

Organic Matter (%) 2.0
K value 0.33

Stop Wo. 19-48: Sharps

Depth (Inches) 0-2
Permeability 2
Organic Matter (%) 2.0
K value 0.46

Stop No. 12-54: Sharps

bepth (Inches) 0-2
Permeability 2

Organic Matter (%) 2.0
K Vvalue 0.42

Stop No. ©-2: Sharps

Depth (Inches) 0-2
Permeability 2
Organic Matter (%) 2.0
K Value 0.60

Stop No. 27-41: Travessilla

Depth (Inches) 0-2
Permeability 2
Organic Matter (%)} 1.5
K Value 0.25

S0il Type and Sample Increment M

2-5 5-10 10-17 17-24 24-31

2-6 6-15 15-21 21-27

2.0 1.5 1.0 0.5

0.41 0.38 G.33 0.26

2-5 5-11 11-27 27-34

2.0 1.5 1.0 0.5

2-10 10-30
2 2
2.0 1,0
0.69 0.54
2-7
2
1.0
0.14

12




Stop No. 12-66: Zyme

Depth (Inches)
Permeability

Organic Matter (%)

Table 1

Postmine Scil Erodibility (K)

[Cont.)

Factor Determination by

S0il Type and Sample Increment'*

K Value 0.37 0.28 0.32
S5top Wo. 12-261: Zyme

Depth (Inches) 0-3 3-6
Permeability 5 5

Organic¢ Matter (%) 1.0 0.5

K Value 0.23 0.38

Stop No. 1I55-29879 - 15 thru 17: Zyme
Depth (Inches) 0-6 6-11 11-15
Permeability 5 5 5
Organic Matter (%) 1.0 0.5 0.5
Very Fine Sand (%) 12 5 10
Rock Frag (% by wol) 40 15 15
K Value 0.34 0.32 0.35
Stop Wo. IS5-30079 - 1 thru 2: Zyme

Depth {Inches) 0-5 5-8
Permeability 4 5

Organic Matter (%) 1.0 .5

Very Fine Sand (%) 24 14

Rock Frag (% by vol) 40 15

K value 0.32 0.28

13




Table 1 {Cont.)

Postmine Soil Erodibility (¥) Factor Determination by

Soil Type and Sample Increments'

Stop No. T35-30079 - 9 thru 1l: Zyme

Depth {Inches) 5-8 8-13 13-16
Permeability 4 3 5
Organic Matter (%) 1.0 0.5 0.5
Very Fine Sand (%) 12 13 7
Rock Frag {% by wvol) 40 15 15
K Value 0.37 0.35 0.34

Stop Wo, ISS-3C6078 - 17 thru 20: Zyme

Depth (Inches) 0-3 3-9 9-18 19-23
Permeability 3 3 5 2
Organic Matter (%) 1.0 0.5 0.5 0.5
Very Fine Sand (%) 21 20 9 20
Rock Frag (% by wvol) 40 15 15 24
K Value 0.37 0.34 0.33 0.51

Q' yextural analysis data is contained in Volume 11A, Appendix A, Attachments 2, 3, 4, and 5.

Very fine sand data is presented in Volume 113, Appendix A, Attachments 2 and 4. Soil

structure for the postmine soil surfa&e was assumed to be blocky, platy, or massive.

Mg0il permeability determined from guideline information presentéd in Trenholme (1985) and
Nyenhuis {(1988): 1 - rapid; 2 - moderately rapid; 3 - moderate; 4 - moderately slow; 5 - slow.
[“OIganic matter percentages were estimated based upon nermal depth/organic carbon distribution
patterns (Schafer et al., 197%) and historical postmine topsoil organic matter content sampling
at Black Mesa/Kayenta whereby the mean organic matier percentages for 207 samples was 1.1
percent with a standaxd deviation of 0.6 percent.

Myery fine sand values were estimated by texture class using wvery fine sand/sand ratio
infeormation presented in Volume 11A, Appendix A. Attachments 2 and 4 whereby silty clay loam -
73 percent; silty clay - 67 percent; silt loam - 61 percent; loam - 58 percent; sandy clay loam-
37 percent; clay loam - 57 percent; sandy loam - 41 percent; and clay - 40 percent.
MRock fragment content (percent by volume) was estimated from typical series

presented in Volume 11, Appendix A, Attachments 2 and 6.

14




Table 2

Mean Postmine Soil Erodibility (K) Pactor Values by Soil Series,

Disturbance Area, and Topsoil Salvage Depth

Area Salvage

Soil Type Map Unit Designation {Acres} Depth® K vaius®
) (Feei)

Bond 25 74.9 1.0 0.45
Dulce 1a,1,18,1C, 1D, 38, 3BC, 3C, 3D, 3E | 4) 4) 0.33'
Pulpit 5 493.3 2.5 0.44
Sharps 6, 6A, 6B, 6C 451.0 2.5 0.40
Travessilla 7B, 7C, 7D, 7E 4) 1) 0.17™
Cahona 10,104, 108, 10C 4990.8 5.0 C.38
Cahona 11,11A,118,11C 806.0 10.0 0.41
Cahona X11,X11a,X11B,X11iC 326.7 7.6 0.40
Begay 12,12A4,12B,12C 251.9 9.7 0.39
San Mateo 13a 182.4 14,7 0.40
Oelop 14a,148 68.3 9.7 0.38
Las Lucas 15a 859.49 11,6 0.33
Zyme 3A, 3BC, 3¢, 3D, 3E, 7B, 7C, 7D, 7E 4) 4) 0.34'
TOTAL 4014.2 7.78 0.38

Withig information is prescnted in Velume 11A, Appendix A, Table 15.

'rhis information is presented in Volume 19, Drawing 85305a, Sheets 1-15.

Myweighted means for the soil series were calculated from data presented in Table 1.

MThe Dulce
replacemant.
Chapter 22,

reclamation

and Travessilla soils will be salvaged on as an needed direct haul basis for
within key habitat, cultural plantings, or steep-slope reclamation areas (see
Material Redistribution Plan). Zyme soils may also be replaced within these unique

areas because the soil comprises a complex map unit with Dulce and Travessilla.
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o1

K Factor Values for Typical Suitable Overburden Materials (Red Rock) and Suitable Regraded Speill

Table

3

Coarse Organic
§ilt & Very Fine Fragment Matter ,

Material sand (%) Silt (%) . clay (%) Sand (%) Texture® {%) (%) Strc® Perm*® K Factor
Sandy Loam Red Rock 66 . 20 14 32 5L 65" 1 M/L MR 0.23

Sandy Clay Loam Red Rock 55 22 23 35 SCL 75 1 M/L M 0.25

Cl&y Loam Red Rock 35 34 31 48 cL 50 1 M/L  MS 0.32
Averge K Factor for Red Rock Materials 0.27
" Suitable Regraded Spoil 46 25 29 37 CL 45 - 0 M/L M3 .0.28

o)
lguitable overburden material (red rock) information is from samples taken in established zeclaimed sites in J19, J21, N11l, and N14.

Suitable regraded spoil material information was derived from the PWCC spbil sampling database for regraded areas at the Kayenta Mine.

'

2pexture: SL-sandy loam, SCL-sandy clay lcam, CL-~clay loam

!structure: M/L-massive/locse

‘permeability: MR-moderately rapid, M-moderate, MS-moderately slow







ATTACHMENT B-1

GENER!C WATERSHED EXAMPLE
WORKSHEETS



GENERIC WATERSHED DESICGN EXAMPLE

TIME OF CONCENTRATION CALCULATIONS

JAN 31 1989



0.3
tc = 11.9(L)3] B>

S

Subwatershed #1

L = 10840' = 2,053 miles

n

H 7181 - 6770 = 411"

0.385

te = _11.9 (2.053)3
{-——-——-————L"]

411

Subwatershed #2

L = 10840" + 900' = 11,740

H=7181' - 6755' = 426’
.385

tc = [11.9 (2.224)3]0 8

526

Subwatershed #3

-
n

3200' = 0.606 miles
H = 7000" - 6755' = 245°
te = 11.9 (0.608)2 3%
[ 1

245

Subwatershed #i4

"

I—
I

117407 + 2000 13740

juung
il

7181 - 66977

I3

684"

te = 11.9 (2.603)3]0'385
484

GENERIC WATERSHED
N14-4W

= 0.587 hrs.

= 2,224 miles

= 0.635 hrs.

= 0.175 hrs.

1l

2.602 miles

= 0.725 hrs.

A

9

11989



N14-4W (Cont.)

Subwatershed #5

L = 5100' = 0.966 miles
H = 7041' = 6800" = 201"
0.385
= 11.9 {0.966)3
te = [11.9 (0.966)°, = 0.302 hrs,
241
Subwatershed #6
L = 5100' + 1300' = 6400" = 1.212 miles
H = 7041" - 6780' = 261
0.385
te = _11.9 (1.212)3
¢ =118 41.212)°, = 0.380 hrs.

261

Subwatershed #7

L =3100" = 0.606 miles
H = 6850' - 6780' = 70°
0.385

= 11.9 (0.606)3
te = (11.9 (0.606)%, = 0.284 hrs.

70

Subwatershed #8

L = 6400' + 1400" = 7800" = 1.477 miles
H = 7061' - 6697 = 3447
0.385
tc = _11.9 . 3
¢ = 1.3 (1.477)°, = 0.430 hrs.
K1Y
Subwatershed #9
L = 7400" = 1,402 miles
H = 7000' - 6697' = 303
0.385
te = 11.9 (1.402)3
¢ = (1.2 {1.402)7, = 0.425 hrs.

303



N14-4W (Cont.)

Subwatershed #10

L = 13740" = 2540' = 16280' = 3.083 miles
H= 7181' - 6651" = 530!
0,385
= 3
te [11.9 {3.083}) ] - 0.851 hrs.

530

JAN

e p

S 11089



GENERIC WATERSHED DESIGN EXAMPLE

10~Year, 6-Hour Storm Event

Input and Output

JAN



yr

i

686l 1 ¢

FILE: GENWATL SEDIMOT Al PEABODY CMS

GENERIC WATERSHED(N1G-4M):SUBHATERSHED #1

2 2

1.60 6.00 0.10 1.00
1 1
1
1

0.0 0.0 G.0

1 1 1 1 1

902.8 g8l.0 0.587 0.0 0.0 0.0 1.0 2.0

PAGE 00001



i e e g g e e e T e T e e e e T e e e s e T e
T T o T T e e e e e T e e T e

UNIVERSITY OF KENTUCKY COMPUTER MODEL

OF SURFACE MINE HYDROLOGY AND SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL
ENGINEERING DEPARTMENT

THE UK MODEL IS A DESIGN MODEL DEVELOPED TO PREDICT
THE HYDRAULIC AND SEDIMENT RESPOMSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAIMFALL EVENT (SINGLE STORM)

VYERSION DATE 5-25-33

DISCLAIMER: NEITHER THE UNIVERSITY MOR ANY OF ITS EMPLOYEES
ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FCOR THE
CONCLUSIONS DRAMN FROM THE RESULTS OF THIS MODEL

B e e s L e L T L T T
WATERSHED TDENTIFICATION CODE

GENERIC WATERSHED(NI14-4W):SUBMATERSHED #1

IO I IEIIEFE I DI I IIEICHH NI IIIER I

S

FEEHIIIOSOEEIOOEEETNPUT VAL UE S50 e aneee eieex

STORM DURATION = 6.00 HOURS
PRECIPETATION DEPTH = 1.60 INCHES



¥ OX W O X XWX E X KWW N KK XX R K KR

JUNCTION 1, BRANCH 1, STRUCTURE 1
¥ KO R B K K N K XN W X K K K K X XX ®X

*%% HYDRAULIC INPUT VALUES FOR SUBWATERSHEDS sex

WATER AREA CURVE TC TT  ROUTING COEFFICIENTS  UNIT
SHED ACRES  NUMBER HR HR K-HRS bt HYDRO
1 902.80 81.00 0.587 0.000 0.c00 0.00 2.0

¥ % % COMPUTED VALUES FOR INDIVIDUAL WATERSHEDS * ¥

WATERSHED PEAK FLOW RUNGFF
{CF3) [(INCHES)

NOTE: SEDIMENT DGES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

®¥¥%% SUMMARY TABLE FOR TOTAL MWATERSHED Jeexx

27.6747  ACRE-FT
210.3598 CFS
902.8000 ACRES

3.40 HRS

RUNOFF VOLUME

PEAK DISCHARGE

AREA

TIME OF PEAK DISCHARGE

nmunn

M OE X X X E R X R ¥ X

NULL STRUCTURE
H o R K ® X K ® X K XK

*¥¥% RUN COMPLETED 6%%



FILE: GE» . SEDIMOT Al PEABCDY CMS

GENERIC WATERSHED{N14-4H):SUBMATERSHED #2

2 Z

1.80 6.00 G.10 1.00
1 1
1
1

0.0 0.0 0.0
1 1 1 1 1

971.9 8l1.0 0.635 0.0 0.0 G.0 1.0 2.0

PAGE 00001
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UNIVERSITY OF KENTUCKY COMPUTER MODEL
OF SURFACE MINE HYDROLOGY AND SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL

ENGINEERING DEPARTMENT

THE UK MODEL IS A DESIGN MODEL DEVELOPED TQO PREDICT
THE HYDRAULIC AND SEDIMENT RESPONSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAINFALL EVENT (SINGLE STORM)

VERSION DATE 5-25-83

DISCLAIMER: NEITHER THE UNIVERSITY NOR ANY OF ITS EMPLOYEES
ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSIONS DRAWN FROM THE RESULTS OF THIS MODEL

HIE I I X IR O M MM IR I HIHIEIEIIEIEHE
AR NFIFADES I

I I N NI AN
I 2365

PRI H AN H NI AR
HATERSHED IDENTIFICATION CODE

GENERIC WATERSHED(N14-4M1:SUBWATERSHED %2

X RN I IR NI I I III NI NI AN

INNOOHOOOEH 2362636336330 TNPUT VA LUIE S 3656363633 MHINIEINIX

= 6.00 HOURS

STORM DURATION
= 1.60 INCHES

PRECIPITATION DEPTH



2%

;

8ol 1 o NV

3

o,
L.

6

¥ R K X K K K E K K X % K K X K X X X X K
JUNCTION 1, BRANCH 1, STRUCTURE 1
IR EEEREE RN RN NN

6% HYDRAULIC INPUT VALUES FOR SUBWATERSHEDS *xx

WATER AREA CURVE TC T ROUTING COEFFICIENTS UNIT
SHEDR ACRES NUMBER HR HR K~HRS X HYDRO
1 971.%90 81.00 0.635 0.000 c.oo0c 0.00 2.0

% % ¥ COMPUTED VALUES FOR INDIVIDUAL WATERSHEDS * % %

WATERSHED PEAK FLOW RUNOFF
(CF3) ({INCHES)

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATID 2

e SUMMARY TABLE FOR TOTAL HWATERSHED 3%%%%

29.7929  ACRE-FT
215.9967 CFS
971.8999  ACRES

2.40 HRS

RUNOFF VOLUME

PEAK DISCHARGE

AREA

TIME OF PEAK DISCHARGE

* X O X X X ¥ ¥ X X X X

NULL STRUCTURE
¥ X K ¥ X X X X K X H ¢

*3%% RUN COMPLETED 36%3%%



FILE: GENWai3 SEDIMOT Al PEABODY CMS

GENERIC MWATERSHED(N1G-4M):SUBMATERSHED #3

4 4

1.60 6.00 0.19 1.00
1 1
1
1

0.0 0.0 0.0

1 1 1 1 1

5z.9 8l.0 0.175 0.0 a.0 0.0 1.0 2.0

PAGE 00001
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UNIVERSITY OF KENTUCKY COMPUTER MODEL
OF SURFACE MINE HYDROLOGY AND SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL

ENGINEERING DEPARTMENT
THE UK MODEL IS A DESIGN MODEL DEVELCPEDR TO PREDIET

THE HYDRAULIC AND SEDIMENT RESPONSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAINFALL EVENT (SINGLE STORM]

YERSION DATE 5-25-83

DYISCLAIMER: NEITHER THE UNIVERSITY NOR ANY OF ITS EMPLOYEES
ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSIONS DRAWN FROM THE RESULTS OF THIS MODEL

B e T S T T e s e e e s e T
AN I H N M MM NI I ITTER I FE MM H MM W NI IINEN

NI HHN NI I FEI I DI MIICIERIICH N IITIIEIIHIEEN

WATERSHED IDENTIFICATION CODE

GENERIC MATERSHED(N14-4K):SUBWATERSHED #3

IR I I NN I NI IERIEIIN NI

IENIIEINFH RN XTNPUT VA LUE S35 3MIE MM M6

= 6.00  HOURS
= 1.60 INCHES

STORM DURATION
PRECIPITATION DEPTH



> MYE

14

686l

W oK W W O K I I X N N M M XN NN KX XK XN

JUNCTION 1, BRANCH 1, STRUCTURE 1
% X M X X K K K H E K KK X KK KX KK KK

*%x HYDRAULIC INPUT VALUES FOR SUBWATERSHEDS v

WATER AREA CURVE TC TT  ROUTING COEFFICIENTS
SHED ACRES  NUMBER HR HR K-HRS ®
1 52.90 81.00 0.175 0.000 0.000 0.00

% % ¥ COMPUTED VALUES FOR INDIVIDUAL WATERSHEDS * * *

HWATERSHED PEAK FLOMW RUNGFF
(CFS) (INCHES)

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPGSITION BY DELIVERY RATIO 2

¥%¥%3%% SUMMARY TABLE FOR TOTAL WATERSHED ‘eeeex

1.6216  ACRE-FT
22.7063 CFs
BZ2.9000  ACRES

3.10 HRs

RUNOFF YOLUME

PEAK DISCHARGE

AREA

TIME OF PEAK DISCHARGE

¥ % ¥ X M K K % ¥ OE X X

NULL STRUCTURE
% X X K K X K X X X X

¥%% RUN COMPLETED %k

UNIT
HYDRO



FILE: GENww. 4 SEDIMOT Al PEABODY CMS

GENERIC WATERSHEDIN1G-6H);SUBMWATERSHED #4
2

2
1.60 &.00 0.10 1.00
1 1
1
1
0.0 0.0 0.0
1 1 1 1 1
1045.9 8l.0 g.725 0.0 0.0

1.0

2.0

PAGE 00001
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UNIVERSITY OF KENTUCKY COMPUTER MODEL
OF SURFACE MINE HYDROLOGY AND SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL

ENGINEERING DEPARTMENT

THE UK MODEL IS A DESIGN MODEL DEVELOPED TO FREDICT
THE HWYDRAULIC AND SEDIMENT RESPONSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAINFALL EVENT (SINGLE STORM)

VERSION DATE 5-25-83

DISCLAIMER: NEITHER THE UNIVERSITY NOR ANY OF ITS EMPLOYEES
ACCEPT ANY RESPONSIBILITY OR LEsAL LIABILITY FOR THE
CCNCLUSIONS DRAWN FROM THE RESULTS OF THIS MCDEL

FEHIHICHIEE SE3€ HIHER K IEIEIEIFEIIIEN I NI

I I e IE I I DE NI HIIEIE I I N N M IIOIENHE I HIIEIIE I I HHEIEIEE WD HIEIHOIINIC N

B T T e s e T e e b e e Y e

WATERSHED IDENTIFICATICN CODE

GENERIC WATERSHED(N1G-GKW):SUBWATERSHED #4

FEAEA IO NN H AN IO NI IHIIEIICEIN

HRNISOOEEHMNHINGEIEOEINPUT VAL UE S306636 60566600 HMENIIEN

STCGRM DURATICN = 6.00 HGURS
= 1.60 INCHES

PRECIPITATION DEPTH =

NYI

.*r.
2
&

BBGL ¥ ¢



% ¥ X & ¥ K R X X K I X X ¥ X N X X E N K ¥

JUNCTION 1, BRANCH 1, STRUCTURE 1
¥ % M O W K K W X ¥ O % K X K X N X ¥ X

¥xx% HYDRAULIC INPUT VALUES FOR SUBWATERSHEDS %%

HWATER AREA CURVE TC TT  ROUTING COEFFICIENTS  UNIT
SHED ACRES  NUMBER HR HR K-HRS X HYDRO
1 FIEHIHIER: 81.00 0.725 0.009 0.000 0.00 2.9

¥ % ¥ COMPUTED VALUES FOR IMDIVIDUAL WATERSHEDS % 3 3

WATERSHED PEAK FLOW RUNOFF
(CFS) {INCHES)

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

e SUMMARY TABLE FOR TOTAL WATERSHED eex

RUNGFF VOLUME

PEAK DISCHARGE

AREA

TIME OF PEAK DISCHARGE

22,1533  ACRE-FT
215.0471 CFS
1048.8999  ACRES
3.50 HRS

ofloa i

M OHK O XK ¥ M X X X N X X

NULL STRUCTURE
® O M E X K X X K K K

xx% RUN COMPLETED sxex




FILE: GENi.... SEDIMOCT Al PEABODY CMS

GENERYC MWATERSHED(NI1G%-4i):SUBMATERSHED #5
2

2

1.60 6.00 0.10 1.00
1 1
1
1

0.0 0.0 0.0
1 1 1 1 1

7é6.1 81.0 0.302 0.0 0.0 0.0 1.0 2.0

PAGE Q0001
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UNIVERSITY OF KENTUCKY COMPUTER MODEL

OF SURFACE MINE HYDROLOGY AND SEDIMENTQLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL
ENGINEERING DEPARTMENT

THE UK MODEL IS A DESIGN MODEL DEVELOPED TO PREDICT
THE HYDRAULIC AND SEDIMENT RESPONSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAINFALL EVENT (SINGLE STORM)

VERSION DATE 5-25-83
DISCLATMER: NEITHER THE LINIVERSITY NOR ANY OF ITS EMPLOGYEES

ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSIONS DRAMN FROM THE RESULTS OF THIS MODEL

FEHEICHIEN DM HA ISR IE IR I IEIE NI NI £ 3N ¥ HHEHHRI KNI

BT T T R T e e T e e e T S ]

GENERIC WATERSHED (N1G~GH ) :SUBWATERSHED #5

I IEIIE I I HIEIE NI NI DX IOIIIIIIIEN

RIS INICHIIHEEHHNEX TNPUT VA LUE SOOI IR

STORM DURATION = &.00 HOURS
PRECIPITATION DEPTH = 1.80 INCHES

yr

3 Al

BAEI 1

-3



O O X K X X I K K ¥ X ¥ K ¥ X R ¥ E K K

JUNCTION 1, BRANCH 1, STRUCTURE 1
IR EEEEEENERERENERESEEEEREE LR

3% HYDRAULIC INPUT VALUES FOR SUBMATERSHEDS *xx

WATER AREA CURVE TC TT  ROUTING COEFFICIENTS  UNIT
SHED ACRES  NUMBER HR HR K-HRS X HYDRO
1 76.10 81.00 0.302 0.900 D.000 Q.00 2.0

¥ % % COMPUTED VALUES FOR INDIVIDUAL MWATERSHEDS % * *

WATERSHED PEAK FLOHW RUNOFF
(CF3) {INCHES)

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

¥ee% SUMMARY TABLE FOR TOTAL WATERSHED ex

2.3328  ACRE-FT
25.7226 CFS
76,1000 ACRES

3.20 HRS

RUNQFF YOLUME

PEAK DISCHARGE

AREA

TIME OF PEAK DISCHARGE

¥ oK O X K X K X X N K R

NULL STRUCTURE
X K K K N K X R XK X XX

*%% RUN COMPLETED %xx




FILE: GEbwws16 SEDIMOT Al PEABODY CMS

GENERIC WATERSHED(N14-4H):SUBWATERSHED #6

4 z
1.e0 6.00 0.10 l.00
1 1
1
1
0.0 0.¢ 0.0
1 1 1 1 1
32.0 81.0 0.330 0.0 0.0

1.0

PAGE 00001
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UNIVERSITY OF KENTUCKY COMPUTER MCDEL

OF SURFACE MINE HYDROLOGY AND SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL
ENGINEERING DEPARTMENT

THE UK MODEL. IS A DESIGN MODEL DEVELOPED TD PREDICT
THE HYDRAULIC AND SEDIMENT RESPONSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAINFALL EVENT (SINGLE STORM)

VERSION DATE 5-25-83

DISCLAIMER: NEITHER THE UNIVERSITY NOR ANY OF ITS EMPLOYEES
ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSICONS DRAWN FROM THE RESULTS OF THIS MODEL

o e T e E S e s S T T e e e P ey

WATERSHED IDENTIFYICATION CODE

IR I X IIRIIOEHIIINK
HHRHHIBBOOCONEINRX XX TINPUT  VALUES %X X% I IHNHRIE
STORM DURATION = &.00 HOURS
PRECIPITATION DEFTH = 1.60 INCHES

7%

oNY

Lo



¥ W WK XX R E X X K N H N XN N XN XN XN

JUNCTION 1, BRANCH 1, STRUCTURE 1
IR R EEEEEEREERERERENNIENEN]

sk HYDRAULIC INPUT YALUES FOR SUBMWATERSHEDS %x

HWATER AREA CURVE TC TT  ROUTING COEFFICIENTS  UNIT
SHED ACRES  NUMBER HR HR K~HRS x HYDRO
1 82.00 8l.00 0.380 0.000 0.000 0.00 2.0

% % % COMPUTED YALUES FOR INDIVIDUAL WATERSHEDS % * %

WATERSHED  PEAK FLOMW RUNCFF
(CFS) {INCHES)

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

*3eexx SUMMARY TABLE FOR TOTAL MWATERSHED XX

2.5137  ACRE-FT
2%.6176 CFS
gz.0000  ACRES

3.20 HRS

RUNOFF YOLUME

PEAK DISCHARGE

AREA

TIME OF PEAK DISCHARGE

ninnu

EIE N NI
NULL STRUCTURE
X O X K KX X X K XN

6% RUN COMPLETELD 3666%

-

A
£

686L 1 ¢



FILE: GENWAT?7 SEDIMOT Al PEABODY CMS

GENERIC MATERSHED(NI4-4W):SUBWATERSHED #7

2 2
1.60 6.00 0.10¢ 1.00
1 1
1
1
0.0 0.0 0.0
1 1 1 1 1l
E7.9 81.0 0.284¢ 0.0 0.0

PAGE 00001
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UNLVERSITY OF KENTUCKY COMPUTER MODEL

OF SURFACE MINE HYDROLOGY AND SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL
ENGINEERING DEPARTMENT

THE UK MODEL IS A DESIGN MODEL DEVELOPED TC PREDICT
THE HYDRAULIC AND SEDIMENT RESPONSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAINFALL EVENT (SINGLE STORM)

YERSION DATE 5-25-83
DISCLAIMER: NEITHER THE UNIVERSITY NOR ANY OF ITS EMPLOYEES

ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSIONS DRAWN FROM THE RESULTS OF THIS MODEL

L1 o

GENERIC WATERSHEDIN1%-GM):SUBMATERSHED #7

RIS X e M I NI IO

FHHHHIEIEIOOOOOOOCRINPUT VA LUE S0 IENIEINIIICIIIE

STORM BURATION = 6.00 HOURS
PRECIPITATION DEPTH = 1.60 INCHES



¥ % I X X K W W ¥ X M I X X % W X ¥ K X X X X

JUNCTION 1, BRANCH 1, STRUCTURE 1
¥ OK % K N K K N R K N WK K EE R KK KK KN

%% HYDRAULIC INPUT VALUES FOR SUBWATERSHEDS %

WATER AREA CURVE TC TT  ROUTING COEFFICIENTS  UNIT
SHED ACRES  NUMBER HR HR K-HRS X HYDRO
i 57.90 8l.00 0.284 0.000 0.000 0.00 2.0

* ¥ % COMPUTED VALUES FOR INDIVIDUAL WATERSHEDS * x =

WATERSHED PEAK FLOW RUNOFF
(CFS) (INCHES)

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATID 2

k¥ SUMMARY TABLE FOR TOTAL WATERSHED aesesexx

1.7749  ACRE~FT
20.1k06 CFS
57.904%0 ACRES

3.10 HRS

RUNOFF VOLUME

PEAK DISCHARGE

AREA

TIME OF PEAK DISCHARGE

¥ ¥ X X X ¥ M O ¥ X X ¥

NULL STRUCTURE
KoK K N W K E K K K K X

#¥3% RUN COMPLETED exe

£t

bHbl §



FILE: GE. + SEDIMOT Al PEABODY CMS

GENERIC MWATERSHEDIN14-4M):SUBMATERSHED #8

2 4
1.50 6.00 0.10 1.00
1 1
1
1
0.0 0.0 0.0
1 1 1 1 1
188.0 8l.0 0.430 0.0 .0

1.0

PAGE 00001
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UNIVERSITY OF KENTUCKY COMPUTER MODEL

OF SURFACE MINE HYDROLOGY AND SEDIMENTOLOGY
fOR MORE INFORMATION CONTACT THE AGRICULTURAL

ENGINEERING DEPARTMENT
THE UK MODEL IS A DESIGN MODEL DEVELOPED TO PREDICT

THE HYDRAULIC AND SEDIMENT RESPONSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAINFALL EVENT (SINGLE STORM)

YERSION DATE 5-25-83

DISCLAIMER: NEITHER THE UNIVERSITY NOR ANY OF ITS EMPLOYEES
ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSIONS DRAWN FROM THE RESULTS OF THIS MODEL

I I I He I HE D ICIEIIEFENE DI HEDE HIEI NI IIEIEIEHEIE I I M PN I IIIEIEW I
T o S e e e e T e S B e e e

FERPEIEIEIIEA IR IE I I HIEIII NI MK
WATERSHED IDENTIFICATIOM CODE

GENERIC MWATERSHED(N14-4M}:SUBWATERSHED #3

I M I A NEF NI IR WD NI RN FIIOIIOIIEN IR

FOOEENFINIHHOSEHNNIRR T NPUT VA LUE SHR0066E600E 0666006

STORM DURATION = 6.00 HOURS
PRECIPITATION DEPTH = 1.60 INCHES

YT

686 1



e

|

gl ¥ e

9 X X X K H K X X X WX X X K K E X ¥ R X KX

JUNCTION 1, BRANCH 1, STRUCTURE 1
IERERREREEEEEEEEREERENENENEN:

%% HYDRAULIC INPUT VALUES FOR SUBWATERSHEDS ¢

HATER AREA CURVE TC TT  ROUTING COEFFICIENTS
SHED ACRES  NUMBER HR HR K-HRS b
1 188.00 81.00 0.430 0.000 0.000 0.00

% % % COMPUTED YALUES FOR INDIVIDUAL WATERSHEDS * % *

WATERSHED PEAK FLOW RUNOFF
(CFS) (INCHES)

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

*%33%% SUMMARY TABLE FOR TOTAL WATERSHED xxxxx

5.7630  ACRE-FT
52.6936 CFS
188.0000 ACRES
3.20 HRS

RUNOFF YOLUME

PEAK DISCHARGE

AREA

TIME OF PEAK DISCHARGE

nnnia

WOk ¥ XK X R K ¥ IF X K X

NULL STRUCTURE
* K K K X X K X KX K K X

%% RUN COMPLETED 0%

UNIT



FILE: GEi. + SEDIMOT Al PEABODY CMS

GENERIC HWATERSHED(N1G-4H):SUBWATERSHED #9

2 2

1.80 €.00 0.10 1.00
1 1
1
1

9.0 0.0 0.0

1 1 1 1 1

200.9 81.0 0.425 0.0 0.0 0.9 1.0 2.0

RRAL 1 & Wyp

PAGE 00001
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UNIVERSITY OF KENTUCKY COMPUTER MODEL

OF SURFACE MINE HYDROLOGY AND SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL
ENGINEERING DEPARTMENT

THE UK MODEL IS A DESIGN MODEL DEVELOPED TG PREDICT

THE HYDRAULIC AND SEDIMENT RESPONSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAINFALL EVENT (SINGLE STORM)

YERSTION DATE 5-25-83
DISCLAIMER: NEITHER THE UNIVERSITY NOR AMY OF ITS EMPLOYEES

ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSIONS DRAWN FROM THE RESULTS OF THIS MODEL

B e T e T e T T T e e T e T e e e e s e ]
NN e MM HE IR MR MM S ORI M NI IEIEIIIOR

A NN I HIEFE I S HIEH NI I HICHIE I IEIEIE

HATERSHED IDENTIFICATION CODE

GENERIC WATERSHED(N14-4MW):SUBWATERSHED #9

B s T T T s R T e P e S ]

IR HXEXINPUT VAL UE SHIIMHIEHIEIIIEIH NI HIEH

STORM DURATION = &.00 HOURS
PRECIPITATION DEPTH = 1.60 INCHES



% I X X K X M X X X I K ¥ X N K X XX K K X

JUNCTION 1, BRANCH 1, STRUCTURE 1
% X K K K K X X K K K ¥ X X K K X X X X X KK

*¥%% HYDRAULIC INPUT VALUES FOR SUBWATERSHEDS %
TT  ROUTING COEFFICIENTS  UNIT

HWATER AREA CURVE TC
SHED ACRES  NUMBER HR HR K-HRS ® HYDRO
1 200.90 81.00 0.425 0.000 0.000 0.00 2.0

¥ ® ¥ COMPUTED VALUES FOR INDIVIDUAL MWATERSHEDS % * *

WATERSHED PEAK FLOW RUNOFF

(CFS) ({INCHES)
1 56.69 ¢.37
NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2
w00 SUMMARY TABLE FOR TOTAL WATERSHED 2663
RUNCFF YOLUME = 6.1885  ACRE-FT
PEAK DISCHARGE = 56.6944 CFS
AREA = 200. 9000 ACRES
= 3.20 HRS

TIME OF PEAK DISCHARGE

%% RUN COMPLETED %%

?’tflw

o™

686!



FILE: GEh. .0 SEDIMOT Al PEABODY CMS

GENERIC WATERSHED(NI%-4H):SUBMATERSHED #10

2 4
1.60 6.00 0.190 l1.c0

1 1

1

1

0.0 0.0 0.0
1 1 1 1 1
1492.5 8l.0 0.851 0.0 0.0 0.0 1.0 z.0

PAGE 00001
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UNIVERSITY OF KENTUCKY COMPUTER MODEL

OF SURFACE MINE HYDROLOGY AMD SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL
ENGINEERING DEPARTMENT

THE UK MODEL IS A DESIGN MODEL DEVELOPED TO PREDICT
THE HYDRAULIC AND SEDIMENT RESPONSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAINFALL EVENT (SINGLE STORM)

VERSION DATE 5-25-83

DISCLAIMER: NEITHER THE UNIVERSITY NOR ANY OF ITS EMPLOYEES
ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSIONS DRAWN FROM THE RESULTS QF THIS MODEL

o e e S S e T e e P e s e
HEFEIEIEIEIE NI I I I IEIEIEIE DI DI IIEHEIEIIEHIOIE I I MIEIE N eI NN INIIEIN

IR AN HH NI IHH IR IEN K I
WATERSHED IDENTIFICATION CORE

GENERIC MWATERSHED(N14-gMW):SUBWATERSHED #10
IR NI IIEIIEI NI HIIN I I I I

FOREREHBOCONNO0OOEEE TNPUT VA LUE S5 66306060

STORM DURATION = 6.00 HOURS
PRECIPITATION DEPTH = 1.50 INCHES




HOE X O M X X X X K E XX X X XK XK XN XXX

JUNCTION 1, BRANCH 1, STRUCTURE 1
IR EREEEREREE I NN NN

%% HYDRAULIC INPUT VALUES FOR SUBMATERSHEDS sxx

WATER AREA CURVE TC TT  ROUTING COEFFICIENTS  UNIT
SHED ACRES  NUMBER HR HR K~HRS x HYDRO
1 IR 81.00 0.851 0.000 0.000 0.00 2.0

% % % COMPUTED VALUES FOR INDIVIDUAL MWATERSHEDS ¢ * ¢

WATERSHED PEAK FLOMW RUNOFF
(CF3) (INCHES)

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

¥k SUMMARY TABLE FOR TOTAL MWATERSHED %%%¥

45.7516  ACRE-FT
277.0286 CFS
1492.5000 ACRES
Z.50 HRS

RUNOFF VOLUME
PEAK DISCHARGE

AREA
TIME OF PEAK DISCHARGE

o

HOE O K K X K X X X K X

NULL STRUCTURE
¥ OF OE M K X A X ¥ ¥ X X

*¥%% RUN COMPLETED %%

-~
e

DUl |



GENERIC WATERSHED DESICN EXAMPLE

100-Year, 6-Hour Storm Event

Input and Output

JAN 311988



FILE: GEM - SEDIMOT Al PEABODY CMS

GENERIC WATERSHED(NI1gG-4M):SUBMATERSHED #1

-4 2
2.%40 6.00 0.10 1.00
1 1
1
1
0.0 .0 0.0
1 1l 1 1 i
90zZ.8 8l.0 0.587 0.0 0.6

i

Ve

t]
i

g

l.¢

PAGE 00001
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UNIVERSITY OF KENTUCKY COMPUTER MODEL

OF SURFACE MINE HYDROLOGY AMD SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL
ENGINEERING DEPARTMENT

THE UK MODEL IS A DESIGN MODEL DEVELOPED TO PREDICT
THE HYDRAULIC AND SEDIMENT RESPONSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAINFALL EVENT (SINGLE STORM)

VERSION DATE 5-25-83
DISCLAIMER: NEITHER THE UNIVERSITY NOR ANY OF ITS EMPLOYEES

ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSIONS DRAWN FROM THE RESULTS OF THIS MODEL

T T Ty e e s e e e e e e e P e e

WATERSHED IDENTIFICATION CODE

GENERIC MWATERSHED{N14-aW]}:SUBWATERSHED #1

NI HE I M IO DN I IEIEIEIEI NI MIEIEIEIINIEI

HHIEHIHIEIHICIIONIINRF N INPUT  VALUE SHHMHHIIIHNMMNIEHHIONNH

STORM DURATION = 6.00 HOURS
PRECIPITATION DEPTH = 2.4a0 INCHES




M O K O X N X X X N O E X XK O N XK N NN X

JUNCTION 1, BRANCH 1, STRUCTURE 1
ERE R EREERNEERENREENRIEIEEJENN NN

s%% HYDRAULIC INPUT VALUES FOR SUBWATERSHEDS *ex

WATER AREA CURVE TC TT  ROUTING COEFFICIENTS
SHED ACRES  NUMBER HR HR K-HRS x
1 902.80 §1.00 0.587 0.000 0.000 0.00

% % % COMPUTED YALUES FOR INDIVIDUAL WATERSHEDS %* ¥

WATERSHED PEAK FLOMW RUNOFF
(CFS) (INCHES)

1 543,45 0.87

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

ook SUMMARY TABLE FOR TOTAL WATERSHED ks

65.5874  ACRE-FT
543.4497 CFS
902.8000  ACRES

3.30 HRS

RUNOFF vOLUME

PEAK DISCHARGE

AREA

TIME OF PEAK DISCHARGE

€ X X E X X K K WK X X ¥

NULL STRUCTURE
X X K K K K K K X X X X

%% RUN COMPLETED €&é&e

UNIT
HYDRC



FILE: Gu - SEDIMOT Al PEABODY CMS PAGE 00001

GENERIC WATERSHEDI(N1%-GW):SUBWATERSHED #2

2 2

2.40 6.00 0.10 1.00
1 1
1
1

0.0 0.0 ¢.0
1 1 1 1 1

971.9 81.0 0.635 0.0 0.0 0.0 1.0 2.0 0.0
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UNIVERSITY OF KENTUCKY COMPUTER MODEL

OFf SURFACE MINE HYDROLOGY AND SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL
ENGINEERING DEPARTMENT

THE UK MODEL IS A DESIGN MODEL DEVELOPED TO PREDICT

THE HYDRAULIC AND SEDIMENT RESPONSE FROM SURFACE

MINED LANDS FOR A SPECIFIED RATNFALL EVENT (SINGLE STORM)
VERSION DATE 5-25-83

DISCLAIMER: NEITHER THE UNIVERSITY NOR ANY OF ITS EMPLOYEES
ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSYONS DRAMWN FROM THE RESULTS OF THIS MODEL

b o e e e e T i e S T e P S T e e e e T e e
I IEIE I IR HEIE AN I M IS N I I IEIIC IR I II NI IIE I IIIIE NI

I I I HIENNIEH LYIVIv: NI I NI

WATERSHED IDENTIFICATION CODE

GENERIC HWATERSHED(N1G~&W):SUBWATERSHED #2

I I M S NN NI I MG I ANk

IEEBHREEREOEOHOHEREEINPUT  VALUE S0 E-3606R R IHARI00H

STORM DURATION = 6.00 HOURS
PRECIPITATICN BEPTH = 2.40  INCHES




% X W K W W N I K S X K X X K ¥ K X X X K K X
JUNCTION 1, BRANCH 1, STRUCTURE 1

¥ X OE I X X O H WK N N N X X H K KK NN K X

¥ HYDRAULIC INPUT VALUES FOR SUBWATERSHEDS 3%
TT  ROUTING COEFFICIENTS  UNIT

HATER AREA CURVE Tc
SHED ACRES  NUMBER HR HR K~HRS b HYDRO
1 971.90 a1.00 0.635 0.000 0.000 0.00 z.0
% % % COMPUTER VALUES FOR INDIVIDUAL WATERSHEDS % *
WATERSHED PEAK FLOW RUNOFF
{CFS) (INCHES)
1 557.84% 0.87
NOTE: SEDIMENT DOES NOT IMCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

¥%¥Ex® SUMMARY TABLE FOR TOTAL WATERSHED i

70.607¢  ACRE-FT

EBE7.8386 CFS

971.8999  ACRES
3.40 HRS

RUNOFF VOLUME
PEAK DISCHARGE

AREA
TIME OF PEAK DISCHARGE

LR R R EEEREEER
NULL STRUCTURE
X H K K K KK X K K X X

6 RUN COMPLETED 6%



FILE: GE: SEDIMOT Al PEABODY CMS

GENERIC WATERSHED(NI1G-4MW):SUBMATERSHED #3

2 4

2.40 6.00 0.10 1.00
1 1
1
1

0.0 0.9 0.0
1 1 1 1 1

5z.9 81.0 G.175 0.0 .0 0.0 1.0 2.0

PAGE 00001
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UNIVERSITY OF KENTUCKY COMPUTER MODEL

OF SURFACE MINE HYDROLOGY AND SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL
ENGINEERING DEPARTMENT

THE UK MOBEL IS A DESIEN MODEL DEVELOPED TO PREDICT
THE HYDRAULIC AND SEDIMENT RESPONSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAINFALL EVENT (SINGLE STORM)

VERSION DATE 5-25-83
DISCLATMER: NEITHER THE UNIVERSITY NOR ANY OF ITS EMPLOYEES

ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSIONS DRAWN FROM THE RESULTS CF THIS MODEL

* FHHHAIIIAIE FEHIEH SRR RN IR NI IR HIIIIIIDDIIER

FHHHHIHH HHNHHK 363

SN I £ HHIHK HHHIIHA I SHEIEEIOODOONEEN
3 %* 3¢ %

S S S T T e e T S S e e e T e S e e ]

MATERSHED IDENTIFICATION CODE

GENERIC WATERSHED(N14-4M):SUBWATERSHED #3

I IIENIE I NI IENIEIE NI IEIHIEIIH A I HINOIIONN I

FEFRIGEOOHOOEHEOEEEEINPUT VA LUE SH666E6 366066 HIH IR

STORM DURATION = 6.00 HOURS
PRECIPITATION DEPTH = 2.%0 INCHES



# O ¥ B M X X I W O E XK ¥ M ¥ XK I H W K ® XX

JUNCTION 1, BRANCH 1, STRUCTURE 1
LIRS B I A R R A

%% HYDRAULIC INPUT VALUES FOR SUBWATERSHEDS X6

HWATER AREA CURYE TC TT  ROUTING COEFFICIENTS  UNIT
SHED ACRES  NUMBER HR HR K-HRS X HYDRO
1 52.90 81.00 0.175 0.000 0.000 0.00 2.0

* % % COMPUTED VALUES FOR INDIVIDUAL WATERSHEDS * * *

HATERSHED PEAK FLOW RUNOFF
(CFS) (INCHES)

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

s,exk% SUMMARY TABLE FOR TOTAL WATERSHED %3¢

3.8431  ACRE-FT
55,7860 CFS
E2.9000 ACRES

3.10 HRS

RUNOFF YOLUME

PEAK DISCHARGE

AREA

TIME QF PEAK DISCHARGE

o nun

* X OE X X KX X ¥ ¥ ¥ ¥ X

NULL STRUCTURE
IEEEERE EEEEE]

¥%% RUN COMPLETED ek




FILE: GE-. .+ SEDIMOT Al PEABQDY CMS

GEMERIC WATERSHED({NI14-6H):SUBHATERSHED %4

2 2
2.40 6.00 0.10 i.00

1 1

1

1

a.0 0.9 0.0

1 1 1 1 1
1048.9 8l1.0 0.725 0.0 0.0 0.0 1.0 2.0
-
>
W

606!

PAGE 00001
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UNIVERSITY OF KENTUCKY COMPUTER MODEL
OF SURFACE MINE HYDROLOGY AND SEDIMENTOLOGY
FOR MORE INFORMATICN CONTACT THE AGRICULTURAL
ENGINEERING DEPARTMENT

THE UK MODEL IS A DESIGN MODEL DEVELOPED TO PREDICT
THE HYDRAULIC AND SEDIMENT RESPONSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAINFALL EVENT {(SINGLE STORM)

VERSTON DATE 5-25~83

DISCLAIMER: NEITHER THE UNIVERSITY MOR ANY OF ITS EMPLOYEES
ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSIONS DRAWN FROM THE RESULTS OF THIS MODEL

I NN IS EE I D MY I M SE NI M I DI NI FE NI I HIEIE I IEN
FEHE I M I I RN IS I I NI X IO IR IO IR K IDEIIE IO

E T s s s s S e s s S e s s T S e s T e

HWATERSHED IDENTIFICATION CORE

GENERIC WATERSHEDI{NI1G-4W):SUBWATERSHED #4

IR FIEEORENOEEEEE N RIOOEX

FIMIRIIICOEERTNPUT VA LUE S306680000E0000E6EE

STORM DURATION = 6.00 HOURS

PRECIPITATION DEPTH = Z.40 INCHES



¥ MK ¥ W X O X X N X X X ¥ N X X X X X ¥ XK ¥ ¥

JUNCTION 1, BRANCH 1, STRUCTURE 1
X K K E X X K X N K K K X X X K X ¥ K K X

% HYDRAULIC INPUT VALUES FOR SUBMWATERSHEDS e

WATER AREA CURVE TC TT  ROUTING COEFFICIENTS  UNIT
SHED ACRES  NUMBER HR HR K-HRS X HYDRO
1l FWHIENHRN 81.00 0.725 0.000 0.000 0.900 2.0

¥ % % COMPUTED YVALUES FOR INDIVIDUAL WATERSHEDS % % *

HATERSHED PEAK FLOW RUMOFF
(CFS) (INCHES)

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

ek SUMMARY TABLE FOR TOTAL WATERSHED e

76.2014  ACRE-FT
554 .5439 CFS
1068.8999  ACRES
3.40 HRS

RUNOFF VOLUME

PEAK DISCHARGE

AREA

TIME OF PEAK DISCHARGE

inmnn

oW H X X K K ¥ X X ¥ X

NULL STRUCTURE
X X X K K X X X H X K X

¥%% RUN COMPLETED X%



FILE: Gi 2 SEDIMOT Al PEABODY CMS

GENERIC WATERSHED(N14-4H):SUBHWATERSHED #5

2 2

2.40 6.00 0.10 1.00
1 1
1
1

0.0 0.0 0.0
1 1 1 1 1

76.1 8L.0 0.302 0.0 0.0 0.0 1.0 2.0

0.0

PAGE 00001
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UNIVERSITY OF KENTUCKY COMPUTER MODEL
OF SURFACE MINE HYDROLOGY AND SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL

ENGINEERING DEPARTMENT

THE UK MODEL IS A DESIGN MODEL DEVELOPED TO PREDICT
THE HYDRAULYC AND SEDIMENT RESPONSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAINFALL EVENT (SINGLE STORM)

YERSION DATE 5-25-83

DISCLAIMER: NEITHER THE UNIVERSITY NOR ANY OF ITS EMPLOYEES
ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSIONS DRAMWN FROM THE RESULTS OF THIS MODEL

b g s T P T s P e T e e o T s e
HEIE NI RN I X I H I IO IS E I M I I I IEN I AN IR HIEIE I I XK HIIEIEFIEN M

I I I NI e M X NI I IEICHIEHIEHIIEN

WATERSHED IDENTIFICATICN CCDE

GENERIC WATERSHED(N14-4W):SUBWATERSHED #5

SN NI IS I I I NI IE H I IIENIIOI I MIEIEN I

FHIEIOIOEIISSHSEOERRETNPUT  VALUE SXaGe3 006NN

STORM DURATION = &6.00 HOURS
PRECIPITATION DEPTH = 2.40 INCHES



WO O W X I M K XX K E X K K N X K NN N

JUNCTION 1, BRANCH 1, STRUCTURE 1
¥ K K WK OE X X K K K N WK K K KK E K XKW N

:ex HYDRAULIC INPUT VALUES FOR SUBWATERSHEDS %%

HATER AREA CURVE TC TT  ROUTING COEFFICIENTS  UNIT
SHED ACRES  NUMBER HR HR K-HRS £ HYDRO
1 76,10 81.00 0.30z 0.000 0.000 c.o00 2.0

% % % COMPUTED VALUES FOR INDIVIDUAL HWATERSHEDS * %

WATERSHED  PEAK FLOW RUNQFF
(CF3) (INCHES)

NOTE: SEDIMENT DCOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

*eexx SUMMARY TABLE FOR TOTAL WATERSHED %%

5.5286  ACRE-FT

64.1866 CFS

76.1000  ACRES
3.20 HRS

RUNOFF VQLUME

PEAK DISCHARGE

AREA

TIME OF PEAK DISCHARGE

woa il

PO X O® K X K X X K ¥ K

NULL STRUCTURE
WX K OE X KX X X K X X

*%% RUN COMPLETED X¥xx

686l 1 ¢ NYP



FILE: Gk. .5 SEDIMOT Al PEABQODY CMS

GENERIC WATERSHED(N14-4W3}:SUBMATERSHED #6

2 4
2.40 6.00 0.10 1.00
1 1
1
1
0.0 0.0 0.0
1 1 1 1 1
82.0 8l.0 0.380 6.0 0.0 0.0 1.0 2.0

0.0

PAGE 00001
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UNIVERSITY OF KENTUCKY COMPUTER MODEL

OF SURFACE MINE HYDROLGGY AND SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL
ENGINEERING DEPARTMENT

THE UK MODEL IS A DESIGM MODEL DEVELOPED TO PREDICT
THE HYDRAULIC AND SERIMENT RESPONSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAINFALL EVENT (SINGLE STORM)

YERSION DATE 5-25-83

DISCLAIMER: NEITHER THE UNIVERSITY NOR ANY OF ITS EMPLOYEES
ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSIONS DRAWN FROM THE RESULTS OF THIS MODEL

B T o e i e L T e T S e D T
e T T T S e e T e s e e T e s e e

[eLezes LY ANIVLY] AW e e N N e
* AR ¥ N a3

WATERSHED IDENTEFICATION CODE

GEMERIC MWATERSHED(N1G-4MW):SUBHMATERSHED it6

IO I NI I NI I I IR IOE I NI IR

XIIIHIEHIINNNINXINPUT VAL LUE S:30E I HIHWINHNRHK IR

STORM DURATION = 6.00 HOURS
PRECIPITATION DEPTH = 2.%0 INCHES

=
0
W



H X R O X R X X X W X E K MR R R K NN

JUNCTION 1, BRANCH 1, STRUCTURE 1
N RN R EEEREEEEEENRE NN SN

#%% HYDRAULIC INPUT VALUES FOR SUBWATERSHEDS

HATER AREA CURVE TC TT  ROUTING COEFFICIENTS  UNIT
SHER ACRES  NUMBER HR HR K-HRS x HYDRO
1 82.00 81L.00 0.380 0.009 0.000 0.00 2.0

% % ¥ COMPUTED VALUES FOR INDIVIDUAL WATERSHEDS * * %

HATERSHED PEAK FLOW RUNOFF
(CFS) {INCHES)

1 62.19 0.87

NOTE: SERIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

#36% SUMMARY TABLE FOR TOTAL MATERSHED e

RUNOFF VOLUME = 5.9572 ACRE-FT
PEAK DISCHAREGE = 62,1950 CFS
AREA = 82.0000 ACRES
TIME OF PEAK DISCHARGE = 3.20 HRS

6% RUN COMPLETED 3%




j- RN

FILE: GE:. .7 SEDIMOT Al PEABODY CMS

GENERIC WATERSHEDI(N14-4M);SUBHATERSHED #7

2 2

2.40 6,00 0.10 1.00
1 1
1
1

0.0 0.0 6.0
1 1 1 1 1

57.9 81.0 0.2384 0.0 0.0 0.0 l1.¢

2.0

PAGE 00001
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UNIVERSITY OF KENTUCKY COMPUTER MODEL

OF SURFACE MINE HYDROLOGY AND SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL
ENGINEERING DEPARTMENT

THE UK MODEL IS A DESIGN MCODEL DEVELOPED TO PREDICT
THE HYDRAULIC AND SEDIMENT RESPONSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAINFALL EVENT (SINGLE STORM)

VERSION DATE 5-25-83

DISCLAIMER: NEITHER THE UNIVERSITY NOR ANY OF ITS EMPLOYEES
ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSIONS DRAWN FROM THE RESULTS OF THIS MODEL

b 3 e e T e e T e e T S F e S s EE E e e e s

A DM N MR I R M NN HE I SN IEI A FEN NIEIE I IO I T I I HEINHFIEIIEHAHIEN

SN NN I IENE I I NI A I I INR HEHE

WATERSHED IDENTIFICATION CODE

GENERIC WATERSHED(N14~4H):SUBWATERSHED #7

FEIEAEHIE H NI IEHE I H A NI I NIIFOII NI N HIHIHHICFE NN DN

FIIEHRHIINNSEEHIECREEYNPUT VAL UE S3660000606 06X 000630

STORM DURATION = 6.00 HOURS
PRECIPITATION BEPTH = z.40 INCHES

i
ol
z
o0
LA



% O X M X X I O X O N N N M ¥ N K X K ¥ KX

JUNCTION 1, BRANCH 1, STRUCTURE 1
LR RN EEE I E X XN

¥%% HYDRAULIC INPUT YALUES FOR SUBWATERSHEDS *%x%

WATER AREA CURVE TC T ROUTING COEFFICIENTS  UNIT
SHED ACRES  NUMBER HR HR K~HRS X HYDRO
1 57.90 81.00 0.284G 0.000 0.000 0.00 2.0

* * % COMPUTED VALUES FOR INDIVIDUAL WATERSHEDS x * %

MATERSHED PEAK FLOMW RUNOFF
(CF3) [INCHES)

NOTE: SERIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

ek SUMMARY TABLE FOR TOTAL WATERSHED 3exxx

4.2064  ACRE-FT
£0.1532 CFS
£7.9000 ACRES

3.10 HRS

RUNOFF VYOLUME

PEAK DISCHARGE

AREA

TIME OF PEAK DISCHARGE

MW I XX X KK N XX K

NULL STRUCTURE
KoK K E K K K KX K K X X

*%% RUN COMPLETED 6%




FILE: & 3 SEDIMOT Al PEABOGY CMS

GENERIC MWATERSHED(NI14-4H):SUBHWATERSHED #8

4 2

2.40 6.08 0.10 l.00
1 1
1
1

0.0 9.0 0.0

1 1 1 1 1

183.0 8l1.0 0.430 0.0 0.0 0.0 1.0 2.0

PAGE 00001
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UNIVERSITY OF KENTUCKY COMPUTER MODEL

OF SURFACE MINE HYDROLOGY AND SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL
ENGINEERING DEPARTMENT

THE UK MODEL IS A DESIGN MODEL DEVELOPED TO PREDICT
THE HYDRAULIC AND SEDIMENT RESPONSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAINFALL EVENT (SINGLE STORM)

YERSION DATE 5-25-83

DISCLAIMER: NEITHER THE UNIVERSITY NOR ANY OF ITS EMPLOYEES
ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSIONS DRAWN FROM THE RESULTS OF THIS MODEL

FEIEHEE P I FEH I IHE NI NI ORI M I IHII IR HIIOE NI H IR IEHIE IR
R e eI M N NI I AN I I NI I NI I I NN HIE NI IE NI NI

FEINICHEHIHOOOOEANREONOROOEN I ORI R IR R
WATERSHED IDENTIFICATION CODE

GENERIC WATERSHED(N14—414):SUBKATERSHED #3

IO NN IR NI IR HRN IO IR R IEIFIERRIIEIINH

RS IIONEIIOEHH M TNPUT VA LLUE 53663636306 IEEICERHHHIEIIE IR

STORM DURATION = 6.00 HOURS
PRECIPITATION DEPTH = 2.40  INCHES




¥ X K X X K X E X N N K ¥ X N O N N K X E X X

JUNCTION 1, BRANCH 1, STRUCTURE 1
ER AR EEEEEREREERNEREINEE}RS]

36e HYDRAULXIC INPUT VALUES FDR SUBWATERSHEDS sex

HWATER AREA CURVE TC FT  ROUTING COEFFICIENTS  UNIT
SHED ACRES  NUMBER HR HR K-~HRS X HYDRO
1 188.00 81.00 0.430 0.000 0.000 0.00 2.0

* ¥ % COMPUTED VALUES FOR INDIVIDUAL WATERSHEDS * % x

HATERSHED PEAK FLOW RUNQFF
(CFS) { INCHES)

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

¥6660% SUMMARY TABLE FOR TOTAL MWATERSHED e

13.6580  ACRE-FT
134.3468 CFS
188.0000  ACRES

3.20 HRS

RUNOFF YOLUME

PEAK DISCHARGE

AREA

TIME OF PEAK DISCHARGE

% X K X K N K K K K X %
NULL STRUCTURE
M OE W K X X X X X X ¥ X

¥xx RUN COMPLETED %%

g

6a6l 1



FILE: Gu .9 SEDIMOT Al PEABODY CMS

GENERIC WATERSHED(N14-4M):SUBWATERSHED #9

4 4

2.90 6.00 g2.10 1.00
1 1
1
1

0.0 0.0 0.0

1 1 1 1 1

200.9 8l.0 0.425 0.0 g.o 0.0 1.0

-

606l 1 o

PAGE 00001
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UNIVERSITY OQF KENTUCKY COMPUTER MODEL

OF SURFACE MINE HYDROLOGY AND SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL
ENGIMNEERING DEPARTMENT

THE UK MODEL IS A DESIGN MODEL DEVELOPED TO PREDICT

THE HYDRAULIC AMD SEDIMENT RESPONSE FROM SURFACE

MINED LANDS FOR A SPECIFIED RAINFALL EVENT (SINGLE STORM)
YERSION DATE 5-25-83

DISCLAIMER: NEITHER THE UNIVERSITY NOR ANY OF ITS EMPLOYEES
ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSIONS DRAWN FROM THE RESULTS OF THIS MODEL

IR I R I I I I I IR
e e e e T s e e e T e e e e T e T T e e e

I I IR NI NI N HEIEIEHBE I NIEFE I IENIENIIII NI,

HATERSHED IDENTIFICATION CODE

GENERIC MATERSHED(N14-4M):SUBWATERSHED %9

EFEINHIEIEFHHIEI N PN RS IEIEN I I HIINIEIEIIEII NI NN

HENEISEHE TNRPUT VA LUE S30006600 6636006650606

STORM DURATICN = 6.00 HOURS
PRECIPITATION DEPTH = z2.40 INCHES



O O R MW I XK E X M NN K N E XK K XN

JUNCTION 1, BRANCH 1, STRUCTURE 1
R R R EEREEEEEREREREREEERNENENRERNSE

*%x HYDRAULIC INPUT VALUES FOR SUBWATERSHEDS %%

HWATER AREA CURVE TC TT ROUTING COEFFICIENTS  UNIT
SHED ACRES  NUMBER HR HR K-HRS X HYDRD
1 200. 90 81.00 0.425 0.000 0.000 0.00 2.0

¥ % % COMPUTED VALUES FOR INDIVIDUAL WATERSHEDS * *

WATERSHED PEAK FLOW RUNOFF
(CF3) ( INCHES)

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

*6606% SUMMARY TABLE FOR TOTAL WATERSHED seeexx

14.5952  ACRE-FT
144.4300 CFS
200.9000  ACRES

3.20 HRS

RUNOFF VOLUME

PEAK DISCHARGE

AREA

TIME OF PEAK DISCHARGE

onnnu

¥ KK X X K X X X X X X

NULL STRUCTURE
X OE K K K K K K ¥ X XX

3% RUN COMPLETED %




FILE: &. 10 SEDIMOT Al PEABODY CMS

GENERIC HATERSHED(N14~4M):SUBWATERSHED #10

2 2

2.40 6.00 0.10 1.00
1 1
1
1

0.0 0.0 ¢.0
1 1 1 1 1

1492.5 81.0 0.851 0.0 0.0 6.0 1.0 z.0

PAGE 00001
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UNIVERSITY OF KENTUCKY COMPUTER MODEL

OF SURFACE MINE HYDROLOGY AND SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL
ENGINEERING DEPARTMENT

THE UK MODEL IS A DESIGN MODEL DEVELOPED TO PREDICT
THE HYDRAULIC AND SEDIMENT RESPONSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAINFALL EVENT (SINGLE STORM)

YERSICN DATE 5-25-83

DISCLAIMER: NEITHER THE UNIVERSITY NOR ANY OF ITS EMPLOYEES
ACCEPT ANY RESPONSIBILITY OR LEGAL LIABILITY FOR THE
CONCLUSIONS DRAWN FROM THE RESULTS OF THIS MODEL

Far e o s s e e e e e e S s e S e e T e e e s s e T
B e T e T s T S e e R S T e e e S R s e e B e

* 33 e S e S T e
% 2%

WATERSHED IDENTIFICATION CODE

¥* FEHAHIE ¥XRINPUT VA LUE S3660636 83500006 60006

STORM DURATION = 6.00 HOURS
PRECIPITATION DEPTH = 2.40 INCHES




¥ KWW X K X N KX W K W M NN N KK N N XX

JUNCTION 1, BRANCH 1, STRUCTURE 1
E R E R R IR RN XN

3% HYDRAULIC INPUT VALUES FCOR SUBMWATERSHEDS &%

HATER AREA CURYE TC TT  ROUTING COEFFICIENTS  UNIT
SHED ACRES  NUMBER HR HR K~HRS x HYDRO
1 RIICHNNR 81.00 06.851 0.000 0.000 0.00 2.0

¥ % % COMPUTED VALUES FOR INDIVIDUAL WATERSHEDS * * X%

WATERSHED PEAK FLOW RUNOFF
(CFS) (INCHES)

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION B8Y DELIVERY RATIO 2

)xexx SUMMARY TABLE FOR TOTAL WATERSHED 3636¢%

108.4285  ACRE-FT

712.1514¢ CFS

1492.50080  ACRES
2.50 HRS

RUNOFF VOLUME

PEAK DISCHARGE

AREA

TIME OF PEAK DISCHARGE

* Mk O € W M OH X X ¥ ¥ R

NULL STRUCTURE
R R E RN EEERE.]

%% RUN COMPLETED %%




GENERIC WATERSHED DESICN EXAMPLE

Hydraulic Design Calculations



N14-4uW

Subwatershed No. 1%

Reclamation Channel 1C



RECLAMATION CHANNEL 1€

100-YEAR, 6-HOUR STORM EVENT
CRITICAL SLOPE CALCULATIONS

GEFTH
{ ST ]

I ulYuly

TR

il

5 11989



RECLAMATION CHANNEL 1C

10-YEAR, 6-HOUR STORM EVENT
HYDRAULIC CALCULATIONS



SEDDSDE CHARMEL

RECLAMATION CHANNEL 1C
T0-YCAR, 6-HOUR STORM
HYDRAULIC CALCULATIONS




RECLAMATION CHANNEL 1C

100-YEAR, 6-HOUR STORM
HYDRAULIC CALCULATIONS

JanN Y 11939



RECLAMATION CHANNEL 1€

100-YEAR, 6-HOUR STORM EVENT
HYDRAULIC CALCULATIONS

HTILITY
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FCHIEFROD T RELE CHANREL

g
1

Fe S R R R R RN R R EHEEE e e

-

o] P

JAN O 11989



NT4-44
Subwatershed No, IS

Reclamation Channel 2ZC

Gradient Terrace 24T

JAN 3 1 989



RECLAMATION CHANNEL 2

100-YEAR, 6-HOUR STORM EVENT
CRITICAL SLOPE CALCULATIONS

3 [BINTH Y
rartie ] Sics
Chann ide 5
Crimnnel Botham

CRITICAL
Critical

Flow

EERRN]

R SRR RS PP TE T T M Tt

i

.

1311989



RECLAMATION CHANNEL 2C

10-YEAR, 6-HOUR STORM EVENT
&
100-YEAR, 6-HOUR STORM EVENT
HYDRAULIC CALCULATIONS
AT
1.1% AND 7.0% SLOPES

JAN S 198y
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N14-4W

Subwatershed No. |1LS

Reclamation Downdrain 1D

Gradient Terraces 18T, 207, 217

i

i3

A8 9 11989



RECLAMATION DOWNDRAIN 1D

100-YEAR, 6-HOUR STORM EVENT
CRITICAL SLOPE CALCULATTONS

FERTE I

i
[}
B

b




RECLAMATION DOWNDRAIN 1D

10-YEAR, 6~HOUR STORM EVENT
&
100-YEAR, 6-HOUR STORM EVENT
HYDRAULIC CALCULATIONS
AT
1.5% AND 8.5% SLOPES

JAN & 11989



JAN S 11989
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JAN S 1 1989



N14-4%
Subwatershed No. IVS

Rectamation Channel 3C

Gradient Terraces 19T, 22T, 23T

JAN S L 8¢



RECLAMATION CHANNEL 3C

100-YEAR, 6-HOUR STORM EVENT
CRITICAL SLOPE CALCULATIONS

CRITICE
-t L

EESTE T Tk s




RECLAMATION CHANNEL 3C

10-YEAR, 6-HOUR STORM EVENT
&
100-YEAR, 6~HOUR STORM EVENT
HYDRAULIC CALCULATIONS
AT
1.1% AND 7.0% SLOPES

JAN 3 1080
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Jase

JAN 3 1 08y



Ni4-4¥

Subwatershed No, VS

Reclamation Downdrain 2D

Gradient Terraces 1T, 2T, 97, 11T, 13T



RECLAMATICN DOWNDRATNS 2D

100-YEAR, 6-HOUR STORM EVENT
CRITICAL SLOPE CALCULATIONS

vl

EE T

10

0

0



RECLAMATION DOWNDRAIN 2D

10-YEAR, 6-HOUR STORM EVENT
&
100-YEAR, 6-HOUR STORM EVENT
HYDRAULIC CALCULATIONS
AT
1.5% AND 5.0% SLOPES

JAN S 11989
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Nig-4y

Subwatershed No. VIS

Reclamation Powndrain 3D

1aw 3 11089



RECLAMATION DOWNDRAIN 3D

100-YEAR, 6-HOUR STORM LVENT
CRITICAL SLOPE CALCULATIONS
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RECLAMATION DOWNDRAIN 3D

10-YEAR, 6-HOUR STORM EVENT
&
100-YEAR, 6-HOUR STORM EVENT
HYDRAULIC CALCULATIONS
AT
1.5% AND 3.3% SLOPES

.
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6 & % 1089
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N1&-4W

Subwatershed No. V!15

Reclamation Downdrain 4D
Gradient Terraces 10T, 12T, 14T,

15T, 16T, 17T

JAN 3 11989



RECLAMATION OOWNDRAIN 4D

100-YEAR, 6-HOUR STORM EVENT
CRITICAL SLOPE CALCELATIONS

o

ST L paapa oo

JAN S 1198y



RECLAMATION DOWNDRAIN 4D

10-YEAR, 6-HOUR STORM EVENT
&
100-YEAR, 6-HOUR STORM EVENT
HYDRAULIC CALCULATIONS
AT
1.6% AND 5.5% SLOPES

JAR S 1089
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JAR S 498y



Mapniis

3 11989




NTL=-4W

Subwatershed No., Vill5

Reclamation Downdrain 50D

Gradient Terraces 3T, 4T, 5T, 6T

JAN 5 1 198y



RECLAMATION DOWNDRAIN 5D

100-YEAR, 6-HOUR STORM EVENT

CRITICAL SLOPE CALCULATIONS

Chamn
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RECLAMATION DOWNDRAIN 5D

10-YEAR, 6-HOUR STORM EVENT
&
100-YEAR, 6-HOUR STORM EVENT
HYDRAULIC CALCULATIONS
AT
1.3% AND 6.5% SLOPES

Jir 2 11989
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N14-4W

Subwatershed No. XS

Reclamation Downdrain 6D
Gradient Terraces 25T, 26T, 27T, 28T, 29T,
307, 31T, 33T, 34T, 357, 367, 37T,
387, 39T, 40T, 417, 427

JAN O 1 5ey



RECLAMATION DOWNDRAIN 60

100-YEAR, 6-HOUR STORM EVENT
CRITICAL SLOPE CALCULATIGNS




RECLAMATION DOWNDRAIN 6D

10-YEAR, 6-HOUR STORM EVENT
&
100-YEAR, 6-HOUR STORM EVENT
HYDRAULIC CALCULATIONS
AT
1.3% AND 5.5% SLOPES

{'j‘:_i SEa e
JAN O T aY
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N1&-4W

Subwatershed No, X5

Reclamation Channel 4C

Gradient Terraces 7T, 8T

o

F’:—

b9 11989



RECLAMATION CHANNEL &4C

T00-YEAR, 6-HOUR STORM EVENT
CRITICAL SLOPE CALCULATIONS

S




RECLAMATION CHANNEL 4C

10-YEAR, 6-HOUR STORM EVENT
&
100-YEAR, 6-HOUR STORM EVENT
HYDRAULIC CALCULATIONS
AT
1.1% AND 5.0% SLOPES

Jin 35 11989



IS O I W

s

I3










&

£
e
ol




ATTACHMENT B-2

BLANK FORMS




CONVEYANCE STRUCTURE DESIGN SUMMARY




Date:

Conveyance Structuire Design Summary

Wiatershed 1D:

Structure |D:

Location:

Map Number:

Structure Type:

Design Rainfall Depth {In):

Drainage Area {Ac):

Curve Number:

Time of Concentration (Hr):

Peak Discharge (cfs}):

{Attach input and output printouts)

ChanneT Bottom Slope (%):

Manning's Roughness Coefficient:

Channel Side Slope: (L) (R)

Channel Bottom Width {(Ft):

Flow Depth (Ft):

{Attach channel analysis input and output printouts)

Flow Velocity (Fps}:

Froude Number:

Is Channel Lining Requied? {Y) (N)

Channel Lining Type:

Optional:

Riprap Specific Gravity:

Riprap Safety Factor:

Ri B D_ :
iprap Bottom 50

Ri Bank D_ :
iprap Bank D .




TYPICAL HYDROLOGIC CALCULATION FORMS




Card Code 1

Card Code 2

Card Code 3

Card Code 4

Card Cede 5

Card Code 10

Card Code 11

Card Code 12

Card Code 13

{or}

Typical SEDIMOT 11 I[nput File

" . (Gradient Terrace Sizing)

Watershed [dentification Code
Storm Type
| Type: SC5's Type Il =

NRPI1Y :  No. of Depth Time Values =
Storm Data
: i 1D i =
P100 Rainfal epth (inch)
P

10 : Rainfall Depth (inch}

i}

SDUR: Storm Duration (hr)

n

DELTSW: Storm Time !ncrement
P30iNT: Max 30 Min. Intensity =

Mumber of Junctions

NOJ: Number of Jumctions
IHYDR: Hydrolegy only =
Number of Branches/Junctions
NOB{1}: Number of Branches per Junction =

Number of Structures per Branch

NOS (1,J): HNumber of Structures per Branch (1} for each

Junction (J) =
Between Structure Routing Parameters

Time {I,J,K): Travel Time Between Structures =

RK (1,J,K): Muskingum's K Between Structures {(hr}

RX (1,J,K): Muskingum's X Between Structures (hr}

Subwatershed/Structure Information

NSWS: Mumber of Subwatersheds per Structure =

CNTROL: Type of Sediment Control Structure =

IPRINT: Print Control Variable =

ISUBSP: Print Control Variable for the Drainage Area
Previous Structure or Junction =

IPRINZ: Print Option for Subwatershed |nputs =

Subwatershed Data

PARAH (1,1): Subwatershed Area (acres) =

Between




Typical SEDIMOT |1 Input File

{Gradient Terrace Sizing}

PARAH (1,2): Curve Mumber {Reclaimed)} =

PARAH ({1,3): Time of Concentration {hr)

PARAH (I,4): Travel Time (to Structure)

PARAH {1,5): Muskingum's K {to Structure)
PARAH (1,6): Muskingum's X {to Structure}
PARAH (],7): Hydrology Print Option =
PARAH (1,8): Hydraulic Surface Cendition =

PARAH (1,9): Number of Flow Segments =




Card Code 1
Card Code 2

Card Code 3

Card Code &4

Card Code 5

Card Code 10

Card Code 11

Card Code 12

Card Code 13

{or}

Typical SEDIMOT Ii Input File

{Downdrain Sizing)

Watershed ldentification Code
Storm Type
| Type: 5CS's Type II =

NRPIV :  No. of Depth Time Values =
Storm Data

P100: Rainfall Depth (inch) =

P

1§

10 + Rainfall Depth (inch)

SDUR: Storm Duration {hr)

I}

DELTSW: Storm Time Increment
P30INT: Max 30 Min. Intensity =

Number of Junctions

NOJ: HNumber of Junctions

IHYDR: Hydrology only =

Number of Branches/Junctions

NOB(!}: Number of Branches per Junction =

Number of Structures per Branch

NOS (!1,J}: Number of Structures per Branch (!} for each
Junction (J) =

Between Structure Routing Parameters

Time (1,4,K): Travel Time Between Structures =

RK (1,J,K): Muskingum's K Between Structures (hr)

1§

RX (I,J,K): Muskingum's X Between Structures (hf)

Subwatershed/Structure Informatien

NSWS: Number of Subwatersheds per Structure =

CNTROL: Type of Sediment Control Structure =

IPRINT: Print Controi Variable =

ISUBSP: Print Control Variable for the Drainage Area Between
Previous Structure or Junction =

IPRINZ: Print Optioen for Subwatershed Inputs =

Subwatershed Data

PARAH (1,1): Subwatershed Area (acres) =




PARAH
PARAH
PARAH
PARAH
PARAH
PARAH
PARAH

PARAH

Typical SEDIMOT 1! Input File

{Downdrain Sizing)

(1,2):
{1,3):
(1,4}
(1,5):
(1,6}
(1,7):
(1,8):

{1,9}:

Curve Number (Reclaimed) =

Time of Concentration (hr)

Travel Time (to Structure)
Muskirgum's K (to Structure)}
Muskingum®s X (to Structure)
Hydrology Print Option =
Hydraulic Surface Condition =

Number of Flow Segments =




Typical SEDIMOT [ [nput File

(Primary Reclamation Channel Sizing)

Card Code 1 Watershed ldentification Code
Card Code 2 ‘ Storm Type
| Type: 5C5's Type il =
NRPIV: No, of Depth Time Values =

Card Code 3 Storm Data

P Rainfall Depth (inch)

100°
{or} P10 : Rainfall Depth (inch}

SDUR: Storm Duration (hr)

DELTSW: Storm Time !ncrement

P30INT: Max 30 Min., [ntensity

Card Code & Mumber of Junctions

1l

NOJ:  Number of Junctions
iHYDR: Hydrelogy only =
Card Code 5 Number of Branches/Junctions
NOB(|):Number of Branches per Junction =
Card Code 10 : Number of Structures per Branch
NGS {1,J}: Mumber of Structures per Branch (I}
for each Junction (J) =
Card Code 11 . Between Structure Routing Parameters

Time (1,J,K): Travel Time Between Structures =

RK (1,J,K): Muskingum's K Between Structures (hr)

RX (1,J,K): Muskingum's X Between Structures (hr)
Card Code 12 Subwatershed/Structure Information
NSWS: Number of Subwatersheds per Structure =
CNTROL: Type of Sediment Control Structure =
IPRINT: Print Control Variable =
ISUBSP: Print Control Variabie for the Drainage Area
Between Previous Structure or Junction =

[PRINZ: Print Option for Subwatershed Inputs =

¥

e
e

—

Jh T



Typical SEDIMOT 11 Input File

{Primary Reclamation Channel Sizing}

Card Code 13 Subwatershed Data

PARAH (1,1): Subwatershed Area (acres)

1

PARAH (1,2): Curve Number {Reclaimed)

PARAH ([,3): Time of Concentration (hr)

PARAH (1,4): Travel Time (to Structure)

PARAH {1,5}: Muskingum's K (to Structure) =
PARAH (!,6}: Muskingum's X (to Structure) =
PARAH (1,7): Hydrology Print Option =

PARAH (1,8): Hydraulic Surface Condition =

PARAH (1,9}: MNumber of Flow Segments =




WORK SHEET |
for
Routing Hydrographs
Between Junctions and/or Structures

From Junction or Structure to Structurs
ey (2} (3} (4) (8) (8) {7) {(8)
Yertica! Diagonal i Slops Velocity Travel
Distenca (ft.) | Distance {ft.) %) ({t./588.) Time (hr)

Seg- | Surf. | Horizontai
ment ; Cond.| Distanza (ft)

i

M
%]
A

sz________, X K=

From Junction or Structurs _ to Structure ——

Seg~ | Syrf. | Horizental Yartical Diaganagl Slope | Velocity Trave!l
ment | Cond.} Distence (ft.)| Distence (ft.} | Distonce (f*) (%) {fi./sec) | Time {nr)
P |
i
2 | |
3 = z
V\V = , X = , K=
From Junction or Structure to Structure
Seg- | Surf. | Horizontal Vertical Diagonal Slapsa Vaiocity Travsl

ment | Cond.iDistance (ft)|Distance (ft.} |Distance {f1.) (%) {ft./sec.) | Time (hr.)

3
b 2 er—— =
V' = , X S —————, K=
_ N COI.B(” X COL?U) . N col. 5“) X COI.?(i) .
V. = + OR V = + whare N=sagment
w 1-% Z2e0l 3 W ?E; Z¢ol. 5 numbers
BV
X = X K= %col 8
i.?fl— \‘Vw



TYPICAL SEDIMOT [1

OUTPUT FILE
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TYPICAL HYDRAUL!C CALCULATION FORMS
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TRAPEZQIDAL CHANNEL ANALYSIS
NORMAL DEPTH COMPUTATION

Flow Rate [cubic heet per second)
Chanref Boxtom SLope f{feet per foot)
Manning ™+ Roughness Coepficient (n-value)
Channel Side SLope - Left Side [horizontal/verntical)
Channel S.ide Sfope - Right Side (horizeontal/vertical]
Channetf Botiom Width (deet)
- *¥xx  RESULTS  **x*
NORMAL DEPTH (FEET)
Flow Velocity (feet per second)
- Froude Numben
Velocity Head (fpect)
Energy Head (4eet)
Cross—-Sectional Area of Flow (aguare feet)
Top Width o4 Flow [fHeet)

<Entenr>: Repeat, <Rreport, or <Eze>: End

P

Jai o i 1989



TRAPEZOIDAL CHANMEL ANALYSIS
. CRITICAL DEPTH COMPUTATION
F%ow Rate (cubic feet per second)

Minning~s Roughness Coefificient (n-value! (
Charmal Side Sfope - left Side [horizontal/vertical)
Channel Side S&ope - Right Side (horizontal/vertical)

Channet Boitom Width (4eet)
FERE O RESLLTS O ¥F¥¥E
CRITICAL DEPTH {(FEET)
Crnitical Slope [(deet per Hoot]
Flow Velocity (peet per second)
- Froude Numbenr
Velooaity Head (fteet)
Enengy Head (fHeet)
Cross-Sectional Arzea of Flow [aquane feet)
Top Width o4 Flow [deet)

<Enten>: Eapgat, <Rrepoat, on <Eac>: End {

JAN 3 11989




TRAPEZOIDAL CHANNEL ANALVSIS
RATING CURUVE COMPUTATION

Channet Bottom Sfope [feet per toot)

Manning 4 Roughhneds Coefpicient (n-value]

Channetl Side Sfope - lLe4t Side {hordizontal/vertical)

Channel Sdide Slope - Ridht Side [horlzontal/verticall

Channel Rottom Widith (4eet)

*x¥k  RESHTES FEF
Depth Flow Rate Velocity Froude Velocliy Energy Flow Area Top Width
{4t ) fcds) { 4ps ] Number Head{4t) Head(4t} {sq $2) (4t]

Enter Depith of Flow, on Paressds fthe <Esc> Key tao End




NONERODIBLE CHANNEL DESIGN I

What shape channel will you be designing for? (
I - TRAPEZQIDAL -
2 - PARAROLIC )
3 - TRIANGULAR

71

Wife you INPUT:
! - DISCHARGE
2 - DEPTH OF Fiow

21

What 4o the Design Dlscharge {chs) 7

What 44 the average channelf bed slope (%] 7
What are *he side sLopes (Z:1 - enter 2Z)°7 .
Wha#* 4.6 The bottom widih [(in feext)?

RANGE
CHANNEL MATERIAL MANNING'S N MIN. MAX
1 - ASPHALTIC CONCRETE, MACHINE PLACED f.0147 * kK * % *
2 - ASPHALT, EXPOSED PREFABRICATED £.0157 * KK * % %
3 - CONCRETE £.0157 .012 018
4 - CONCRETE, RUBBLE [.022] L0716 029
5 - METAL, SMQOTH (FLUMES) f.013] .01 .015
6 - METAL, CORRUGATED ' . £.024] .021 026
7 - PLASTIC o [.013] .012 014
8§ - SHUTCRETE £.017] .016 017
9 - OTHER 2777 '

o e o o AP At o ek W P M e ey = e o = et m EER P M EEL ey W SR R e o S A AR e TN W M Y e Ty e e e o b b o . o e — m

Enten Number Corresponding to Channel Material Used
(Brackets indicate default Manning’s n value used]? 9
Enten ithe Manning’s n value?

(

PSS

 UAN31®8Y
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ERODIBLE CHANNEL DESIGN
What 4hape channef will you be designing. 4or?
: - TRAPEZOIDAL S

» - PARABOLIC

“

3 - TRIANGULAR

? 1 ‘
What it the deosign discharge (cfel? .

a] ®
What 44 the average channel hed s€ope (j) ;
] z:1 - enten Z1°7
are the &side sfopesd (Z:
ot [.in feet}?

wWhat is the bottom width
Are you designing for:

! - CLEAR WATER

» - WATER TRANSPORTING CcoLLODIAL SILTS

? 2

Enten the method.:
1 - LIMITING VELOCITY
2 — TRACTIVE FORCE

21

Enten the number coaresponding to channel matendial:

LIMITING VELQCITIES AND TRACTIVE FQRCES FOR OPEN CHANNELS

Waten Transporiing

Fon Clean Waten Colloidal SLLTs

Tractive Tractive
Velocity Force Veloclty Fonrce
N Material (n) (4ps} (pob ) { p-35) { pod)
1" FINE SAND COLLOIDAL 0.020 1.50 0.027 2.50 0.075
2  SANDY LOAM NONCOLLOIDAL 8.02 1.75 0.037 2.50 0.075
3 SILT LOAM NONCOLLOIDAL 0.020 2.00 0.037 3.00 0.075
4 ALLUVIAL SILTS NONCOLLOIDAL 0.020 2.00 0.048 3.50 0.150
5 ORDINARY FIRM LOAM 0.020 2.50 0.075 3.50 0.150
6 VOLCANIC ASH 0.020 2.50 0.075 3.50 0.150
7 STIFF CLAY VERY COLLOIDAL 0.025 3.75 0.260 5.00 0.460
§ ALLUUIAL SILTS COLLOIDAL 0.025 3.75 0.260 5.00 0.460
9 SHALES AND HARDPANS 0.025 6.00 0.670 6.00 0.670
10 FINE GRAVEL 0,020 2.50 0.075 5.00 0.320
17 GRADED LOAM~COBBLES NONCOLLOIDAL 0.030 3.75 g.380 5.00 0.660
12 GRADED SILTS-CORBLES COLLQOIDAL 0.030 4.00 0.430 5.50 ¢
13 COARSE GRAVEL NONCOLLOIDAL 0.025 4,00 0.300 6.00 ol
0.035 5.00 0.910 5.50  1.100

14 COBBLES AND SHINGLES

-

P A %

- JAN.3 11988



FRODIBLE CHANHAEL
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ROCK RIPRAP DESIGN

What 44 the deidigh discharge (cha)?

What is Fhe average channel bed sfope (%] 7
What are the side sBopes (Z:1 - enter Z)?
What is the bottom wildth (Lin feet)?

What 45 Fhe Specihic Gravity of The rock [2.65]7
What {8 the design Satety Factor [1.5]7

SEDCAD+ CHANNEL UTILITY l
|
ROCK RIPRAP CHANNEL

: T

EEXEEXRKEREXREXERRERLELXEKRXEEEREXXEEEEEKER o e s o m
* *
* *
* :._7-*
* * D :
* & I
* x [
* A * |
KEEEEREEXEEXERERKE o e e e e e o e o ———
Discharge = ! chs Depth (D) = i beet ;
Bottom (b) = feet Top width (T) = fee !
Side slopes (Z] = Velocity = L.l 42 :
Bed Sfope = $ - Hydraulic Radius =, .7 el
Manning’s n = JAN Sﬁﬁ 1989 |
Specific Gravity = - Bottom D50 =y deet
Sagety Factoxr = Bank D50 =t
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PEABODY COAL COMPANY DATE
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Figure 1
Pre-Mine Topo
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Figure 2
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Figure 3
“Life-of-Mine” Mine Plan .
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Figure 4
Excavating Machine

Example

Tub Diameter----70 feet

Shoe Width ————— 15.5 feet

Dump Radius ----270.1 feet

Dump Height ----109.1 feet

Boom Angle-———- 35°45'5,6"

Outside to Qutside of Shoe -—---101.3 feet

[fear Clearance to Edge of Housing-———- /7.6 fée-t
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Sediment Control Plan

Peabody Western Coal Company

NPDES Permit No. NN0022179
Kayenta Complex Mine Permit AZ-0001E

July 2012
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1.0 INTRODUCTION

Peabody Western Coal Company (PWCC) has been mining coal in two separate surface-mining
operations on Black Mesa, within Navajo County, Arizona, since the 1970s. Mining takes place
at the Kayenta Complex (previously designated Black Mesa Complex), which is located on
contiguous coal leases within the boundaries of the Hopi and Navajo Indian Reservations. The
Kayenta Mine currently operates under the Office of Surface Mining Reclamation and
Enforcement (OSMRE) Permanent Program Permit AZ-0001E in accordance with permanent
program performance standards at 30 CFR Subchapter K Part 810. The Black Mesa Mine
operated historically through 2005 under an OSMRE initial regulatory program (30 CFR
Subchapter B Part 710); however, mining operations are temporarily suspended at the Black
Mesa Mine. The combined permit and lease area is referred to as the Kayenta Complex.

OSM is charged with the regulation of surface coal mining and reclamation operations on Indian
Lands, including the administration and enforcement of the performance standards as set forth in
the 1977 Surface Mining Control and Reclamation Act (SMCRA). The performance standards
include the General Hydrology Requirements for protecting the hydrologic balance at 30 CFR
816.41, and sediment control measures at 30 CFR 816.45. During mining at both the Kayenta
and Black Mesa Mines, PWCC constructed numerous temporary sediment ponds around the
perimeter of the mining areas to treat runoff from the disturbance area. Although the Black Mesa
Mine was authorized to mine in accordance with the initial regulatory program rules, all
temporary ponds built at both mines were designed, constructed and maintained in compliance
with 30 CFR 816.42, 816.46, 816.47, and 816.49. The ponds collect runoff that drains from
watersheds that are tributary to either Moenkopi Wash or Dinnebito Wash, which in turn both
drain to the Little Colorado River.

1.1 Purpose and Need

30 CFR 816.45 requires that sediment control measures, including sediment ponds as best
technology currently available (BTCA), be designed, constructed, and maintained to meet the
more stringent of applicable state or federal effluent limitations. Consequently, PWCC obtained
National Pollutant Discharge Elimination System (NPDES) Permit NN0022179 from the U.S.
Environmental Protection Agency (USEPA). As part of the wastewater permitting process,
USEPA assigned discharge monitoring locations or outfalls that coincide with the spillways at
temporary sediment ponds constructed at the Kayenta Complex where discharges must comply
with specific effluent limitations.

The effluent limitations at 40 CFR Part 434 for Subpart H, Western Alkaline Coal Mining are
applicable to alkaline drainage from reclaimed areas at western coal mining operations, including
permitted outfalls at the Kayenta Complex that have eligible reclaimed areas. The portions of the
watersheds that were mined above several temporary ponds have been regraded to achieve an
acceptable post-mining topography. These regraded areas have been topsoiled with suitable
topsoil in accordance with OSMRE requirements in the permanent program Permit AZ-0001E or



the initial regulatory program. These areas have also been seeded with a permanent seed mix as
required in Permit AZ-0001E or the initial regulatory program and have an established vegetative
cover at least two years old.

The following sections present the Sediment Control Plan (Plan) for eligible outfalls (temporary
sediment ponds) in NPDES Permit No. NN0022179. The plan includes descriptions of the best
management practices (BMPs) PWCC has implemented above the ponds to control sediment and
erosion, and to minimize disturbance to the prevailing hydrologic balance. The plan also
summarizes design specifications, construction specifications, inspection criteria, and
maintenance schedules. The information summarized and referenced in the Plan is contained in
the approved Kayenta Mine permit application package (PAP) for Permit No. AZ-0001E.

Sediment yield demonstrations were conducted using the Erosion and Sediment Impacts (EASI)
computer model (Zevenbergen et al. 1990; WET 1990). This model was calibrated using site-
specific data collected at the Kayenta Complex over an eight-year period (RCE, 1993). EASI has
been used to predict mean annual runoff and sediment yield from several large areas that were
reclaimed under both the initial and permanent regulatory programs. These predictions have been
reviewed and approved by OSMRE and other agencies in support of applications for Termination
of Jurisdiction (previously described as liability release) for reclaimed parcels located in the
N1/N2, J27 and N7/N8 initial program areas. In addition, EASI modeling predictions were
included in recently submitted and approved Phase Il performance bond release applications for
the N14, J19 and J21 permanent program reclaimed areas at the Kayenta Complex. Therefor,
PWCC believes the use of the model is appropriate.

Results of the modeling demonstrations for each temporary sediment pond are provided in
separate modeling reports in the Appendices to the Plan. This plan also includes 17=400" scale
map exhibits that show outfall locations, current topography established in outfall watersheds,
affected lands boundary within each pond’s watershed, and the BMP’s installed in order to
control sediment. The modeling demonstrations show that average annual sediment yields
predicted at each outfall location taking into account the postmining, or reclaimed mine-land
conditions within the watershed are less than or equal to the average annual sediment yields for
the premining, or undisturbed conditions. Average annual sediment yields are provided in each
modeling report as tons/acre/yr, which are normalized values that account for differences between
premining and postmining acreages and topography. The sediment yield data shows that the
BMPs utilized by PWCC at the Kayenta Complex are effective in minimizing erosion and
sediment loads from reclaimed mine-lands, and ultimately, protecting the prevailing hydrologic
balance.

2.0 BEST MANAGEMENT PRACTICES
PWCC has developed the Plan for temporary sediment ponds that are eligible for coverage under

Subpart H (Western Alkaline Coal Mining) of the 40 CFR Part 434 effluent limitations guidelines
to prevent an increase in the average annual sediment yield from areas disturbed by mining and



reclamation operations. The Sediment Control Plan utilizes a variety of BMPs to control and
minimize erosion and resulting sediment yield that includes, but is not limited to the following:

e Minimize the extent of the disturbance area;

e Stabilize the disturbance area by backfilling and grading to return the land surface to a
postmining topography similar to the original landform;

¢ Develop a postmine drainage configuration that regulates runoff velocities and is designed
for the long-term stability of the landscape;

¢ Regulate runoff velocities of water by collecting runoff in postmine drainage channels, and
lining the drainage channels with erosion resistant materials including suitable spoil, as
appropriate;

o Salvage and redistribute topsoil material to provide an adequate plant growth medium for
revegetation;

o Till and prepare the seedbed to provide initial surface stabilization, prepare the topsoil
material for seeding, and enhance seed germination and plant establishment;

¢ Design and plant reclamation seed mixtures that are permanent and sustainable for rapid
and long-term surface stabilization that achieve the postmine land use; and,

e Design and construct sediment ponds to treat and control sediment from the disturbance
area.

2.1 Limits of Disturbance

Mining and reclamation operations at the Kayenta Complex were designed and implemented to
minimize the extent of disturbance. The operations were designed to disturb only the land
necessary to remove the coal resource. The extent of the disturbance area or affected lands
includes the mined area, road right-of-ways, topsoil salvage and storage areas, facilities areas
(e.g., temporary sediment ponds) and reclamation areas. Drawing No. 85360, Jurisdictional
Permit and Affected Lands Map, contained in Volume 20 of the Kayenta Complex Permit
Application Package (PAP) show the affected lands boundary within the Kayenta Complex
permit areas.

Current watershed areas above each temporary sediment pond are shown on the 1’=400" map
exhibits attached to this plan. The current watershed areas may differ from the premining
watershed areas due to the reclaimed topography. The affected lands boundary within the
watershed disturbance boundary is also shown on each 1”=400" map exhibit.



The reclamation operations were designed to complete reclamation and revegetation activities as
quickly as possible, site conditions and weather permitting, to restore the disturbed area to the
postmine land use and minimize adverse impacts to the environment. The reclamation timetable
at the Kayenta Complex is summarized in Chapter 20, Reclamation Schedule of the PAP
(Volume 11). The reclamation schedule outlines the sequence and timing of each major phase of
the reclamation operations.

2.2 Postmining Topography

Following coal removal, the disturbed area is returned to a postmining topography that is similar
to the original landform in accordance with 30 CFR 715.14, Backfilling and Grading, for initial
program lands, and with 30 CFR 816.102, Backfilling and Grading: General Requirements, for
permanent program lands. OSMRE approved the postmining landforms above the eligible
temporary sediment ponds as part of the permit approval process for Permit AZ-0001E or as
required by the initial regulatory program.

Chapter 21, Backfilling and Grading in Volume 11 of the PAP describes methods and procedures
used by PWCC to develop the postmine landform. The design of the postmining topography
required adjusting the original landform elevations for the removed coal seam and the swell of the
overburden or spoil material. The postmine topography is designed to blend into the surrounding
undisturbed hills and slopes. The approved postmining topography is shown on Drawing No.
85352, Estimated Postmining Topographic Map in Volume 29 of the PAP. PWCC also
implemented a Surface Stabilization Program (SSP) beginning in 1990 and recently modified the
program to develop postmining landforms (see Chapter 26, Surface Stabilization Plan in Volume
28 of the PAP).

PWCC designed the backfilling and grading sequence to produce a postmining land surface
similar to the original landform. Methods used to backfill and grade the mine spoils are also
described in Chapter 21, Backfilling and Grading, of the PAP (Volume 11). As the mining
sequence progresses, spoil materials from the “active” pit are used to backfill the previous pit.
Backfilled materials are placed to minimize adverse affects on groundwater, minimize off-site
effects, and to support the approved postmining land use.

Final grading of the spoil material is performed to create surface irregularities to minimize
erosion, increase infiltration, improve soil moisture holding characteristics for the revegetation
process, and improve range and wildlife habitat. The graded spoil is sampled to insure that there
is a minimum of four feet of suitable plant growth material for revegetation.

2.3 Postmining Water Conveyance Features
The postmine drainage configurations for the reclaimed portions above the eligible temporary

sediment ponds were developed during the backfilling and grading process to blend with
undisturbed drainages above and below the disturbed area. The conveyances were included in the



post-mining topography to provide drainage through the reclaimed areas, restore the premine
drainage pattern where practicable, and minimize adverse impacts to the hydrologic balance.

The premining drainage network on Black Mesa typically features high drainage densities and
deeply-incised ephemeral channels that convey large runoff events due to heavy localized
thunderstorms and regional frontal storms. Most of the events feature supercritical flows that
carry very high sediment loads. Utilization of the SSP as outlined in Chapter 26 of the PAP
results in creating postmining drainage networks that develop characteristics similar to the
premining drainage systems. In order to minimize deeply-incised channels within the postmining
drainage network, PWCC utilizes topsoiled and revegetated swales in the flatter interior portions
of reclaimed areas. Reclamation meandering downdrain channels and main reclamation
channels, and in limited cases gradient terraces, are utilized in steeper reclaimed areas such as
outslopes from initial box cuts of the mine pits, and final pit areas. Reclamation channels are also
utilized to convey runoff from reclaimed areas into the undisturbed receiving stream channels.

Reclamation meandering downdrain channels are erosion-resistant grade control structures used
to convey concentrated flow from steep areas into reclaimed channels. These structures are built
with appropriate surface protection to limit velocities, trap sediment, and minimize erosion.
Design criteria for constructing reclamation downdrain channels are provided in Attachment A
(Reclamation Scale Geomorphology) and Attachment C (Reclamation Surface Stabilization
Design Process) of Chapter 26 in the PAP (Volume 28).

Main reclamation channels may vary in size depending on the drainage area. Main reclamation
channels that drain less than 640 acres are designed for the 10-year, 6-hour precipitation event,
and main reclamation channels that drain more than 1 square mile are designed for the 100-year,
6-hour event. The main reclamation channels are not topsoiled. Rather, four feet of suitable
plant growth spoil material form the bottom and sides of the channels. The spoil material is
typically comprised of coarse rock fragments that provide an armored surface, minimize erosion
and enhance channel stability. In addition, no topsoil is placed for up to 15 feet on each side of
the main reclamation channel bottoms adequately containing high flows and confining low
meandering flows within the channel area and away from the topsoiled and revegetated areas.
Design criteria for the reclamation channels are discussed in Attachment A (Reclamation Scale
Geomorphology) and Attachment C (Reclamation Surface Stabilization Design Process) of
Chapter 26 in the PAP (Volume 28).

Gradient terraces serve as low-gradient, first order ephemeral channels to break up slope lengths
and thereby minimize hillslope erosion, and to convey runoff to reclamation meandering
downdrain channels or main reclamation channels. Gradient terraces will be limited to steeper
reclaimed slopes greater than ten percent. Criteria for spacing gradient terraces on reclaimed
hillslopes are provided in Attachment B (Terrace Spacing) of Chapter 26 in the PAP (Volume
28). Design criteria for constructing gradient terraces are discussed in Attachment A
(Reclamation Scale Geomorphology) and Attachment C (Reclamation Surface Stabilization
Design Process) of Chapter 26 in the PAP (Volume 28).



2.4 Topsoil

PWCC developed an overburden/spoil handling plan to ensure a minimum of three feet of
suitable growth material is placed on backfilled and graded lands prior to topsoiling activities.
Overburden was tested to determine suitability as a plant growth material. Chapter 8, Soils
Resources and Overburden in the PAP (Volume 8) presents results of the overburden suitability
assessment.  Chapter 22, Minesoil Reconstruction in the PAP (Volume 11) presents the
overburden and spoil handling plan.

Site-specific soil survey data (Chapter 8, Soils Resources and Overburden) is used to ensure the
most suitable topsoil is salvaged. Chapter 22, Minesoil Reconstruction also describes topsoil
redistribution operations. PWCC uses direct hauling of topsoil material whenever possible. If
direct hauling is not possible then the material is stored in approved stockpiles. Except where
regraded materials are determined to be suitable as a surface plant growth material, topsoil is
replaced after approved postmine contours are achieved, water conveyance structures are
identified and preliminary construction initiated, and when no additional disturbance is
anticipated. Residual soils with high levels of coarse rock fragments are used in limited areas to
support the reestablishment of cultural and woody plants. OSM requires a minimum topsoil
depth of 0.5 feet over initial program graded spoil. Assessments of overburden suitability and
available topsoil salvaged from each mine pit area prior to mining indicate a minimum average of
1.0 feet of topsoil has been replaced over suitable graded spoil at permanent program areas of the
Kayenta Complex (Chapter 22, Minesoil Reconstruction). Upon completion of topsoiling
activities, the areas are scarified to a minimum depth of 18 inches to enhance the rooting medium,
increase infiltration, and reduce erosion. Following scarification, the replaced soil is disked on
contour with a large furrowing disk.

2.5 Revegetation Practices

Following the completion of backfilling and grading activities and topsoil redistribution, the
reclaimed areas are revegetated to support the proposed postmining land uses — livestock grazing
and wildlife habitat. Chapter 23, Revegetation Plan in the PAP (Volume 11) contains detailed
information on methods used to revegetate the postmining areas within the watersheds above the
eligible temporary sediment ponds. Across the majority of the reclaimed lands at the Kayenta
Complex, the revegetation plan was developed with herbaceous production emphasized over
development of large woody plants. Emphasizing herbaceous vegetation ensures the quick
establishment of a vegetation community, enhances long-term stability, and minimizes erosion.

PWCC developed several seed mixes for permanent revegetation at the Black Mesa Complex.
The most prevalent seed mix used for revegetation is a rangeland mix comprised primarily of
grasses and forbs, but also includes fourwing saltbush. This mix establishes a permanent and
sustainable vegetative cover that includes shrubs. Other seed mixes have been developed for
providing temporary stabilization to minimize erosion, for repairing rills and gullies, and for key



habitat areas along drainages and ridgelines. Seeding is generally accomplished by broadcasting
or drilling on the contour. PWCC conducts both qualitative and quantitative revegetation
monitoring in order to evaluate seeding success, determine the success of applied reclamation
practices and collect data for termination of jurisdiction applications for interim program areas or
bond release applications for permanent program areas (see Chapter 23, Revegetation Plan).
Qualitative evaluations are carried out at least annually during the growing season, while
guantitative measurements and evaluations are conducted on a more periodic basis during May
and September of each year through bond release. Revegetation monitoring data is submitted to
the OSM in the Annual Reclamation Status and Monitoring Reports. Annual revegetation
monitoring at the Kayenta Complex indicates established vegetation on reclaimed mine areas
consistently has average total vegetative cover greater than the reference area standard, which
represents the premine condition. OSM’s approvals of Phase Il bond release applications for
reclaimed parcels at N14 (approved December 2008), J21 (approved October 2011), and J19
(approved July 2012) further support the findings of comprehensive vegetative cover monitoring
efforts.  The revegetation will enhance the long-term erosional stability of the site as the
revegetated areas are effective and self-sustaining. RUSLE evaluations contained in Attachment
B (Terrace Spacing) to Chapter 26 of the AZ-0001E PAP support these conclusions.

2.6 Sediment Ponds and Alternative Sediment Control Methodologies

PWCC designed and constructed numerous temporary sediment ponds in the drainages
surrounding the affected lands at the Kayenta Complex to treat disturbed area runoff and to
minimize off-site adverse impacts to the hydrologic balance, The ponds were designed,
constructed and maintained in compliance with 30 CFR 816.46, 816.47, and 816.49. The eligible
temporary sediment ponds that are included with the Plan were designed in accordance with the
aforementioned rules.

The 17=400" maps that are included in each appendix to the plan show the location of the eligible
temporary sediment ponds in relation to current topography. Drawing No. 85400, Drainage Area
and Facilities Map in Volume 21, and Drawing No. 85405, Sediment and Water Control
Structures Map in Volume 22 of the PAP show the location of all temporary sediment ponds
constructed at the Kayenta Complex.

Chapter 6, Facilities in the PAP (Volumes 1 through 7F) contains design methodology and as-
built certifications for all temporary sediment ponds constructed at the Kayenta Complex,
including regulatory requirements. In addition, individual design reports for the eligible
temporary sediment ponds in this Plan can be found in Chapter 6, which include details on pond
capacities and configurations, spillway designs, and pond-specific calculations of sediment
trapping performance.

In addition to using sediment ponds to control sediment, PWCC uses alternative sediment control
methodologies (ASCMSs) either in conjunction with the sediment ponds or individually. These
ASCMs include straw dikes, filtration structures (silt fence), sediment traps, gabions, and check



dams to reduce overland flow velocity, reduce runoff volume, or trap sediment. Most of these are
temporary measures, but some may be left as permanent features in the reclaimed landscape.
Descriptions of ASCMs along with references to design and construction specifications are
provided in Chapter 26, Surface Stabilization Plan in the PAP (Volume 28).

PWCC plans to eventually remove and reclaim the embankments of the eligible temporary
sediment ponds. Reclamation will involve removing either a portion (breaching) or all of each
embankment to restore the natural stream channel course and gradient in the vicinity of the pond.
Breaching involves less disturbance of established vegetation than complete removal of the entire
embankment. The area disturbed by the removal of the embankments will be graded to blend in
with the surrounding topography, mechanically manipulated as needed, and seeded with an
appropriate seed mix. ASCMs will be installed in the vicinity and downstream of the breached
structure and will serve as BMPs. ASCMs will be installed in accordance with design and
construction specifications referenced in Chapter 26, Surface Stabilization Plan in the PAP
(Volume 28). ASCMs that are temporary such as silt fences and/or straw bales may be removed
once revegetation in the vicinity becomes established. The BMPs will be maintained until
termination of jurisdiction is achieved for initial program lands or final bond release is granted for
permanent program lands above each breached embankment. Modifications to this plan and other
portions of the PAP as needed to reflect PWCC’s plans to remove the embankments will be
submitted to OSMRE as a technical revision to Permit AZ-0001E going forward.

3.0 CRITERIA FOR INSPECTIONS AND MAINTENANCE

As an active surface coal mine with ongoing reclamation operations, OSMRE conducts quarterly
inspections of all areas of the Kayenta Mine to assure compliance with the 30 CFR performance
standards and the provisions of Permit AZ-0001E. OSMRE performs semiannual inspections of
all areas of the inactive Black Mesa Mine. The inspections include the BMPs that have been
discussed in previous sections of this Plan, such as backfilling and grading to confirm the
reclaimed land surface conforms to the approved postmine topography. Reclaimed areas in
which topsoiling and revegetation activities have been completed are inspected to identify
potential problem areas as indicated by rilling or gullying or other signs of instability or excess
erosion. Postmine water conveyance structures and sediment ponds are also inspected to assure
these structures are stable and retain the capacity of the approved design(s). If a problem is
identified during an inspection, OSMRE may require an immediate fix, request a remedial plan,
and/or they may issue a notice of violation which includes a specified time period to solve the
problem depending upon the magnitude and severity.

In addition, PWCC is required by Permit AZ-0001E to conduct ongoing inspections of the
reclaimed mine-lands including engineered structures to record and monitor the reclamation
process and identify any potential problems. If problems are identified by either OSMRE or
PWCC in the course of an inspection, then a remedial plan is developed and implemented. After
the problem is fixed, the remedial work is monitored to assure the corrective action was
successful.



PWCC is required to monitor the salvage, storage and redistribution of topsoil and spoil handling
operations. Specific programs include determining spoil suitability of final graded slopes and
verifying topsoil redistribution thickness. The topsoil and spoil handling monitoring data
collected for each calendar year is reported to OSMRE in the Annual Reclamation Status and
Monitoring Report.

PWCC conducts annual vegetation monitoring of permanently revegetated areas to document
revegetation success. Revegetated areas are also surveyed for noxious weeds to evaluate
potential adverse impacts to adjacent desirable vegetation. The revegetation monitoring data
collected for each calendar year is reported to OSMRE in the Annual Reclamation Status and
Monitoring Report.

PWCC is required to inspect all temporary sediment ponds on a quarterly basis for embankment
stability, inlet and outlet conditions, and sediment storage capacities. The annual sediment pond

inspection report is certified by a Professional Engineer and submitted to OSMRE.

Comprehensive Site Inspections and Reporting

PWCC will conduct comprehensive site inspections of the BMPs at the eligible temporary
sediment ponds included with this Plan. The inspections will assess the following:

e The accuracy of the area covered by Plan,

e 1”=400" map exhibits are to be updated or otherwise modified to reflect current conditions,
o Effective implementation of the BMPs identified in the Plan,

o Necessity to maintain existing BMPs or install additional BMPs, and

o Necessity to revise the Plan.

As the Plan is approved by OSMRE and USEPA, inspections will be conducted at the eligible
temporary sediment ponds quarterly or semiannually as part of OSMRE’s inspections. If the
comprehensive site inspection determines changes to the plan are warranted, PWCC will revise
the Plan and submit the revisions to both OSMRE and USEPA for approval within 60 days.

PWCC will develop an Annual Compliance Evaluation Report and submit the report to OSMRE
and USEPA by May 31 of each year for the preceding calendar year’s inspections. The report
will identify personnel making the inspections, dates of inspections, and summarize observations
made and actions taken in accordance with the Plan. The report will identify any incidents of
noncompliance, and where a report does not identify any incidents of noncompliance, the report
will contain a certification that the facility is in compliance with the Plan. Annual Compliance
Evaluation Reports are retained with the Plan kept in the Environmental Manager’s files at the N8
Offices.

40 WATERSHED MODELING DEMONSTRATIONS



In accordance with 40 CFR Part 434.82, PWCC has prepared numerous watershed
demonstrations that evaluate the performance of BMPs for controlling sediment in the reclaimed
watersheds above eligible temporary sediment ponds at the Kayenta Complex. The
demonstrations involved using the EASI model to predict average annual sediment yields for the
entire watershed area above eligible temporary sediment ponds. Sediment yields predicted for
premining conditions reflect natural conditions in the watershed above pond locations prior to
mining. Sediment yields predicted for postmining conditions reflect the BMPs that PWCC has
implemented within the affected lands in the watershed above the sediment ponds.  The
modeling demonstrations were conducted to show the BMPs result in average annual sediment
yields from the postmining landscape that are less than or equal to the average annual sediment
yields from the premining landscape.

As mentioned previously, similar EASI modeling demonstrations have been completed for larger
reclaimed parcels as part of termination of jurisdiction or Phase Il bond release applications. The
first and most comprehensive EASI modeling report was completed in 1993 by Resource
Consultants & Engineers, Inc. of Fort Collins, Colorado (RCE, 1993). This report described the
EASI model, modeling calibration and validation, modeling assumptions and inputs, and
modeling results for the N1/N2 and J27 initial program reclaimed parcels. The combined total
reclaimed area modeled was approximately 3,090 acres. Subsequent EASI model demonstrations
for large reclaimed parcels were completed by Ayres Associates, Inc of Fort Collins, Colorado for
946 acres in the N7/N8 reclaimed area (Ayres, July 2001), 1,580 acres in the N14 reclaimed area
(Ayres, July 2008), 1,533 acres in the J1/N6 reclaimed area (Ayres, September 2009), and 2,832
acres in the J21 reclaimed area (Ayres, September 2010). Most recently, PWCC completed an
EASI model demonstration for 943 acres in the J19 reclaimed area (PWCC, 2011). The EASI
modeling demonstrations completed for large, multi-watershed reclaimed parcels at the Kayenta
Complex totals approximately 10,924 acres as of June 2012.

EASI modeling demonstrations developed for select temporary ponds have also been completed
by Ayres Associates, Inc. The reports were developed for eligible temporary sediment ponds
(outfalls) that share adjacent watershed boundaries in which similar BMPs have been used for
sediment control within the reclaimed portions of each watershed. The reports provide
information on the EASI model development and reference previous EASI modeling reports
developed for PWCC that were submitted to OSMRE in support of applications for termination of
jurisdiction of initial program areas and bond release for permanent program areas. They also
discuss data used to develop each model, modeling methodology, and model results. The model
results are provided as average annual sediment yields on an acre-unit basis above each pond for
both premine and postmine watershed conditions.

The following is a list of the temporary sediment ponds and corresponding NPDES Permit
NNO0022179 outfall designations at the Kayenta Complex that have been evaluated for eligibility
under the effluent limitations at 40 CFR Part 434 for Subpart H. The list also provides the
Appendix to the Plan in which the modeling demonstration reports for each pond can be found, or
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provides the reference to a large reclaimed area modeling report listed above and in Section 6.0,
References that incorporated the watershed above the pond. For some outfalls (e.g., outfall 170 -
Pond J7-S), a modeling demonstration report is listed for a reclaimed parcel or specific pond
adjacent or proximate to the pond/outfall.
modeling report and predictions to be representative because BMPs established in the
pond/outfall are similar enough to those evaluated in the referenced modeling demonstration.
The reference to each large reclaimed modeling report also includes the liability release or bond
release application and status in which the modeling report was incorporated.

In these limited cases, PWCC considers the listed

Pond ID Outfall No. Appendix No. or Modeling
Report Reference

J7-CD 049 Appendix 1

J7-E 050 Appendix 1

J7-F 051 Appendix 1

N6-C 021 Appendix 2

N6-D 022 Appendix 2

N6-F 037 Appendix 2

J21-D 174 Appendix 3

J21-E 175 Appendix 3

J16-E 031 Appendix 4

J16-F 032 Appendix 4

J21-A 079 Appendix 5

N6-G 150 Appendix 6

J7-K 052 Appendix 7

J7-M 071 Appendix 7

N5-E 082 Appendix 8

J7-A 147 Appendix 9

J7-B1 163 Appendix 9

J7-G 048 Appendix 9

J7-1 069 Appendix 9

J7-] 070 Appendix 9

J7-R 169 Appendix 9

J27-RC 178 RCE, 1993

J7-S 170 Appendix 7 and 9

J7-T 171 Appendix 7 and 9

J7-U 172 Appendix 7 and 9

J7-V 173 Appendix 7 and 9

J21-C 148 Ayres, September 2010

N14-F 024 Ayres, July 2008

N14-G 025 Ayres, July 2008

N14-H 039 Ayres, July 2008
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5.0 SUMMARY AND CONCLUSIONS

The EASI modeling results indicate that the average annual sediment yield from the watersheds
above the eligible temporary sediment ponds at the Kayenta Complex, including the reclaimed
areas above each pond, is less than or equal to the average annual sediment yield from the
premining watershed that existed prior to building the pond. The sediment yield data
demonstrates that the BMPs utilized by PWCC at the Kayenta Complex are successful at
minimizing erosion and sediment loads from the reclaimed mine-lands. The results also
demonstrate that the ponds no longer serve as the best practicable control technology available for
minimizing erosion and sediment, and the sediment ponds could be removed and reclaimed.
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Appendix 1

Surface Water Modeling of the Reclaimed J7-CD, J7-E, and J7-F
Watershed Area at the Black Mesa Complex
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1. RECLAIMED PARCEL MODELING

1.1 Introduction

The objective defined by PWCC for this project is to use a previously calibrated and
validated runoff and erosion model (EASI, Zevenbergen et al. 1990; WET 1990) for the
Black Mesa and Kayenta Mines to predict mean annual runoff and sediment yields from the
reclaimed J7-CD, J7-E, and J7-F watersheds. This objective included computation of runoff
and sediment yields under premine conditions for the same area. All soils and rainfall input
to the model are to be taken from models calibrated in the previous study (RCE 1993). The
input variables that were calibrated to the mine areas and used in this study include soll
infiltration parameters, erodibility parameters, and the grain size distribution. Parameters
that are specific to this study are vegetative canopy and ground cover percentages from data
collected on site.

The model calibration was conducted in a previous study (RCE 1993) using data obtained
from instrumented watersheds and small hillslope plots collected under natural rainfall
conditions. For a detailed discussion of data collection and model calibration, please refer to
the previous study (RCE 1993).

1.2 Background

The J7-CD, J7-E, and J7-F Watershed Area (WA) that is the focus of this project was
reclaimed between 1983 and 1990. The fundamental purpose of this study was to quantify
the expected behavior and hydrologic response of the reclaimed areas above each pond
relative to the conditions that existed prior to the occurrence of mining activities.

Runoff and sediment yield response from the reclaimed lands should be managed by
implementing Best Management Practices (BMP’s) in conjunction with an OSM approved
sediment control plan in order to not adversely impact the prevailing hydrologic balance and
to limit additional contributions of suspended sediment to streamflow or runoff outside the
mine permit areas. BMP’s include regrading, replacing salvaged topsoil, revegetation, and
other controls such as riprapped channel bottoms, check dams, and where practicable,
contour terraces. The natural watersheds on the mesa contribute significant quantities of
sediment to the channel system. It is expected that the postmine condition will also produce
comparable amounts of sediment without adverse impact on the hydrologic balance.

This section describes the data and procedures used to evaluate the J7 WA. This area was
modeled to determine the average annual hydrologic response following the completion of
reclamation activities taking into account BMP’s implemented as part of the reclamation
process. Infiltration, runoff, and erosion processes from both hillslopes and channels within
the J7 WA were modeled using EASI. Results were determined for concentration points at
the outlets of the reclaimed watersheds, which correspond to the embankments associated
with Ponds J7-CD, J7-E, and J7-F. The locations of these points are shown in Exhibit 1.
Modeling was also conducted to determine hydrologic response under premine conditions
based on the topography, soils, cover, and other conditions that typified the undisturbed
watersheds draining to each concentration point. Exhibit 2 shows the modeling endpoints
for the premine J7 WA.
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1.3 Data

1.3.1 Soils

Soils data used for the current study (J7 WA) were based on data developed from the
calibration of models used in the previous study for Coal Resource Areas (CRAs) N1/N2 and
J27 (RCE 1993). The composition of postmine soil in the current study is depicted along
with the composition of postmine soils from the previous study in Figure 1.1. This figure
shows that the soil composition of WA J7 is very similar to soils evaluated during model
calibration. Therefore, the soil properties developed in the previous study are valid for this
modeling project. These properties include calibrated parameters, such as infiltration and
erodibility coefficients, and measured soil size distributions. Table 1.1 lists the premine and
postmine soils data used during EASI modeling of WA J7.

1.3.2 Vegetation

Vegetative cover data representative of both pre- and postmine conditions in WA J7 were
supplied by PWCC. For the premine condition, land was characterized as being covered by
sagebrush or pinon juniper. The spatial distribution of vegetative cover for the J7 WA
premine condition appears in Figure 1.2. Average cover properties for CRAs N1/N2 and
J27 of the previous study and WA J7 of the current study appear in Table 1.2. For the
postmine condition, the reclaimed area was assigned the postmine cover type and the
unmined area was assigned the same cover type as the premine condition. Table 1.3 lists
the pre- and postmine vegetative cover data used in the EASI model runs generated for the
J7 WA. Note that if a unit contained significant portions of both sagebrush and pinon juniper
cover types, it was classified as half pinon juniper and half sagebrush.

Figure 1.1. Reclaimed area soils trilinear graph.
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Table 1.1. Soils Data.

Condition Premine Postmine Rock Chutes
Rainfall detachment 0.005 0.005 0
Overland flow detachment 0.44 0.44 0
Channel flow detachment 0.5 0.5 0
Initial soil moisture, % 70 70 70
Final soil moisture, % 90 90 90
Soil porosity, % 45 45 46
Temperature, *F 70 70 70
Hydraulic conductivity, in/hr 0.23 0.29 0.3
Capillary suction, in 3.7 2.6 2.6

Particle Size Distribution
(all conditions)

Size, mm % Finer
0.001 0
0.004 18.0
0.016 27.4
0.062 36.6
0.125 56.2
0.250 64.3
0.500 72.4
1.000 80.5
2.000 88.6
4.000 92.4

16.000 100

1.3.3 Topography

Pre- and postmine topography was supplied by PWCC in the form of ArcGIS geodatabase.
Basin delineations, hillslope delineations, subwatershed delineations, as well as areas,
slopes, and lengths of all units of the study area were defined and calculated using ArcGIS
software. Figures 1.3 and 1.4 show the watershed delineation and numbers assigned to the
basins used in the EASI model for the post- and premine conditions, respectively. Channel
dimensions input to EASI were based on the topography supplied and limited field
observations.

1.4 Methodology

Runoff and sediment yield in the semiarid western United States is largely governed by the
occurrence of high-intensity, short-duration rainstorms of limited areal extent (Renard and
Simaton 1975). Research has indicated that relatively few events may produce the greatest
erosion (e.g., Hjelmfelt et al. 1986 reported that only 3 to 4% of rainfall events accounted for
50% of long-term sediment yields). Although there is perhaps a relatively limited physical
basis for definition of an "average annual" runoff or sediment yield in a semiarid
environment due to the extreme variability in response and importance of single infrequent
events, such a term does provide a useful basis for long-term comparison between
reclaimed and undisturbed conditions.
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Figure 1.2. Spatial distribution of vegetative cover types for WA J7 premine condition.
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Table 1.2. Cover Sampling Data.

Total
Nonstratified | Vegetation | Vegetation Ground
Area Condition Cover Vegetation Canopy Ground Litter* Rock Cover
Type Cover (%) Cover (%) Cover (%) (%) (%) (%)
N1/N2 Postmine Postmine 25.6 1.4 24.2 13.6 4.2 41.9
J7 WA Postmine Postmine 0.3 20.9 26.2 1.4 48.5
N1/N2/J27 | Premine Pinon Juniper 32.7 31.1 3.0 44.0 19.7 66.7
J7 WA Premine Pinon Juniper 11.7 3.2 19.1 18.5 40.8
N1/N2 Premine Sagebrush 25.1 16.0 10.3 25.3 18.1 53.7
Ja7 Premine Sagebrush 30.6 9.7 22.0 24.0 1.6 47.6
J7 WA Premine Sagebrush 0.6 7.3 21.7 6.8 35.8
*Including standing dead litter
Table 1.3. Cover Data for J7-CD, J7-E, and J7-F Watersheds.
Half Pinon Juniper-
Condition Pinon Juniper Sagebrush Half Sagebrush Postmine
Canopy cover, % 11.7 0.6 6.1 0.3
Ground cover, % 40.8 35.8 38.3 48.5
Canopy storage, in 0.05 0.05 0.05 0.05
Ground storage, in 0.05 0.05 0.05 0.05
Depression storage, in 0.03 0.03 0.03 0.03
Impervious area, % 0 0 0 0
Manning n 0.07 0.07 0.07 0.05

To make comparisons between reclaimed lands and associated undisturbed lands at the
Black Mesa Mining Complex on the basis of average annual sediment yield, a procedure
was used that considers the importance of infrequent storm events in defining sediment yield
in the semiarid west. First, however, the site-specific rainfall data available for the Black
Mesa Mining Complex were used to evaluate the frequency and magnitude of the measured
events relative to existing predictions for rainfall depth-duration (Miller et al. 1973). The
analysis of the rainfall data was performed as part of a previous study of the N1/N2 and J27
CRAs (Resource Consultants and Engineers 1993).

Comparisons between runoff and sediment yield from undisturbed and reclaimed areas in
WA J7 were developed for specific modeling endpoints shown in Exhibits 1 and 2. Mining
and reclamation activities did not exactly replicate the topography, drainage network, or
drainage areas that existed prior to mining. Consequently, direct comparisons of total runoff
and sediment yield cannot be made between undisturbed and reclaimed response at a given
point in a watershed. Comparisons were made on the basis of unit rates of runoff (inches)
and sediment yield (tons/acre) at the various modeling computation endpoints. Although the
same disturbance boundary was used to model extents for both pre- and postmine
conditions, the topographic differences that resulted after mining and reclamation occurred
in the J7 WA dictated that some small areas would be included or excluded from the
modeling. The total area modeled (combined area for J7-CD, J7-E, and J7-F watersheds)
for premine conditions is 102.2 acres and for postmine conditions is 99.8 acres. The
difference in area results from the sediment ponds in postmine conditions. The area
bounded by the modeling boundary identified by PWCC as shown in Exhibits 1 and 2 is
102.2 acres.
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Figure 1.3. J7-CD, J7-E, and J7-F postmine basins.
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Figure 1.4. J7-CD, J7-E, and J7-F premine basins.
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1.4.1 Synthetic Rainfall

Synthetic storms of 2-, 5-, 10-, 25-, 50-, and 100-year return periods were used as input to
the EASI model. Actual hyetographs were taken from the previous study (RCE 1993) and
are based on both local data collection and the NOAA Atlas (Miller et al. 1973).

1.4.2 Computation of Average Runoff and Sediment Yield

The EASI model was used to evaluate runoff and sediment yield from a series of storm
events having recurrence intervals of 2-, 5-, 10-, 25-, 50-, and 100 years. To define average
annual conditions, the average annual runoff and sediment yield generated from storm
events were computed using the commonly used equation of Lagasse et al. (1985).

1.5 Results

Figures 1.3 and 1.4 show the post- and premine basin delineations. Since the individual
subareas differ in number, acreage and outlet locations, a direct comparison is not possible
on a subarea basis. Therefore, the best way to compare the results is on an average basis
for the WA. Table 1.4 shows pre- and postmine drainage area, runoff, and sediment yield
for the J7 WA. To consider the situation of pond removal for the postmine condition, the
EASI model replaces a sediment pond with a channel, which lies near the location of the
pond and discharges to the basin outlet. The channel is assumed to have a length equal to
the pond's length and a slope of 2%. Runoff is defined as the total volume of water leaving
the WA on an average annual basis and, therefore, does not include water stored in
depression areas and ponds. For the premine condition, this is equal to the amount of water
that drains off the hillslopes and subwatersheds because there are no ponds or significant
depressions. For the postmine condition, this is equal to the amount of hillslope runoff less
the amount stored in ponds. No ponds or significant depressions exist within the reclaimed
J7 WA that was modeled. Similarly, the sediment yield is the amount of eroded material that
leaves the WA on an average annual basis computed using the equation of Lagasse et al.
(1985). The sediment yield is the production from the hillslope areas and erosion from the
channels. The amount of erosion is the sediment yield from the hillslopes and
subwatersheds only and does not include channel erosion, channel deposition or sediment
trapped in ponds. Sediment yield can be greater or less than erosion, depending on the
amount of channel erosion and the capacity of the channel network to convey sediment off
the leasehold.

Table 1.4. Average Runoff and Sediment Yield Results.
Area Condition Drainage Area Runoff Sediment Yield
(ac) (in) (t/aclyr)

J7 WA Premine 102.2 0.42 2.46
J7 WA Postmine 99.8 0.42 2.02
J7-CD Premine 45.7 0.42 2.30
J7-CD Postmine 44.2 0.42 2.05

J7-E Premine 13 0.42 1.96

J7-E Postmine 12.6 0.42 1.58

J7-F Premine 43.6 0.42 2.77

J7-F Postmine 43.0 0.42 212
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For the postmine condition, the overall sediment yield is less than those in the premine
condition. Sediment yield is approximately 80% of the premine amount, and runoff is the
same as the premine amount. The reduction of sediment yield is primarily due to the
channel erosion control measures (BMP's) for the postmine condition.

Table 1.4 also shows pre- and postmine drainage area, runoff, and sediment yield for three
individual watersheds (J7-CD, J7-E, and J7-F) within the J7 WA. Modeling results of
individual watersheds are similar to the overall J7 WA.

1.6 Discussion

Table 1.5 gives an overview of the geometric properties of the pre- and postmine disturbed
areas. Postmine hillslopes are gentler than premine hillslopes, while postmine channels are
as steep as premine channels. It is because most ridges within the J7 WA were mined and
reclaimed and most valleys with the J7 WA were not disturbed. The drainage density of the
postmine condition is smaller than that of premine condition because the postmine
topography has simple geometric characteristics and the premine topography is highly
dissected.

Table 1.5. Average Physical Properties of the J7 WA.
Premine Postmine
Total Area (ac) 102.2 99.8
Total Channel Length (ft) 10541 6209
Mean Channel Slope 0.0625 0.0628
Drainage Density (mi/mi°) 12.5 7.5
Mean Hillslope Length (ft) 213 255
Mean Hillslope Gradient 0.0918 0.0686
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2. COMPARISONS WITH MEASURED SEDIMENT TRANSPORT

As discussed in Section 1, PWCC has monitored flow and sediment on the main channels,
principal tributaries and small watersheds within the leasehold. These data, along with the
runoff plots, were used to calibrate the EASI model soil erodibility and infiltration input
variables. Figures 2.1 and 2.2 show sediment transport and sediment concentration versus
discharge for measured unmined (background), measured reclaimed, WA J7's modeled
unmined (premine) and modeled reclaimed (postmine) data. Although there is significant
scatter shown in the data (as is expected with any sediment transport conditions), there are
several conclusions that can be drawn from this data.

The open symbols in both figures depict measured data and whether the data were collected
from reclaimed areas (the small watershed study) or from unmined or background surface
water monitoring stations. The range of flows is generally greater for the background data
but there is significant overlap between the two data sets between 0.1 and 100 cfs. This is
because the reclaimed data are from small watersheds and the unmined data are from
channels draining larger basins. These data show the same trend for sediment transport
and sediment concentration over the entire range of flows and very close agreement in the
area of discharge overlap. This, in itself, is strong evidence that (1) the sediment yields are
channel transport capacity limited, (2) overlap of model predictions for both pre- and
postmine conditions with measured data strongly indicate that EASI model predictions are
representative and reasonable, and (3) sediment yields from reclaimed areas will not be
additive to yields on the receiving streams.

The closed symbols depict data from WA J7's pre- and postmine EASI model runs. They
represent data generated by EASI for both subwatersheds and channels for peak discharges
resulting from 2-, 5-, 10-, 25-, 50-, and 100-year storms. Using the peak flows from extreme
events results in discharges that generally exceed 10 cfs. The trend of the model-derived
data is similar and the ranges of concentration and sediment transport are similar to the
measured data and between pre- and postmine conditions.

The sediment discharge plot (Figure 2.1) shows a stronger trend because it is plotting
discharge (sediment) against discharge (flow). This is expected because the sediment
discharge does depend on flow discharge. The concentration plot (Figure 2.2) shows the
two separate variables and, therefore, a less significant trend. PWCC believes that data
measurement may have some influence on the scatter (outliers were removed), but the
process variability is probably the major influence. The majority of the data, however, fall in
a group centered on 100 cfs and 100,000 mg/l, both in the observed data and in the model
results. These plots support the use of the EASI model, the results of the modeling, the
conclusion that sediment yields from reclaimed areas are not additive to receiving stream
sediment loads, and that sediment impacts to the prevailing hydrologic balance have been
minimized.

From Figures 2.1 and 2.2 it is apparent that sediment loads and concentrations are
dependent on the channel sediment transport capacity for both pre- and postmine
conditions. Channel sources of sediment in this arid environment are virtually unlimited.
Therefore, channel transport capacity and channel derived sediment limits and governs
sediment yields from the small tributaries, large channels and the WA as a whole. The
similarity of sediment discharge (or concentration) between pre- and postmine conditions
appears to be inconsistent with the lower rates of sediment yield shown in Table 1.4.
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Figure 2.1. Observed and modeled sediment and water discharge.
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Figure 2.2. Observed versus modeled sediment concentration and discharge.
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However, the sediment yield shown in Table 1.4 is the average annual amount of sediment
leaving the J7 WA whereas the sediment discharge shown in Figure 2.1 is the peak rate of
sediment in transport occurring in any channel represented by the data, whether the channel
is located upstream or downstream of a pond. Therefore, it should be concluded that with or
without a pond left in the postmine landscape that traps sediment or stores water, the mine
reclamation is not contributing additional sediment to the receiving streams and sediment
impacts to the prevailing hydrologic balance have been minimized.

Smith and Best (2000) analyzed the measured data (background and reclaimed) shown in
Figure 2.1 to develop an approach that can be used to determine if channels in reclaimed
areas have similar sediment transport characteristics as background channels. The method
that they used was to develop Sen lines (Sen 1968) and confidence intervals around the
data. The slope of the Sen line is a non-parametric statistic computed as the median slope
of all possible slopes determined from pairing all the data points. The Sen line is drawn
through the median coordinate of the data. Smith and Best first showed that the large
channel flume data (background) and the small watershed background data could be
combined. They concluded that since the data from one data set fall within the Sen line
bounds of the other data set then the two data sets are merely extensions of each other and
could be combined. Also, because the main channel and background small watershed site
data could be combined, it indicated there is an unlimited supply of sediment and the
channels are conveying sediment at (or near) capacity. The Sen line and bounds are shown
with the background measured data in Figure 2.3.

They then plotted the reclaimed measured data (Figure 2.4) with the Sen line and bounds
from the background data to show that the reclaimed data have the same characteristics
even though the flow range of the measurements is lower. The data indicate that channel
flows in this environment achieve the sediment transport capacity of the channel, whether in
reclaimed or background conditions.

Using the same approach with the modeled data generated for the J7 WA, Figures 2.5 and
2.6 show the pre- and postmine computed sediment transport rates with the Sen lines and
bounds. One difference between the plots is that the measured data occur throughout the
flow hydrograph whereas the modeled data are tabulated at the peak of the simulation flow
hydrograph. The premine data plot (Figure 2.5) shows the data grouped above the Sen line
and well within the bounds. The postmine data (Figure 2.6) plot most densely around the
Sen line. On these graphs data plotting above the Sen line indicate that there is more
sediment in transport for a given discharge.

Several conclusions can be drawn from these data plots: (1) EASI model well replicates
erosion and sediment transport processes at the mine site for background and reclaimed
conditions, (2) all data show similar trends and are within the same bounds, (3) data trends
indicate that channels are transporting sediment at or near capacity, and (4) amounts of
sediment leaving the WA for postmine conditions are similar to premine conditions and
within the range expected for the background conditions. Therefore, the overall conclusion
is that the postmine reclaimed condition in J7 WA is not contributing additional suspended
solids to receiving streams, and related impacts to the hydrologic balance have been
minimized.
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Figure 2.3. Background measured sediment and water discharge with Sen lines.
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Figure 2.4. Reclaimed measured sediment and water discharge with Sen lines.
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Figure 2.5. Modeled premine sediment and water discharge for the J7 WA with Sen lines.
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Figure 2.6. Modeled postmine sediment and water discharge for the J7 WA with Sen lines.
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1. RECLAIMED PARCEL MODELING

1.1 Introduction

The objective defined by PWCC for this project is to use a previously calibrated and
validated runoff and erosion model (EASI, Zevenbergen et al. 1990; WET 1990) for the
Black Mesa and Kayenta Mines to predict mean annual runoff and sediment yields from the
reclaimed N6-C, N6-D, and N6-F watersheds. This objective included computation of runoff
and sediment yields under premine conditions for the same area. All soils and rainfall input
to the model are to be taken from models calibrated in the previous study (RCE 1993). The
input variables that were calibrated to the mine areas and used in this study include soll
infiltration parameters, erodibility parameters, and the grain size distribution. Parameters
that are specific to this study are vegetative canopy and ground cover percentages from data
collected on site.

The model calibration was conducted in a previous study (RCE 1993) using data obtained
from instrumented watersheds and small hillslope plots collected under natural rainfall
conditions. For a detailed discussion of data collection and model calibration, please refer to
the previous study (RCE 1993).

1.2 Background

The N6-C, N6-D, and N6-F Watershed Area (WA) that is the focus of this project was
reclaimed between 1982 and 1988. The fundamental purpose of this study was to quantify
the expected behavior and hydrologic response of the reclaimed areas above each pond
relative to the conditions that existed prior to the occurrence of mining activities.

Runoff and sediment yield response from the reclaimed lands should be managed by
implementing Best Management Practices (BMP’s) in conjunction with an OSM approved
sediment control plan in order to not adversely impact the prevailing hydrologic balance and
to limit additional contributions of suspended sediment to streamflow or runoff outside the
mine permit areas. BMP’s include regrading, replacing salvaged topsoil, revegetation, and
other controls such as riprapped channel bottoms, check dams, and where practicable,
contour terraces. The natural watersheds on the mesa contribute significant quantities of
sediment to the channel system. It is expected that the postmine condition will also produce
comparable amounts of sediment without adverse impact on the hydrologic balance.

This section describes the data and procedures used to evaluate the N6 WA. This area was
modeled to determine the average annual hydrologic response following the completion of
reclamation activities taking into account BMP’s implemented as part of the reclamation
process. Infiltration, runoff, and erosion processes from both hillslopes and channels within
the N6 WA were modeled using EASI. Results were determined for concentration points at
the outlets of the reclaimed watersheds, which correspond to the embankments associated
with Ponds N6-C, N6-D, and N6-F. The locations of these points are shown in Exhibit 1.
Modeling was also conducted to determine hydrologic response under premine conditions
based on the topography, soils, cover, and other conditions that typified the undisturbed
watersheds draining to each concentration point. Exhibit 2 shows the modeling endpoints
for the premine N6 WA.
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1.3 Data
1.3.1 Soils

Soils data used for the current study (N6 WA) were based on data developed from the
calibration of models used in the previous study for Coal Resource Areas (CRAs) N1/N2 and
J27 (RCE 1993). The composition of postmine soil in the current study is depicted along
with the composition of postmine soils from the previous study in Figure 1.1. This figure
shows that the soil composition of WA N6 is very similar to soils evaluated during model
calibration. Therefore, the soil properties developed in the previous study are valid for this
modeling project. These properties include calibrated parameters, such as infiltration and
erodibility coefficients, and measured soil size distributions. Table 1.1 lists the premine and
postmine soils data used during EASI modeling of WA N6.

1.3.2 Vegetation

Vegetative cover data representative of both pre- and postmine conditions in WA N6 were
supplied by PWCC. For the premine condition, land was characterized as being covered by
sagebrush or pinon juniper. The spatial distribution of vegetative cover for the N6 WA
premine condition appears in Figure 1.2. Average cover properties for CRAs N1/N2 and
J27 of the previous study and WA N6 of the current study appear in Table 1.2. For the
postmine condition, the reclaimed area was assigned the postmine cover type and the
unmined area was assigned the same cover type as the premine condition. Table 1.3 lists
the pre- and postmine vegetative cover data used in the EASI model runs generated for the
N6 WA. Note that if a unit contained significant portions of both sagebrush and pinon juniper
cover types, it was classified as half pinon juniper and half sagebrush.

Figure 1.1. Reclaimed area soils trilinear graph.
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Table 1.1. Soils Data.

Condition Premine Postmine Rock Chutes
Rainfall detachment 0.005 0.005 0
Overland flow detachment 0.44 0.44 0
Channel flow detachment 0.5 0.5 0
Initial soil moisture, % 70 70 70
Final soil moisture, % 90 90 90
Soil porosity, % 45 45 46
Temperature, *F 70 70 70
Hydraulic conductivity, in/hr 0.23 0.29 0.3
Capillary suction, in 3.7 2.6 2.6

Particle Size Distribution
(all conditions)

Size, mm % Finer
0.001 0
0.004 18.0
0.016 27.4
0.062 36.6
0.125 56.2
0.250 64.3
0.500 72.4
1.000 80.5
2.000 88.6
4.000 92.4

16.000 100

1.3.3 Topography

Pre- and postmine topography was supplied by PWCC in the form of ArcGIS geodatabase.
Basin delineations, hillslope delineations, subwatershed delineations, as well as areas,
slopes, and lengths of all units of the study area were defined and calculated using ArcGIS
software. Figures 1.3 and 1.4 show the watershed delineation and numbers assigned to the
basins used in the EASI model for the post- and premine conditions, respectively. Channel
dimensions input to EASI were based on the topography supplied and limited field
observations.

1.4 Methodology

Runoff and sediment yield in the semiarid western United States is largely governed by the
occurrence of high-intensity, short-duration rainstorms of limited areal extent (Renard and
Simaton 1975). Research has indicated that relatively few events may produce the greatest
erosion (e.g., Hjelmfelt et al. 1986 reported that only 3 to 4% of rainfall events accounted for
50% of long-term sediment yields). Although there is perhaps a relatively limited physical
basis for definition of an "average annual" runoff or sediment yield in a semiarid
environment due to the extreme variability in response and importance of single infrequent
events, such a term does provide a useful basis for long-term comparison between
reclaimed and undisturbed conditions.
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Figure 1.2. Spatial distribution of vegetative cover types for WA N6 premine condition.
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Table 1.2. Cover Sampling Data.

Total
Nonstratified | Vegetation | Vegetation Ground
Area Condition Cover Vegetation Canopy Ground Litter* Rock Cover
Type Cover (%) Cover (%) Cover (%) (%) (%) (%)
N1/N2 Postmine Postmine 25.6 1.4 24.2 13.6 4.2 41.9
N6 WA Postmine Postmine 0.9 20.5 15.5 2.7 38.2
N1/N2/J27 | Premine Pinon Juniper 32.7 31.1 3.0 44.0 19.7 66.7
N6 WA Premine | Pinon Juniper 14.6 2.7 18.8 17.3 38.8
N1/N2 Premine Sagebrush 25.1 16.0 10.3 25.3 18.1 53.7
J27 Premine Sagebrush 30.6 9.7 22.0 24.0 1.6 47.6
N6 WA Premine Sagebrush 1.3 11.2 24.7 2.5 38.3
*Including standing dead litter
Table 1.3. Cover Data for N6-C, N6-D, and N6-F Watersheds.
Half Pinon Juniper-
Condition Pinon Juniper Sagebrush Half Sagebrush Postmine
Canopy cover, % 14.6 1.3 8.0 0.9
Ground cover, % 38.8 38.3 38.5 38.2
Canopy storage, in 0.05 0.05 0.05 0.05
Ground storage, in 0.05 0.05 0.05 0.05
Depression storage, in 0.03 0.03 0.03 0.03
Impervious area, % 0 0 0 0
Manning n 0.07 0.07 0.07 0.05

To make comparisons between reclaimed lands and associated undisturbed lands at the
Black Mesa Mining Complex on the basis of average annual sediment yield, a procedure
was used that considers the importance of infrequent storm events in defining sediment yield
in the semiarid west. First, however, the site-specific rainfall data available for the Black
Mesa Mining Complex were used to evaluate the frequency and magnitude of the measured
events relative to existing predictions for rainfall depth-duration (Miller et al. 1973). The
analysis of the rainfall data was performed as part of a previous study of the N1/N2 and J27
CRAs (Resource Consultants and Engineers 1993).

Comparisons between runoff and sediment yield from undisturbed and reclaimed areas in
WA N6 were developed for specific modeling endpoints shown in Exhibits 1 and 2. Mining
and reclamation activities did not exactly replicate the topography, drainage network, or
drainage areas that existed prior to mining. Consequently, direct comparisons of total runoff
and sediment yield cannot be made between undisturbed and reclaimed response at a given
point in a watershed. Comparisons were made on the basis of unit rates of runoff (inches)
and sediment yield (tons/acre) at the various modeling computation endpoints. Although the
same disturbance boundary was used to model extents for both pre- and postmine
conditions, the topographic differences that resulted after mining and reclamation occurred
in the N6 WA dictated that some small areas would be included or excluded from the
modeling. The total area modeled (combined area for N6-C, N6-D, and N6-F watersheds) for
premine conditions is 284.0 acres and for postmine conditions is 280.9 acres. The
difference in area results from the sediment ponds in postmine conditions. The area
bounded by the modeling boundary identified by PWCC as shown in Exhibits 1 and 2 is
284.0 acres.
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Figure 1.3. N6-C, N6-D, and N6-F postmine basins.
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Figure 1.4. N6-C, N6-D, and N6-F premine basins.
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1.4.1 Synthetic Rainfall

Synthetic storms of 2-, 5-, 10-, 25-, 50-, and 100-year return periods were used as input to
the EASI model. Actual hyetographs were taken from the previous study (RCE 1993) and
are based on both local data collection and the NOAA Atlas (Miller et al. 1973).

1.4.2 Computation of Average Runoff and Sediment Yield

The EASI model was used to evaluate runoff and sediment yield from a series of storm
events having recurrence intervals of 2-, 5-, 10-, 25-, 50-, and 100 years. To define average
annual conditions, the average annual runoff and sediment yield generated from storm
events were computed using the commonly used equation of Lagasse et al. (1985).

1.5 Results

Figures 1.3 and 1.4 show the post- and premine basin delineations. Since the individual
subareas differ in number, acreage and outlet locations, a direct comparison is not possible
on a subarea basis. Therefore, the best way to compare the results is on an average basis
for the WA. Table 1.4 shows pre- and postmine drainage area, runoff, and sediment yield
for the N6 WA. To consider the situation of pond removal for the postmine condition, the
EASI model replaces a sediment pond with a channel, which lies near the location of the
pond and discharges to the basin outlet. The channel is assumed to have a length equal to
the pond's length and a slope similar to the outlet's natural slope. Runoff is defined as the
total volume of water leaving the WA on an average annual basis and, therefore, does not
include water stored in depression areas and ponds. For the premine condition, this is equal
to the amount of water that drains off the hillslopes and subwatersheds because there are no
ponds or significant depressions. For the postmine condition, this is equal to the amount of
hillslope runoff less the amount stored in ponds. No ponds or significant depressions exist
within the reclaimed N6 WA that was modeled. Similarly, the sediment yield is the amount of
eroded material that leaves the WA on an average annual basis computed using the
equation of Lagasse et al. (1985). The sediment yield is the production from the hillslope
areas and erosion from the channels. The amount of erosion is the sediment yield from the
hillslopes and subwatersheds only and does not include channel erosion, channel deposition
or sediment trapped in ponds. Sediment yield can be greater or less than erosion,
depending on the amount of channel erosion and the capacity of the channel network to
convey sediment off the leasehold.

Table 1.4. Average Runoff and Sediment Yield Results.
Area Condition Drainage Area Runoff Sediment Yield
(ac) (in) (t/aclyr)
N6 WA Premine 284.0 0.42 3.12
N6 WA Postmine 280.9 0.42 2.51
N6-C Premine 105.6 0.42 3.65
N6-C Postmine 104.4 0.42 3.33
N6-D Premine 36.1 0.42 1.76
N6-D Postmine 35.1 0.42 1.07
N6-F Premine 142.4 0.42 3.07
N6-F Postmine 141.5 0.42 2.25
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For the postmine condition, the overall sediment yield is less than those in the premine
condition. Sediment yield is approximately 80% of the premine amount, and runoff is the
same as the premine amount. The reduction of sediment yield is primarily due to the
channel erosion control measures (BMP's) for the postmine condition.

Table 1.4 also shows pre- and postmine drainage area, runoff, and sediment yield for three
individual watersheds (N6-C, N6-D, and N6-F) within the N6 WA. Modeling results of
individual watersheds are similar to the overall N6 WA.

1.6 Discussion

Table 1.5 gives an overview of the geometric properties of the pre- and postmine disturbed
areas. Premine hillslopes are generally longer than postmine hillslopes, postmine channels
are not as steep as premine channels, and the drainage density of the postmine condition is
greater than that of the premine condition. These properties agree with the postmine versus
premine topography: the greater drainage density and shorter hillslopes of the postmine
condition are due to the terracing of the land to allow less sediment erosion and transport.
Generally, in a natural setting, a greater drainage density would be equated with higher
sediment yields. However, the terraces are not "natural" channels as they are designed to
segment long hillslopes into shorter lengths and the terrace channels are designed with low
gradients to reduce erosion and sediment transport. A high drainage density in a natural
setting would result in a short time of concentration and higher peak flows but a high
drainage density due to terracing would increase time of concentration and decrease peak
flows. Such differences in pre- and postmine topography make it difficult to generalize about
sediment yield from pre- and postmine areas. This shows the value of modeling. One
generalization that can be made, however, is that the significantly shorter hillslope lengths
are the cause of lower erosion rates.

Table 1.5. Average Physical Properties of the N6 WA.
Premine Postmine
Total Area (ac) 284.0 280.9
Total Channel Length (ft) 21583 32108
Mean Channel Slope 0.0619 0.0529
Drainage Density (mi/mi°) 9.2 13.9
Mean Hillslope Length (ft) 234 212
Mean Hillslope Gradient 0.1192 0.1150
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2. COMPARISONS WITH MEASURED SEDIMENT TRANSPORT

As discussed in Section 1, PWCC has monitored flow and sediment on the main channels,
principal tributaries and small watersheds within the leasehold. These data, along with the
runoff plots, were used to calibrate the EASI model soil erodibility and infiltration input
variables. Figures 2.1 and 2.2 show sediment transport and sediment concentration versus
discharge for measured unmined (background), measured reclaimed, WA N6's modeled
unmined (premine) and modeled reclaimed (postmine) data. Although there is significant
scatter shown in the data (as is expected with any sediment transport conditions), there are
several conclusions that can be drawn from this data.

The open symbols in both figures depict measured data and whether the data were collected
from reclaimed areas (the small watershed study) or from unmined or background surface
water monitoring stations. The range of flows is generally greater for the background data
but there is significant overlap between the two data sets between 0.1 and 100 cfs. This is
because the reclaimed data are from small watersheds and the unmined data are from
channels draining larger basins. These data show the same trend for sediment transport
and sediment concentration over the entire range of flows and very close agreement in the
area of discharge overlap. This, in itself, is strong evidence that (1) the sediment yields are
channel transport capacity limited, (2) overlap of model predictions for both pre- and
postmine conditions with measured data strongly indicate that EASI model predictions are
representative and reasonable, and (3) sediment yields from reclaimed areas will not be
additive to yields on the receiving streams.

The closed symbols depict data from WA N6's pre- and postmine EASI model runs. They
represent data generated by EASI for both subwatersheds and channels for peak discharges
resulting from 2-, 5-, 10-, 25-, 50-, and 100-year storms. Using the peak flows from extreme
events results in discharges that generally exceed 10 cfs. The trend of the model-derived
data is similar and the ranges of concentration and sediment transport are similar to the
measured data and between pre- and postmine conditions.

The sediment discharge plot (Figure 2.1) shows a stronger trend because it is plotting
discharge (sediment) against discharge (flow). This is expected because the sediment
discharge does depend on flow discharge. The concentration plot (Figure 2.2) shows the
two separate variables and, therefore, a less significant trend. PWCC believes that data
measurement may have some influence on the scatter (outliers were removed), but the
process variability is probably the major influence. The majority of the data, however, fall in
a group centered on 100 cfs and 100,000 mg/l, both in the observed data and in the model
results. These plots support the use of the EASI model, the results of the modeling, the
conclusion that sediment yields from reclaimed areas are not additive to receiving stream
sediment loads, and that sediment impacts to the prevailing hydrologic balance have been
minimized.

From Figures 2.1 and 2.2 it is apparent that sediment loads and concentrations are
dependent on the channel sediment transport capacity for both pre- and postmine
conditions. Channel sources of sediment in this arid environment are virtually unlimited.
Therefore, channel transport capacity and channel derived sediment limits and governs
sediment yields from the small tributaries, large channels and the WA as a whole. The
similarity of sediment discharge (or concentration) between pre- and postmine conditions
appears to be inconsistent with the lower rates of sediment yield shown in Table 1.4.
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Figure 2.1. Observed and modeled sediment and water discharge.
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Figure 2.2. Observed versus modeled sediment concentration and discharge.
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However, the sediment yield shown in Table 1.4 is the average annual amount of sediment
leaving the N6 WA whereas the sediment discharge shown in Figure 2.1 is the peak rate of
sediment in transport occurring in any channel represented by the data, whether the channel
is located upstream or downstream of a pond. Therefore, it should be concluded that with or
without a pond left in the postmine landscape that traps sediment or stores water, the mine
reclamation is not contributing additional sediment to the receiving streams and sediment
impacts to the prevailing hydrologic balance have been minimized.

Smith and Best (2000) analyzed the measured data (background and reclaimed) shown in
Figure 2.1 to develop an approach that can be used to determine if channels in reclaimed
areas have similar sediment transport characteristics as background channels. The method
that they used was to develop Sen lines (Sen 1968) and confidence intervals around the
data. The slope of the Sen line is a non-parametric statistic computed as the median slope
of all possible slopes determined from pairing all the data points. The Sen line is drawn
through the median coordinate of the data. Smith and Best first showed that the large
channel flume data (background) and the small watershed background data could be
combined. They concluded that since the data from one data set fall within the Sen line
bounds of the other data set then the two data sets are merely extensions of each other and
could be combined. Also, because the main channel and background small watershed site
data could be combined, it indicated there is an unlimited supply of sediment and the
channels are conveying sediment at (or near) capacity. The Sen line and bounds are shown
with the background measured data in Figure 2.3.

They then plotted the reclaimed measured data (Figure 2.4) with the Sen line and bounds
from the background data to show that the reclaimed data have the same characteristics
even though the flow range of the measurements is lower. The data indicate that channel
flows in this environment achieve the sediment transport capacity of the channel, whether in
reclaimed or background conditions.

Using the same approach with the modeled data generated for the N6 WA, Figures 2.5 and
2.6 show the pre- and postmine computed sediment transport rates with the Sen lines and
bounds. One difference between the plots is that the measured data occur throughout the
flow hydrograph whereas the modeled data are tabulated at the peak of the simulation flow
hydrograph. The premine data plot (Figure 2.5) shows the data grouped around the Sen line
and well within the bounds. Similarly, the postmine data (Figure 2.6) plot around the Sen
line.

Several conclusions can be drawn from these data plots: (1) EASI model well replicates
erosion and sediment transport processes at the mine site for background and reclaimed
conditions, (2) all data show similar trends and are within the same bounds, (3) data trends
indicate that channels are transporting sediment at or near capacity, and (4) amounts of
sediment leaving the WA for postmine conditions are similar to premine conditions and
within the range expected for the background conditions. Therefore, the overall conclusion
is that the postmine reclaimed condition in N6 WA is not contributing additional suspended
solids to receiving streams, and related impacts to the hydrologic balance have been
minimized.
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Figure 2.3. Background measured sediment and water discharge with Sen lines.
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Figure 2.4. Reclaimed measured sediment and water discharge with Sen lines.
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Figure 2.5. Modeled premine sediment and water discharge for the N6 WA with Sen lines.
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Figure 2.6. Modeled postmine sediment and water discharge for the N6 WA with Sen lines.
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1. RECLAIMED PARCEL MODELING

1.1 Introduction

The objective defined by PWCC for this project is to use a previously calibrated and
validated runoff and erosion model (EASI, Zevenbergen et al. 1990; WET 1990) for the
Black Mesa and Kayenta Mines to predict mean annual runoff and sediment yields from the
reclaimed J21-D and J21-E watersheds. This objective included computation of runoff and
sediment yields under premine conditions for the same area. All soils and rainfall input to
the model are to be taken from models calibrated in the previous study (RCE 1993). The
input variables that were calibrated to the mine areas and used in this study include soll
infiltration parameters, erodibility parameters, and the grain size distribution. Parameters
that are specific to this study are vegetative canopy and ground cover percentages from data
collected on site.

The model calibration was conducted in a previous study (RCE 1993) using data obtained
from instrumented watersheds and small hillslope plots collected under natural rainfall
conditions. For a detailed discussion of data collection and model calibration, please refer to
the previous study (RCE 1993).

1.2 Background

The J21-D and J21-E Watershed Area (WA) that is the focus of this project was reclaimed in
2002. The fundamental purpose of this study was to quantify the expected behavior and
hydrologic response of the reclaimed areas above each pond relative to the conditions that
existed prior to the occurrence of mining activities.

Runoff and sediment yield response from the reclaimed lands should be managed by
implementing Best Management Practices (BMP’s) in conjunction with an OSM approved
sediment control plan in order to not adversely impact the prevailing hydrologic balance and
to limit additional contributions of suspended sediment to streamflow or runoff outside the
mine permit areas. BMP’s include regrading, replacing salvaged topsoil, revegetation, and
other controls such as riprapped channel bottoms, check dams, and where practicable,
contour terraces. The natural watersheds on the mesa contribute significant quantities of
sediment to the channel system. It is expected that the postmine condition will also produce
comparable amounts of sediment without adverse impact on the hydrologic balance.

This section describes the data and procedures used to evaluate the J21 WA. This area
was modeled to determine the average annual hydrologic response following the completion
of reclamation activities taking into account BMP’s implemented as part of the reclamation
process. Infiltration, runoff, and erosion processes from both hillslopes and channels within
the J21 WA were modeled using EASI. Results were determined for concentration points at
the outlets of the reclaimed watersheds, which correspond to the embankments associated
with Ponds J21-D and J21-E. The locations of these points are shown in Exhibit 1.
Modeling was also conducted to determine hydrologic response under premine conditions
based on the topography, soils, cover, and other conditions that typified the undisturbed
watersheds draining to each concentration point. Exhibit 2 shows the modeling endpoints
for the premine J21 WA.
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1.3 Data
1.3.1 Soils

Soils data used for the current study (J21 WA) were based on data developed from the
calibration of models used in the previous study for Coal Resource Areas (CRAs) N1/N2 and
J27 (RCE 1993). The composition of postmine soil in the current study is depicted along
with the composition of postmine soils from the previous study in Figure 1.1. This figure
shows that the soil composition of WA J21 is very similar to soils evaluated during model
calibration. Therefore, the soil properties developed in the previous study are valid for this
modeling project. These properties include calibrated parameters, such as infiltration and
erodibility coefficients, and measured soil size distributions. Table 1.1 lists the premine and
postmine soils data used during EASI modeling of WA J21.

1.3.2 Vegetation

Vegetative cover data representative of both pre- and postmine conditions in WA J21 were
supplied by PWCC. For the premine condition, land was characterized as being covered by
sagebrush or pinon juniper. The spatial distribution of vegetative cover for the J21 WA
premine condition appears in Figure 1.2. Average cover properties for CRAs N1/N2 and
J27 of the previous study and WA J21 of the current study appear in Table 1.2. For the
postmine condition, the reclaimed area was assigned the postmine cover type and the
unmined area was assigned the same cover type as the premine condition. Table 1.3 lists
the pre- and postmine vegetative cover data used in the EASI model runs generated for the
J21 WA. Note that if a unit contained significant portions of both sagebrush and pinon
juniper cover types, it was classified as half pinon juniper and half sagebrush.

N2
100 o il
* J27
e N2 AVG.
= N1 AVG.
AL «J27 AVG.
70 8> ‘N?/N8AVG

- J\W -|J21 WA

o2
Gy
}q

B o O

PERCENT SAND

Figure 1.1. Reclaimed area soils trilinear graph.
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Table 1.1. Soils Data.

Condition Premine Postmine Rock Chutes
Rainfall detachment 0.005 0.005 0
Overland flow detachment 0.44 0.44 0
Channel flow detachment 0.5 0.5 0
Initial soil moisture, % 70 70 70
Final soil moisture, % 90 90 90
Soil porosity, % 45 45 46
Temperature, *F 70 70 70
Hydraulic conductivity, in/hr 0.23 0.29 0.3
Capillary suction, in 3.7 2.6 2.6

Particle Size Distribution
(all conditions)

Size, mm % Finer
0.001 0
0.004 18.0
0.016 27.4
0.062 36.6
0.125 56.2
0.250 64.3
0.500 72.4
1.000 80.5
2.000 88.6
4.000 92.4

16.000 100

1.3.3 Topography

Pre- and postmine topography was supplied by PWCC in the form of ArcGIS geodatabase.
Basin delineations, hillslope delineations, subwatershed delineations, as well as areas,
slopes, and lengths of all units of the study area were defined and calculated using ArcGIS
software. Figures 1.3 and 1.4 show the watershed delineation and numbers assigned to the
basins used in the EASI model for the post- and premine conditions, respectively. Channel
dimensions input to EASI were based on the topography supplied and limited field
observations.

1.4 Methodology

Runoff and sediment yield in the semiarid western United States is largely governed by the
occurrence of high-intensity, short-duration rainstorms of limited areal extent (Renard and
Simaton 1975). Research has indicated that relatively few events may produce the greatest
erosion (e.g., Hjelmfelt et al. 1986 reported that only 3 to 4% of rainfall events accounted for
50% of long-term sediment yields). Although there is perhaps a relatively limited physical
basis for definition of an "average annual" runoff or sediment yield in a semiarid
environment due to the extreme variability in response and importance of single infrequent
events, such a term does provide a useful basis for long-term comparison between
reclaimed and undisturbed conditions.
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Figure 1.2. Spatial distribution of vegetative cover types for WA J21 premine condition.
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Table 1.2. Cover Sampling Data.

Total
Nonstratified | Vegetation | Vegetation Ground
Area Condition Cover Vegetation Canopy Ground Litter* Rock Cover
Type Cover (%) Cover (%) | Cover (%) (%) (%) (%)
N1/N2 Postmine Postmine 25.6 1.4 24.2 13.6 4.2 41.9
J21 WA Postmine Postmine 0.3 33.2 191 13.4 65.6
N1/N2/J27 | Premine Pinon Juniper 32.7 31.1 3.0 44.0 19.7 66.7
J21 WA Premine | Pinon Juniper 16.8 3.9 28.8 16.7 49.3
N1/N2 Premine Sagebrush 25.1 16.0 10.3 25.3 18.1 53.7
Ja7 Premine Sagebrush 30.6 9.7 22.0 24.0 1.6 47.6
J21 WA Premine Sagebrush 1.7 15.5 30.6 1.7 47.8
*Including standing dead litter
Table 1.3. Cover Data for J21-D and J21-E Watersheds.
Half Pinon Juniper-
Condition Pinon Juniper Sagebrush Half Sagebrush Postmine
Canopy cover, % 16.8 1.7 9.3 0.3
Ground cover, % 49.3 47.8 48.5 65.6
Canopy storage, in 0.05 0.05 0.05 0.05
Ground storage, in 0.05 0.05 0.05 0.05
Depression storage, in 0.03 0.03 0.03 0.03
Impervious area, % 0 0 0 0
Manning n 0.07 0.07 0.07 0.05

To make comparisons between reclaimed lands and associated undisturbed lands at the
Black Mesa Mining Complex on the basis of average annual sediment yield, a procedure
was used that considers the importance of infrequent storm events in defining sediment yield
in the semiarid west. First, however, the site-specific rainfall data available for the Black
Mesa Mining Complex were used to evaluate the frequency and magnitude of the measured
events relative to existing predictions for rainfall depth-duration (Miller et al. 1973). The
analysis of the rainfall data was performed as part of a previous study of the N1/N2 and J27
CRAs (Resource Consultants and Engineers 1993).

Comparisons between runoff and sediment yield from undisturbed and reclaimed areas in
WA J21 were developed for specific modeling endpoints shown in Exhibits 1 and 2. Mining
and reclamation activities did not exactly replicate the topography, drainage network, or
drainage areas that existed prior to mining. Consequently, direct comparisons of total runoff
and sediment yield cannot be made between undisturbed and reclaimed response at a given
point in a watershed. Comparisons were made on the basis of unit rates of runoff (inches)
and sediment yield (tons/acre) at the various modeling computation endpoints. Although the
same disturbance boundary was used to model extents for both pre- and postmine
conditions, the topographic differences that resulted after mining and reclamation occurred
in the J21 WA dictated that some small areas would be included or excluded from the
modeling. The total area modeled (combined area for both J21-D and J21-E watersheds) for
premine conditions is 71.6 acres and for postmine conditions is 68.9 acres. The difference
in area results from the sediment ponds in postmine conditions. The area bounded by the
modeling boundary identified by PWCC as shown in Exhibits 1 and 2 is 71.6 acres.
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Figure 1.3. J21-D and J21-E postmine basins.
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Figure 1.4. J21-D and J21-E premine basins.
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1.4.1 Synthetic Rainfall

Synthetic storms of 2-, 5-, 10-, 25-, 50-, and 100-year return periods were used as input to
the EASI model. Actual hyetographs were taken from the previous study (RCE 1993) and
are based on both local data collection and the NOAA Atlas (Miller et al. 1973).

1.4.2 Computation of Average Runoff and Sediment Yield

The EASI model was used to evaluate runoff and sediment yield from a series of storm
events having recurrence intervals of 2-, 5-, 10-, 25-, 50-, and 100 years. To define average
annual conditions, the average annual runoff and sediment yield generated from storm
events were computed using the commonly used equation of Lagasse et al. (1985).

1.5 Results

Figures 1.3 and 1.4 show the post- and premine basin delineations. Since the individual
subareas differ in number, acreage and outlet locations, a direct comparison is not possible
on a subarea basis. Therefore, the best way to compare the results is on an average basis
for the WA. Table 1.4 shows pre- and postmine drainage area, runoff, and sediment yield
for the J21 WA. To consider the situation of pond removal for the postmine condition, the
EASI model replaces a sediment pond with a channel, which lies near the location of the
pond and discharges to the basin outlet. The channel is assumed to have a length equal to
the pond's length and a slope similar to the outlet's natural slope. Runoff is defined as the
total volume of water leaving the WA on an average annual basis and, therefore, does not
include water stored in depression areas and ponds. For the premine condition, this is equal
to the amount of water that drains off the hillslopes and subwatersheds because there are no
ponds or significant depressions. For the postmine condition, this is equal to the amount of
hillslope runoff less the amount stored in ponds. No ponds or significant depressions exist
within the reclaimed J21 WA that was modeled. Similarly, the sediment yield is the amount
of eroded material that leaves the WA on an average annual basis computed using the
equation of Lagasse et al. (1985). The sediment yield is the production from the hillslope
areas and erosion from the channels. The amount of erosion is the sediment yield from the
hillslopes and subwatersheds only and does not include channel erosion, channel deposition
or sediment trapped in ponds. Sediment yield can be greater or less than erosion,
depending on the amount of channel erosion and the capacity of the channel network to
convey sediment off the leasehold.

Table 1.4. Average Runoff and Sediment Yield Results.
Area Condition Drainage Area Runoff Sediment Yield
(ac) (in) (t/aclyr)

J21 WA Premine 71.6 0.42 4.50
J21 WA Postmine 68.9 0.42 412
J21-D Premine 39.4 0.42 4.28
J21-D Postmine 36.7 0.42 414
J21-E Premine 32.2 0.42 4.77
J21-E Postmine 32.2 0.42 410
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For the postmine condition, the overall sediment yield is less than those in the premine
condition. Sediment yield is slightly different from the premine amount, and runoff is the
same as the premine amount. Only a small portion of J21 WA was disturbed, thus sediment
yields for pre- and postmine conditions are close.

Table 1.4 also shows pre- and postmine drainage area, runoff, and sediment yield for two
individual watersheds (J21-D and J21-E) within the J21 WA. Modeling results of individual
watersheds are similar to the overall J21 WA.

1.6 Discussion

Table 1.5 gives an overview of the geometric properties of the pre- and postmine disturbed
areas. Average properties for hillslopes and channels are similar because only a small
portion of J21 WA was disturbed.

Table 1.5. Average Physical Properties of the J21 WA.
Premine Postmine
Total Area (ac) 71.6 68.9
Total Channel Length (ft) 7153 7066
Mean Channel Slope 0.1085 0.1200
Drainage Density (mi/mi°) 12.1 12.4
Mean Hillslope Length (ft) 171 186
Mean Hillslope Gradient 0.1662 0.1703
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2. COMPARISONS WITH MEASURED SEDIMENT TRANSPORT

As discussed in Section 1, PWCC has monitored flow and sediment on the main channels,
principal tributaries and small watersheds within the leasehold. These data, along with the
runoff plots, were used to calibrate the EASI model soil erodibility and infiltration input
variables. Figures 2.1 and 2.2 show sediment transport and sediment concentration versus
discharge for measured unmined (background), measured reclaimed, WA J21's modeled
unmined (premine) and modeled reclaimed (postmine) data. Although there is significant
scatter shown in the data (as is expected with any sediment transport conditions), there are
several conclusions that can be drawn from this data.

The open symbols in both figures depict measured data and whether the data were collected
from reclaimed areas (the small watershed study) or from unmined or background surface
water monitoring stations. The range of flows is generally greater for the background data
but there is significant overlap between the two data sets between 0.1 and 100 cfs. This is
because the reclaimed data are from small watersheds and the unmined data are from
channels draining larger basins. These data show the same trend for sediment transport
and sediment concentration over the entire range of flows and very close agreement in the
area of discharge overlap. This, in itself, is strong evidence that (1) the sediment yields are
channel transport capacity limited, (2) overlap of model predictions for both pre- and
postmine conditions with measured data strongly indicate that EASI model predictions are
representative and reasonable, and (3) sediment yields from reclaimed areas will not be
additive to yields on the receiving streams.

The closed symbols depict data from WA J21's pre- and postmine EASI model runs. They
represent data generated by EASI for both subwatersheds and channels for peak discharges
resulting from 2-, 5-, 10-, 25-, 50-, and 100-year storms. Using the peak flows from extreme
events results in discharges that generally exceed 10 cfs. The trend of the model-derived
data is similar and the ranges of concentration and sediment transport are similar to the
measured data and between pre- and postmine conditions.

The sediment discharge plot (Figure 2.1) shows a stronger trend because it is plotting
discharge (sediment) against discharge (flow). This is expected because the sediment
discharge does depend on flow discharge. The concentration plot (Figure 2.2) shows the
two separate variables and, therefore, a less significant trend. PWCC believes that data
measurement may have some influence on the scatter (outliers were removed), but the
process variability is probably the major influence. The majority of the data, however, fall in
a group centered on 100 cfs and 100,000 mg/l, both in the observed data and in the model
results. These plots support the use of the EASI model, the results of the modeling, the
conclusion that sediment yields from reclaimed areas are not additive to receiving stream
sediment loads, and that sediment impacts to the prevailing hydrologic balance have been
minimized.

From Figures 2.1 and 2.2 it is apparent that sediment loads and concentrations are
dependent on the channel sediment transport capacity for both pre- and postmine
conditions. Channel sources of sediment in this arid environment are virtually unlimited.
Therefore, channel transport capacity and channel derived sediment limits and governs
sediment yields from the small tributaries, large channels and the WA as a whole. The
similarity of sediment discharge (or concentration) between pre- and postmine conditions
appears to be inconsistent with the lower rates of sediment yield shown in Table 1.4.
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Figure 2.1. Observed and modeled sediment and water discharge.
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Figure 2.2. Observed versus modeled sediment concentration and discharge.
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However, the sediment yield shown in Table 1.4 is the average annual amount of sediment
leaving the J21 WA whereas the sediment discharge shown in Figure 2.1 is the peak rate of
sediment in transport occurring in any channel represented by the data, whether the channel
is located upstream or downstream of a pond. Therefore, it should be concluded that with or
without a pond left in the postmine landscape that traps sediment or stores water, the mine
reclamation is not contributing additional sediment to the receiving streams and sediment
impacts to the prevailing hydrologic balance have been minimized.

Smith and Best (2000) analyzed the measured data (background and reclaimed) shown in
Figure 2.1 to develop an approach that can be used to determine if channels in reclaimed
areas have similar sediment transport characteristics as background channels. The method
that they used was to develop Sen lines (Sen 1968) and confidence intervals around the
data. The slope of the Sen line is a non-parametric statistic computed as the median slope
of all possible slopes determined from pairing all the data points. The Sen line is drawn
through the median coordinate of the data. Smith and Best first showed that the large
channel flume data (background) and the small watershed background data could be
combined. They concluded that since the data from one data set fall within the Sen line
bounds of the other data set then the two data sets are merely extensions of each other and
could be combined. Also, because the main channel and background small watershed site
data could be combined, it indicated there is an unlimited supply of sediment and the
channels are conveying sediment at (or near) capacity. The Sen line and bounds are shown
with the background measured data in Figure 2.3.

They then plotted the reclaimed measured data (Figure 2.4) with the Sen line and bounds
from the background data to show that the reclaimed data have the same characteristics
even though the flow range of the measurements is lower. The data indicate that channel
flows in this environment achieve the sediment transport capacity of the channel, whether in
reclaimed or background conditions.

Using the same approach with the modeled data generated for the J21 WA, Figures 2.5
and 2.6 show the pre- and postmine computed sediment transport rates with the Sen lines
and bounds. One difference between the plots is that the measured data occur throughout
the flow hydrograph whereas the modeled data are tabulated at the peak of the simulation
flow hydrograph. The premine data plot (Figure 2.5) shows the data grouped above the Sen
line and well within the bounds. The postmine data (Figure 2.6) plot most densely above the
Sen line and are more scattered. On these graphs data plotting above the Sen line indicate
that there is more sediment in transport for a given discharge.

Several conclusions can be drawn from these data plots: (1) EASI model well replicates
erosion and sediment transport processes at the mine site for background and reclaimed
conditions, (2) all data show similar trends and are within the same bounds, (3) data trends
indicate that channels are transporting sediment at or near capacity, and (4) amounts of
sediment leaving the WA for postmine conditions are similar to premine conditions and
within the range expected for the background conditions. Therefore, the overall conclusion
is that the postmine reclaimed condition in J21 WA is not contributing additional suspended
solids to receiving streams, and related impacts to the hydrologic balance have been
minimized.
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Figure 2.3. Background measured sediment and water discharge with Sen lines.
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Figure 2.5. Modeled premine sediment and water discharge for the J21 WA with Sen lines.

2.7

Ayres Associates



10000000
- Model Postmine
Sen Line
1000000 - ~ ~ ~ Upper Line
n— - — Lower Line
I 2
/
100000 - a
10000 -+
= L
1]
ks
(]
c
] 1000 +
0 :
S r
= [
= L
o
2 F
a
g 100
E E
'c |
Q L
m L
10 T
I /
/
/
1+ /
r /
o/
4
rs
0+ /'
: /
i /
/
/
0 I L \\HH\} Lol L1l [N \\\HH} \\\HH} [
0.001 0.01 0.1 1 10 100 1000 10000
Discharge (cfs)

Figure 2.6. Modeled postmine sediment and water discharge for the J21 WA with Sen lines.

2.8 Ayres Associates



3. REFERENCES

Hjelmfelt, A.T., Kramer, L.A., and Spomer, R.G., 1986. Role of large events in average soil
loss in Proceedings of the Fourth Federal Interagency Sedimentation Conference, March 24-
27,1986, Las Vegas, NV, p. 3-1 to 3-9.

Lagasse, P.F., Schall, J.D., and Peterson, M.R., 1985. Erosion Risk Analysis for a
Southwestern Arroyo, Journal of Urban Planning and Management, American Society of Civil
Engineers, v. lll, no. |, November, 1985, Paper No. 20165.

Miller, J.F., Frederick, R.H., and Tracey, R.J., 1973. "NOAA Atlas 2, Precipitation-Frequency
Atlas of the Western United States," Volume VIII - Arizona, National Oceanic and Atmospheric
Administration.

Renard, K.G. and Simaton, J.R., 1975. "Thunderstorm Precipitation Effects on the Rainfall-
Erosion Index of the Universal Soil Loss Equation" in Volume 5 of Hydrology and Water
Resources in Arizona and the Southwest, American Water Resources Assn., Arizona Section
Arizona Academy of Science, Hydrology Section, Proceedings of April 11-12 meeting, Tempe
AZ, v. 47-55.

Resource Consultants & Engineers, Inc. (RCE), 1993. "Surface Water Modeling of Reclaimed
Parcels at the Black Mesa Complex," prepared for Peabody Western Coal Co.

Sen, P.K., 1968. "Estimates of Regression Coefficient Based on Kendall's tau: Journal of
American Statistical Association, v. 63, p. 1379-1389.

Smith, T. and Best, A., 2000. "Assessing Sedimentation and Protection of the Hydrologic
Balance in Disturbed and Reclaimed Areas at the Black Mesa and Kayenta Mines, Arizona,
Using Baseline Sediment Data Collected in Receiving Streams," presentation given at the
Billings Mined Land Reclamation Symposium in 2001, Billings, MT.

Water Engineering & Technology, Inc. (WET), 1990. "Determination of Background Sediment
Yield and Development of a Methodology for Assessing Alternative Sediment Control
Technology at Surface Mines in the Semiarid West," prepared for Office of Surface Mining and
the National Coal Association, Fort Collins, CO.

Zevenbergen, L.W., Peterson, M.R., and Watson, C.C., 1990. Computer simulation of
watershed runoff and sedimentation processes, Proceedings of the Billings Symposium;
Planning, Rehabilitation and Treatment of Disturbed Lands.

3.1 Ayres Associates



EXHIBIT 1
Postmine Topography






EXHIBIT 2
Premine Topography






Appendix 4

Surface Water Modeling of the Reclaimed J16-E and J16-F
Watershed Area at Kayenta Mine



SURFACE WATER MODELING OF THE RECLAIMED
J16-E AND J16-F WATERSHED AREA AT KAYENTA MINE

Prepared for

Peabody Western Coal Co.
Highway 160, Navajo Route 41
Kayenta, Arizona 86033

ASSOCIATES




SURFACE WATER MODELING OF THE RECLAIMED
J16-E AND J16-F WATERSHED AREA AT KAYENTA MINE

Prepared for

Peabody Western Coal Co.
Highway 160, Navajo Route 41
Kayenta, Arizona 86033

ASSOCIATES

P.O. Box 270460
Fort Collins, Colorado 80527
(970) 223-5556, FAX (970) 223-5578

Ayres Project No. 32-1304.00
PEAB8-TX.DOC

August 2008



TABLE OF CONTENTS

1. Reclaimed Parcel ModeliNg .......coouuuiiiiiiiaeieieeeee e 1.1
LIPS I {14 (o o (U (o] o KPP 1.1
LI = 7= o] (o | (o] 0 o [PPSR 1.1
LIS T B - | - PP PP 1.2

1.3.1 S0lS e a e 1.2
1.3.2  VEgetation...cooo i 1.2
1.3.3  TOPOGraPNY ... a e 1.3
LI |V =1 { g o T o] (oo | V2R PP 1.3
1.4.1 Synthetic Rainfall ..........oooo e 1.8
1.4.2  Computation of Average Runoff and Sediment Yield .........ccccccooniiiiiiiinnnnnn. 1.8
1.5 RESUIS et 1.8
LIPS T B =Yo7 U L1 o] o FO PP 1.9

2. Comparisons with Measured Sediment TransSport...........c..eeeeeieiiiiiiiiiiieeee e 2.1

3. REIBIBNCES. ..o 3.1

Exhibit 1 — Postmine Topography ... -

Exhibit 2 — Premine TOPOGIrapy ...ccooo oo e e e e e -

i Ayres Associates



Figure 1.1.
Figure 1.2.
Figure 1.3.
Figure 1.4.
Figure 2.1.
Figure 2.2.
Figure 2.3.
Figure 2.4.
Figure 2.5.

Figure 2.6.

Table 1.1.
Table 1.2.
Table 1.3.
Table 1.4.

Table 1.5.

LIST OF FIGURES

Reclaimed area soils trilinear graph. ........oocveeiieiiie e 1.2
Spatial distribution of vegetative cover types for WA J16 premine condition ......... 1.4
J16-E and J16-F postming Dasins. ... 1.6
J16-E and J16-F premine basins. ........cccoiiiiiiiiiiiicc e 1.7
Observed and modeled sediment and water discharge. ..........cccoceeeiieeneinieeieenns 2.2
Observed versus modeled sediment concentration and discharge. ...........c.cccee.e. 23
Background measured sediment and water discharge with Sen lines.................... 2.5
Reclaimed measured sediment and water discharge with Sen lines...................... 2.6

Modeled premine sediment and water discharge for the J16 WA with Sen lines... 2.7

Modeled postmine sediment and water discharge for the J16 WA with Sen lines. 2.8

LIST OF TABLES
10 ]| ES N B - = VTP E RPN 1.3
Cover Sampling Data. .......coooiiiiiiiiiiiee e 1.5
Cover Data for J16-E and J16-F Watersheds. ..........coooouiiiiieiiiiiiiiiiiiieeeeee, 1.5
Average Runoff and Sediment Yield ResSults. ........coooeeeieiiieiiiiiiiieeeeeeecee, 1.8
Average Physical Properties of the J16 WA. ..., 1.9

i Ayres Associates



1. RECLAIMED PARCEL MODELING

1.1 Introduction

The objective defined by PWCC for this project is to use a previously calibrated and
validated runoff and erosion model (EASI, Zevenbergen et al. 1990; WET 1990) for the
Black Mesa and Kayenta Mines to predict mean annual runoff and sediment yields from the
reclaimed J16-E and J16-F watersheds. This objective included computation of runoff and
sediment yields under premine conditions for the same area. All soils and rainfall input to
the model are to be taken from models calibrated in the previous study (RCE 1993). The
input variables that were calibrated to the mine areas and used in this study include soil
infiltration parameters, erodibility parameters, and the grain size distribution. Parameters
that are specific to this study are vegetative canopy and ground cover percentages from data
collected on site.

The model calibration was conducted in a previous study (RCE 1993) using data obtained
from instrumented watersheds and small hillslope plots collected under natural rainfall
conditions. For a detailed discussion of data collection and model calibration, please refer to
the previous study (RCE 1993).

1.2 Background

The J16-E and J16-F Watershed Area (WA) that is the focus of this project was reclaimed

between 1984 and 2002. The fundamental purpose of this study was to quantify the
expected behavior and hydrologic response of the reclaimed areas above each pond relative
to the conditions that existed prior to the occurrence of mining activities.

Runoff and sediment yield response from the reclaimed lands should be managed by
implementing Best Management Practices (BMP’s) in conjunction with an OSM approved
sediment control plan in order to not adversely impact the prevailing hydrologic balance and
to limit additional contributions of suspended sediment to streamflow or runoff outside the
mine permit areas. BMP’s include regrading, replacing salvaged topsoil, revegetation, and
other controls such as riprapped channel bottoms, check dams, and where practicable,
contour terraces. The natural watersheds on the mesa contribute significant quantities of
sediment to the channel system. It is expected that the postmine condition will also produce
comparable amounts of sediment without adverse impact on the hydrologic balance.

This section describes the data and procedures used to evaluate the J16 WA. This area
was modeled to determine the average annual hydrologic response following the completion
of reclamation activities taking into account BMP’s implemented as part of the reclamation
process. Infiltration, runoff, and erosion processes from both hillslopes and channels within
the J16 WA were modeled using EASI. Results were determined for concentration points at
the outlets of the reclaimed watersheds, which correspond to the embankments associated
with Ponds J16-E and J16-F. The locations of these points are shown in Exhibit 1.
Modeling was also conducted to determine hydrologic response under premine conditions
based on the topography, soils, cover, and other conditions that typified the undisturbed
watersheds draining to each concentration point. Exhibit 2 shows the modeling endpoints
for the premine J16 WA.
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1.3 Data
1.3.1 Soils

Soils data used for the current study (J16 WA) were based on data developed from the
calibration of models used in the previous study for Coal Resource Areas (CRAs) N1/N2 and
J27 (RCE 1993). The composition of postmine soil in the current study is depicted along
with the composition of postmine soils from the previous study in Figure 1.1. This figure
shows that the soil composition of WA J16 is very similar to soils evaluated during model
calibration. Therefore, the soil properties developed in the previous study are valid for this
modeling project. These properties include calibrated parameters, such as infiltration and
erodibility coefficients, and measured soil size distributions. Table 1.1 lists the premine and
postmine soils data used during EASI modeling of WA J16.

1.3.2 Vegetation

Vegetative cover data representative of both pre- and postmine conditions in WA J16 were
supplied by PWCC. For the premine condition, land was characterized as being covered by
sagebrush or pinon juniper. The spatial distribution of vegetative cover for the J16 WA
premine condition appears in Figure 1.2. Average cover properties for CRAs N1/N2 and
J27 of the previous study and WA J16 of the current study appear in Table 1.2. For the
postmine condition, the reclaimed area was assigned the postmine cover type and the
unmined area was assigned the same cover type as the premine condition. Table 1.3 lists
the pre- and postmine vegetative cover data used in the EASI model runs generated for the
J16 WA. Note that if a unit contained significant portions of both sagebrush and pinon
juniper cover types, it was classified as half pinon juniper and half sagebrush.

1 + N2
00 o N

J27

N2 AVG.
N1 AVG,
J27 AVG.

*N7/NS
®]16 WA

» " ® X

|IIII|!!!!g1|||||I|!|l||||III|||||||I:1|||1T|||||||
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o 9 D9 2% BB D H ©

° PERCENT SAND

Figure 1.1. Reclaimed area soils trilinear graph.
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Table 1.1. Soils Data.

Condition Premine Postmine Rock Chutes
Rainfall detachment 0.005 0.005 0
Overland flow detachment 0.44 0.44 0
Channel flow detachment 0.5 0.5 0
Initial soil moisture, % 70 70 70
Final soil moisture, % 90 90 90
Soil porosity, % 45 45 46
Temperature, *F 70 70 70
Hydraulic conductivity, in/hr 0.23 0.29 0.3
Capillary suction, in 3.7 2.6 2.6

Particle Size Distribution
(all conditions)

Size, mm % Finer
0.001 0
0.004 18.0
0.016 27.4
0.062 36.6
0.125 56.2
0.250 64.3
0.500 72.4
1.000 80.5
2.000 88.6
4.000 92.4

16.000 100

1.3.3 Topography

Pre- and postmine topography was supplied by PWCC in the form of ArcGIS geodatabase.
Basin delineations, hillslope delineations, subwatershed delineations, as well as areas,
slopes, and lengths of all units of the study area were defined and calculated using ArcGIS
software. Figures 1.3 and 1.4 show the watershed delineation and numbers assigned to the
basins used in the EASI model for the post- and premine conditions, respectively. Channel
dimensions input to EASI were based on the topography supplied and limited field
observations.

1.4 Methodology

Runoff and sediment yield in the semiarid western United States is largely governed by the
occurrence of high-intensity, short-duration rainstorms of limited areal extent (Renard and
Simaton 1975). Research has indicated that relatively few events may produce the greatest
erosion (e.g., Hjelmfelt et al. 1986 reported that only 3 to 4% of rainfall events accounted for
50% of long-term sediment yields). Although there is perhaps a relatively limited physical
basis for definition of an "average annual" runoff or sediment yield in a semiarid
environment due to the extreme variability in response and importance of single infrequent
events, such a term does provide a useful basis for long-term comparison between
reclaimed and undisturbed conditions.
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Figure 1.2. Spatial distribution of vegetative cover types for WA J16 premine condition.
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Table 1.2. Cover Sampling Data.

Total
Nonstratified | Vegetation | Vegetation Ground
Area Condition Cover Vegetation Canopy Ground Litter* Rock Cover
Type Cover (%) Cover (%) Cover (%) (%) (%) (%)
N1/N2 Postmine Postmine 25.6 1.4 24.2 13.6 4.2 41.9
J16 WA Postmine Postmine 0.3 34.7 20.2 6.1 61.0
N1/N2/J27 | Premine Pinon Juniper 32.7 31.1 3.0 44.0 19.7 66.7
J16 WA Premine | Pinon Juniper 16.8 3.9 28.8 16.7 49.3
N1/N2 Premine Sagebrush 25.1 16.0 10.3 25.3 18.1 53.7
J27 Premine Sagebrush 30.6 9.7 22.0 24.0 1.6 47.6
J16 WA Premine Sagebrush 1.7 15.5 30.6 1.7 47.8
*Including standing dead litter
Table 1.3. Cover Data for J16-E and J16-F Watersheds.
Half Pinon Juniper-
Condition Pinon Juniper Sagebrush Half Sagebrush Postmine
Canopy cover, % 16.8 1.7 9.3 0.3
Ground cover, % 49.3 47.8 48.5 61
Canopy storage, in 0.05 0.05 0.05 0.05
Ground storage, in 0.05 0.05 0.05 0.05
Depression storage, in 0.03 0.03 0.03 0.03
Impervious area, % 0 0 0 0
Manning n 0.07 0.07 0.07 0.05

To make comparisons between reclaimed lands and associated undisturbed lands at the
Black Mesa Mining Complex on the basis of average annual sediment yield, a procedure
was used that considers the importance of infrequent storm events in defining sediment yield
in the semiarid west. First, however, the site-specific rainfall data available for the Black
Mesa Mining Complex were used to evaluate the frequency and magnitude of the measured
events relative to existing predictions for rainfall depth-duration (Miller et al. 1973). The
analysis of the rainfall data was performed as part of a previous study of the N1/N2 and J27
CRAs (Resource Consultants and Engineers 1993).

Comparisons between runoff and sediment yield from undisturbed and reclaimed areas in
WA J16 were developed for specific modeling endpoints shown in Exhibits 1 and 2. Mining
and reclamation activities did not exactly replicate the topography, drainage network, or
drainage areas that existed prior to mining. Consequently, direct comparisons of total runoff
and sediment yield cannot be made between undisturbed and reclaimed response at a given
point in a watershed. Comparisons were made on the basis of unit rates of runoff (inches)
and sediment yield (tons/acre) at the various modeling computation endpoints. Although the
same disturbance boundary was used to model extents for both pre- and postmine
conditions, the topographic differences that resulted after mining and reclamation occurred
in the J16 WA dictated that some small areas would be included or excluded from the
modeling. The total area modeled (combined area for both J16-E and J16-F watersheds) for
premine conditions is 179.2 acres and for postmine conditions is 148.5 acres. The
difference in area results from the sediment ponds in postmine conditions and the extension
of J16F's premine basin. The area bounded by the disturbance limits identified by PWCC as
shown in Exhibit 1 is 150.2 acres.
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Figure 1.3. J16-E and J16-F postmine basins.
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Figure 1.4. J16-E and J16-F premine basins.
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1.4.1 Synthetic Rainfall

Synthetic storms of 2-, 5-, 10-, 25-, 50-, and 100-year return periods were used as input to
the EASI model. Actual hyetographs were taken from the previous study (RCE 1993) and
are based on both local data collection and the NOAA Atlas (Miller et al. 1973).

1.4.2 Computation of Average Runoff and Sediment Yield

The EASI model was used to evaluate runoff and sediment yield from a series of storm
events having recurrence intervals of 2-, 5-, 10-, 25-, 50-, and 100 years. To define average
annual conditions, the average annual runoff and sediment yield generated from storm
events were computed using the commonly used equation of Lagasse et al. (1985).

1.5 Results

Figures 1.3 and 1.4 show the post- and premine basin delineations. Since the individual
subareas differ in number, acreage and outlet locations, a direct comparison is not possible
on a subarea basis. Therefore, the best way to compare the results is on an average basis
for the WA. Table 1.4 shows pre- and postmine drainage area, runoff, and sediment yield
for the J16 WA. Runoff is defined as the total volume of water leaving the WA on an
average annual basis and, therefore, does not include water stored in depression areas and
ponds. For the premine condition, this is equal to the amount of water that drains off the
hillslopes and subwatersheds because there are no ponds or significant depressions. For
the postmine condition, this is equal to the amount of hillslope runoff less the amount stored
in ponds. No ponds or significant depressions exist within the reclaimed J16 WA that was
modeled. Similarly, the sediment yield is the amount of eroded material that leaves the WA
on an average annual basis computed using the equation of Lagasse et al. (1985). The
sediment yield is the production from the hillslope areas and erosion from the channels. The
amount of erosion is the sediment yield from the hillslopes and subwatersheds only and
does not include channel erosion, channel deposition or sediment trapped in ponds.
Sediment yield can be greater or less than erosion, depending on the amount of channel
erosion and the capacity of the channel network to convey sediment off the leasehold.

Table 1.4. Average Runoff and Sediment Yield Results.
Area Condition Drainage Area Runoff Sediment Yield
(ac) (in) (t/aclyr)
J16 WA Premine 179.2 0.42 2.28
J16 WA Postmine 148.5 0.42 1.14
J16-E Premine 13.8 0.42 1.50
J16-E Postmine 11.9 0.42 1.07
J16-F Premine 165.4 0.42 2.34
J16-F Postmine 136.6 0.42 1.15

For the postmine condition, the overall sediment yield is less than those in the premine
condition. Sediment yield is approximately one-half of the premine amount, and runoff is the
same as the premine amount. The reduction of sediment yield is primarily due to the
channel erosion control measures (BMP’s) for the postmine condition.
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Table 1.4 also shows pre- and postmine drainage area, runoff, and sediment yield for two
individual watersheds (J16-E and J16-F) within the J16 WA. Modeling results of individual
watersheds are similar to the overall J16 WA.

1.6 Discussion

Table 1.5 gives an overview of the geometric properties of the pre- and postmine disturbed
areas. Premine hillslopes are generally longer than postmine hillslopes, and postmine
channels are not as steep as premine channels. The drainage density of the postmine
condition is smaller than that of the premine condition, because the postmine topography
has simple geometric characteristics and the premine topography is highly dissected.

Table 1.5. Average Physical Properties of the J16 WA.
Premine Postmine
Total Area (ac) 179.2 148.5
Total Channel Length (ft) 14773 8715
Mean Channel Slope 0.0733 0.0594
Drainage Density (mi/mi°) 10.0 7.1
Mean Hillslope Length (ft) 257 248
Mean Hillslope Gradient 0.1354 0.0702
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2. COMPARISONS WITH MEASURED SEDIMENT TRANSPORT

As discussed in Section 1, PWCC has monitored flow and sediment on the main channels,
principal tributaries and small watersheds within the leasehold. These data, along with the
runoff plots, were used to calibrate the EASI model soil erodibility and infiltration input
variables. Figures 2.1 and 2.2 show sediment transport and sediment concentration versus
discharge for measured unmined (background), measured reclaimed, WA J16's modeled
unmined (premine) and modeled reclaimed (postmine) data. Although there is significant
scatter shown in the data (as is expected with any sediment transport conditions), there are
several conclusions that can be drawn from this data.

The open symbols in both figures depict measured data and whether the data were collected
from reclaimed areas (the small watershed study) or from unmined or background surface
water monitoring stations. The range of flows is generally greater for the background data
but there is significant overlap between the two data sets between 0.1 and 100 cfs. This is
because the reclaimed data are from small watersheds and the unmined data are from
channels draining larger basins. These data show the same trend for sediment transport
and sediment concentration over the entire range of flows and very close agreement in the
area of discharge overlap. This, in itself, is strong evidence that (1) the sediment yields are
channel transport capacity limited, (2) overlap of model predictions for both pre- and
postmine conditions with measured data strongly indicate that EASI model predictions are
representative and reasonable, and (3) sediment yields from reclaimed areas will not be
additive to yields on the receiving streams.

The closed symbols depict data from WA J16's pre- and postmine EASI model runs. They
represent data generated by EASI for both subwatersheds and channels for peak discharges
resulting from 2-, 5-, 10-, 25-, 50-, and 100-year storms. Using the peak flows from extreme
events results in discharges that generally exceed 10 cfs. The trend of the model-derived
data is similar and the ranges of concentration and sediment transport are similar to the
measured data and between pre- and postmine conditions.

The sediment discharge plot (Figure 2.1) shows a stronger trend because it is plotting
discharge (sediment) against discharge (flow). This is expected because the sediment
discharge does depend on flow discharge. The concentration plot (Figure 2.2) shows the
two separate variables and, therefore, a less significant trend. PWCC believes that data
measurement may have some influence on the scatter (outliers were removed), but the
process variability is probably the major influence. The majority of the data, however, fall in
a group centered on 100 cfs and 100,000 mg/l, both in the observed data and in the model
results. These plots support the use of the EASI model, the results of the modeling, the
conclusion that sediment yields from reclaimed areas are not additive to receiving stream
sediment loads, and that sediment impacts to the prevailing hydrologic balance have been
minimized.

From Figures 2.1 and 2.2 it is apparent that sediment loads and concentrations are
dependent on the channel sediment transport capacity for both pre- and postmine
conditions. Channel sources of sediment in this arid environment are virtually unlimited.
Therefore, channel transport capacity and channel derived sediment limits and governs
sediment yields from the small tributaries, large channels and the WA as a whole. The
similarity of sediment discharge (or concentration) between pre- and postmine conditions
appears to be inconsistent with the lower rates of sediment yield shown in Table 1.4.
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Figure 2.1. Observed and modeled sediment and water discharge.
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Figure 2.2. Observed versus modeled sediment concentration and discharge.
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However, the sediment yield shown in Table 1.4 is the average annual amount of sediment
leaving the J16 WA whereas the sediment discharge shown in Figure 2.1 is the peak rate of
sediment in transport occurring in any channel represented by the data, whether the channel
is located upstream or downstream of a pond. Therefore, it should be concluded that with or
without a pond left in the postmine landscape that traps sediment or stores water, the mine
reclamation is not contributing additional sediment to the receiving streams and sediment
impacts to the prevailing hydrologic balance have been minimized.

Smith and Best (2000) analyzed the measured data (background and reclaimed) shown in
Figure 2.1 to develop an approach that can be used to determine if channels in reclaimed
areas have similar sediment transport characteristics as background channels. The method
that they used was to develop Sen lines (Sen 1968) and confidence intervals around the
data. The slope of the Sen line is a non-parametric statistic computed as the median slope
of all possible slopes determined from pairing all the data points. The Sen line is drawn
through the median coordinate of the data. Smith and Best first showed that the large
channel flume data (background) and the small watershed background data could be
combined. They concluded that since the data from one data set fall within the Sen line
bounds of the other data set then the two data sets are merely extensions of each other and
could be combined. Also, because the main channel and background small watershed site
data could be combined, it indicated there is an unlimited supply of sediment and the
channels are conveying sediment at (or near) capacity. The Sen line and bounds are shown
with the background measured data in Figure 2.3.

They then plotted the reclaimed measured data (Figure 2.4) with the Sen line and bounds
from the background data to show that the reclaimed data have the same characteristics
even though the flow range of the measurements is lower. The data indicate that channel
flows in this environment achieve the sediment transport capacity of the channel, whether in
reclaimed or background conditions.

Using the same approach with the modeled data generated for the J16 WA, Figures 2.5
and 2.6 show the pre- and postmine computed sediment transport rates with the Sen lines
and bounds. One difference between the plots is that the measured data occur throughout
the flow hydrograph whereas the modeled data are tabulated at the peak of the simulation
flow hydrograph. The premine data plot (Figure 2.5) shows the data grouped around the
Sen line and well within the bounds. The postmine data (Figure 2.6) plot most densely
below the Sen line and are more scattered. On these graphs data plotting below the lines
indicate that there is less sediment in transport for a given discharge. The lower sediment
transport rates in the reclaimed data is probably the result of low gradient channels while low
gradient channels in the premine condition are rare.

Several conclusions can be drawn from these data plots: (1) EASI model well replicates
erosion and sediment transport processes at the mine site for background and reclaimed
conditions, (2) all data show similar trends and are within the same bounds, (3) data trends
indicate that channels are transporting sediment at or near capacity, and (4) amounts of
sediment leaving the WA for postmine conditions are similar to premine conditions and
within the range expected for the background conditions. Therefore, the overall conclusion
is that the postmine reclaimed condition in J16 WA is not contributing additional suspended
solids to receiving streams, and related impacts to the hydrologic balance have been
minimized.
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Figure 2.3. Background measured sediment and water discharge with Sen lines.
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2.8

Ayres Associates



3. REFERENCES

Hjelmfelt, A.T., Kramer, L.A., and Spomer, R.G., 1986. Role of large events in average soil
loss in Proceedings of the Fourth Federal Interagency Sedimentation Conference, March 24-
27,1986, Las Vegas, NV, p. 3-1 to 3-9.

Lagasse, P.F., Schall, J.D., and Peterson, M.R., 1985. Erosion Risk Analysis for a
Southwestern Arroyo, Journal of Urban Planning and Management, American Society of Civil
Engineers, v. lll, no. I, November, 1985, Paper No. 20165.

Miller, J.F., Frederick, R.H., and Tracey, R.J., 1973. "NOAA Atlas 2, Precipitation-Frequency
Atlas of the Western United States," Volume VIII - Arizona, National Oceanic and Atmospheric
Administration.

Renard, K.G. and Simaton, J.R., 1975. "Thunderstorm Precipitation Effects on the Rainfall-
Erosion Index of the Universal Soil Loss Equation" in Volume 5 of Hydrology and Water
Resources in Arizona and the Southwest, American Water Resources Assn., Arizona Section
Arizona Academy of Science, Hydrology Section, Proceedings of April 11-12 meeting, Tempe
AZ, v. 47-55.

Resource Consultants & Engineers, Inc. (RCE), 1993. "Surface Water Modeling of Reclaimed
Parcels at the Black Mesa Complex," prepared for Peabody Western Coal Co.

Sen, P.K., 1968. "Estimates of Regression Coefficient Based on Kendall's tau: Journal of
American Statistical Association, v. 63, p. 1379-1389.

Smith, T. and Best, A., 2000. "Assessing Sedimentation and Protection of the Hydrologic
Balance in Disturbed and Reclaimed Areas at the Black Mesa and Kayenta Mines, Arizona,
Using Baseline Sediment Data Collected in Receiving Streams," presentation given at the
Billings Mined Land Reclamation Symposium in 2001, Billings, MT.

Water Engineering & Technology, Inc. (WET), 1990. "Determination of Background Sediment
Yield and Development of a Methodology for Assessing Alternative Sediment Control
Technology at Surface Mines in the Semiarid West," prepared for Office of Surface Mining and
the National Coal Association, Fort Collins, CO.

Zevenbergen, L.W., Peterson, M.R., and Watson, C.C., 1990. Computer simulation of
watershed runoff and sedimentation processes, Proceedings of the Billings Symposium;
Planning, Rehabilitation and Treatment of Disturbed Lands.

3.1 Ayres Associates



EXHIBIT 1
Postmine Topography



PPPPP

Modeling Area



EXHIBIT 2
Premine Topography



 Feet

1,200 1,800

I
0 300 600
Exhibit 2. Premine Topography




Appendix 5

Surface Water Modeling of the Reclaimed J21-A
Watershed Area at Black Mesa Complex



SURFACE WATER MODELING OF THE RECLAIMED
J21-A WATERSHED AREA AT BLACK MESA COMPLEX

Prepared for

Peabody Western Coal Co.
Highway 160, Navajo Route 41
Kayenta, Arizona 86033

ASSOCIATES




SURFACE WATER MODELING OF THE RECLAIMED
J21-A WATERSHED AREA AT BLACK MESA COMPLEX

Prepared for

Peabody Western Coal Co.
Highway 160, Navajo Route 41
Kayenta, Arizona 86033

ASSOCIATES

P.O. Box 270460
Fort Collins, Colorado 80527
(970) 223-5556, FAX (970) 223-5578

Ayres Project No. 32-1304.00
PEA-J21A.DOC

April 2009



TABLE OF CONTENTS

1. Reclaimed Parcel ModeliNg ........ooiuuiiiiiiiii et 1.1
LIPS R 1o o (U1 (o] o KPP 1.1
LI = 7= o] (o | (o] ¥ o [PPSR 1.1
LIS T B - | - PP 1.2

1.3.1 SIS e a s 1.2
1.3.2  Vegetation...cooi i 1.2
1.3.3  TOPOGraPNY ... 1.3
LI N |V =1 { g o T o] (oo | V2R PP 1.3
1.4.1 Synthetic Rainfall ..........oooo i 1.8
1.4.2  Computation of Average Runoff and Sediment Yield .........cccccconiiiiiennnnnn. 1.8
1.5 RESUIS e 1.8
LI T B =To U 111 o] o FO TP 1.9

2. Comparisons with Measured Sediment Transport...........c..eeeeeiiiiiiiiiiiiiiee e, 2.1

3. REIBIBNCES. . 3.1

Exhibit 1 — Postmine TopOgraphy ... -

Exhibit 2 — Premine TOPOGrapRy ....cooooi oot a e -

i Ayres Associates



Figure 1.1.
Figure 1.2.
Figure 1.3.
Figure 1.4.
Figure 2.1.
Figure 2.2.
Figure 2.3.
Figure 2.4.
Figure 2.5.

Figure 2.6.

Table 1.1.
Table 1.2.
Table 1.3.
Table 1.4.

Table 1.5.

LIST OF FIGURES

Reclaimed area soils trilinear graph. ........ooceeiiiieiieei e 1.2
Spatial distribution of vegetative cover types for J21-A WA premine condition...... 1.4
J271-A POSIMINE DASIN. ... 1.6
J271-A Preming DASINS. .....vei ittt 1.7
Observed and modeled sediment and water discharge. ..........cccocceeieeieeriecieeninnns 2.2
Observed versus modeled sediment concentration and discharge. ...........cccce..... 2.3
Background measured sediment and water discharge. ........ccocccevieeriieeiiee e 25
Reclaimed measured sediment and water discharge. .........cccccveiiieiiieniiecnnee, 2.6
Modeled premine sediment and water discharge for the J21-A WA...........cccceeee. 2.7
Modeled postmine sediment and water discharge for the J21-A WA. .................... 2.8
LIST OF TABLES
SIS DALA. «.eeeeeeeee e 1.3
Cover Sampling Data. ......cooooiiiiiiiiiee e 1.5
Cover Data for J21-A Watershed..........ooooiiiiiiiiiieeee e 1.5
Average Runoff and Sediment Yield ReSults. ........ccoooveeeeiieiiiiiiiieeeeeeeeeee, 1.8
Average Physical Properties of the J21-AWA. ..., 1.9

i Ayres Associates



1. RECLAIMED PARCEL MODELING

1.1 Introduction

The objective defined by PWCC for this project is to use a previously calibrated and
validated runoff and erosion model (EASI, Zevenbergen et al. 1990; WET 1990) for the
Black Mesa and Kayenta Mines (combined as Black Mesa Complex in December 2008) to
predict mean annual runoff and sediment yields from the reclaimed J21-A watershed. This
objective included computation of runoff and sediment yields under premine conditions for
the same area. All soils and rainfall input to the model are to be taken from models
calibrated in the previous study (RCE 1993). The input variables that were calibrated to the
mine areas and used in this study include soil infiltration parameters, erodibility parameters,
and the grain size distribution. Parameters that are specific to this study are vegetative
canopy and ground cover percentages from data collected on site.

The model calibration was conducted in a previous study (RCE 1993) using data obtained
from instrumented watersheds and small hillslope plots under natural rainfall conditions. For
a detailed discussion of data collection and model calibration, please refer to the previous
study (RCE 1993).

1.2 Background

The J21-A Watershed Area (WA) that is the focus of this project was reclaimed between
1998 and 2003. The fundamental purpose of this study was to quantify the expected
behavior and hydrologic response of the reclaimed areas above this pond relative to the
conditions that existed prior to the occurrence of mining activities.

Runoff and sediment yield response from the reclaimed lands should be managed by
implementing Best Management Practices (BMP’s) in conjunction with an OSM approved
sediment control plan in order to not adversely impact the prevailing hydrologic balance and
to limit additional contributions of suspended sediment to streamflow or runoff outside the
mine permit areas. BMP’s include regrading, replacing salvaged topsoil, revegetation, and
other controls such as riprap protected channel bottoms, check dams, and where
practicable, contour terraces. The natural watersheds on the mesa contribute significant
quantities of sediment to the channel system. It is expected that the postmine condition will
also produce comparable amounts of sediment without adversely impacting the hydrologic
balance.

This section describes the data and procedures used to evaluate the J21-A WA. This area
was modeled to determine the average annual hydrologic response following the completion
of reclamation activities taking into account BMP’s implemented as part of the reclamation
process. Infiltration, runoff, and erosion processes from both hillslopes and channels within
the J21-A WA were modeled using EASI. Results were determined for a concentration point
at the outlet of the reclaimed watershed, which corresponds to the embankment associated
with Pond J21-A. The location of this point is shown in Exhibit 1. Modeling was also
conducted to determine the hydrologic response under premine conditions based on the
topography, soils, cover, and other conditions that typified the undisturbed watersheds
draining to each concentration point. Exhibit 2 shows the modeling endpoints for the
premine J21-A WA.
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1.3 Data
1.3.1 Soils

Soils data used for the current study (J21-A WA) were based on data developed from the
calibration of models used in the previous study for Coal Resource Areas (CRAs) N1/N2 and
J27 (RCE 1993). The composition of postmine soil in the current study is depicted along
with the composition of postmine soils from the previous study in Figure 1.1. This figure
shows that the soil composition of J21-A WA is very similar to soils evaluated during model
calibration. Therefore, the soil properties developed in the previous study are valid for this
modeling project. These properties include calibrated parameters, such as infiltration and
erodibility coefficients, and measured soil size distributions. Table 1.1 lists the premine and
postmine soils data used during EASI modeling of J21-A WA.

1.3.2 Vegetation

Vegetative cover data representative of both pre- and postmine conditions in J21-A WA were
supplied by PWCC. For the premine condition, land was characterized as being covered by
sagebrush or pinon juniper. The spatial distribution of vegetative cover for the J21-A WA
premine condition appears in Figure 1.2. Average cover properties for CRAs N1/N2 and
J27 of the previous study and J21-A WA of the current study appear in Table 1.2. For the
postmine condition, the reclaimed area was assigned the postmine cover type and the
unmined area was assigned the same cover type as the premine condition. Table 1.3 lists
the pre- and postmine vegetative cover data used in the EASI model runs generated for the
J21-A WA. Note that if a unit contained significant portions of both sagebrush and pinon
juniper cover types, it was classified as half pinon juniper and half sagebrush.

N2
100 o il
* J27
e N2 AVG.
= N1 AVG.
AL «J27 AVG.
70 8> ‘N?/N8AVG

- J\W -|J21 WA

o2
Gy
}q
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PERCENT SAND

Figure 1.1. Reclaimed area soils trilinear graph.
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Table 1.1. Soils Data.

Condition Premine Postmine Rock Chutes
Rainfall detachment 0.005 0.005 0
Overland flow detachment 0.44 0.44 0
Channel flow detachment 0.5 0.5 0
Initial soil moisture, % 70 70 70
Final soil moisture, % 90 90 90
Soil porosity, % 45 45 46
Temperature, *F 70 70 70
Hydraulic conductivity, in/hr 0.23 0.29 0.3
Capillary suction, in 3.7 2.6 2.6

Particle Size Distribution
(all conditions)

Size, mm % Finer
0.001 0
0.004 18.0
0.016 27.4
0.062 36.6
0.125 56.2
0.250 64.3
0.500 72.4
1.000 80.5
2.000 88.6
4.000 92.4

16.000 100

1.3.3 Topography

Pre- and postmine topography was supplied by PWCC in the form of ArcGIS geodatabase.
Basin delineations, hillslope delineations, subwatershed delineations, as well as areas,
slopes, and lengths of all units of the study area were defined and calculated using ArcGIS
software. Figures 1.3 and 1.4 show the watershed delineation and numbers assigned to the
basins used in the EASI model for the post- and premine conditions, respectively. Channel
dimensions input to EASI were based on the topography supplied and limited field
observations.

1.4 Methodology

Runoff and sediment yield in the semiarid western United States is largely governed by the
occurrence of high-intensity, short-duration rainstorms of limited areal extent (Renard and
Simaton 1975). Research has indicated that relatively few events may produce the greatest
erosion (e.g., Hjelmfelt et al. 1986 reported that only 3 to 4% of rainfall events accounted for
50% of long-term sediment yields). Although there is perhaps a relatively limited physical
basis for definition of an "average annual" runoff or sediment yield in a semiarid
environment due to the extreme variability in response and importance of single infrequent
events, such a term does provide a useful basis for long-term comparison between
reclaimed and undisturbed conditions.
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Figure 1.2. Spatial distribution of vegetative cover types for J21-A WA premine condition.
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Table 1.2. Cover Sampling Data.

Total
Nonstratified | Vegetation | Vegetation Ground
Area Condition Cover Vegetation Canopy Ground Litter* Rock Cover
Type Cover (%) Cover (%) Cover (%) (%) (%) (%)
N1/N2 Postmine Postmine 25.6 1.4 24.2 13.6 4.2 41.9
J21-A WA | Postmine Postmine 23.0 0.3 22.8 25.3 4.6 52.7
N1/N2/J27 | Premine Pinon Juniper 32.7 31.1 3.0 44.0 19.7 66.7
J21-AWA | Premine Pinon Juniper 20.0 16.8 3.9 28.8 16.7 49.3
N1/N2 Premine Sagebrush 25.1 16.0 10.3 25.3 18.1 53.7
Ja7 Premine Sagebrush 30.6 9.7 22.0 24.0 1.6 47.6
J21-AWA | Premine Sagebrush 16.9 1.7 15.5 30.6 1.7 47.8
*Including standing dead litter
Table 1.3. Cover Data for J21-A Watershed.
Half Pinon Juniper-
Condition Pinon Juniper Sagebrush Half Sagebrush Postmine
Canopy cover, % 16.8 1.7 9.3 0.3
Ground cover, % 49.3 47.8 48.5 52.7
Canopy storage, in 0.05 0.05 0.05 0.05
Ground storage, in 0.05 0.05 0.05 0.05
Depression storage, in 0.03 0.03 0.03 0.03
Impervious area, % 0 0 0 0
Manning's n 0.07 0.07 0.07 0.05

To make comparisons between reclaimed lands and associated undisturbed lands at the
Black Mesa Mining Complex on the basis of average annual sediment yield, a procedure
was used that considers the importance of infrequent storm events in defining sediment yield
in the semiarid west. First, however, the site-specific rainfall data available for the Black
Mesa Mining Complex were used to evaluate the frequency and magnitude of the measured
events relative to existing predictions for rainfall depth-duration (Miller et al. 1973). The
analysis of the rainfall data was performed as part of a previous study of the N1/N2 and J27
CRAs (Resource Consultants and Engineers 1993).

Comparisons between runoff and sediment yield from undisturbed and reclaimed areas in
J21-A WA were developed for specific modeling endpoints shown in Exhibits 1 and 2.
Mining and reclamation activities did not exactly replicate the topography, drainage network,
or drainage areas that existed prior to mining. Consequently, direct comparisons of total
runoff and sediment yield cannot be made between undisturbed and reclaimed response at a
given point in a watershed. Comparisons were made on the basis of unit rates of runoff
(inches) and sediment yield (tons/acre) at the various modeling computation endpoints.
Although the same disturbance boundary was used to model extents for both pre- and
postmine conditions, the topographic differences that resulted after mining and reclamation
occurred in the J21-A WA dictated that some small areas would be included or excluded
from the modeling. The area bounded by the modeling boundary identified by PWCC as
shown in Exhibits 1 and 2 is 111.2 acres.
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Figure 1.3. J21-A postmine basin.
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Figure 1.4. J21-A premine basins.
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1.4.1 Synthetic Rainfall

Synthetic storms of 2-, 5-, 10-, 25-, 50-, and 100-year return periods were used as input to
the EASI model. Actual hyetographs were taken from the previous study (RCE 1993) and
are based on both local data collection and the NOAA Atlas (Miller et al. 1973).

1.4.2 Computation of Average Runoff and Sediment Yield

The EASI model was used to evaluate runoff and sediment yield from a series of storm
events having recurrence intervals of 2-, 5-, 10-, 25-, 50-, and 100 years. To define average
annual conditions, the average annual runoff and sediment yield generated from storm
events were computed using the commonly used equation of Lagasse et al. (1985).

1.5 Results

Figures 1.3 and 1.4 show the post- and premine basin delineations. Since the individual
subareas differ in number, acreage and outlet locations, a direct comparison is not possible
on a subarea basis. Therefore, the best way to compare the results is on an average basis
for the WA. Table 1.4 shows pre- and postmine drainage area, runoff, and sediment yield
for the J21-A WA. To consider the situation of pond removal for the postmine condition, the
EASI model replaces a sediment pond with a channel, which lies near the location of the
pond and discharges to the basin outlet. The channel is assumed to have a length equal to
the pond's length and a slope similar to the outlet's natural slope. Runoff is defined as the
total volume of water leaving the WA on an average annual basis and, therefore, does not
include water stored in depression areas and ponds. For the premine condition, this is equal
to the amount of water that drains off the hillslopes and subwatersheds because there are no
ponds or significant depressions. For the postmine condition, this is equal to the amount of
hillslope runoff less the amount stored in ponds. No ponds or significant depressions exist
within the reclaimed J21-A WA that was modeled. Similarly, the sediment yield is the
amount of eroded material that leaves the WA on an average annual basis computed using
the equation of Lagasse et al. (1985). The sediment yield is the production from the hillslope
areas and erosion from the channels. The amount of erosion is the sediment yield from the
hillslopes and subwatersheds only and does not include channel erosion, channel deposition
or sediment trapped in ponds. Sediment yield can be greater or less than erosion,
depending on the amount of channel erosion and the capacity of the channel network to
convey sediment off the leasehold.

Table 1.4. Average Runoff and Sediment Yield Results.
Area Condition Drainage Area Runoff Sediment Yield
(ac) (in) (t/aclyr)
J21-A Premine 111.2 0.42 1.71
J21-A Postmine 111.2 0.42 1.49

For the postmine condition, the overall sediment yield is less than the premine condition and
runoff is the same as the premine amount.
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1.6 Discussion

Table 1.5 gives an overview of the geometric properties of the pre- and postmine
topographies for the J21-A WA. Average properties for hillslopes and channels are similar
because only a small portion of J21-A WA was disturbed.

Table 1.5. Average Physical Properties of the J21-A WA.

Premine Postmine
Total Area (ac) 111.2 111.2
Total Channel Length (ft) 14115 13228
Mean Channel Slope 0.0761 0.0657
Drainage Density (mi/mi°) 15.4 14.4
Mean Hillslope Length (ft) 396 261
Mean Hillslope Gradient 0.1262 0.1229
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2. COMPARISONS WITH MEASURED SEDIMENT TRANSPORT

As discussed in Section 1, PWCC has monitored flow and sediment on the main channels,
principal tributaries and small watersheds within the leasehold. These data, along with the
runoff plots, were used to calibrate the EASI model soil erodibility and infiltration input
variables. Figures 2.1 and 2.2 show sediment transport and sediment concentration versus
discharge for measured unmined (background), measured reclaimed, J21-A WA's modeled
unmined (premine) and modeled reclaimed (postmine) data. Although there is significant
scatter shown in the data (as is expected with any sediment transport conditions), there are
several conclusions that can be drawn from this data.

The open symbols in both figures depict measured data and whether the data were collected
from reclaimed areas (the small watershed study) or from unmined or background surface
water monitoring stations. The range of flows is generally greater for the background data
but there is significant overlap between the two data sets between 0.1 and 100 cfs. This is
because the reclaimed data are from small watersheds and the unmined data are from
channels draining larger basins. These data show the same trend for sediment transport
and sediment concentration over the entire range of flows and very close agreement in the
area of discharge overlap. This, in itself, is strong evidence that (1) the sediment yields are
channel transport capacity limited, (2) overlap of model predictions for both pre- and
postmine conditions with measured data strongly indicate that EASI model predictions are
representative and reasonable, and (3) sediment yields from reclaimed areas will not be
additive to yields on the receiving streams.

The closed symbols depict data from J21-A WA's pre- and postmine EASI model runs. They
represent data generated by EASI for both subwatersheds and channels for peak discharges
resulting from 2-, 5-, 10-, 25-, 50-, and 100-year storms. Using the peak flows from extreme
events results in discharges that generally exceed 10 cfs. The trend of the model-derived
data is similar and the ranges of concentration and sediment transport are similar to the
measured data and between pre- and postmine conditions.

The sediment discharge plot (Figure 2.1) shows a stronger trend because it is plotting
discharge (sediment) against discharge (flow). This is expected because the sediment
discharge does depend on flow discharge. The concentration plot (Figure 2.2) shows the
two separate variables and, therefore, a less significant trend. PWCC believes that data
measurement may have some influence on the scatter (outliers were removed), but the
process variability is probably the major influence. The majority of the data, however, fall in
a group centered on 100 cfs and 100,000 mg/l, both in the observed data and in the model
results. These plots support the use of the EASI model, the results of the modeling, the
conclusion that sediment yields from reclaimed areas are not additive to receiving stream
sediment loads, and that sediment impacts to the prevailing hydrologic balance have been
minimized.

From Figures 2.1 and 2.2 it is apparent that sediment loads and concentrations are
dependent on the channel sediment transport capacity for both pre- and postmine
conditions. Channel sources of sediment in this arid environment are virtually unlimited.
Therefore, channel transport capacity and channel derived sediment limits and governs
sediment yields from the small tributaries, large channels and the WA as a whole.
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Figure 2.1. Observed and modeled sediment and water discharge.
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Figure 2.2. Observed versus modeled sediment concentration and discharge.
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However, the sediment yield shown in Table 1.4 is the average annual amount of sediment
leaving the J21-A WA whereas the sediment discharge shown in Figure 2.1 is the peak rate
of sediment in transport occurring in any channel represented by the data, whether the
channel is located upstream or downstream of a pond. Therefore, it should be concluded
that with or without a pond left in the postmine landscape that traps sediment or stores
water, the mine reclamation is not contributing additional sediment to the receiving streams
and sediment impacts to the prevailing hydrologic balance have been minimized.

Smith and Best (2000) analyzed the measured data (background and reclaimed) shown in
Figure 2.1 to develop an approach that can be used to determine if channels in reclaimed
areas have similar sediment transport characteristics as background channels. The method
that they used was to develop Sen lines (Sen 1968) and confidence intervals around the
data. The slope of the Sen line is a non-parametric statistic computed as the median slope
of all possible slopes determined from pairing all the data points. The Sen line is drawn
through the median coordinate of the data. Smith and Best first showed that the large
channel flume data (background) and the small watershed background data could be
combined. They concluded that since the data from one data set fall within the Sen line
bounds of the other data set then the two data sets are merely extensions of each other and
could be combined. Also, because the main channel and background small watershed site
data could be combined, it indicated there is an unlimited supply of sediment and the
channels are conveying sediment at (or near) capacity. The Sen line and bounds are shown
with the background measured data in Figure 2.3.

They then plotted the reclaimed measured data (Figure 2.4) with the Sen line and bounds
from the background data to show that the reclaimed data have the same characteristics
even though the flow range of the measurements is lower. The data indicate that channel
flows in this environment achieve the sediment transport capacity of the channel, whether in
reclaimed or background conditions.

Using the same approach with the modeled data generated for the J21-A WA, Figures 2.5
and 2.6 show the pre- and postmine computed sediment transport rates with the Sen lines
and bounds. One difference between the plots is that the measured data occur throughout
the flow hydrograph whereas the modeled data are tabulated at the peak of the simulation
flow hydrograph. The premine data plot (Figure 2.5) shows the data grouped above the Sen
line and well within the bounds. The postmine data (Figure 2.6) plot shows the data are
distributed around the Sen line and are more scattered. On these graphs data plotting
above the Sen line indicate that there is more sediment in transport for a given discharge.

Several conclusions can be drawn from these data plots: (1) EASI model well replicates
erosion and sediment transport processes at the mine site for background and reclaimed
conditions, (2) all data show similar trends and are within the same bounds, (3) data trends
indicate that channels are transporting sediment at or near capacity, and (4) amounts of
sediment leaving the WA for postmine conditions are similar to premine conditions and
within the range expected for the background conditions. Therefore, the overall conclusion
is that the postmine reclaimed condition in J21-A WA is not contributing additional
suspended solids to receiving streams, and related impacts to the hydrologic balance have
been minimized.
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Figure 2.3. Background measured sediment and water discharge.
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Figure 2.4. Reclaimed measured sediment and water discharge.
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Figure 2.5. Modeled premine sediment and water discharge for the J21-A WA.
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Figure 2.6. Modeled postmine sediment and water discharge for the J21-A WA.
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1. RECLAIMED PARCEL MODELING

1.1 Introduction

The objective defined by PWCC for this project is to use a previously calibrated and
validated runoff and erosion model (EASI, Zevenbergen et al. 1990; WET 1990) for the
Black Mesa and Kayenta Mines (combined as Black Mesa Complex in December 2008) to
predict mean annual runoff and sediment yields from the reclaimed N6-G watershed. This
objective included computation of runoff and sediment yields under premine conditions for
the same area. All soils and rainfall input to the model are to be taken from models
calibrated in the previous study (RCE 1993). The input variables that were calibrated to the
mine areas and used in this study include soil infiltration parameters, erodibility parameters,
and the grain size distribution. Parameters that are specific to this study are vegetative
canopy and ground cover percentages from data collected on site.

The model calibration was conducted in a previous study (RCE 1993) using data obtained
from instrumented watersheds and small hillslope plots under natural rainfall conditions. For
a detailed discussion of data collection and model calibration, please refer to the previous
study (RCE 1993).

1.2 Background

The N6-G Watershed Area (WA) that is the focus of this project was reclaimed between
1993 and 2007. The fundamental purpose of this study was to quantify the expected
behavior and hydrologic response of the reclaimed areas above this pond relative to the
conditions that existed prior to the occurrence of mining activities.

Runoff and sediment yield response from the reclaimed lands should be managed by
implementing Best Management Practices (BMP's) in conjunction with an OSM approved
sediment control plan in order to not adversely impact the prevailing hydrologic balance and
to limit additional contributions of suspended sediment to streamflow or runoff outside the
mine permit areas. BMP's include regrading, replacing salvaged topsoil, revegetation, and
other controls such as riprap protected channel bottoms, check dams, and where
practicable, contour terraces. The natural watersheds on the mesa contribute significant
quantities of sediment to the channel system. It is expected that the postmine condition will
also produce comparable amounts of sediment without adversely impacting the hydrologic
balance.

This section describes the data and procedures used to evaluate the N6-G WA. This area
was modeled to determine the average annual hydrologic response following the completion
of reclamation activities taking into account BMP's implemented as part of the reclamation
process. Infiltration, runoff, and erosion processes from both hillslopes and channels within
the N6-G WA were modeled using EASI. Results were determined for concentration points
at the outlets of the reclaimed watersheds, several of which correspond to the embankment
associated with Pond N6-G. The locations of these points are shown in Exhibit 1. Modeling
was also conducted to determine the hydrologic response under premine conditions based
on the topography, soils, cover, and other conditions that typified the undisturbed
watersheds draining to each concentration point. Exhibit 2 shows the modeling endpoints
for the premine N6-G WA.
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1.3 Data
1.3.1 Soils

Soils data used for the current study (N6-G WA) were based on data developed from the
calibration of models used in the previous study for Coal Resource Areas (CRAs) N1/N2 and
J27 (RCE 1993). The composition of postmine soil in the current study is depicted along
with the composition of postmine soils from the previous study in Figure 1.1. This figure
shows that the soil composition of N6-G WA is very similar to soils evaluated during model
calibration. Therefore, the soil properties developed in the previous study are valid for this
modeling project. These properties include calibrated parameters, such as infiltration and
erodibility coefficients, and measured soil size distributions. Table 1.1 lists the premine and
postmine soils data used during EASI modeling of N6-G WA.

1.3.2 Vegetation

Vegetative cover data representative of both pre- and postmine conditions in N6-G WA were
supplied by PWCC. For the premine condition, land was characterized as being covered by
sagebrush or pinon juniper. The spatial distribution of vegetative cover for the N6-G WA
premine condition appears in Figure 1.2. Average cover properties for CRAs N1/N2 and
J27 of the previous study and N6-G WA of the current study appear in Table 1.2. The
south-central portion of N6-G WA is covered with red rock as a postmine erosion-control
measure. The red rock area is about 5.7 acres, and its cover data is also included in Table
1.2. Revegetation activities in the N6-G WA were completed from 1993-2007. The area
revegetated in 2007 represents 1.7% of the reclaimed watershed and is in its second
growing season. Postmine cover data in Table 1.2 reflects the current condition. For the
postmine condition, the reclaimed area was assigned the postmine cover type and the
unmined area was assigned the same cover type as the premine condition. Table 1.3 lists
the pre- and postmine vegetative cover data used in the EASI model runs generated for the
N6-G WA. Note that if a unit contained significant portions of both sagebrush and pinon
juniper cover types, it was classified as half pinon juniper and half sagebrush.

100 o : H%
o * J27
90 ~ « N2 AVG.
80 QO = N1 AVG.
A v + J27 AVG.

Figure 1.1. Reclaimed area soils trilinear graph.
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Table 1.1. Soils Data.

Condition Premine Postmine Rock Chutes
Rainfall detachment 0.005 0.005 0
Overland flow detachment 0.44 0.44 0
Channel flow detachment 0.5 0.5 0
Initial soil moisture, % 70 70 70
Final soil moisture, % 90 90 90
Soil porosity, % 45 45 46
Temperature, *F 70 70 70
Hydraulic conductivity, in/hr 0.23 0.29 0.3
Capillary suction, in 3.7 2.6 2.6

Particle Size Distribution
(all conditions)

Size, mm % Finer
0.001 0
0.004 18.0
0.016 27.4
0.062 36.6
0.125 56.2
0.250 64.3
0.500 72.4
1.000 80.5
2.000 88.6
4.000 92.4

16.000 100

1.3.3 Topography

Pre- and postmine topography was supplied by PWCC in the form of ArcGIS geodatabase.
Basin delineations, hillslope delineations, subwatershed delineations, as well as areas,
slopes, and lengths of all units of the study area were defined and calculated using ArcGIS
software. Figures 1.3 and 1.4 show the watershed delineation and numbers assigned to the
basins used in the EASI model for the post- and premine conditions, respectively. Channel
dimensions input to EASI were based on the topography supplied and limited field
observations. A topsoil stockpile at the southwest of N6-G WA will be removed in the near
future. The postmine topography at the location of the topsoil stockpile is assumed to be
similar to the premine topography.

1.4 Methodology

Runoff and sediment yield in the semiarid western United States is largely governed by the
occurrence of high-intensity, short-duration rainstorms of limited areal extent (Renard and
Simaton 1975). Research has indicated that relatively few events may produce the greatest
erosion (e.g., Hjelmfelt et al. 1986 reported that only 3 to 4% of rainfall events accounted for
50% of long-term sediment yields). Although there is perhaps a relatively limited physical
basis for definition of an "average annual" runoff or sediment yield in a semiarid
environment due to the extreme variability in response and importance of single infrequent
events, such a term does provide a useful basis for long-term comparison between
reclaimed and undisturbed conditions.
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Figure 1.2. Spatial distribution of vegetative cover types for N6-G WA premine condition.
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Table 1.2. Cover Sampling Data.

Total
Nonstratified | Vegetation | Vegetation Ground
Area Condition Cover Vegetation Canopy Ground Litter* Rock Cover
Type Cover (%) Cover (%) Cover (%) (%) (%) (%)
N1/N2 Postmine Postmine 25.6 1.4 24.2 13.6 4.2 41.9
N6-G Postmine Postmine 31.4 0 31.4 22.5 1.8 55.6
N6-G Postmine Red Rock 26.3 0 26.3 11.3 51.3 88.9
N1/N2/J27 | Premine Pinon Juniper 32.7 31.1 3.0 44.0 19.7 66.7
N6-G Premine Pinon Juniper 16.9 14.6 2.7 18.8 17.3 38.8
N1/N2 Premine Sagebrush 25.1 16.0 10.3 25.3 18.1 53.7
J27 Premine Sagebrush 30.6 9.7 22.0 24.0 1.6 47.6
N6-G Premine Sagebrush 12.4 1.3 11.2 24.7 2.5 38.3
*Including standing dead litter
Table 1.3. Cover Data for N6-G Watershed.
Half Pinon Juniper- Postmine
Condition Pinon Juniper | Sagebrush Half Sagebrush Postmine Red Rock
Canopy cover, % 14.6 1.3 8.0 0 0
Ground cover, % 38.8 38.3 38.5 55.6 88.9
Canopy storage, in 0.05 0.05 0.05 0.05 0.05
Ground storage, in 0.05 0.05 0.05 0.05 0.05
Depression storage, in 0.03 0.03 0.03 0.03 0.03
Impervious area, % 0 0 0 0 0
Manning's n 0.07 0.07 0.07 0.05 0.05

To make comparisons between reclaimed lands and associated undisturbed lands at the
Black Mesa Mining Complex on the basis of average annual sediment yield, a procedure
was used that considers the importance of infrequent storm events in defining sediment yield
in the semiarid west. First, however, the site-specific rainfall data available for the Black
Mesa Mining Complex were used to evaluate the frequency and magnitude of the measured
events relative to existing predictions for rainfall depth-duration (Miller et al. 1973). The
analysis of the rainfall data was performed as part of a previous study of the N1/N2 and J27
CRAs (Resource Consultants and Engineers 1993).

Comparisons between runoff and sediment yield from undisturbed and reclaimed areas in
N6-G WA were developed for specific modeling endpoints shown in Exhibits 1 and 2. Mining
and reclamation activities did not exactly replicate the topography, drainage network, or
drainage areas that existed prior to mining. Consequently, direct comparisons of total runoff
and sediment yield cannot be made between undisturbed and reclaimed response at a given
point in a watershed. Comparisons were made on the basis of unit rates of runoff (inches)
and sediment yield (tons/acre) at the various modeling computation endpoints. Although the
same disturbance boundary was used to model extents for both pre- and postmine
conditions, the topographic differences that resulted after mining and reclamation occurred
in the N6-G WA dictated that some small areas would be included or excluded from the
modeling. The area bounded by the modeling boundary identified by PWCC as shown in
Exhibits 1 and 2 is 37.9 acres.
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Figure 1.3. N6-G postmine basins.
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Figure 1.4. N6-G premine basins.
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1.4.1 Synthetic Rainfall

Synthetic storms of 2-, 5-, 10-, 25-, 50-, and 100-year return periods were used as input to
the EASI model. Actual hyetographs were taken from the previous study (RCE 1993) and
are based on both local data collection and the NOAA Atlas (Miller et al. 1973).

1.4.2 Computation of Average Runoff and Sediment Yield

The EASI model was used to evaluate runoff and sediment yield from a series of storm
events having recurrence intervals of 2-, 5-, 10-, 25-, 50-, and 100 years. To define average
annual conditions, the average annual runoff and sediment yield generated from storm
events were computed using the commonly used equation of Lagasse et al. (1985).

1.5 Results

Figures 1.3 and 1.4 show the post- and premine basin delineations. Since the individual
subareas differ in number, acreage and outlet locations, a direct comparison is not possible
on a subarea basis. Therefore, the best way to compare the results is on an average basis
for the WA. Table 1.4 shows pre- and postmine drainage area, runoff, and sediment yield
for the N6-G WA. To consider the situation of pond removal for the postmine condition, the
EASI model replaces a sediment pond with a channel, which lies near the location of the
pond and discharges to the basin outlet. The channel is assumed to have a length equal to
the pond's length and a slope similar to the outlet's natural slope. Runoff is defined as the
total volume of water leaving the WA on an average annual basis and, therefore, does not
include water stored in depression areas and ponds. For the premine condition, this is equal
to the amount of water that drains off the hillslopes and subwatersheds because there are no
ponds or significant depressions. For the postmine condition, this is equal to the amount of
hillslope runoff less the amount stored in ponds. No ponds or significant depressions exist
within the reclaimed N6-G WA that was modeled. Similarly, the sediment yield is the amount
of eroded material that leaves the WA on an average annual basis computed using the
equation of Lagasse et al. (1985). The sediment yield is the production from the hillslope
areas and erosion from the channels. The amount of erosion is the sediment yield from the
hillslopes and subwatersheds only and does not include channel erosion, channel deposition
or sediment trapped in ponds. Sediment yield can be greater or less than erosion,
depending on the amount of channel erosion and the capacity of the channel network to
convey sediment off the leasehold.

Table 1.4. Average Runoff and Sediment Yield Results.
Area Condition Drainage Area Runoff Sediment Yield
(ac) (in) (t/aclyr)
N6-G Premine 37.9 0.42 1.28
N6-G Postmine 37.9 0.42 1.20

For the postmine condition, the overall sediment yield is less than the premine condition and
runoff is the same as the premine amount.
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1.6 Discussion

Table 1.5 gives an overview of the geometric properties of the pre- and postmine
topography of the N6-G WA. Mean channel slope for the postmine topography is smaller
than that for the premine topography, while mean hillslope gradient for the postmine
topography is larger than that for the premine topography.

Table 1.5. Average Physical Properties of the N6-G WA.

Premine Postmine
Total Area (ac) 37.9 37.9
Total Channel Length (ft) 3679 3468
Mean Channel Slope 0.0733 0.0530
Drainage Density (mi/mi°) 11.8 11.1
Mean Hillslope Length (ft) 276 238
Mean Hillslope Gradient 0.0866 0.1073
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2. COMPARISONS WITH MEASURED SEDIMENT TRANSPORT

As discussed in Section 1, PWCC has monitored flow and sediment on the main channels,
principal tributaries and small watersheds within the leasehold. These data, along with the
runoff plots, were used to calibrate the EASI model soil erodibility and infiltration input
variables. Figures 2.1 and 2.2 show sediment transport and sediment concentration versus
discharge for measured unmined (background), measured reclaimed, N6-G WA's modeled
unmined (premine) and modeled reclaimed (postmine) data. Although there is significant
scatter shown in the data (as is expected with any sediment transport conditions), there are
several conclusions that can be drawn from this data.

The open symbols in both figures depict measured data and whether the data were collected
from reclaimed areas (the small watershed study) or from unmined or background surface
water monitoring stations. The range of flows is generally greater for the background data
but there is significant overlap between the two data sets between 0.1 and 100 cfs. This is
because the reclaimed data are from small watersheds and the unmined data are from
channels draining larger basins. These data show the same trend for sediment transport
and sediment concentration over the entire range of flows and very close agreement in the
area of discharge overlap. This, in itself, is strong evidence that (1) the sediment yields are
channel transport capacity limited, (2) overlap of model predictions for both pre- and
postmine conditions with measured data strongly indicate that EASI model predictions are
representative and reasonable, and (3) sediment yields from reclaimed areas will not be
additive to yields on the receiving streams.

The closed symbols depict data from N6-G WA's pre- and postmine EASI model runs. They
represent data generated by EASI for both subwatersheds and channels for peak discharges
resulting from 2-, 5-, 10-, 25-, 50-, and 100-year storms. Using the peak flows from extreme
events results in discharges that generally exceed 10 cfs. The trend of the model-derived
data is similar and the ranges of concentration and sediment transport are similar to the
measured data and between pre- and postmine conditions.

The sediment discharge plot (Figure 2.1) shows a stronger trend because it is plotting
discharge (sediment) against discharge (flow). This is expected because the sediment
discharge does depend on flow discharge. The concentration plot (Figure 2.2) shows the
two separate variables and, therefore, a less significant trend. PWCC believes that data
measurement may have some influence on the scatter (outliers were removed), but the
process variability is probably the major influence. The majority of the data, however, fall in
a group centered on 100 cfs and 100,000 mg/l, both in the observed data and in the model
results. These plots support the use of the EASI model, the results of the modeling, the
conclusion that sediment yields from reclaimed areas are not additive to receiving stream
sediment loads, and that sediment impacts to the prevailing hydrologic balance have been
minimized.

From Figures 2.1 and 2.2 it is apparent that sediment loads and concentrations are
dependent on the channel sediment transport capacity for both pre- and postmine
conditions. Channel sources of sediment in this arid environment are virtually unlimited.
Therefore, channel transport capacity and channel derived sediment limits and governs
sediment yields from the small tributaries, large channels and the WA as a whole.
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Figure 2.1. Observed and modeled sediment and water discharge.
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Figure 2.2. Observed versus modeled sediment concentration and discharge.
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However, the sediment yield shown in Table 1.4 is the average annual amount of sediment
leaving the N6-G WA whereas the sediment discharge shown in Figure 2.1 is the peak rate
of sediment in transport occurring in any channel represented by the data, whether the
channel is located upstream or downstream of a pond. Therefore, it should be concluded
that with or without a pond left in the postmine landscape that traps sediment or stores
water, the mine reclamation is not contributing additional sediment to the receiving streams
and sediment impacts to the prevailing hydrologic balance have been minimized.

Smith and Best (2000) analyzed the measured data (background and reclaimed) shown in
Figure 2.1 to develop an approach that can be used to determine if channels in reclaimed
areas have similar sediment transport characteristics as background channels. The method
that they used was to develop Sen lines (Sen 1968) and confidence intervals around the
data. The slope of the Sen line is a non-parametric statistic computed as the median slope
of all possible slopes determined from pairing all the data points. The Sen line is drawn
through the median coordinate of the data. Smith and Best first showed that the large
channel flume data (background) and the small watershed background data could be
combined. They concluded that since the data from one data set fall within the Sen line
bounds of the other data set then the two data sets are merely extensions of each other and
could be combined. Also, because the main channel and background small watershed site
data could be combined, it indicated there is an unlimited supply of sediment and the
channels are conveying sediment at (or near) capacity. The Sen line and bounds are shown
with the background measured data in Figure 2.3.

They then plotted the reclaimed measured data (Figure 2.4) with the Sen line and bounds
from the background data to show that the reclaimed data have the same characteristics
even though the flow range of the measurements is lower. The data indicate that channel
flows in this environment achieve the sediment transport capacity of the channel, whether in
reclaimed or background conditions.

Using the same approach with the modeled data generated for the N6-G WA, Figures 2.5
and 2.6 show the pre- and postmine computed sediment transport rates with the Sen lines
and bounds. One difference between the plots is that the measured data occur throughout
the flow hydrograph whereas the modeled data are tabulated at the peak of the simulation
flow hydrograph. The premine data plot (Figure 2.5) shows the data grouped above the Sen
line and well within the bounds. The postmine data (Figure 2.6) plot shows the points
equally distributed above or below the Sen line. On these graphs data plotting above the
Sen line indicate that there is more sediment in transport for a given discharge.

Several conclusions can be drawn from these data plots: (1) EASI model well replicates
erosion and sediment transport processes at the mine site for background and reclaimed
conditions, (2) all data show similar trends and are within the same bounds, (3) data trends
indicate that channels are transporting sediment at or near capacity, and (4) amounts of
sediment leaving the WA for postmine conditions are similar to premine conditions and
within the range expected for the background conditions. Therefore, the overall conclusion
is that the postmine reclaimed condition in N6-G WA is not contributing additional suspended
solids to receiving streams, and related impacts to the hydrologic balance have been
minimized.
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Figure 2.3. Background measured sediment and water discharge.
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Figure 2.4. Reclaimed measured sediment and water discharge.
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Figure 2.6. Modeled postmine sediment and water discharge for the N6-G WA.
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1. RECLAIMED PARCEL MODELING

1.1 Introduction

The objective defined by PWCC for this project is to use a previously calibrated and
validated runoff and erosion model (EASI, Zevenbergen et al. 1990; WET 1990) for the
Black Mesa and Kayenta Mines (combined as Black Mesa Complex in December 2008) to
predict mean annual runoff and sediment yields from the reclaimed J7-K and J7-M
watersheds. This objective included computation of runoff and sediment yields under
premine conditions for the same area. All soils and rainfall input to the model are to be
taken from models calibrated in the previous study (RCE 1993). The input variables that
were calibrated to the mine areas and used in this study include soil infiltration parameters,
erodibility parameters, and the grain size distribution. Parameters that are specific to this
study are vegetative canopy and ground cover percentages from data collected on site.

The model calibration was conducted in a previous study (RCE 1993) using data obtained
from instrumented watersheds and small hillslope plots collected under natural rainfall
conditions. For a detailed discussion of data collection and model calibration, please refer to
the previous study (RCE 1993).

1.2 Background

The J7-K and J7-M Watershed Area (WA) that is the focus of this project was reclaimed
between 1990 and 2006. The fundamental purpose of this study was to quantify the
expected behavior and hydrologic response of the reclaimed areas above each pond relative
to the conditions that existed prior to the occurrence of mining activities.

Runoff and sediment yield response from the reclaimed lands should be managed by
implementing Best Management Practices (BMP’s) in conjunction with an OSM approved
sediment control plan in order to not adversely impact the prevailing hydrologic balance and
to limit additional contributions of suspended sediment to streamflow or runoff outside the
mine permit areas. BMP’s include regrading, replacing salvaged topsoil, revegetation, and
other controls such as riprapped channel bottoms, check dams, and where practicable,
contour terraces. The natural watersheds on the mesa contribute significant quantities of
sediment to the channel system. It is expected that the postmine condition will also produce
comparable amounts of sediment without adversely impacting the hydrologic balance.

This section describes the data and procedures used to evaluate the J7 WA. This area was
modeled to determine the average annual hydrologic response following the completion of
reclamation activities taking into account BMP’s implemented as part of the reclamation
process. Infiltration, runoff, and erosion processes from both hillslopes and channels within
the J7 WA were modeled using EASI. Results were determined for concentration points at
the outlets of the reclaimed watersheds, which correspond to the embankments associated
with Ponds J7-K and J7-M. The locations of these points are shown in Exhibit 1. Modeling
was also conducted to determine hydrologic response under premine conditions based on
the topography, soils, cover, and other conditions that typified the undisturbed watersheds
draining to each concentration point. Exhibit 2 shows the modeling endpoints for the
premine J7 WA.
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1.3 Data

1.3.1 Soils

Soils data used for the current study (J7 WA) were based on data developed from the
calibration of models used in the previous study for Coal Resource Areas (CRAs) N1/N2 and
J27 (RCE 1993). The composition of postmine soil in the current study is depicted along
with the composition of postmine soils from the previous study in Figure 1.1. This figure
shows that the soil composition of WA J7 is very similar to soils evaluated during model
calibration. Therefore, the soil properties developed in the previous study are valid for this
modeling project. These properties include calibrated parameters, such as infiltration and
erodibility coefficients, and measured soil size distributions. Table 1.1 lists the premine and
postmine soils data used during EASI modeling of WA J7.

1.3.2 Vegetation

Vegetative cover data representative of both pre- and postmine conditions in WA J7 were
supplied by PWCC. For the premine condition, land was characterized as being covered by
sagebrush or pinon juniper. The spatial distribution of vegetative cover for the J7 WA
premine condition appears in Figure 1.2. Average cover properties for CRAs N1/N2 and
J27 of the previous study and WA J7 of the current study appear in Table 1.2. For the
postmine condition, the reclaimed area was assigned the postmine cover type and the
unmined area was assigned the same cover type as the premine condition. Table 1.3 lists
the pre- and postmine vegetative cover data used in the EASI model runs generated for the
J7 WA. Note that if a unit contained significant portions of both sagebrush and pinon juniper
cover types, it was classified as half pinon juniper and half sagebrush.

Figure 1.1. Reclaimed area soils trilinear graph.
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Table 1.1. Soils Data.

Condition Premine Postmine Rock Chutes
Rainfall detachment 0.005 0.005 0
Overland flow detachment 0.44 0.44 0
Channel flow detachment 0.5 0.5 0
Initial soil moisture, % 70 70 70
Final soil moisture, % 90 90 90
Soil porosity, % 45 45 46
Temperature, *F 70 70 70
Hydraulic conductivity, in/hr 0.23 0.29 0.3
Capillary suction, in 3.7 2.6 2.6

Particle Size Distribution
(all conditions)

Size, mm % Finer
0.001 0
0.004 18.0
0.016 27.4
0.062 36.6
0.125 56.2
0.250 64.3
0.500 72.4
1.000 80.5
2.000 88.6
4.000 92.4

16.000 100

1.3.3 Topography

Pre- and postmine topography was supplied by PWCC in the form of ArcGIS geodatabase.
Basin delineations, hillslope delineations, subwatershed delineations, as well as areas,
slopes, and lengths of all units of the study area were defined and calculated using ArcGIS
software. Figures 1.3 and 1.4 show the watershed delineation and numbers assigned to the
basins used in the EASI model for the post- and premine conditions, respectively. Channel
dimensions input to EASI were based on the topography supplied and limited field
observations.

1.4 Methodology

Runoff and sediment yield in the semiarid western United States is largely governed by the
occurrence of high-intensity, short-duration rainstorms of limited areal extent (Renard and
Simaton 1975). Research has indicated that relatively few events may produce the greatest
erosion (e.g., Hjelmfelt et al. 1986 reported that only 3 to 4% of rainfall events accounted for
50% of long-term sediment yields). Although there is perhaps a relatively limited physical
basis for definition of an "average annual" runoff or sediment yield in a semiarid
environment due to the extreme variability in response and importance of single infrequent
events, such a term does provide a useful basis for long-term comparison between
reclaimed and undisturbed conditions.
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Figure 1.2. Spatial distribution of vegetative cover types for WA J7 premine condition.
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Table 1.2. Cover Sampling Data.

Total
Nonstratified | Vegetation | Vegetation Ground
Area Condition Cover Vegetation Canopy Ground Litter* Rock Cover
Type Cover (%) Cover (%) Cover (%) (%) (%) (%)
N1/N2 Postmine Postmine 25.6 1.4 24.2 13.6 4.2 41.9
J7 WA Postmine Postmine 21.3 0.3 21.1 31.5 2.6 55.2
N1/N2/J27 | Premine Pinon Juniper 32.7 31.1 3.0 44.0 19.7 66.7
J7 WA Premine Pinon Juniper 14.5 11.7 3.2 19.1 18.5 40.8
N1/N2 Premine Sagebrush 25.1 16.0 10.3 25.3 18.1 53.7
J27 Premine Sagebrush 30.6 9.7 22.0 24.0 1.6 47.6
J7 WA Premine Sagebrush 7.9 0.6 7.3 21.7 6.8 35.8
*Including standing dead litter
Table 1.3. Cover Data for J7-K and J7-M Watersheds.
Half Pinon Juniper-
Condition Pinon Juniper Sagebrush Half Sagebrush Postmine
Canopy cover, % 11.7 0.6 6.1 0.3
Ground cover, % 40.8 35.8 38.3 55.2
Canopy storage, in 0.05 0.05 0.05 0.05
Ground storage, in 0.05 0.05 0.05 0.05
Depression storage, in 0.03 0.03 0.03 0.03
Impervious area, % 0 0 0 0
Manning n 0.07 0.07 0.07 0.05

To make comparisons between reclaimed lands and associated undisturbed lands at the
Black Mesa Mining Complex on the basis of average annual sediment yield, a procedure
was used that considers the importance of infrequent storm events in defining sediment yield
in the semiarid west. First, however, the site-specific rainfall data available for the Black
Mesa Mining Complex were used to evaluate the frequency and magnitude of the measured
events relative to existing predictions for rainfall depth-duration (Miller et al. 1973). The
analysis of the rainfall data was performed as part of a previous study of the N1/N2 and J27
CRAs (Resource Consultants and Engineers 1993).

Comparisons between runoff and sediment yield from undisturbed and reclaimed areas in
WA J7 were developed for specific modeling endpoints shown in Exhibits 1 and 2. Mining
and reclamation activities did not exactly replicate the topography, drainage network, or
drainage areas that existed prior to mining. Consequently, direct comparisons of total runoff
and sediment yield cannot be made between undisturbed and reclaimed response at a given
point in a watershed. Comparisons were made on the basis of unit rates of runoff (inches)
and sediment yield (tons/acre) at the various modeling computation endpoints. Although the
same disturbance boundary was used to define the extent of both pre- and postmine
conditions, the topographic differences that resulted after mining and reclamation occurred
in the J7 WA dictated that some areas would be included or excluded from the modeling.
The total area modeled (combined area for J7-K and J7-M watersheds) for premine
conditions is 61.6 acres (Exhibit 2) and for postmine conditions is 37.3 acres (Exhibit 1).
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Figure 1.3. J7-K and J7-M postmine basins.
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Figure 1.4. J7-K and J7-M premine basins.
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1.4.1 Synthetic Rainfall

Synthetic storms of 2-, 5-, 10-, 25-, 50-, and 100-year return periods were used as input to
the EASI model. Actual hyetographs were taken from the previous study (RCE 1993) and
are based on both local data collection and the NOAA Atlas (Miller et al. 1973).

1.4.2 Computation of Average Runoff and Sediment Yield

The EASI model was used to evaluate runoff and sediment yield from a series of storm
events having recurrence intervals of 2-, 5-, 10-, 25-, 50-, and 100 years. To define average
annual conditions, the average annual runoff and sediment yield generated from storm
events were computed using the commonly used equation of Lagasse et al. (1985).

1.5 Results

Figures 1.3 and 1.4 show the post- and premine basin delineations. Since the individual
subareas differ in number, acreage and outlet locations, a direct comparison is not possible
on a subarea basis. Therefore, the best way to compare the results is on an average basis
for the WA. Table 1.4 shows pre- and postmine drainage area, runoff, and sediment yield
for the J7 WA. For the postmine condition, the overall sediment yield is less than the
premine condition and runoff is the same as the premine amount.

To consider the situation of pond removal for the postmine condition, the EASI model
replaces a sediment pond with a channel, which lies near the location of the pond and
discharges to the basin outlet. The channel is assumed to have a length equal to the pond's
length and a slope similar to the outlet's natural slope. Runoff is defined as the total volume
of water leaving the WA on an average annual basis and, therefore, does not include water
stored in depression areas and ponds. For the premine condition, this is equal to the
amount of water that drains off the hillslopes and subwatersheds because there are no
ponds or significant depressions. For the postmine condition, this is equal to the amount of
hillslope runoff less the amount stored in ponds. No ponds or significant depressions exist
within the reclaimed J7 WA that was modeled. Similarly, the sediment yield is the amount of
eroded material that leaves the WA on an average annual basis computed using the
equation of Lagasse et al. (1985). The sediment yield is the production from the hillslope
areas and erosion from the channels. The amount of erosion is the sediment yield from the
hillslopes and subwatersheds only and does not include channel erosion, channel deposition
or sediment trapped in ponds. Sediment yield can be greater or less than erosion,
depending on the amount of channel erosion and the capacity of the channel network to
convey sediment off the leasehold.

Table 1.4. Average Runoff and Sediment Yield Results.
Area Condition Drainage Area Runoff Sediment Yield
(ac) (in) (t/aclyr)
J7 WA Premine 61.6 0.42 1.56
J7 WA Postmine 37.3 0.42 1.21
J7-K Premine 40.0 0.42 1.34
J7-K Postmine 26.1 0.42 1.02
J7-M Premine 21.6 0.42 1.98
J7-M Postmine 11.2 0.42 1.64
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1.6 Discussion

Table 1.5 gives an overview of the geometric properties of the pre- and postmine
topographies for the J7 WA. Postmine hillslopes are as steep as premine hillslopes, while
postmine channels are gentler than premine channels.

Table 1.5. Average Physical Properties of the J7 WA.
Premine Postmine
Total Area (ac) 61.6 37.3
Total Channel Length (ft) 8839 6387
Mean Channel Slope 0.0548 0.0458
Drainage Density (mi/mi°) 17.4 20.8
Mean Hillslope Length (ft) 160 156
Mean Hillslope Gradient 0.0667 0.0623
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2. COMPARISONS WITH MEASURED SEDIMENT TRANSPORT

As discussed in Section 1, PWCC has monitored flow and sediment on the main channels,
principal tributaries and small watersheds within the leasehold. These data, along with the
runoff plots, were used to calibrate the EASI model soil erodibility and infiltration input
variables. Figures 2.1 and 2.2 show sediment transport and sediment concentration versus
discharge for measured unmined (background), measured reclaimed, WA J7's modeled
unmined (premine) and modeled reclaimed (postmine) data. Although there is significant
scatter shown in the data (as is expected with any sediment transport conditions), there are
several conclusions that can be drawn from this data.

The open symbols in both figures depict measured data and whether the data were collected
from reclaimed areas (the small watershed study) or from unmined or background surface
water monitoring stations. The range of flows is generally greater for the background data
but there is significant overlap between the two data sets between 0.1 and 100 cfs. This is
because the reclaimed data are from small watersheds and the unmined data are from
channels draining larger basins. These data show the same trend for sediment transport
and sediment concentration over the entire range of flows and very close agreement in the
area of discharge overlap. This, in itself, is strong evidence that (1) the sediment yields are
channel transport capacity limited, (2) overlap of model predictions for both pre- and
postmine conditions with measured data strongly indicate that EASI model predictions are
representative and reasonable, and (3) sediment yields from reclaimed areas will not be
additive to yields on the receiving streams.

The closed symbols depict data from WA J7's pre- and postmine EASI model runs. They
represent data generated by EASI for both subwatersheds and channels for peak discharges
resulting from 2-, 5-, 10-, 25-, 50-, and 100-year storms. Using the peak flows from extreme
events results in discharges that generally exceed 10 cfs. The trend of the model-derived
data is similar and the ranges of concentration and sediment transport are similar to the
measured data and between pre- and postmine conditions.

The sediment discharge plot (Figure 2.1) shows a stronger trend because it is plotting
discharge (sediment) against discharge (flow). This is expected because the sediment
discharge does depend on flow discharge. The concentration plot (Figure 2.2) shows the
two separate variables and, therefore, a less significant trend. PWCC believes that data
measurement may have some influence on the scatter (outliers were removed), but the
process variability is probably the major influence. The majority of the data, however, fall in
a group centered on 100 cfs and 100,000 mg/l, both in the observed data and in the model
results. These plots support the use of the EASI model, the results of the modeling, the
conclusion that sediment yields from reclaimed areas are not additive to receiving stream
sediment loads, and that sediment impacts to the prevailing hydrologic balance have been
minimized.

From Figures 2.1 and 2.2 it is apparent that sediment loads and concentrations are
dependent on the channel sediment transport capacity for both pre- and postmine
conditions. Channel sources of sediment in this arid environment are virtually unlimited.
Therefore, channel transport capacity and channel derived sediment limits and governs
sediment yields from the small tributaries, large channels and the WA as a whole. The
similarity of sediment discharge (or concentration) between pre- and postmine conditions
appears to be inconsistent with the lower rates of sediment yield shown in Table 1.4.
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Figure 2.1. Observed and modeled sediment and water discharge.
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Figure 2.2. Observed versus modeled sediment concentration and discharge.
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However, the sediment yield shown in Table 1.4 is the average annual amount of sediment
leaving the J7 WA whereas the sediment discharge shown in Figure 2.1 is the peak rate of
sediment in transport occurring in any channel represented by the data, whether the channel
is located upstream or downstream of a pond. Therefore, it should be concluded that with or
without a pond left in the postmine landscape that traps sediment or stores water, the mine
reclamation is not contributing additional sediment to the receiving streams and sediment
impacts to the prevailing hydrologic balance have been minimized.

Smith and Best (2000) analyzed the measured data (background and reclaimed) shown in
Figure 2.1 to develop an approach that can be used to determine if channels in reclaimed
areas have similar sediment transport characteristics as background channels. The method
that they used was to develop Sen lines (Sen 1968) and confidence intervals around the
data. The slope of the Sen line is a non-parametric statistic computed as the median slope
of all possible slopes determined from pairing all the data points. The Sen line is drawn
through the median coordinate of the data. Smith and Best first showed that the large
channel flume data (background) and the small watershed background data could be
combined. They concluded that since the data from one data set fall within the Sen line
bounds of the other data set then the two data sets are merely extensions of each other and
could be combined. Also, because the main channel and background small watershed site
data could be combined, it indicated there is an unlimited supply of sediment and the
channels are conveying sediment at (or near) capacity. The Sen line and bounds are shown
with the background measured data in Figure 2.3.

They then plotted the reclaimed measured data (Figure 2.4) with the Sen line and bounds
from the background data to show that the reclaimed data have the same characteristics
even though the flow range of the measurements is lower. The data indicate that channel
flows in this environment achieve the sediment transport capacity of the channel, whether in
reclaimed or background conditions.

Using the same approach with the modeled data generated for the J7 WA, Figures 2.5 and
2.6 show the pre- and postmine computed sediment transport rates with the Sen lines and
bounds. One difference between the plots is that the measured data occur throughout the
flow hydrograph whereas the modeled data are tabulated at the peak of the simulation flow
hydrograph. The premine data plot (Figure 2.5) shows the data grouped densely around the
Sen line and well within the bounds. The postmine data (Figure 2.6) plot slightly below the
Sen line. On these graphs data plotting below the Sen line indicate that there is less
sediment in transport for a given discharge.

Several conclusions can be drawn from these data plots: (1) EASI model well replicates
erosion and sediment transport processes at the mine site for background and reclaimed
conditions, (2) all data show similar trends and are within the same bounds, (3) data trends
indicate that channels are transporting sediment at or near capacity, and (4) amounts of
sediment leaving the WA for postmine conditions are similar to premine conditions and
within the range expected for the background conditions. Therefore, the overall conclusion
is that the postmine reclaimed condition in J7 WA is not contributing additional suspended
solids to receiving streams, and related impacts to the hydrologic balance have been
minimized.
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Figure 2.3. Background measured sediment and water discharge.
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Figure 2.4. Reclaimed measured sediment and water discharge.
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Figure 2.5. Modeled premine sediment and water discharge for the J7 WA.
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Figure 2.6. Modeled postmine sediment and water discharge for the J7 WA.
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1. RECLAIMED PARCEL MODELING

1.1 Introduction

The objective defined by PWCC for this project is to use a previously calibrated and
validated runoff and erosion model (EASI, Zevenbergen et al. 1990; WET 1990) for the
Black Mesa and Kayenta Mines (combined as Black Mesa Complex in December 2008) to
predict mean annual runoff and sediment yields from the reclaimed N5-D and N5-E
watersheds. This objective included computation of runoff and sediment yields under
premine conditions for the same area. All soils and rainfall input to the model are to be
taken from models calibrated in the previous study (RCE 1993). The input variables that
were calibrated to the mine areas and used in this study include soil infiltration parameters,
erodibility parameters, and the grain size distribution. Parameters that are specific to this
study are vegetative canopy and ground cover percentages from data collected on site.

The model calibration was conducted in a previous study (RCE 1993) using data obtained
from instrumented watersheds and small hillslope plots collected under natural rainfall
conditions. For a detailed discussion of data collection and model calibration, please refer to
the previous study (RCE 1993).

1.2 Background

The N5-D and N5-E Watershed Area (WA) that is the focus of this project was reclaimed
between 1993 and 1996. The fundamental purpose of this study was to quantify the
expected behavior and hydrologic response of the reclaimed areas above each pond relative
to the conditions that existed prior to the occurrence of mining activities.

Runoff and sediment yield response from the reclaimed lands should be managed by
implementing Best Management Practices (BMP's) in conjunction with an OSM approved
sediment control plan in order to not adversely impact the prevailing hydrologic balance and
to limit additional contributions of suspended sediment to streamflow or runoff outside the
mine permit areas. BMP's include regrading, replacing salvaged topsoil, revegetation, and
other controls such as riprapped channel bottoms, check dams, and where practicable,
contour terraces. The natural watersheds on the mesa contribute significant quantities of
sediment to the channel system. It is expected that the postmine condition will also produce
comparable amounts of sediment without adversely impacting the hydrologic balance.

This section describes the data and procedures used to evaluate the N5 WA. This area was
modeled to determine the average annual hydrologic response following the completion of
reclamation activities taking into account BMP's implemented as part of the reclamation
process. Infiltration, runoff, and erosion processes from both hillslopes and channels within
the N5 WA were modeled using EASI. Results were determined for the concentration point
at the outlet of the reclaimed watershed, which corresponds to the embankment associated
with Pond N5-E. Only one concentration point results from the two ponds because Pond
N5-D drains through Pond N5-E. The location of this point is shown in Exhibit 1. Modeling
was also conducted to determine hydrologic response under premine conditions based on
the topography, soils, cover, and other conditions that typified the undisturbed watersheds
draining to the concentration point. Exhibit 2 shows the modeling endpoints for the premine
N5 WA.
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1.3 Data

1.3.1 Soils

Soils data used for the current study (N5 WA) were based on data developed from the
calibration of models used in the previous study for Coal Resource Areas (CRAs) N1/N2 and
J27 (RCE 1993). The composition of postmine soil in the current study is depicted along
with the composition of postmine soils from the previous study in Figure 1.1. Note that the
postmine soil data for the N5 WA is included in the entire data set for the J1/N6 CRA. This
figure shows that the soil composition of WA N5 is very similar to soils evaluated during
model calibration. Therefore, the soil properties developed in the previous study are valid for
this modeling project. These properties include calibrated parameters, such as infiltration
and erodibility coefficients, and measured soil size distributions. Table 1.1 lists the premine
and postmine soils data used during EASI modeling of WA N5.

1.3.2 Vegetation

Vegetative cover data representative of both pre- and postmine conditions in WA N5 were
supplied by PWCC. For the premine condition, land was characterized as being covered by
sagebrush or pinon juniper. The spatial distribution of vegetative cover for the N5 WA
premine condition appears in Figure 1.2. Average cover properties for CRAs N1/N2 and
J27 of the previous study and WA N5 of the current study appear in Table 1.2. For the
postmine condition, the reclaimed area was assigned the postmine cover type and the
unmined area was assigned the same cover type as the premine condition. Table 1.3 lists
the pre- and postmine vegetative cover data used in the EASI model runs generated for the
N5 WA. Note that if a unit contained significant portions of both sagebrush and pinon juniper
cover types, it was classified as half pinon juniper and half sagebrush.
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Figure 1.1. Reclaimed area soils trilinear graph.
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Table 1.1. Soils Data.

Condition Premine Postmine Rock Chutes
Rainfall detachment 0.005 0.005 0
Overland flow detachment 0.44 0.44 0
Channel flow detachment 0.5 0.5 0
Initial soil moisture, % 70 70 70
Final soil moisture, % 90 90 90
Soil porosity, % 45 45 46
Temperature, *F 70 70 70
Hydraulic conductivity, in/hr 0.23 0.29 0.3
Capillary suction, in 3.7 2.6 2.6

Particle Size Distribution
(all conditions)

Size, mm % Finer
0.001 0
0.004 18.0
0.016 27.4
0.062 36.6
0.125 56.2
0.250 64.3
0.500 72.4
1.000 80.5
2.000 88.6
4.000 92.4

16.000 100

1.3.3 Topography

Pre- and postmine topography was supplied by PWCC in the form of ArcGIS geodatabase.
Basin delineations, hillslope delineations, subwatershed delineations, as well as areas,
slopes, and lengths of all units of the study area were defined and calculated using ArcGIS
software. Figures 1.3 and 1.4 show the watershed delineation and numbers assigned to the
basins used in the EASI model for the post- and premine conditions, respectively. Channel
dimensions input to EASI were based on the topography supplied and limited field
observations.

1.4 Methodology

Runoff and sediment yield in the semiarid western United States is largely governed by the
occurrence of high-intensity, short-duration rainstorms of limited areal extent (Renard and
Simaton 1975). Research has indicated that relatively few events may produce the greatest
erosion (e.g., Hjelmfelt et al. 1986 reported that only 3 to 4% of rainfall events accounted for
50% of long-term sediment yields). Although there is perhaps a relatively limited physical
basis for definition of an "average annual" runoff or sediment yield in a semiarid
environment due to the extreme variability in response and importance of single infrequent
events, such a term does provide a useful basis for long-term comparison between
reclaimed and undisturbed conditions.
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Figure 1.2. Spatial distribution of vegetative cover types for WA N5 premine condition.
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Table 1.2. Cover Sampling Data.

Total
Nonstratified | Vegetation | Vegetation Ground
Area Condition Cover Vegetation Canopy Ground Litter* Rock Cover
Type Cover (%) Cover (%) Cover (%) (%) (%) (%)
N1/N2 Postmine Postmine 25.6 1.4 24.2 13.6 4.2 41.9
N5 WA Postmine Postmine 16.9 0.6 16.4 30.3 2.2 48.9
N1/N2/J27 | Premine Pinon Juniper 32.7 31.1 3.0 44.0 19.7 66.7
N5 WA Premine Pinon Juniper 16.9 14.6 2.7 18.8 17.3 38.8
N1/N2 Premine Sagebrush 25.1 16.0 10.3 25.3 18.1 53.7
J27 Premine Sagebrush 30.6 9.7 22.0 24.0 1.6 47.6
N5 WA Premine Sagebrush 12.4 1.3 11.2 24.7 2.5 38.3
*Including standing dead litter
Table 1.3. Cover Data for N5-D and N5-E Watersheds.
Half Pinon Juniper-
Condition Pinon Juniper Sagebrush Half Sagebrush Postmine
Canopy cover, % 14.6 1.3 8.0 0.6
Ground cover, % 38.8 38.3 38.5 48.9
Canopy storage, in 0.05 0.05 0.05 0.05
Ground storage, in 0.05 0.05 0.05 0.05
Depression storage, in 0.03 0.03 0.03 0.03
Impervious area, % 0 0 0 0
Manning n 0.07 0.07 0.07 0.05

To make comparisons between reclaimed lands and associated undisturbed lands at the
Black Mesa Mining Complex on the basis of average annual sediment yield, a procedure
was used that considers the importance of infrequent storm events in defining sediment yield
in the semiarid west. First, however, the site-specific rainfall data available for the Black
Mesa Mining Complex were used to evaluate the frequency and magnitude of the measured
events relative to existing predictions for rainfall depth-duration (Miller et al. 1973). The
analysis of the rainfall data was performed as part of a previous study of the N1/N2 and J27
CRAs (Resource Consultants and Engineers 1993).

Comparisons between runoff and sediment yield from undisturbed and reclaimed areas in
WA N5 were developed for specific modeling endpoints shown in Exhibits 1 and 2. Mining
and reclamation activities did not exactly replicate the topography, drainage network, or
drainage areas that existed prior to mining. Consequently, direct comparisons of total runoff
and sediment yield cannot be made between undisturbed and reclaimed response at a given
point in a watershed. Comparisons were made on the basis of unit rates of runoff (inches)
and sediment yield (tons/acre) at the various modeling computation endpoints. Although the
same disturbance boundary was used to define the extent of both pre- and postmine
conditions, the topographic differences that resulted after mining and reclamation occurred
in the N5 WA dictated that some areas would be included or excluded from the modeling.
The total area modeled (combined area for N5-D and N5-E watersheds) for premine
conditions is 64.7 acres (Exhibit 2) and for postmine conditions is 28.3 acres (Exhibit 1).
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Figure 1.3. N5-D and N5-E postmine basins.
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Figure 1.4. N5-D and N5-E premine basins.
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1.4.1 Synthetic Rainfall

Synthetic storms of 2-, 5-, 10-, 25-, 50-, and 100-year return periods were used as input to
the EASI model. Actual hyetographs were taken from the previous study (RCE 1993) and
are based on both local data collection and the NOAA Atlas (Miller et al. 1973).

1.4.2 Computation of Average Runoff and Sediment Yield

The EASI model was used to evaluate runoff and sediment yield from a series of storm
events having recurrence intervals of 2-, 5-, 10-, 25-, 50-, and 100 years. To define average
annual conditions, the average annual runoff and sediment yield generated from storm
events were computed using the commonly used equation of Lagasse et al. (1985).

1.5 Results

Figures 1.3 and 1.4 show the post- and premine basin delineations. Since the individual
subareas differ in number, acreage and outlet locations, a direct comparison is not possible
on a subarea basis. Therefore, the best way to compare the results is on an average basis
for the WA. Table 1.4 shows pre- and postmine drainage area, runoff, and sediment yield
for the N5 WA. N5-D and N5-E ponds were constructed in a way that N5-D pond flows to
N5-E pond when the surface water elevation reaches a certain level. Therefore, both ponds
were connected in the postmine model and there is only an outlet for the whole domain.
Sediment yield and runoff were not reported for individual ponds. For the postmine
condition, the overall sediment yield is less than the premine condition and runoff is the
same as the premine amount.

To consider the situation of pond removal for the postmine condition, the EASI model
replaces a sediment pond with a channel, which lies near the location of the pond and
discharges to the basin outlet. The channel is assumed to have a length equal to the pond's
length and a slope similar to the outlet's natural slope. Runoff is defined as the total volume
of water leaving the WA on an average annual basis and, therefore, does not include water
stored in depression areas and ponds. For the premine condition, this is equal to the
amount of water that drains off the hillslopes and subwatersheds because there are no
ponds or significant depressions. For the postmine condition, this is equal to the amount of
hillslope runoff less the amount stored in ponds. No ponds or significant depressions exist
within the reclaimed N5 WA that was modeled. Similarly, the sediment yield is the amount of
eroded material that leaves the WA on an average annual basis computed using the
equation of Lagasse et al. (1985). The sediment yield is the production from the hillslope
areas and erosion from the channels. The amount of erosion is the sediment yield from the
hillslopes and subwatersheds only and does not include channel erosion, channel deposition
or sediment trapped in ponds. Sediment yield can be greater or less than erosion,
depending on the amount of channel erosion and the capacity of the channel network to
convey sediment off the leasehold.

Table 1.4. Average Runoff and Sediment Yield Results.
Area Condition Drainage Area Runoff Sediment Yield
(ac) (in) (t/aclyr)
N5 WA Premine 64.7 0.42 2.83
N5 WA Postmine 28.3 0.42 1.47
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1.6 Discussion

Table 1.5 gives an overview of the geometric properties of the pre- and postmine
topographies for the N5 WA. Mean channel slope for the postmine condition is smaller than
the premine condition; and drainage density for the postmine condition is much higher than
the premine condition due to terracing and the relatively smaller drainage area. Average
hillslope gradient for the postmine condition is much larger than the premine condition,
because the premine modeling area (64.7 acres) is more than twice the postmine modeling
area (28.3 acres) and includes a relatively flat ridge top area. The two major differences
between pre- and postmine properties are drainage area and hillslope gradient. These two
properties are inversely related at this location. This is because the upper portion of the
premine basin, which had the lowest gradient, now drains to another concentration point
rather than to N5-D or N5-E.

Table 1.5. Average Physical Properties of the N5 WA.
Premine Postmine
Total Area (ac) 64.7 28.3
Total Channel Length (ft) 2949 2664
Mean Channel Slope 0.0870 0.0504
Drainage Density (mi/mi°) 5.5 11.4
Mean Hillslope Length (ft) 348 221
Mean Hillslope Gradient 0.0738 0.1215
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2. COMPARISONS WITH MEASURED SEDIMENT TRANSPORT

As discussed in Section 1, PWCC has monitored flow and sediment on the main channels,
principal tributaries and small watersheds within the leasehold. These data, along with the
runoff plots, were used to calibrate the EASI model soil erodibility and infiltration input
variables. Figures 2.1 and 2.2 show sediment transport and sediment concentration versus
discharge for measured unmined (background), measured reclaimed, WA N5's modeled
unmined (premine) and modeled reclaimed (postmine) data. Although there is significant
scatter shown in the data (as is expected with any sediment transport conditions), there are
several conclusions that can be drawn from this data.

The open symbols in both figures depict measured data and whether the data were collected
from reclaimed areas (the small watershed study) or from unmined or background surface
water monitoring stations. The range of flows is generally greater for the background data
but there is significant overlap between the two data sets between 0.1 and 100 cfs. This is
because the reclaimed data are from small watersheds and the unmined data are from
channels draining larger basins. These data show the same trend for sediment transport
and sediment concentration over the entire range of flows and very close agreement in the
area of discharge overlap. This, in itself, is strong evidence that (1) the sediment yields are
channel transport capacity limited, (2) overlap of model predictions for both pre- and
postmine conditions with measured data strongly indicate that EASI model predictions are
representative and reasonable, and (3) sediment yields from reclaimed areas will not be
additive to yields on the receiving streams.

The closed symbols depict data from WA N5's pre- and postmine EASI model runs. They
represent data generated by EASI for both subwatersheds and channels for peak discharges
resulting from 2-, 5-, 10-, 25-, 50-, and 100-year storms. Using the peak flows from extreme
events results in discharges that generally exceed 10 cfs. The trend of the model-derived
data is similar and the ranges of concentration and sediment transport are similar to the
measured data and between pre- and postmine conditions.

The sediment discharge plot (Figure 2.1) shows a stronger trend because it is plotting
discharge (sediment) against discharge (flow). This is expected because the sediment
discharge does depend on flow discharge. The concentration plot (Figure 2.2) shows the
two separate variables and, therefore, a less significant trend. PWCC believes that data
measurement may have some influence on the scatter (outliers were removed), but the
process variability is probably the major influence. The majority of the data, however, fall in
a group centered on 100 cfs and 100,000 mg/l, both in the observed data and in the model
results. These plots support the use of the EASI model, the results of the modeling, the
conclusion that sediment yields from reclaimed areas are not additive to receiving stream
sediment loads, and that sediment impacts to the prevailing hydrologic balance have been
minimized.

From Figures 2.1 and 2.2 it is apparent that sediment loads and concentrations are
dependent on the channel sediment transport capacity for both pre- and postmine
conditions. Channel sources of sediment in this arid environment are virtually unlimited.
Therefore, channel transport capacity and channel derived sediment limits and governs
sediment yields from the small tributaries, large channels and the WA as a whole. The
similarity of sediment discharge (or concentration) between pre- and postmine conditions
appears to be inconsistent with the lower rates of sediment yield shown in Table 1.4.
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Figure 2.1. Observed and modeled sediment and water discharge.
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Figure 2.2. Observed versus modeled sediment concentration and discharge.
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However, the sediment yield shown in Table 1.4 is the average annual amount of sediment
leaving the N5 WA whereas the sediment discharge shown in Figure 2.1 is the peak rate of
sediment in transport occurring in any channel represented by the data, whether the channel
is located upstream or downstream of a pond. Therefore, it should be concluded that with or
without a pond left in the postmine landscape that traps sediment or stores water, the mine
reclamation is not contributing additional sediment to the receiving streams and sediment
impacts to the prevailing hydrologic balance have been minimized.

Smith and Best (2000) analyzed the measured data (background and reclaimed) shown in
Figure 2.1 to develop an approach that can be used to determine if channels in reclaimed
areas have similar sediment transport characteristics as background channels. The method
that they used was to develop Sen lines (Sen 1968) and confidence intervals around the
data. The slope of the Sen line is a non-parametric statistic computed as the median slope
of all possible slopes determined from pairing all the data points. The Sen line is drawn
through the median coordinate of the data. Smith and Best first showed that the large
channel flume data (background) and the small watershed background data could be
combined. They concluded that since the data from one data set fall within the Sen line
bounds of the other data set then the two data sets are merely extensions of each other and
could be combined. Also, because the main channel and background small watershed site
data could be combined, it indicated there is an unlimited supply of sediment and the
channels are conveying sediment at (or near) capacity. The Sen line and bounds are shown
with the background measured data in Figure 2.3.

They then plotted the reclaimed measured data (Figure 2.4) with the Sen line and bounds
from the background data to show that the reclaimed data have the same characteristics
even though the flow range of the measurements is lower. The data indicate that channel
flows in this environment achieve the sediment transport capacity of the channel, whether in
reclaimed or background conditions.

Using the same approach with the modeled data generated for the N5 WA, Figures 2.5 and
2.6 show the pre- and postmine computed sediment transport rates with the Sen lines and
bounds. One difference between the plots is that the measured data occur throughout the
flow hydrograph whereas the modeled data are tabulated at the peak of the simulation flow
hydrograph. The premine data plot (Figure 2.5) shows the data grouped densely around the
Sen line and well within the bounds. The postmine data (Figure 2.6) plot slightly below the
Sen line. On these graphs data plotting below the Sen line indicate that there is less
sediment in transport for a given discharge.

Several conclusions can be drawn from these data plots: (1) EASI model well replicates
erosion and sediment transport processes at the mine site for background and reclaimed
conditions, (2) all data show similar trends and are within the same bounds, (3) data trends
indicate that channels are transporting sediment at or near capacity, and (4) amounts of
sediment leaving the WA for postmine conditions are similar to premine conditions and
within the range expected for the background conditions. Therefore, the overall conclusion
is that the postmine reclaimed condition in N5 WA is not contributing additional suspended
solids to receiving streams, and related impacts to the hydrologic balance have been
minimized.
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Figure 2.3. Background measured sediment and water discharge.
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Figure 2.4. Reclaimed measured sediment and water discharge.
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Figure 2.5. Modeled premine sediment and water discharge for the N5 WA.
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Figure 2.6. Modeled postmine sediment and water discharge for the N5 WA.
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1. RECLAIMED PARCEL MODELING
1.1 Introduction

The purpose of this project is to use a previously calibrated and validated runoff and erosion
model EASI - Erosion And Sediment Impacts (Zevenbergen et al. 1990; WET 1990) for the
Black Mesa and Kayenta Mines to predict mean annual runoff and sediment yields from the
reclaimed J7-A, J7-B1, J7-G, J7-H, J7-I, J7-J, J7-R1, and J7-R watersheds. The objective of
this project included computation of runoff and sediment yields under premine conditions for
the same area. The response of the reclaimed parcels was evaluated relative to undisturbed
(premine) conditions in the corresponding undisturbed watersheds. All soils and rainfall input
to the model were taken from models calibrated in the previous study (RCE 1993). The input
variables that were calibrated to the mine areas and used in this study include soil infiltration
parameters, erodibility parameters, and the grain size distribution. Parameters that are
specific to this study are vegetative canopy and ground cover percentages from data collected
on site. The model serves as a tool for assessing the success of reclamation efforts to protect
the hydrologic balance (30 CFR 715.17 and 30 CFR 816.41).

The model calibration was conducted in a previous study (RCE 1993) using data obtained
from instrumented watersheds and small hillslope plots collected under natural rainfall
conditions. For a detailed discussion of data collection and model calibration, please refer to
the previous study (RCE 1993).

1.2 Background

The J7-A, J7-B1, J7-G, J7-H, J7-I, J7-J, J7-R1, and J7-R Watershed Area (J7 WA) that is the
focus of this project was reclaimed between 1981 and 2006. The fundamental purpose of this
study was to quantify the expected behavior and hydrologic response of the current conditions
of reclaimed areas relative to the conditions that existed prior to the occurrence of mining
activities.

Runoff and sediment yield response from the reclaimed lands should be managed by
implementing Best Management Practices (BMP's) in conjunction with an OSM approved
sediment control plan in order to not adversely impact the prevailing hydrologic balance and to
limit additional contributions of suspended sediment to streamflow or runoff outside the mine
permit areas. BMP's include regrading, replacing salvaged topsoil, ripping, contour tillage,
revegetation, and other controls such as riprapped channel bottoms, check dams, rock down
drains, and where practicable, contour terraces. The natural watersheds on the mesa
contribute significant quantities of sediment to the channel system. It is expected that the
postmine condition will also produce comparable amounts of sediment without adversely
impacting the hydrologic balance.

The next sections describe the data and procedures used to evaluate the J7 WA. This area
was modeled to determine the average annual hydrologic response following the completion
of reclamation activities and maturation of the reclaimed area vegetation taking into account
BMP's implemented as part of the reclamation process. Infiltration, runoff, and erosion
processes from both hillslopes and channels within the J7 WA were modeled using EASI.
Results were determined for concentration points at the outlets of the reclaimed watersheds,
which correspond to the embankments associated with Ponds J7-A, J7-B1, J7-G, J7-H, J7-I,
J7-J, J7-R1, and J7-R. The locations of these points are shown in Exhibit 1. Modeling was
also conducted to determine hydrologic response under premine conditions based on the
topography, soils, cover, and other conditions that typified the undisturbed watersheds
draining to each concentration point. Exhibit 2 shows the modeling endpoints for the premine
J7 WA.
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1.3 Data

1.3.1 Soils

Soils data used for the current study (J7 WA) were based on data developed from the
calibration of models used in the previous study for Coal Resource Areas (CRAs) N1/N2 and
J27 (RCE 1993). The composition of postmine soil in the current study is depicted along with
the composition of postmine soils from the previous study in Figure 1.1. This figure shows
that the soil composition of WA J7 is very similar to soils evaluated during model calibration.
Therefore, the soil properties developed in the previous study are valid for this modeling
project. These properties include calibrated parameters, such as infiltration and erodibility
coefficients, and measured soil size distributions. Table 1.1 lists the premine and postmine
soils data used during EASI modeling of WA J7.

1.3.2 Vegetation

Vegetative cover data representative of both pre- and postmine conditions in WA J7 were
supplied by PWCC. For the premine condition, land was characterized as being covered by
sagebrush or pinon juniper. The spatial distribution of vegetative cover for the J7 WA premine
condition appears in Figure 1.2. Average cover properties for WA J7 are shown in Table 1.2.
For comparison, cover properties for CRAs N1/N2 and J27 of the previous study (RCE 1993)
are also included. For the postmine condition, the reclaimed area was assigned the postmine
cover type and any unmined area was assigned the same cover type as the premine
condition. Table 1.3 lists the pre- and postmine vegetative cover data used in the EASI model
runs generated for the J7 WA. Note that if a unit contained significant portions of both
sagebrush and pinon juniper cover types, it was classified as half pinon juniper and half
sagebrush.

1.3.3 Topography

Pre- and postmine topographies were supplied by PWCC in the form of ArcGIS geodatabase.
Basin delineations, hillslope delineations, subwatershed delineations, as well as areas, slopes,
and lengths of all units of the study area were defined and calculated using ArcGIS software.
Figures 1.3 and 1.4 show the watershed delineation and numbers assigned to the basins
used in the EASI model for the post- and premine conditions, respectively. Channel
dimensions input to EASI were based on the topography supplied and limited field
observations.

1.4 Methodology

Runoff and sediment yield in the semiarid western United States is largely governed by the
occurrence of high-intensity, short-duration rainstorms of limited areal extent (Renard and
Simanton 1975). Research has indicated that relatively few events may produce the greatest
erosion (e.g., Hjelmfelt et al. 1986 reported that only 3 to 4% of rainfall events accounted for
50% of long-term sediment yields). Although there is a relatively limited physical basis for
definition of an "average annual" runoff or sediment yield in a semiarid environment due to
the extreme variability in response and importance of single infrequent events, such a term
does provide a useful basis for long-term comparison between reclaimed and undisturbed
conditions.
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Figure 1.1. Reclaimed area soils trilinear graph.

Table 1.1. Soils Data.

Condition Premine Postmine Rock Chutes
Rainfall detachment 0.005 0.005 0
Overland flow detachment 0.44 0.44 0
Channel flow detachment 0.5 0.5 0
Initial soil moisture, % 70 70 70
Final soil moisture, % 90 90 90
Soil porosity, % 45 45 46
Temperature, *F 70 70 70
Hydraulic conductivity, in/hr 0.23 0.29 0.3
Capillary suction, in 3.7 2.6 2.6

Particle Size Distribution
(all conditions)

Size, mm % Finer
0.001 0
0.004 18.0
0.016 27.4
0.062 36.6
0.125 56.2
0.250 64.3
0.500 72.4
1.000 80.5
2.000 88.6
4.000 92.4

16.000 100
1.3
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Figure 1.2. Spatial distribution of vegetative cover types for WA J7 premine condition.
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Table 1.2. Cover Sampling Data.
Total
Nonstratified | Vegetation | Vegetation Ground
Area Condition Cover Vegetation Canopy Ground Litter* Rock Cover
Type Cover (%) Cover (%) | Cover (%) (%) (%) (%)
N1/N2 Postmine Postmine 25.6 1.4 24.2 13.6 4.2 42.0
J7 WA Postmine Postmine 21.3 0.3 21.1 31.5 2.6 55.2
N1/N2/J27 | Premine Pinon Juniper 32.7 3.0 44.0 19.7 66.7
J7 WA Premine Pinon Juniper 14.5 3.2 19.1 18.5 40.8
N1/N2 Premine Sagebrush 25.1 16.0 10.3 25.3 18.1 53.7
J27 Premine Sagebrush 30.6 9.7 22.0 24.0 1.6 47.6
J7 WA Premine Sagebrush 7.9 0.6 7.3 21.7 6.8 35.8
*Including standing dead litter
Table 1.3. Cover Data for J7 Watersheds.
Half Pinon Juniper-
Condition Pinon Juniper Sagebrush Half Sagebrush Postmine
Canopy cover, % 11.7 0.6 6.1 0.3
Ground cover, % 40.8 35.8 38.3 55.2
Canopy storage, in 0.05 0.05 0.05 0.05
Ground storage, in 0.05 0.05 0.05 0.05
Depression storage, in 0.03 0.03 0.03 0.03
Impervious area, % 0 0 0 0
Manning n 0.07 0.07 0.07 0.05

To make comparisons between reclaimed lands and associated undisturbed lands at the
Black Mesa Mining Complex on the basis of average annual sediment yield, a procedure was
used that considers the importance of infrequent storm events in defining sediment yield in the
semiarid west. First, however, the site-specific rainfall data available for the Black Mesa
Mining Complex were used to evaluate the frequency and magnitude of the measured events
relative to existing predictions for rainfall depth-duration (Miller et al. 1973). The analysis of
the rainfall data was performed as part of a previous study of the N1/N2 and J27 CRAs (RCE
1993).

Comparisons between runoff and sediment yield from undisturbed and reclaimed areas in WA
J7 were developed for specific modeling endpoints shown in Exhibits 1 and 2. Mining and
reclamation activities did not exactly replicate the topography, drainage network, or drainage
areas that existed prior to mining. Consequently, direct comparisons of total runoff and
sediment yield cannot be made between undisturbed and reclaimed response at a given point
in a watershed. Comparisons were made on the basis of unit rates of runoff (inches) and
sediment yield (tons/acre) at the various modeling computation endpoints. Although the same
disturbance boundary was used to define the extent of both pre- and postmine conditions, the
topographic differences that resulted after mining and reclamation occurred in the J7 WA
dictated that some areas would be included or excluded from the modeling. The total area
modeled (combined area for J7-A, J7-B1, J7-G, J7-I, J7-J, J7-R1, and J7-R watersheds) for
premine conditions is 790.3 acres (Exhibit 2) and for postmine conditions is 440.0 acres
(Exhibit 1).
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Figure 1.3. WA J7 postmine basins.
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Figure 1.4. WA J7 premine basins.
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1.4.1 Synthetic Rainfall

Synthetic storms of 2-, 5-, 10-, 25-, 50-, and 100-year return periods were used as input to the
EASI model. Actual hyetographs were taken from the previous study (RCE 1993) and are
based on both local data collection and the NOAA Atlas (Miller et al. 1973).

1.4.2 Computation of Average Runoff and Sediment Yield

The EASI model was used to evaluate runoff and sediment yield from a series of storm events
having recurrence intervals of 2-, 5-, 10-, 25-, 50-, and 100 years. To define average annual
conditions, the average annual runoff and sediment yield generated from storm events were
computed using the commonly used equation of Lagasse et al. (1985).

1.5 Results

Figures 1.3 and 1.4 show the post- and premine basin delineations. Since the individual
subareas differ in number, acreage and outlet locations, a direct comparison is not possible on
a subarea basis. Therefore, the best way to compare the results is on an average annual
basis for the WA. Table 1.4 shows pre- and postmine drainage area, runoff, and sediment
yield for the J7 WA. Runoff is defined as the total volume of water leaving the WA on an
average annual basis and, therefore, does not include water stored in depression areas and
ponds. For the premine condition, this is equal to the amount of water that drains off the
hillslopes and subwatersheds because there were no ponds or significant depressions. For
the postmine condition, this is equal to the amount of hillslope runoff less the amount stored in
ponds. Similarly, the sediment yield is the amount of eroded material that leaves the WA on
an average annual basis computed using the equation of Lagasse et al. (1985). The
sediment yield is the production from the hillslope areas and erosion from the channels. The
amount of erosion is the sediment yield from the hillslopes and subwatersheds only and does
not include channel erosion, channel deposition or sediment trapped in ponds. Sediment yield
can be greater or less than erosion, depending on the amount of channel erosion and the
capacity of the channel network to convey sediment off the leasehold.

1.6 Discussion

For the postmine condition, sediment yield is less than the premine condition, while runoff is
the same as the premine amount for the J7 WA. Sediment yield are lower for reclaimed
(postmine) conditions due to more effective hydrologic cover and channel erosion control
measures. Table 1.5 gives an overview of the geometric properties of the pre- and postmine
topographies for the J7 WA. Postmine hillslopes are generally about 20% shorter and steeper
than premine hillslopes, postmine channels are about 25% less steep as premine channels,
and the drainage density of the postmine condition is about 25% more than that of the
premine condition.
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Table 1.4. Average Runoff and Sediment Yield Results.
" Drainage Area | Runoff | Sediment Yield

Area Condition (ac) (in) (t/ac/yn)
J7-A Premine 113.2 0.42 3.77
J7-A Postmine 28.2 0.42 2.03
J7-B1 Premine 170.7 0.42 5.37
J7-B1 Postmine 86.6 0.42 2.06
J7-G Premine 39.8 0.42

J7-G Postmine 35.6 0.42

J7-H Premine 49.3 0.42 4.67
J7-H Postmine 25.9 0.42 2.53
J7-1 Premine 168.1 0.42 6.57
J7-1 Postmine 91.9 0.42 2.95
J7-J Premine 22.2 0.42 2.64
J7-J Postmine 27.8 0.42 2.52
J7-R1 Premine 253.7 0.42 6.17
J7-R1 Postmine 161.8 0.42 2.95
J7-R Premine 276.5 0.42 6.11
J7-R Postmine 170.0 0.42 2.86

Table 1.5. Average Physical Properties of the J7 WA.
Premine Postmine
Total Area (ac) 790.3 440.0
Total Channel Length (ft) 71,594 50,154
Mean Channel Slope 0.0555 0.0424
Drainage Density (mi/mi°) 11.0 13.8
Mean Hillslope Length (ft) 218 171
Mean Hillslope Gradient 0.0660 0.0829
1.9
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2. COMPARISONS WITH MEASURED SEDIMENT TRANSPORT

2.1 Sediment Discharge and Concentration

As discussed in Section 1, PWCC has monitored flow and sediment on the main channels,
principal tributaries and small watersheds within the leasehold. These data, along with the
runoff plots, were used to calibrate the EASI model soil erodibility and infiltration input
variables. Figures 2.1 and 2.2 show sediment transport and sediment concentration versus
discharge for measured unmined (background), measured reclaimed, modeled unmined (WA
J7 premine) and modeled reclaimed (WA J7 postmine) data. Although there is significant
scatter shown in the data (as is expected with sediment transport), there are several
conclusions that can be drawn from this data.

The open symbols in both figures depict measured data and whether the data were collected
from reclaimed areas (the small watershed study) or from unmined or background surface
water monitoring stations. The range of flows is generally greater for the background data but
there is significant overlap between the two data sets between 0.1 cfs and 100 cfs. This is
because the reclaimed data are from small watersheds and the unmined data are from
channels draining larger basins. These data show the same trend for sediment transport and
sediment concentration over the entire range of flows and very close agreement in the area of
discharge overlap. This, in itself, is strong evidence that (1) the sediment yields are channel
transport capacity limited, (2) overlap of model predictions for both pre- and postmine
conditions with measured data strongly indicate that EASI model predictions are
representative and reasonable, and (3) sediment yields from reclaimed areas will not be
additive to yields on the receiving streams.

The closed symbols depict data from WA J7’s pre- and postmine EASI model runs. They
represent data generated by EASI for both subwatersheds and channels for peak discharges
resulting from 2-, 5-, 10-, 25-, 50- and 100-year storms. Using the peak flows from extreme
events results in discharges that generally exceed 10 cfs. The trend of the model-derived
data is similar and the ranges of concentration and sediment transport are similar to the
measured data and between pre- and postmine conditions.

The sediment discharge plot (Figure 2.1) shows a stronger trend because it is plotting
discharge (sediment) against discharge (flow). This is expected because the sediment
discharge does depend on flow discharge. The concentration plot (Figure 2.2) shows the two
separate variables and, therefore, a less significant trend. PWCC believes that data
measurement may have some influence on the scatter (outliers were removed), but the
process variability is probably the major influence. The majority of the data, however, fall in a
group centered on 100 cfs and 100,000 mg/l, both in the observed data and in the model
results. These plots support the use of the EASI model, the results of the modeling, the
conclusion that sediment yields from reclaimed areas are not additive to receiving stream
sediment loads, and that sediment impacts to the prevailing hydrologic balance have been
minimized.

From Figures 2.1 and 2.2 it is apparent that sediment loads and concentrations are
dependent on the channel sediment transport capacity for both pre- and postmine conditions.
Channel sources of sediment in this arid environment are virtually unlimited. Therefore,
channel transport capacity and channel derived sediment limits and governs sediment yields
from the small tributaries, large channels and the WA as a whole. The similarity of sediment
discharge (or concentration) between pre- and postmine conditions is inconsistent with the
lower rates of sediment yield shown in Table 1.4.
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Figure 2.1. Observed and modeled sediment discharge and water discharge.
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Figure 2.2. Observed versus modeled sediment concentration and discharge.
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However, the sediment yield shown in Table 1.4 is the amount of sediment leaving the J7 WA
whereas the sediment discharge shown in Figure 2.1 is the peak rate of sediment in transport
occurring in any channel on the WA, whether the channel is located upstream or downstream
of a pond. Therefore, with or without the ponds trapping sediment or storing water, the mine
reclamation is not contributing additional sediment to the receiving streams, and sediment
impacts to the prevailing hydrologic balance have been minimized.

2.2 Statistical Analysis

Smith and Best (2000) analyzed the measured data (background and reclaimed) shown in
Figure 2.1 to develop an approach that can be used to determine if channels in reclaimed
areas have similar sediment transport characteristics as background channels. The method
that they used was to develop Sen lines (Sen 1968) and confidence intervals around the data.
The slope of the Sen line is a non-parametric statistic computed as the median slope of all
possible slopes determined from pairing all the data points. The Sen line is drawn through the
median coordinate of the data. Smith and Best first showed that the large channel flume data
(background) and the small watershed background data could be combined. They concluded
that since the data from one data set fall within the Sen line bounds of the other data set then
the two data sets are merely extensions of each other and could be combined. Also, because
the main channel and background small watershed site data could be combined, it indicated
there is an unlimited supply of sediment and the channels are conveying sediment at (or near)
capacity. The Sen line and bounds are shown with the background measured data in Figure
2.3.

Smith and Best then plotted the reclaimed measured data (Figure 2.4) with the Sen line and
bounds from the background data to show that the reclaimed data have the same
characteristics even though the flow range of the measurements is lower. The data indicate
that channel flows in this environment achieve the sediment transport capacity of the channel,
whether in reclaimed or background conditions.

Using the same approach with the modeled data generated for the J7 WA, Figures 2.5 and
2.6 show the pre- and postmine computed sediment transport rates with the Sen lines and
bounds. One difference between the plots is that the measured data occur throughout the flow
hydrograph whereas the modeled data are tabulated at the peak of the simulation flow
hydrograph. The premine data plot (Figure 2.5) shows the data grouped around the Sen line
and well within the bounds. The postmine data (Figure 2.6) also plot closely around the Sen
line and well within bounds.

2.3 Conclusions

Several conclusions can be drawn from these data plots: (1) the EASI model well replicates
erosion and sediment transport processes at the mine site for background and reclaimed
conditions, (2) all data show similar trends and are within the same bounds, (3) data trends
indicate that channels are transporting sediment at or near capacity, and (4) amounts of
sediment leaving the WA for postmine conditions are similar to premine conditions and within
the range expected for the background conditions. Therefore, the overall conclusion is that the
postmine reclaimed condition in the J7 WA is not contributing additional suspended solids to
receiving streams, and related impacts to the hydrologic balance have been minimized.
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Figure 2.3. Background measured sediment and water discharge.
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Figure 2.4. Reclaimed measured sediment and water discharge.
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Figure 2.5. Modeled premine sediment and water discharge for the J7 WA.
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