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1.0 INTRODUCTION

In accordance with Mine Safety &Health Administration (MSHA) regulations 30CFR216-2(a) and
the appropriate Office of Surface Mining (USDOI-OSM) regulations, this report presents the results
of the investigations and design studies performed for the J7-Jr sediment retention and storm water
control dam located at Peabody Western Coal Company's (PWCC) Kayenta Mine. The MSHA
identification number for the dam will be 121l-AZ-09-01195-09. The dam is located in the Red
Peak Valley wash. Approximate location of the dam is longitude 110° 19' 52", latitude 36° 26' 13".
Approximate coordinates for the center of the dam are N39,650, E48,178. The watershed for the
J7-Jr impoundment is shown on Drawing 3. Designed and OSM approved diversion ditches will be
used to direct runoff from the areas on the west edge of the watershed into the J7-Jr impoundment.
Construction of the dam is projected to begin in the first half of2001. The dam is proposed as a
permanent structure after closure of mine activities. The final permanent impoundment design
evaluation will be submitted to the appropriate regulatory agencies approximately two years before
final bond release is anticipated.

The J7-Jr impoundment is considered aNatural Resources Conservation Service (NRCS) Class (A)
lowhazard damsince thereis no oneliving in the downstream flood plain.

The design of the J7-Jr sediment retention and storm water control dam complies with the MSHA
standards for Surface Coal Mines (30CFR77.216). References to this Report on the requirements of
30CFR77.216-2(a)(l)-(l7) are indicated in the following Table 1.1.

10

11
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TABLEil

REFERENCES TO i6cFR77.216-2(A)

Name of operators, address, name of
impoundment, MSHA identification number

Location of impoundment, USGS Map
Purposeof the structure

Name and size of the watershed

the

Physical and engineering properties of foundation
materials
Physical and engineering properties ofmaterials used,
site preparation and construction, date of
construction -
Details of embankment structure

Instrumentation

Area-capacity curve
Runoff attributable to PMP

Runoff attributable to design storm
Description of hydraulic structures
Stabilityfactors of safety
Coal mine working areas

Construction surveillance and monitoring
Generalprovisionsfor abandonment
Registered engineers statement

MSHA Dam 1211-AZ-09-01195-09, referred to as j7-jr, is
owned and operated by Peabody Western Coal Company,
Kayenta Mine, P.O. Box605 Kayenta, Arizona86033
Drawings land 2, Yucca Hill, Arizona USGS Th Min.Map
Intercept and retain sediment and control runoff originating
from mine disturbance within the watershed area shown on
Drawing 3

Section 4

Upper Red Peak Valley Wash. Location is shown on
Drawings 2 and3, Watershed area=3960 acres or 6.2mi.

Sections 6 and 7, Start construction first half of 2001.

Drawings 5-9, Table 2.1
Instrumentation will consist of piezometers and settlement
monuments as indicatedin Drawing9, Section 7.9 and 7.10.
Monitoring will be performed according to Section 2.4.
Appendix E (1/2 6-hour PMP Output)
Section 6.1.1 andAppendixE.il
Section 6.1.1 and Appendix E.4
Section 6.1.2

Section 6.3

Drawing 3,Nosurface and underground coal mining within
500 feet of structure. .

Drawing9, Section 2.4and Section 7
Section 2.3

Section 1
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The design of the J7-Jr MSHA Dam is in accordance with current, prudent engineering practices for the
maximum volume ofwater and sediment which can be impounded inDam 121 l-AZ-09-01195-09 and for
the passage of runoff from the designed storm which exceeds the capacity of the impoundment.
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2.0 PROJECT DESCRIPTION

2.1 PURPOSE AND DESIGN CRITERIA

The purpose of the J7-Jr dam is to comply with 30CFR816, the Office of Surface Mining (OSM)'s
regulations, 30CFR216 of the MSHA regulations and to intercept and retain sediment originating
from mine'disturbance within the watershed area shown on Drawing 3. In addition, the dam will
contain the 10-year, 24-hour storm within the same watershed. Run-off from the areas along the west
side of the watershed will be diverted into the J7-Jr impoundment by means of ditches designed to
convey the flow induced by the 100-year, 6-hr storm. The alignment of these ditches is also shown in
Drawing 3. The ditches will be designed and approved in accordance with OSM regulations.

The dam includes an emergency spillway and a decant system. These structures are shown in plan
and section views on Drawings 7and 8. The purpose of the decant system is to drain excess water
from the impoundment after the occurrence ofregular precipitation events, therefore, maintaining
the impoundment capacity to contain the 10-year, 24-hr storm. The invert of the decant inlet
determines the maximum level of sediments allowed in the impoundment during operation.
Sediments will be removed from the impoundment area tomaintain the level beneath this maximum
or a revised design plan will be submitted for regulatory approval. The removed sediments will be
disposed in authorized areas of the mine. In addition PWCC will have the option to raise the
spillway and the top of the embankment, to allow for 1'- 2' of future sediment storage.

The purpose of the emergency spillway is to allow the controlled discharge of flow originating from
V2 the general 6-hour PMP storm event, therefore, preventing overtopping of the dam. The invert
level of the spillway has been located so as to maintain aminimum 3-ft freeboard when the design
storm occurs.

2.2 OPERATING POOL RESTRICTIONS

Sediment in the impoundment is expected to accumulate at a rate of 24.9 acre-feet per year. The
elevation of the invert of the decant system inlet has been determined to allow sediment
accumulation for approximately 12 years. The difference in elevation between the invert of the
emergency spillway and the invert of the decant system inlet allows the containment of the runoff
originating from the 10-year, 24-hr storm event. This total runoff volume has been calculated as
220.7 acre-feet. After the runoff has been contained for an adequate period, and it has been
determined that itmeets regulatory water quality standards, itmay be discharged through the decant
system. In addition, PWCC may utilize the water for dust control or other mine related purposes
during the life of the mine.

The emergency spillway has been designed to discharge the flow originating from V2 the general 6-
hour PMP storm event. Itwas conservatively assumed that the ponding water level is at the elevation
ofthe invert ofthe emergency spillway todetermine the spillway design capacity.

2.3 DESIGN SUMMARY

The J7-Jr dam will be constructed as ahomogeneous earthfill embankment with alow permeability
upstream liner and adownstream toe drain. The dam foundation consists of firm consolidated soils
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and bedrock in approximately 70% of the footprint area. The remaining 30% will be founded on
soils with some degree of compressibility. Calculations supported by extensive laboratory testing
indicated that differential settlementwould be minimaland would not affect the integrityof the dam
(Section 6.4). In addition, the low permeability upstream liner will control seepage or piping in the
unlikely event that some minor cracks develop in the embankment fill. The geosynthetic clay liner
(GCL), proposed as the low permeability upstream liner allows a peak strain of 15 percent and a
strain at failure of50 percent. Seepage through and beneath the dam will be minimal due to the low
permeability ofthe embankment fill, GCL and foundation material. Alow permeability blanket will
be extended upstream to minimize seepage through the foundation and abutments. A toe drain will
be included on the downstream toe of the dam to control the phreatic surface within the
embankment fill. The upstream slope of the dam will be protected with riprap to prevent erosion
caused by wave action and direct precipitation. The 4:1(H:V) downstream slope will be vegetated to
prevent erosion caused by wind and direct precipitation. Riprap will also be placed along the
intersection of the dam downstream face with the abutments.

Foundation preparation for the dam will consist in clearing and grubbing of the footprint and
excavation of natural soilsuntil bedrock or consolidated soils are reached, or to a rriinimum depth of
10 ft below the existing ground surface. The foundation soils will be compacted to 95 percent of
their maximum dry density obtained from the Standard Proctor (ASTM D698) method prior to
placement of fill. The grain-size distributions of the materials proposed for the construction of the
embankment are indicated in Section 7.

The embankment fill will be built in four phases. All phases will be completed before the dam is
operable. The first phase will be built to provide a base for the toe drain. The second phase will
consist in building the toe drain. The third phase will bebuilt to allow deployment and placement of
the low permeability liner (GCL). The upstream face of the third phase will be cleaned of large
particles and compacted prior to deployment of the low permeability liner. The fourth phase will
consist of the placement of fill over the low permeability liner and extension ofthe low permeability
blanket. This fourth phase will bring the crest to its final elevation. A geotextile will beplaced over
the final upstream face and blanket. The geotextile will be covered with a layer ofriprap. Riprap will
be placed carefully over the geotextile so that is not punctured. Details ofconstruction of the four
phases are shown in Drawing 6. The toe drain (Phase 2) and homogeneous fill (Phases 1, 3 and 4)
will be compacted in horizontal lifts. The contacts between horizontal lifts will be scarified and
moisture conditioned to allow bonding.

A gravel base material will be placed and compacted on the crest of the dam. Embankment
instrumentationwill consist of three settlementmonuments and three piezometers on the dam crest
centerline. Two additional piezometers will be placed on the downstream slope (Drawing 9). The
bottom tip of the piezometers will be placed immediately above the contact between the fill and
bedrock.

An abandonment plan for the impoundment will be submitted to the regulatory agency at least two
years prior to final abandonment/The stability of the dam will be re-evaluated based on the
monitoring and inspections performed during operation. The hydrology ofthe watershed and the
hydraulic aspects of the structure will also bere-evaluated.

The most relevant design aspects of the J7-Jr embankment project are summarized inTable 2.1.

Montgomery Watson, Mining Group *165 South Union Boulevard, Suite 410* Lakewood, Colorado 80228* (303) 763-5140
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TABLE 2.1

J7-Jr EMBANKMENT DESIGN INFORMATION

Impoundment

Allowable Sediment Storage Volume(Operation)
10-year24-hour Storm Volume
Total Impoundment Capacity
Hydrology:
Watershed Area

Embankment:

Crest width

Crest length
Crest elevation

Maximum Embankment Height
Average Upstream slope
Average Downstream slope
Estimated Excavation Volume

Estimated Homogeneous Fill Volume
Estimated Toe Drain Volume

Decant System: .
Gate Type
Maximum Flow Capacity
Elevation of Inlet Invert

Emergency Spillway:
Spillway Typt
Elevation of Invert

Spillway Width
Peak Discharge
Peak Storage (1/2 6-hour PMP)
Minimum Freeboard Required

303 acre-ft

221 acre-ft

555.8 acre-ft

3960.3 acres / 6.2 sq. mi.

25 ft

1300 ft

6719

49 ft

3.3:1 (H:V)
4:1 (H:V)
230,000 cubic yards
316,500 cubic yards
13,500 cubic yards

18 in diameter Valve or Slidegate
21.9 ftVs
6702'

Riprap Lined Trapezoidal Channel
6710'

70 ft

1523 ftVs
718.1 ac-ft

3ft

Material for the homogeneous fill will be borrowed from areas close to the dam. Part of the borrow
material will be obtained from the foundation excavations along the footprint of the dam. Most of
the borrow material will be excavated from the impoundment area. Drain and filter material may be
obtamed from permitted borrow areas within thePWCC property.

2.4 INSPECTION AND MONITORING

Settlement monuments will be monitored every three months for a period of one year after
completion of construction. If no significant differential settlements (difference in settlement
between adjacent monuments is greater than 0.7 ft) are encountered during the first year, the
monitoring frequency ofthe settlement monuments will be extended to once every six months.

Water level measurements will be taken from the piezometers every 7 days after the completion of
dam construction. Thewater level within the impoundment will bemeasured concurrently with the
piezometer levels. The maximum allowable piezometer readings are shown on Table 2.2.

The dam and hydraulic structures will be inspected by a Certified MSHA Impoundment Inspector
every 7 days after dam construction. Based on the provisions included in the design of the J7-Jr
MSHA Dam, no need for repairs are anticipated. Defects detected during periodic inspections will be
reported immediately to the Owner. The Owner will promptly order repair of the defects. These
repairs will be performed according to prudent engineering practices.

Montgomery Watson, Mining Group *165 South Union Boulevard, Suite 410* Lakewood, Colorado 80228* (303) 763-5140
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Water level monitoring and dam inspection will occur every 7 days for a period of two years. Owner
will then submit all data collected to MSHA District Manager and, based on satisfactory
performance, will request adecrease ofmonitoring and inspection toevery 30 days.

TABLE 2.2

MAXIMUM PIEZOMETER READINGS

Piezometer Maximum Heading

P-l 6701

P-2 6691

P-3 6701

P-4 6681

P-5 6670

Montgomery Watson, Mining Group *165 South Union Boulevard, Suite 410* Lakewood, Colorado 80228* (303) 763-5140
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3.0 SITE GEOLOGY

The J7-Jr MSHA Dam is located on Black Mesa, a moderately dissected highland region within the
Colorado Plateau, which slopes gently to the southwest. Rocks of the Black Mesa region are
predommandy sedimentary and have been gentiy folded and eroded (Dames &Moore, 1986). The
Mesaverde Group is the geologic unit found in the mine area. The Mesaverde Group is locally
subdivided into three formations. From oldest too youngest, these are the Toreva Formation, the
Wepo Formation and the Yale Point Sandstone. The Wepo formation is the only consolidated
geologic unitexposed at thedam site.

The Wepo Formation consists of a complex sequence of intercalated paludal sandstone, shale,
siltstone, mudstone and coal units. The siltstone and mudstone units range in color from dark olive
gray, through light olive brown, to medium light gray. Frequently these units are highly carbonaceous
and may contain sandstone lenses and zones. Sandstone units are commonly yellowish gray and are
frequently extremely argillaceous. Some of the sandstone units are very well cemented (Dames &
Moore, 1986).

Quaternary unconsolidated materials overly the bedrock. These materials were derived from the
weathering of surface formations. Residual soils, transported as slope wash, are deposited in the
lower areas of the valley. These soils reflect the character of the parent bedrock. Shales and
mudstones have weathered to clayey and silty soils of low to medium plasticity. Soils derived from
sandstone consist of silty fine sands, generally with no plasticity. More resistant bedrock fragments
are included in the soils asgravel size material (Dames & Moore, 1986).

The proposed dam site and impoundment is located in the Red Peak Valley Wash. The local relief at
the dam site is moderately steep along the north abutment and gende towards the south abutment.
Bedrock outcrops are clearly visible on the north abutment. Bedrock stratifications are visible on cuts
caused by erosion at the lower part ofthe drainage. Bedrock in the form ofshale and mudstone was
evidenced at very shallow depths in the test pits and borings performed in the high areas close to the
south abutment. Alluvial materials are deposited on the bottom of the valley to a variable thickness.
Sporadic but intense precipitation, normal during the summer and early fall seasons, has resulted in
channeled runoff which has alternately eroded and redeposited the alluvial material along the sides of
the valley forming terraces ofup to 30 feet thick with steep incised channels (see Fig. 3.1).
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4.0 GEOTECHNICAL INVESTIGATION

Geotechnical investigations for the J7-Jr MSHA Dam at the Kayenta Mine were performed to
analyze and design the embankment according to MSHA regulations. Investigations were performed
in the area of the embankment footprint and in the areas of potential borrow sources. The
investigations included test borings, test pits, field permeability tests, laboratory tests and surface
reconnaissance. In addition, previous geotechnical and geology studies were reviewed and used as
complementary information.

The proposed location ofthe dam is shown on Drawings 1, 2, 3 and 4, along with the coordinates of
test pits, borings and sandstone outcrops. Photograph views are also identified in Drawing 4. The
photographs identified inDrawing 4 are presented inAppendix A.

4.1 DESCRIPTION OF FIELD AND LABORATORY INVESTIGATIONS

Field investigations consisted of test borings and test pits performed on the proposed footprint area
of the dam and borrow sources.

In the Fall of 1999, testborings were performed with a CME-75 drill rig. Borings were drilled with a
hollow stem auger until bedrock was encountered. Rock core drilling was continued in some of the
borings and continuous NQ diameter rock core samples were recovered. Samples of the
unconsolidated material were obtained by means of split spoon samplers and Shelby tubes. The
samples from the split spoon samplers were obtained using the Standard Penetration Test (SPT).
Locations of the borings are presented in Drawing 4. Detailed stratigraphic profiles of the borings
are presented in Appendix B. Four packer tests were performed to determine the hydraulic
conductivity of the rock.

Test pits were performed with a backhoe and disturbed samples were obtained from relevant strata.
Locations of the test pits are presented in Drawing 4. Detailed stratigraphic profiles of the test pits
are presented in Appendix B. Cross sections that show subsoil stratigraphy beneath the dam are also
presented in Drawing 4.

Soil classification, shear strength properties, compaction characteristics, consolidation characteristics
and permeability of remolded soils was obtained from tests performed in a qualified laboratory.
Results of the laboratory testsare shown in Appendix C.

4.2 OVERBURDEN SOIL CLASSIFICATION

Overburden samples extracted from the borings were classified according to the Unified Soil
Classification System. Sieve analysis and Atterberg limits were performed on soils below the
proposed footprint of the dam and potential borrow sources.

The stratigraphic profiles beneath most ofthe footprint ofthe dam indicate apredominance ofsilty
sands (SM) and low plasticity clays (CL). An approximately 15 ft thick strata oflow plasticity clay was
identified on the upper north abutment of the proposed dam. Detailed descriptions of the soils and
their USCS classification are presented inAppendix C along with sieve analyses and Atterberg limits
results.
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Potential soils for drain or filter layers for the dam were identified at the J21, N6 and J19 Scoria
stockpiles. These soils classified as silty sands (SM), poorly graded gravels (GP-GM) and silty gravels
(GM).

4.3 ROCK CLASSIFICATION

The sedimentary rocks identified at the site are part of the Wepo Formation. As shown in the
borehole logs (Appendix B), the types of rock encountered consist of sandstone, shale, siltstone,
claystone, mudstone and coal. These different types of rocks appear interlayered and with varying
thickness.

The sandstones are composed of fine-grained particles. They appear shghtiy weathered and with
medium to high Rock Quality Designation (RQD)'s. Joints are planar andirregular with no filling or
opening. Interbedded layers of siltstone, claystone, mudstone and shales were encountered in all
borings. They appear weak and with variable RQD's. Joints are irregular and rough. Coal fragments
and, thin coal layers were encountered sporadically within the different sedimentary rocks. The
maximum thickness of a coal layer encountered was 4 inches.

4.4 DENSITY AND COMPACTION CHARACTERISTICS OF OVERBURDEN SOILS

As indicated in the stratigraphic profiles, there are two major types of soils present beneath the
footprint of the dam: fine silty sands and low plasticity clays. The specific gravities for the fine sands
and clays are 2.6 and 2.62, respectively.

"In-situ" densities of the clay strata were calculated from the undisturbed samples extracted with the
Shelby tubes. Drydensities ranged from 97.1 to 108.6 lbs/ft3 with natural moisture contents between
20.2 and 24.5 percent. Densities for the silty sands beneath theproposed footprint of the dam were
estimated from the blow counts obtained from the SPT's. Densities ranged between 95 and 120
lbs/ft3 with an average value of 115 lbs/ft3. The density measured on a sample extracted with a
Shelby tubeindicated a dry density of 95.3 lbs/ft3withnatural moisture contentof 4.4 percent.

The compaction characteristics of the silty sands that are proposed as borrow materials were
determined from a Standard Proctor test (ASTM D698). A maximum dry density of 115.4 lbs/ft3 and
optimum moisture content of 12.1 percent was obtained. Compaction requirements for the
homogeneous embankment fill will be specified as 95 percent of the maximum dry density obtained
from the Standard Proctor test (ASTMD698).

4.5 SHEAR STRENGTH CHARACTERISTICS OF SOILS

The shear strength characteristics of the silty sands proposed for the structural fill of the dam were
determined on remolded samples extracted from the test pits performed on potential borrow areas.
Consolidated undrained triaxial tests with pore water pressure measurements (ASTM D4767) were
performed on samples compacted to 95 percent of their maximum dry density as obtained from the
Standard Proctor test.

The results of the triaxial shear tests are presented in the form of a Modified Mohr-Coulomb plots
(p-q diagram) in Fig. 4.1. From the p-q diagram it can be deduced that the compacted soil has an
effective friction angle of 36.4 degrees and cohesion of 187 lbs/ft2. Details of the test data are
presented in Appendix C.
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An unconfined compression test was performed on an undisturbed sample extracted from the clay
strata with a Shelby tube. A total stress shear strength cohesion of 2.55 psi was deduced from this
test.

The shear strength of the native silty sand soils was deduced from the SPT's (see Appendix D.l).
Based on the results of the SPT's, a conservative friction angle of 31 degrees was considered for
these soils.

4.6 COMPRESSIBILITY CHARACTERISTICS OF SOILS

The compressibiHty characteristics of the silty sands underlying the proposed footprint of the dam
were determined from the correlation between the "in-situ" densityand published data. Based on the
grain size distribution and blow counts recorded in the SPT's, an average secant compression
modulus of 201 ksf was determined. Details of the calculations are found in Appendix D.l. A
Denver Swell Test was also performed on these soils to determine their compressibiHty
characteristics upon saturation. The results indicate that saturation would induce a settlement of 1
percent. Theresults of theDenver Swell Testare shown in Appendix C.

The compressibiHty of the clay strata beneath part of the dam footprint was deduced from a
consoHdation test performed on an undisturbed sample extracted from boring PW-Bl at a depth of
22 feet. The results indicate a compression index of 0.3 and a coefficient of consoHdation of 0.2
ft2/day. The details of the calculations andlaboratory test data are found in Appendix D.2.

4.7 STRENGTH CHARACTERISTICS OF ROCK

Strength characteristics of the different rocks encountered were evaluated based on point load tests
performed on samples cut and extracted from the core. The average point load indexes for the
different types of rocks present at the site are indicated in Table 4.1. Results of known correlations
anddetails of the calculations performed to determine the point loadindex; unconfined compressive
strength andtangent elasticity modulus are presented in Appendix D.3.

TABLE 4.1

AVERAGE ROCK TYPE STRENGTH PROPERTIES

Rock'IYpe
Point Load Judex 1'neon tlncd ("< impressh e

Strength
KlasticitvTangent Moduki-.

(lbs/in*) (lbs/in2) (Ibs/in2)*10«

Sandstone 187 4192 1.22

Siltstone 193 4322 1.25

Shale 25 551 0.27

Claystone/Mudstone 29 653 0.29

4.8 PERMEABILITY CHARACTERISTICS OF SOILS AND ROCK

PermeabiHties were measured "in-situ" and in the laboratory. Packer tests were performed to
determine the hydrauHc conductivity of the underlying sedimentary rocks. The results are
summarized in the following Table 4.2. Details of the calculations and test data are presented in
Appendix C.
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TABLE 4.2

PERMEABILITIES DERIVED FROM PACKER TESTS

Boring

Depth tested
(it) R(»ckT\pe

Pressure

'ft of water)

Permeability
•'cm Vi

PW-Bl 71 to 79 Sandstone 67.3 1.3e-4

PW-Bl 71 to 79 Sandstone 88.1 1.7e-4

PW-B5 44 to 54 Siltstone 99.7 8.2e-6

PW-B5 44 to 54 Siltstone 120.5 5.3e-6

PW-B5 44 to 54 Siltstone 143.6 3.2e-5

PW-B5 54 to 64 Claystone 107.4 1.6e-5

PW-B5 54 to 64 Claystone 130.5 5.1e-6

PW-B5 54 to 64 Claystone 148.6 6.8e-6

PW-B6 44 to 54 Shale 97.1 2.4e-5

PW-B6 44 to 54 Shale 120.2 2.9e-5

PW-B6 44 to 54 Shale 143.3 5.6e-5

Constant head tests were performed on compacted silty sand samples to determine the permeabiHty
of the structural fiH of the embankment. The samples were compacted to 90 percent of their
maximum dry density as determined from the Standard Proctor tests. These tests resulted in a
permeability of 5.3e-4 cm/s. This permeabiHty is considered conservative from a permeabiHty
standpoint since the structural fill will be built with 95 percent degree ofcompaction. Constant head
tests were also performed on compacted Scoria material. These resulted in a permeabiHty of 5.5e-3
cm/s. Details of the test data and calculations are presented in Appendix C.
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5.0 SEISMICITY

The proposed dam site is located in the south-central portion of the Colorado Plateau. The Colorado
Plateau is a major continental block that has been upUfted since Late Tertiary time. Studies describe
the Plateau as a stable block of slow regional upHft with Htde internal distortion, bounded by
provinces of somewhat greater activity to the east and south, and high activity to the west (Sergent,
HausHns & Beckwith, 1985).

Studies by Algermissen indicate that the central part of the Colorado Plateau has significantly less
earthquake activity than at the margins. For the site area, USGS has estimated a horizontal peak
acceleration of less than 0.04g in rock with a 90% probabiHty of not being exceeded in 50years (Fig.
5.1). Since the operational life of the projected dam is approximately 50 years, the horizontal
acceleration of 0.04g is considered appropriate to evaluate the stabiHty of the dam under earthquake
loading conditions during operation. Since the dam wiU also remain as a permanent structure after
closure of mine activities, the peak acceleration obtained for a maximum probable earthquake was
used to evaluate the stabiHty for abandonment conditions. This peakacceleration was O.lg according
to the results ofprevious studies performed bySergent, Hauskins &Beckwith (1985).
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6.0 DESIGN ANALYSIS

6.1 HYDROLOGY AND HYDRAULICS

The hydrology analysis performed for Structure J7-Jr foUows the methodologies and assumptions
used for all previous temporary and permanent impoundment structures at the Kayenta Mine. These
methods and assumptions have proved to be adequate for drainage structures constructed at the
mine site. The methods and analyses utilized for the hydrology and hydraulics for the structure can
be found in documents entitled "General Report, Kayenta and Black Mesa Mines, Navajo County,
Arizona, for Peabody Western Coal Company", December, 1985 (PAP), Chapter 6, Attachment D,
Volume 2, and "Sediment and Water Control Facility Plan" pages 11 to 49 (Chapter 6) ofthe existing
Office of Surface Mining(OSM) permit.

Structure J7-Jr has a3,960.3-acre tributary drainage area and is located in asubwatershed of Red Peak
Valley Wash of the Kayenta Mine. The Red Peak Valley Wash is a tributary to the Moenkopi Wash.
The "worst case" anticipated watershed is classified as 17% undisturbed, 60% reclaimed, 17% spoil
and 6% mining.

6.1.1 Hydrology

The hydrologic analysis was completed using the computer program SEDCAD4. J7-Jr will collect
runoff from the J19, J21, and J23 mining areas. In addition, the height of the structure from the
upstream embankment toe to the emergency spillway invert is 40 feet According to 1983 MSHA
guidelines for low hazard, impounding structures with a 40' height, Vz the probable maximum
precipitation (PMP) is required for the design storm event. The general storm was used in the
analysis. The precipitation for the General 6-hour PMP for the Kayenta mine is 5.96 in. (U.S. Dept.
of Commerce, 1984). One half of the PMP equals 2.98 in. Calculations for the General 6-hour PMP
are presented in Appendix E.4. The local storm 6-hour PMP was considered; however, as stated in
Hydrometeorological Report No. 49 (Dept of Commerce, 1984) the local storm occurs over small
areas or only over a small portion oflarger watersheds, and we beHeve itwould not be appropriate
for a 6.2 square mile watershed to utiHze the local PMP over the entire watershed. The rainfall
distribution used was the Type II distribution which is used for all similar structures at the Kayenta
Mine (see Chapter 6, OSM permit). The storage capacity of the J7-Jr MSHA Dam was analyzed
using the 10-year, 24-hour storm. To insure that adequate storage is maintained, an 18 in. (diameter)
gated decant pipe will be installed through the embankment in order to keep the pond operating level
at 6702'. The total runoff attributable to the General 6-hour PMP is 1,270 ac.-ft (refer to Appendix
E.ll), however, this information has not been included in the design of the J7-Jr MSHA Dam since
it is classified as low-hazard, and therefore, the PMP storm does notapply.

The following parameters were used inthe hydrologic analysis

im?RQ]&GICANALYSISPARAMETERS' <

Water Course (Length)

Description

Elevation Difference (Height)

Units
3.691 miles

475 feet
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Time of concentration and curve number calculations are shown in Appendix E.l.

6.1.2 Hydraulics

The SEDCAD4 computer program was used to evaluate inflow to the structure, outflow from the
structure, and the resulting water surface elevations. The initial conditions and results of the analysis
are summarized in the following text and tables (supporting calculations are presented in Appendix
E.3andE.4).

. . ' ' , v -\ -Si, * . .«; TABLED
/ ^*j^SEE3tIMENT&TKO^K31SP.HypRAmac

Units

CITABLE "V°*
s, - '\

Initial Reservoir Volume Condition

10-Yr., 24-Hr
Storm

Y26-Br.

PMP

Storm

Empty

Full to

emergency
Spillway

Inflow

Peak Flow ftVs 1,105.9 3085.4

Volume ac-ft 220.7 428.4

Storage
StorageCapacity @ Emergency
SpillwayInvert

ac-ft 555.8 555.8

StorageCapacity @ Principal Spillway
Invert

ac-ft 303.1 303.1

ActiveStorage (betweenprincipal
and emergency spillways)

ac-ft 252.7 252.7

Outflow

Peak Flow ftVs N/A 1523

Emergency Spillway Invert Elevation msl 6710* (>1W

Decant System Invert Elevation msl 67027 6702'

Embankment Crest Elevation msl 6719* 6719*

Peak Stage msl N/A 6713.8'

Freeboard, Min. Required / Actual ft N/A 3.0/5.2

Emergency SpillwayChannel
Flow Depth ft N/A 3.8

Normal Velocity/ CriticalVelocity fps N/A 4.3/7.1

width ft N/A 70

Outflow Channel

Slope (max) % N/A 12

Velocity fps N/A 11.9

Width ft N/A 70

Flow Depth ft N/A 1.7

Mannings "n" - N/A 0.059

Riprap D50 Calculated in N/A 12

Riprap D50Design in N/A 15

The emergency spillway and outflow channel hasbeendesigned so theycansafely pass the peakflow
from Vz of the General 6-hour PMP event. Both the spillway and outflowchannel will be trapezoidal
in shape, with alignment and dimensions as shown on Drawing 7.A conservative approach has been
taken in the modeling and design of the emergency spillway. The water level of the impoundment
area has been assumed to be at the invertof the emergency spillway (6710') when the design storm
occurs. This results in a design peak flow of 1,523 ft3/s. This is conservative, since the normal
operating level of the impoundment is 6702' (elevation of the decant pipe inlet). Modeling of the
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impoundment during the design stormwith the waterlevel set at the 6702' elevation produced a peak
flow of only458 ft3/s. Design dimensions are shownon the following Table 6.3 and the SEDCAD4
modeling output files are presented in Appendix E.3, E.4 and E.6.

TABLE 6.3

SPILLWAY DESIGN DIMENSIONS

| I'nils

Design Peak flow 1523 ft3/s
Minimum Channel Depth, w/Freeboard

(Spillway) 6.8 feet

(Outflow) 3.0 feet

Channel Width 70 feet

Channel Length
(Spillway) 44 feet

(Outflow) 300 feet

Side Slopes (Horizontal totVertical) 3:lorflatter

Average Slope
(Spillway) <0.5%

Maximum Slope
(Outflow) 12.0 %

SpillwayElevation 6710 feet

The riprap protection on the outflow extends beyond the spillway channel toe into the natural
drainage. Refer to Drawing 7, for riprap locations.

In order to maintain adequate storage to contain the 10-year,24-hour storm event, the water level in
the pond will be maintained at or below the 6702' elevation. This will provide approximately 252.6
ac-ft of storage (220.7 ac-ft required). The water level in the pond will be controlled by a decant
system consisting of an HDPE 18 in. (diameter) smooth-walled pipe with an inlet at EL 6702' (refer
to Drawing 8). The HDPE pipe will be installed through the embankment at an approximate 3.5%
gradeand aligned to discharge into the armored outflow of the emergency spillway. The inlet to the
decant pipewill be equipped with a knife gate valve or slide gate or equivalent to control discharges.
A trash rack will be installed at the inlet to prevent clogging. Controls for the valve will extend
vertically to a catwalk where an employee can control the valve manually. The catwalk will be placed
at an elevation of 6711' (a foot above the invert of the emergency spillway, refer to Drawing 8).
Examples of knifegatevalves and slide gatesprovided by "Red Valve" and "Hydro Gate" are shown
in Appendix E.10. Anti-seep collars will be attached to the pipe barrel at approximately 30-foot
centers to help prevent piping. The dimensions of the collars are designed so as to increase the flow
path alongthe decant pipeby 15%, as recommended by the NRCS (acalculation briefis presented in
Appendix E.9). UsingHDPE, corrosion will be eliminated and due to the proposed location of the
pipe, differential settlement of the embankment will cause only slight, if any, deformation of thepipe.

Pipe sectionswillbe fused together formingwater-tight fit by manufacturers procedures described in
Appendix E.11. A Plexco 20SD21 pipe has been selected due to its ability to be buried 20 feet
(Refer to Calcs, Appendix E.l2). Deflection of the pipeis expected to be minimal. (See Section 6.4.)

The decant system has been designed such that the 18in. pipewill de-waterthe pond from the invert
of the emergency spillway (EL 6710^ to EL 6703' in less than 10 days. At the 6703' elevation, the
impoundment has the capacity to contain the total runoff of the 10-year, 24-hour storm event, as
measured from the invert of the emergency spillway (6710') to the 6703' level. Dewatering
calculations are included in Appendix E.5. The location and cross-section of the proposed decant
pipe is shown on Drawings 7 and 8. It is likely that the normal operating water level will be below
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6702' since PWCC plans to use ponded water from the impoundment for dust control at the mine
site.

Two diversion channels (refer to Drawing 3, for location) will be constructed to divert runoff from
small watersheds located to the North of the embankment to the J7-Jr impoundment. The designs
of these channels will comply with permit requirements and will be submitted to OSM for review
andapproval priorto their construction.

6.1.3 Stage Capacity

The impoundment stage-capacity table (see Appendix E.4) is based on the 1997 aerial survey
conducted by PWCC. The capacity ofJ7-Jr is approximately 555.8 ac-ft, measured at the invert of
the emergency spillway. The final capacity of the impoundment! could increase due to planned
topsoil removal operations and borrow areas located upstream of the dam. A stage/storage graph
for the impoundment is provided inAppendix E.4 (refer to V* 6-hour PMP SEDCAD4 output).

The calculations for the sediment load entering structure J7-Jr were made utilizing the Revised
Universal Soil Loss Equationwith the following parameters:

%• -' TABLE6.4
SEDIMENT LOAD PARAMETERS

Factor Value

Rainfall Factor R 40

Soil Erodibility Factor K 0.31

Slope Factor LS 6.03

Cover Factor C 0.35

Erosion Control Factor P 0.61

Given the size and the long configuration of the watershed, a Sediment Delivery Ratio of 80% was
utilized. Sediment yield calculations areshown in Appendix E.2.

The hydrologic analysis gives the storage volume required tocontain the 10-year, 24-hour storm and
the storage volume available for storing sediment. The storage capacity for J7-Jr and the results of
the sediment inflow analysis aresummarized in the following Table 6.5.

TABLE 6.5

J7-Jr STORAGE CAPACITY

Total Storage Capacity
10-year, 24-hour StormCapacity

(220 acre-ft required)

555.8 acre-ft

252.6 acre-ft

303.1 acre-ft

Units

Available SedimentStorageCapacity
(@ EL6702)

Sediment Inflow Rate 24.9acre-ft/yr.
Sediment Storage Life 12.2 years
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6.2 SEEPAGE ANALYSIS

A finite elementseepage analysis was performed with the computer program SEEP/W to determine
seepage and the phreatic surface within the dam. Since the dam will be founded over rock and soils,
both conditions were analyzed for seepage (see Appendix D.4). The embankment was modeled as a
homogeneous fill with a low permeability liner along the upstream face and a toe drain at the
downstream end of the embankment. Foundation preparation will consist of excavation and removal
of materials with high organic content. Surface soils will be excavated to a depth of at least 10 ft or
until bedrock is encountered.

Conservative conditions and material properties were used in the analysis. The water level was
assumed at El. 6713'. This water level corresponds to the elevation of 3' higher than the invert of the
emergency spillway. The properties of the materials used in these analyses are listed in Table 6.6. The
permeabilities for the embankment fill and sandstone were deduced from the results of the
laboratory and field packer tests, respectively. The permeabilities for the toe drain were also deduced
from laboratory tests. A conservative permeability value was assumed for the native silty sand and
clay soil.

TABLE 6.6

MATERIAL PROPERTIES FOR SEEPAGE ANALYSIS

Material

Permeability
(cm/s)

Embankment fill 6e-4

Geosynthetic Clay Liner le-9

Toe drain 5e-3

Native SM/CL soil le-3

Native clay soil le-6

Sandstone 2e-4

According to the seepage analyses performed, the maximum flow of water expected when the
impoundment is full of water is 0.53 ft2/hr per unit length of embankment. A conservative estimate
of the total seepage for the indicatedconditions is 0.2 ft3/s. This value is obtained by multiplying the
flow per unit length and the length of the embankment (1300-ft). The toe drain will collect
approximately 45 percent of this flow. Details of the seepage analysis are included in Appendix D.4.
Based on the low seepage flows obtained in these analyses, a keyway was not considered necessary
for the J7-Jr MSHA Dam.

In addition, the low permeability blanket that will extend upstream will minimize potential localized
seeps that may develop along the abutments and foundation. These seeps are expected to be minimal
since strata with higher permeabilities than those used in the model "were not encountered in the
proposed dam foundation during the subsurface exploration program.

Additional seepage control measures will be taken during construction of the embankment. These
will include scarification of foundation and fill material between compacted layers, and compaction
of low permeability blanket with moisture contents higher than optimum.

6.3 STABILITY ANALYSES

Stability analyses were performed with the computer program SLOPE/W (see Appendix D.5). Two
different foundation configurations were modeled for the stability analyses. The first configuration
modeled a sandstone foundation. The second configuration modeled alluvial soils consisting of silty
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sands with interbedded claylayers. The dam was modeled as a homogeneous fill embankment with a
toe drain and an upstream low permeability GCL liner. A weak interface was assumed between the
fill and the toe drain to account for the possibility of using a geotextile as a filter between these two
materials. A conservative phreatic surface obtained from the seepage analyses was used in the slope
stability model. This phreatic surface was obtained by assuming a water level at El. 6713'. The
analyses are conservative because a higher phreatic surface increases pore water pressures in the soils
and lowers the factors of safety.

Slope stability analyses were performed for temporary and permanent load conditions. The stability
of the upstream face of the dam was evaluated for static, pseudo-static, rapid drawdown, and
construction conditions. Construction conditions were assumed by placing a line load at the
upstream face that simulates heavy equipment working on the fill over the GCL.

The soil properties used in the stability analyses are summarized in the following Table 6.7 and
Appendix D.5.

TABLE 6.7

SOIL PROPERTIES FOR SLOPE STABILITY ANALYSES

1
1

| Material
i

Unit Weight
(lbs/ft*) Effective

Effective c'

(lbs/ft2) Total

<t>

Total

c

(lbs/ft*)

Structural embankment fill 138 36.4 187 36 187

GCL or Geotextile Soil Interface - 27 0 27 0

GCL Interior Plane - - 25 0

Native SM/ML 138 31 0 31 0

Native clay 125
- -

0 SJC = 0.27
Sedimentary rock 140 0 10000 0 10000

The strength properties for the structural embankment fill, native clays and sedimentary rocks were
obtained from laboratory tests. The strength properties of the native SM/ML soils were deduced
from the blow counts determined from the Standard Penetration Tests.

The results of the slope stability analyses are summarized in the following Table 6.8 and details are
included in Appendix D.5.

TABLE 6.8

RESULTS OF SLOPE STABILITY ANALYSES

Foundation Slope Condition Factor of Safetv

Sedimentary rock Upstream Static 2.52

Seismic (pseudo-static, 0.04g) 2.05

Rapid draw-down 2.35

During Construction 2.50

Downstream Static 3.11

Seismic (pseudo-static, O.lg) 2.15

Alluvial soil Downstream Static 1.58

Seismic (pseudo-static, O.lg) 1.22.

The factors of safety (FOS) obtained are higher than those required by MSHA (FOS>1.5 for static
conditions and FOS>1.2 for seismic conditions).
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6.4 SETTLEMENT ANALYSIS

Based on the soil conditions in the dam site area, settlement will occur in two phases: immediate
during construction and post-construction (see Appendix D.2). Immediate settlement during
construction will occur due to the compressibility of the underlying rock and alluvial soils. These
deformations will occur during construction and therefore will not induce differential settlement in
the embankment. Post-construction settlement will occur due to consolidation of the interbedded
clay layers and saturation of the silty sand soils. These post-construction deformations may induce
differential settlements. Creep of the embankment fill is estimated as 0.25 percent of the height.
Differential settlement induced by creep would be minimal. A 1-ft thick gravel base will be placed on
the embankment crest to account for any possible settlement due to creep.

The maximum allowable differential settlement for a homogeneous earthfill dam is conservatively
estimated as 2 percent of the height of the section that is subject to differential settlement. Based on
the subsurface exploration, the section that would be subject to differential settlement is located close
to the north abutment. The height of the dam in this area is 35 ft; therefore the allowable differential
settlement is 0.7 ft.

Based on the Denver Swell Tests performed on the silty sands encountered beneath the dam
footprint and the high densities of these soils deduced from the SPTs, settlement due to saturation is
expected to be 0.35 ft. Based on the consolidation test performed on the clay deposits encountered
beneath the dam, post-construction settlement due to consolidation is expected to be 1.8 inches.
Total differential settlement therefore is conservatively estimated as 0.5 ft, which is less than the
allowable 0.7-ft. Details on the calculations of settlement are presented in Appendix D.2.

6.5 DESIGN OF UPSTREAM GEOSYNTHETIC CLAY LINER

A Geosynthetic Clay Liner (GCL) will be placed on the upstream side of the embankment to control
seepage. A GCL is a factory manufactured hydraulic barrier consisting of a lowpermeability material,
supported bygeotextiles which are held together byneedle punching or stitching. The GCLwill have
a maximum permeability of le-9 cm/s and will be able to withstand 15 percent tensile strain at peak
strength and 50 percent at failure.

The embankment will be built in two phases to install and protect the GCL. In the first phase the
embankment will be built to El 6716.9', with a crest width of 15-ft. An intermediate bench 15-ft
wide will be placed on the upstream face of the embankment at El. 6700'. The purpose of this
intermediate bench is to provide an intermediate anchorage point for the GCL and improve stability.
The GCL will be anchoredat the crest of the first phase, the intermediate bench and at the upstream
toe. The second phase of the embankment will be built by placing a 25-ft wide fill over the GCLon
theupstream face of the embankment bringing thecrest to El. 6719'. The details for the construction
andplacement of theGCL are indicated in Drawing 6.

6.6 DESIGN OF TOE DRAIN

The toe drainhas been designed to lower the water tablewithin the embankment to the elevation of
the downstream toe. The drain will be built with gravels or sands and will have a minimum
permeability of 5e-3 cm/s when compacted to 95% of maximum dry density as obtained from the
Standard Proctor method. A geotextile filter will be placed over and under the toe drain. The
geotextile filter will be nonwoven, will have a minimum Apparent Opening Size (AOS) of 50 (per
ASTM D 4751) and will have a minimum permeability of 5e-3 cm/s (per ASTM D 4491). The
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geotextile will be aMirafi 160N or equivalent. Details of the placement of the geotextile filter are
shown on Drawing 6. Details ofthe geotextile filter calculations are shown in Appendix D.6.

6.7 CREST DESIGN

Settiement due to creep ofthe embankment fill has been conservatively estimated as 2 inches. A12-
inch gravel base will be placed over the embankment fill, therefore additional crest elevation to
account for embankment creep will not be necessary. This base material will consist of locally
available gravel from astockpile used for construction ofroads at the mine.

6.8 FREEBOARD

Aminimum freeboard of3 ft is required by MSHA regulation. The actual freeboard for the dam is
5.2 ft.

6.9 UPSTREAM AND DOWNSTREAM SLOPE PROTECTION

Upstream slope protection will consist of riprap placed over ageotextile filter. Based on wave action,
riprap will have aminimum D5o of 12 inches and aDmax of 24 inches (see Appendix D.7). Riprap will
be placed in a layer thickness of at least 18 inches. Amaximum of 5percent by weight of sand
particles will be allowed in the riprap. The geotextile filter will have a minimum AOS of 70 and
minimum impact strength of 90 ft*lbs. The geotextile will be a Mirafi 160N or equivalent.
Calculation details are shown in Appendix D.7.

The downstream slope of the J7-Jr embankment will be topsoiled and vegetated using the same
procedures utilized for other reclamation areas at the Kayenta Mine. Seed mixes and reclamation
practices will be used as approved in the existing Kayenta Mine permit. During topsoiling activities,
contour furrows will be left perpendicular tothe slope that will aid in the establishment ofvegetation.
Based on these reclamation procedures, no erosion or stability problems are anticipated with the
downstream slope of theJ7-Jrembankment.
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7.0 CONSTRUCTION SPECIFICATIONS

The Construction Specifications indicated in this Section are to be used only for the construction of
theJ7-JrMSHA Dam. The following definitions apply throughout this Section:

• The Owner: Peabody Western will own and operate the facility.
• The Design Engineer: Montgomery Watson prepared theDesign Report presented herein in

conjunction with the Project Drawings.
• The Contractor: The Owners forces or an individual, firm or corporation who has entered

into agreementwith the Owner to build theJ7-Jr MSHADam.
• The Construction Quality Assurance Engineer (CQA Engineer): Owners forces, individual,

firm or corporation who has entered into agreement with the Owner to verify that theJ7-Jr
MSHA Dam is constructed accordingto design specifications.

Fill for the embankment willbe placed in four phases described as follows:

• Phase I: Placement and compaction of embankment fill to elevation at the base of the toe
drain.

• Phase II: Placement and compaction of toe drain. '
• Phase III: Placement and compaction of embankment fill to El. 6716.9'.
• Phase IV: Placement and compaction of embankment fill to El. 6719'.

These four phases are shown in Drawing 6. The geotextile and GCLwill be placed according to the
same design drawings. The GCL will be placed after completion of Phase III. The lowpermeability
blanket will be placed during Phase IV. Theprotective layers (riprap for the upstream face and gravel
base for the low permeability blanket) will be placed after completion of Phase IV. Finally,
piezometers and settlement monuments will be installed after completion of the gravel base on the
crest of the dam.

Any changes to these Specifications shall be submitted to the Design Engineer and Owner for
approval.

The design Drawings referenced in this document are provided for permitting purposes. These
Drawings will be used as a basis for detailed Construction Drawings that will be completed before
beginning of earthworks.

7.1 FOUNDATION PREPARATION AND TREATMENT

7.1.1 Clearing, Grubbing, and Stripping Embankment Area

All vegetation, debris, and unsuitable overburden soils shall be removed from all areas that will
receive fill. Materials to be removed include overburden soils unsuitable as embankment foundation,
surface boulders and loose rock, organic material including stumps,and roots, and other material
determined to be unsuitable by the CQA Engineer. All material that might interfere with the bond
between the embankment fill and the foundation or compaction of the embankment fill shall be
removed.
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7.1.2 Clearing, Grubbing, and Stripping Borrow Areas

All vegetation, debris, and other deleterious materials shall be removed from the borrow areas.
Materials to be removed include all materials that do not meet the requirements of Section 7.5.1 for
embankment fill. Cleared materials shall be disposed ofin areas designated by the Owner.

7.1.3 Excavation

The overburden soils within the embankment footprint area shall be excavated to the contact of
relatively sound rock or to firm native soils. The exact depth ofexcavation shall be determined by the
CQA Engineer on the basis of field observations. Boring logs presented in the Drawings are for
information only and represent conditions only at the specific locations. Depths indicated are not to
be construed as excavation limits. Excavation side slopes outside the foundation footprint shall not
be steeper than 2:1 (H:V). The side slopes of the excavation shall be stripped clean of debris and
loose soil. It is recommended that temporary excavations are no steeper than 2:1 (H:V), however, the
Contractor may use steeper slopes according to his experience and specific site conditions.

7.1.4 Foundation Preparation

Areas that will receive embankment fill or toe drain material will be approved by the CQA Engineer
prior to placement material. Loose rock, rock cliffs, ledges and overhangs, and sharp irregularities
shall be removed to provide satisfactory foundation contours. The foundation soils will be
compacted to 95 percent oftheir maximum dry density obtained from the Standard Proctor (ASTM
D698) method prior to placement of fill.

Areas of exposed fine-grained native soil foundation shall be kept moist to avoid desiccation
cracking. Operation of equipment on the soil foundation shall be minimized to avoid disturbance.
Disturbed or loose soil shall be removed prior to placement of embankment fill or drainage layer
material. The soil foundation surface under the embankment fill shall be scarified to improve the
bond between the soil foundation and the embankment fill. The soil foundation under the toe drain
material shall not be scarified.

Clay and shale foundations shall be protected from freezing by placing a temporary cover ofat least
one-foot of previously excavated material. Final excavation shall be followed without delay by
placement of embankment or drainage layer material as required. Exposed finished shale and clay
surfaces shall be kept moist at all times.

7.2 REMOVAL OF WATER FROM FOUNDATIONS

7.2.1 General

The contractor shall construct and maintain all necessary cofferdams, channels, flumes, drains,
sumps, and/or other temporary diversion and protective works; shall furnish the required materials;
and shall furnish, install, maintain, and operate all necessary pumping and other equipment for
removal ofwater from the various parts ofthe work and for maintaining the foundations and other
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parts of the work free from water. After having served their purpose all cofferdams or other
protective works upstream from the dam shall be removed from the stream channel or leveled so as
not to interfere with the operation, capacity, or usefulness of the impoundment. The CQA Engineer
shall approve ofthe removal or leveling ofthese structures. The Contractor shall be responsible for
repair and costs associated with repair ofdamage to the foundations, structures, or any other parts of
the work caused by floods, water, orfailure ofany part of the cofferdams orprotective works.

7.2.2 Plan

Prior to beginning any work on removal ofwater from foundations the Contractor shall submit to
the CQA Engineer for approval a water control plan showing his proposed method. The plan may
be placed in operation on approval but the Contractor will not be relieved from full responsibility for
the adequacy of the diversion andprotective works.

7.2.3 Removal ofWater from Foundation Excavations

The Contractor's method of removal of water from foundation excavations shall be subject to the
approval ofthe CQA Engineer. Although it is not anticipated, excavations for parts ofembankment
foundations that extend below the water table shall be de-watered. The de-watering shall be
accomplished in a manner that will maintain stability of the excavated slopes and will result in all
construction operations being performed with no standing water. The Contractor will also be
required to control seepage along the bottom of the embankment foundation. Control of seepage
may require supplementing the other de-watering systems by pipe drains leading to sumps equipped
with pumps for removalof the water.

7.3 TOE DRAIN MATERIAL

7.3.1 Material Specifications

The toe drain shall consist of coarse-grained materials. These materials may be obtained from the
coarse N6, J19 and J21 Scoria stockpiles at the mine site. The material shall meet the following
gradation limits as determined byASTM D422:

TABLE 7.1 |
| TOE DRAIN GRADATION LIMITS '

Sii'\ e Size {'U.S. Standard) Percent Pas-nip, hv Weight

6 inch 100

3 inch 60-100

3/8 inch 25-45

#4 15-35

#20 5-28

#200 0-14

The material shall be free ofvegetation, organic matter, debris, and other deleterious material. Care
shall be taken during construction not to contaminate the toe drain material with fine-grained soils.
All contaminated toe drain material shall be stripped and removed.
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7.3.2 Placement and Compaction

Toe drain material shall be placed over a geotextile filter in a manner that will not puncture or tear
the geotextile. The maximum loose lift thickness shall be 1.5 ft. The toe drain material shall be
compacted to 95 percent of maximum dry density as determined by the Standard Proctor (ASTM
D698) method with compaction equipment approved by the CQA Engineer.

7.4 GEOTEXTILE FILTER

7.4.1 Material Specifications

The geotextile filter for the embankment fill/toe drain interface shall be non-woven with a minimum
Apparent Opening Size (AOS) of 50 as determined byASTM D4751 and aminimum permeability of
5e-3 cm/sec as determined byASTM D4491. The geotextile filter for the embankment fill/upstream
slope protection interface will have a minimum AOS of 70 and minimum impact strength of 90
ft*lbs. The geotextile filter will be Mirafi 160N or an approved equivalent.

7.4.2 Placement

The geotextile filter shall be placed on all surfaces required to completely separate the specified
materials. The CQAEngineer shall approve surfaces on which geotextile filter material will be placed.
Surfaces for placement of geotextile filter material will be free of sharp rocks or irregularities that
could puncture the material. The geotextile shall be placed from the top of slopes downward.
Overlap between sheets ofgeotextile will beat least 2 ft or as recommended bythemanufacturer and
approved by the Design Engineer.

Material placed on the geotextile shall be placed in a manner that minimizes the chances of
puncturing the fabric. The method for placement of material on the geotextile shall be approved by
theCQA Engineer. Anchor trenches will be constructed where required bytheDrawings.

7.5 EMBANKMENT FILL

7.5.1 Material Specifications

Embankment fill material can be obtained from borrow areas in the impoundment area or other
areas approved by the Owner. The embankment fill material will consist of silty sand and fall within
the following gradation limits as determined by ASTM D422:

TABLE 7.2

SILTY SAND GRADATION LIMITS

Sie\c Size fl'.S. Standard'.. Percent Pas-ini* bv Weiirhr

3 inch 100

#10 90-100

#20 85-100

#40 60-100

#100 35-75

#200 25-40
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The material shall be free of vegetation, organic matter, debris, and other deleterious material. Soils
excavated from the foundation area that meet the gradation criteria maybe used as embankment fill.

7.5.2 Placement and Compaction

The embankment fillmaterial shall be placed and compacted with a maximum loose thickness of 1 ft.
Embankment fill materials shall be compacted to a minimum of 95percent of maximum dry density
as determined by the Standard Proctor (ASTM D698) method with compaction equipment approved
by the CQA Engineer. The moisture content during compaction shall be between 2 percent below
and 3 percent above the optimum moisture content.

7.6 GEOSYNTHETIC CLAY LINER

7.6.1 Material Specifications

The geosynthetic clay liner (GCL) shall have a permeability of less than le-9 cm/sec and will be able
to withstand 15 percent tensile strain at peak strength and 50 percent tensile strain at failure. The
GCL shall be Bentofix™ supplied by National Seal Company, Aurora, Illinois or an approved
equivalent. Shear box testing should be performed on the GCL prior to installation to verify the
friction angle of the material is equal or greater than 25 degrees under site specific conditions. The
GCL will be placed in the shear box between two layers of embankment fill material compacted to
the specified density. This testing shallbe performed according to ASTM D5321.

7.6.2 Placement

The embankment will be built in four phases. In the third phase the embankment will be built to El.
6716.9', with a crestwidth of 15 ft. An intermediate bench 15-ftwide will be placed on the upstream
face of the embankment at El. 6700'. The GCL will be anchoredat the crest of the third phase, the
intermediate bench and at the upstreamtoe. The GCL willbe placedfrom the top of the slope down.
The fourth phase of the embankment will be built by placing a 25 ft wide fill over the GCL on the
upstream face of the embankment bringing the crest to El. 6710'. The details for the construction
and placement of the GCL are indicatedin Drawing 6. Overlap between GCL sheets willbe at least 2
ft or as recommended by the manufacturerand approved by the Design Engineer.

7.7 SLOPE PROTECTION

7.7.1 Material Specifications

Upstream slope protection will consist of riprap placed over a geotextile filter. The riprapwill have a
minimum D50 of 12 inches and a Dmax of 24 inches. Riprap will be placed in a layer thickness of at
least 18inches. A maximum of 5 percent byweight of sandparticles will be allowed in the riprap.

The downstream slope of theJ7-Jr embankmentwillbe topsoiledand vegetated.
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7.7.2 Placement and Compaction

Riprap will be placed mechanically from the bottom ofthe slope to the top in amanner approved by
the CQA Engineer that minimizes the chances ofdamaging the geotextile filter fabric.

Seed mixes, mulch, and topsoil will be used as approved in the existing Kayenta mine permit.
Contour furrows will be leftperpendicular to the slope during topsoiling activities.

7.8 GRAVEL BASE

7.8.1 Material Specifications

Gravel base material shall beplaced over thecrest of the dam and upstream low permeability blanket.
This material will consist of gravels thatarecurrentiy usedto stabilize theroads within themine.

7.8.2 Placement and Compaction

The gravel base material shall be placed inamaximum loose thickness of1.5 ft. The material shall be
compacted to 95 percent of maximum dry density as determined by the Standard Proctor (ASTM
D698) method with compaction equipment approved bythe CQA Engineer.

7.9 PIEZOMETERS

Piezometers shall be installed in the embankment immediately after construction of the fill. Three
piezometers shall be installed on the crest, along the centerline ofthe embankment. Two additional
piezometers will be installed on the downstream slope. The piezometers shall be open standpipes
vented to the atmosphere with at least 10-ft of screened interval. The screened interval shall be
located approximately 5 feet above the interface between the foundation and the embankment fill.
An appropriate filter material shall be used toprotect the screen from clogging.

7.10 SETTLEMENT MONUMENTS

Settlement monuments shall be installed in the embankment immediately after construction of the
fill. Three settlement monuments shall be installed along the centerline of the embankment. The
settlement monuments shall bepermanent steel tubes mounted on a steel plate. The steel plate shall
be buried in the fill at a minimum depth of 5 ft beneath the embankment crest. A steel survey cap
shall be placed on top of the steel tube.

7.11 DECANT PIPE AND SHUT-OFF VALVE INSTALLATION

The decant pipe shall be installed according to the alignment as shown on the Drawings. The pipe
shall be an 18-in. diameter smooth-walled HDPE pipe with wall thickness as recommended by
manufacturers design detail. The decant pipe shall be installed concurrent with embankment
construction. The embankment fill material shall be placed and hand-compacted around the pipe
and anti-seep collars with a maximum lift thickness of 1 ft. Embankment fill materials shall be
compacted toaminimum of95 percent ofmaximum dry density as determined by ASTM D698 with
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compaction equipment approved by the CQA Engineer. The moisture content during compaction
shall be between 2 percent below and3percent above theoptimum moisture content.

The shut-offvalve and vertical stem extension shallbe installed per manufactures design detail. The
catwalk shall be installed per Federal andlocalregulations.

7.12 EMERGENCY SPILLWAY

The emergency spillway shall be constructed to the alignment and specifications as shown on the
Drawings. The spillway shall be constructed concurrent with embankment construction and its
foundation compacted to the same specifications as the embankment.

A geotextile filter shall be installed at the interface between the graded spillway and the armored
surface. The geotextile filter will have a minimum AOS of 70 and minimum impact strength of 90
ft*lbs. The geotextile filter will be Mirafi 160N or an approved equivalent. Installation of the
geotextile shall beaccording to manufacturer specifications.

The bedding material shall follow the gradation limitations as shown inTable 7.1. Riprap protection
of the spillway shall beofdurable rock as approved by the CQA Engineer and have a minimum D5o
size of 15 in. and a minimum thickness of 23 in.

7.13 GENERAL REQUIREMENTS

7.13.1 Compaction Methods and Equipment

Compaction of the embankment fill material shall beobtained by the use ofagrid-type or sheepsfoot
roller. The surfaceof eachlift shall be scarified before placementof the next lift.

7.13.2 Weather Limitations

Embankment fill and toe drain material shall not be constructed when the air temperature is 35
degrees F and falling unless approved in the field by the CQA Engineer. It shall be the responsibility
of the Contractor to protect all areas of completed surface against any detrimental temperature
effects. The methods for protection against temperature effects shall be approved by the CQA
Engineer. Acceptable methods for controlling freezing include covering the fill surface with loose dry
soil for protection and removal of frozen surface prior to placement of fill. The CQA Engineer will
determine when areas damaged byfreezing shall be reconditioned and re-compacted in conformance
with the requirements of this specification.
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7.14 QUALITY CONTROL

7.14.1 General

The CQA Engineer shall be responsible during construction of the J7-Jr MSHA Dam for the
following:

• Construction observation for qualitycontrol,
• Materials testing for compliance with specifications, and
• Reports.

The Owner shall beresponsible for all surveying and verification oflines and grades.

7.14.2 Construction Observations

The CQA Engineer shall act as the Owner's representative, shall be the interpreter of the site
construction specifications, and shall make observations and tests as considered necessary to assess
and accept the quality ofthe work. Continuous observation and tests ofconstruction operations shall
be made by ageotechnical engineering technician under the direction ofthe CQA Engineer.

7.14.3 Testing

7.143.1 ToeDtatn

Particle size analysis (ASTM D422) shall be performed once each 9,000 cubic yards of material
placed. In-place moisture-density (ASTM D1556 orASTM D2922) testing shall be performed once
for each 1,500 cubic yards ofmaterial placed with at least one test per lift. The moisture-density
relationship (ASTM D698) shall be determined and will be repeated when borrow materials change
or at least once for every 9,000 cubic yards ofmaterial placed.

7.1432 EmbankmentFffl

Particle size analysis (ASTM D422) shall be performed once each 9,000 cubic yards of material
placed. In-place moisture-density (ASTM D1556 orASTM D2922) testing shall be performed once
for each 1,500 cubic yards ofmaterial placed with at least one test per lift. The moisture-density
relationship (ASTM D698) shall be determined and will be repeated when borrow materials change
orat least once for every 9,000 cubic yards ofmaterial placed.
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7.1433 Geotextile andGCL

Quality control testing to establish the properties specified in this document on the geotextile and
GCL shall be performed by the manufacturer. Quality Control certificates shall be issued by the
manufacturers of the GCL and the geotextile to the Owner or other designated party for each
delivery of material. The certifications shall be signed by the quality control manager of the GCL
and geotextile manufacturer or other responsibleparty.

Shear box testing should be performed on the GCLprior to installation to verify the friction angle of
the material is equal or greater than25degrees under site specific conditions. The GCLwill be placed
in the shearbox between two layers of embankment fill material compacted to the specified density.
This testing shallbe performed accordingto ASTMD5321.

7.143.4 Upstream Slope Protection

Upstream slope protection shall be tested on grade after placement for particle size.

7.14.4 Quality Control Reports

The CQA Engineer shall submitreports of observations and tests to the Owner.

A daily log of construction activities shall be maintained at the job site. The log shall report the
construction activities, the test program for the day, the date, the temperature, and the general
weather conditions. A copy of the daily log will be available for inspection by the Owner and
regulatory agencies.

Testreports shall be submitted to the owner within seven days of the tests. A copy of all test results
will be maintained at the construction site.

Test results shall include the following:

• Date issued,

• Project titleand number,
• Date of testingand/or sampling,
• Type of test,
• Location of test, and
• Observations regarding compliance or noncompliance with Construction Drawings and

Specifications.

The CQA Engineer shall submit a final quality control report certifying the project is completed in
accordance with Construction Drawings and Specifications and presenting all test results, as-built
plans, and other supporting data uponcompletion of construction.
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project:PEABODY WESTERN DATE: 4/14/99 BOREHOLE NUMBER: PW-Bl

BOREHOLE LOCATION: N -39.626.2, E 47.638.6 SURFACE ELEVATION: 6652.9' LOGGED BY: DK

DRILLING COMPANY: Heber Mining & Exploration DRILLER: Mark Stroud DRILLRIG: CME-75

DATE/TIME STARTED: 19 Oct 99. (10:30) DATE/TIME FINISHED: 20 Oct 99; (13:10) PAGE OF J

WATER DEPTH: 24.5 ft. BTOC DATE/TIME OF DEPTH: 25 Oct 99; (11:00) CASING STICK-UP: 2.4 ft.

DEPTH

f=EET

-45

•50

-55

-60

-65

-70

SOIL PROFILE SAMPLES

STANDARD PENETRATION TEST

• 'N' BLOWS PER FOOT

20 40 60 80

WATER CONTENT, PERCENT & RANGE
SOIL

DESCRIPTION

Same description as previous page.

BEDROCK

Sandstone, multicolored green, red, orange,
brown, shale, and claystone clasts.

BEDROCK

SANDSTONE, very dense, gray |5y 6/1), and
pale olive (5y 6/4). fine grained,
subrounded particles, partially cemented,
(WEPO FORMATION).

Started coring at 66.5 ft.

uses

CLASS

10

12

13

SPT

SPT

SPT

SPT

SPT

LEGEND

SPT- Standard Penetration Test NA - Not Applicable
ST - Shelby Tube
GB - Grab Sample
CT - Cuttings
BGS - Below Ground Surface
NM - No Measurement

BLOW

COUNT/6'

9-11-15

50/5"

50/5"

28-27

50/5"

50/3"

DEPTH

FEET

•45-

•50-

•55

•60-

-65-

-70-

Wp Wn WL
40 60

PT - Penetration Sampler 13 Inch O.D.I
CS - Continous Sampler
BOH- Bottom of Hole
BR - Bedrock

Poobodu
REVIEWED AND

o MONTGOMERY WATSON

PROJECT Nt>.: I3i205!.0m0t00

AutoCAD FILE: OS2-PW-BWwg J7Jr MSHA DAM

PIEZOMETER

NOTES



project: PEABODY WESTERN DATE: 19 Oct 99 BOREHOLE NUMBER: PW-Bl

BOREHOLE LOCATION COORDINATES: LOGGED BY: D. Kraemer

ELEVATION: 6652.9' REFERENCE POINT: DRILLRIG: CME-75

INCLINATION: Vertical AZIMUTH; NA FLUSH: Water FEED: 10 ft.

TOTAL DEPTH: 89 ft. BIT TYPE: NO - Longyear Series 2 PAGE OF 3

GROUND WATER, DEPTH: 24.5 ft. BTOC DATE/TIME OF DEPTH: 25 Oct 99; (11:00) PIEZOMETER STICK-UP: 2.4 ft.

90

70

:—y-.

• •..••Hv

i;.--U
••"•••y\\-

m
••••..:•. .-\

^V"

ROCK TYPE

DESCRIPTION

SANDSTONE

SLIGHTLY WEATHERED, MEDIUM
STRONG, MODERATELY FRACTURE
GRAY (10YR 5/1), CONSISTING
MOSTLY OF QUARTZ WITH SOME

FELDSPAR AND TRACE MICA. FINE
GRAINED, ROUNDED SAND GRAINS,
INTERBEDDED. VERY DARK GRAY.
(2.5YR 3/1] SHALE LAYERS UP TO
1" THICK. YELLOW. I2.SY 7/6)
CLAYSTONE DEPOSITS UP TO 1" BY

1/2" WIDE, SOFT, PARTIALLY
WEATHERED TO CLAY. (WEPO
FORMATION)

CLEAN SANDSTONE LAYER

*1"~ THICK. "YELLOW_CrA"YStONE ~ "
LAYER

HIGHLY WEATHERED SHALE ON

FRACTURES.

PREDOMINATELY SANDSTONE.
MEDIUM GRAINED, HIGHER

5j_PJRCE.NIAGE OF_MICA.
SILTSTONE

SHALE, BLACK, I10YR 2/1)

SILTSTONE WITH SHALE FRAGMEN

CORED TO A TOTAL DEPTH OF 8!i QQ
FT.

ABBRBVIA TIONS

T.C.R. - Total Core Recovery

R.Q.D. - Rock Quality Designation

P.T.Z. - Packer Test Zone

J - Joint PL - Planar P - Polished
F - Fault C - Curved K - Slickensided
S - Shear U Undulating SM - Smooth

B - Bedding ST - Stepped R - Rough
hO - Foliation 1 - Irregular l/ft Very Rough

REV. DATE DESIGN BY DRAWN BY HEc,IES:n0nAvND

Q MONTGOMERY WATSON

PROJECT No.: I3420S2.DIIS0W0

AutoCAD FILE: 052-PW-BI-CL

SCALE:

AS NOTED

Poobodu

Pond J7Jr

PIEZOMETER

NOTES



project: PEABOD Y WES TERN
DATE: 20 Oct 99 BOREHOLE NUMBER: PW-B2

BOREHOLE LOCATION: N -39.692.4. E 47,508.9
SURFACE ELEVATION: 6664.2' LOGGED BY: DK

DRILLING COMPANY: Heber Mining & Exploration DRILLER: Mark Stroud DRILLRIG: CME-75

DATE/TIME STARTED: 20 Oct 99. (16:45) DATE/TIME FINISHED: 21 Oct 99; (11:20) PAGE 1 OF 2
WATER DEPTH: 35.4 ft. b.g.s. DATE/TIME OF DEPTH: 21 Oct 99; (08:05) CASING STICK-UP: NA

SOIL PROFILE

DEPTH

FEET
SOIL

DESCRIPTION

- 5

10

-15

•2 0

-25

-30

•35

-4 0

ALLUVIUM

CLAY with trace sand and gravel, very stiff,
yellowish red brown (5yr 4/6), fine grained, '
light reddish brown, (5yr 6/4), angular sand'
grains consisting of shale, gravel consists of
sandstone, dry, reaction, with hyrdrochloric
acid (HCL), low plasticity.

Gravel layer consisting of claystone clasts

SAND, with some silt, compact, fine
grained, strong brown, (7.5yr 4/6), subangular
to rounded shale fragments, dry.

CLAY, very stiff, very dark brown,
2.5/3) and yellowish red, [Syr 5/8)
moist.

(7.5yr
plastic.

Encountered groundwater ia 35.4 ft. b.g.s.

Silty clay

Shelby tube sample collected H 42-43 ft.

LEGEND

SPT - Standard Penetration Test NA - Not Applicable
ST - Shelby Tube PT - Penetration Sampler (3 Inch OD)
GB - Grab Sample CS - Continous Sampler
CT - Cuttings BOH- Bottom of Hole
BGS- Below Ground Surface BR - Bedrock
NM - No Measurement

o MONTGOMERY WATSON

PROJECT No.: 1341052.01100100

AutoCAD FILE: 05l.PW-B2.0wg

STANDARD PENETRATION TEST

• 'N' BLOWS PER FOOT

20 40 60 80

WATER CONTENT, PERCENT & RANGE
I-

Wp Wn WL
40 60

Pcobodu
ruaom com. oanun

J7Jr MSHA DAM

80

PIEZOMETER

NOTES



project:PEABODY WESTERN

BOREHOLE LOCATION: N -39.692.4. E 47.508.9
DATE: 20 OCT 99 BOREHOLE NUMBER: PW-B2

SURFACE ELEVATION: 6664.2' LOGGED BY: DK
DRILLING COMPANY: Heber Mining &Exploration DRILLER: Mark Stroud DRILLRIG: CME-75
DATE/TIME STARTED: 20 Oct 99, (16:45)

WATER DEPTH: 35.4 ft. b.g.s.
DATE/TIME FINISHED: 21 Oct 99; (11:20) PAGE 2 OF 2

DATE/TIME OF DEPTH: 21 Oct 99; (08:05) CASING STICK-UP: NA

SOIL PROFILE

DEPTH

FEET
SOIL

DESCRIPTION

Same description as previous page.

-45

-50 CLAY with some sand consisting of shale
fragments, very dark gray, (7.5yr 3/1). with
trace orange.

-55

-60

-65

70

Some SAND and GRAVEL consisting of
sandstone and shale, dark yellowish brown,
(10yr 4/6). variable color, green, red, black

BEDROCK

SANDSTONE, very dense, gray |10yr 6/1) an
strong brown, (7.5yr 5/8), fine to medium"
grained, subrounded to rounded, interbedded
sand and silt layers. (WEPO FORMATION)

Drilled to a total depth of 60 ft.

SPT- Standard Penetration Test
ST - She/by Tube
GB - Grab Sample
CT - Cuttings
BGS - Below Ground Surface
NM - No Measurement

o MONTGOMERY WATSON

STANDARD PENETRATION TEST
A 'N' BLOWS PER FOOT

WATER CONTENT, PERCENT & RANGE
* 1

NA -Not Applicable
PT - Penetration Sampler (3 Inch O.DJ
CS - Continous Sampler
BOH- Bottom of Hole
BR - Bedrock

J7Jr MSHA DAM

PIEZOMETER
NOTES
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project:PEABODY WESTERN
DATE: 21 Oct 99 BOREHOLE NUMBER: PW-B3

30REH0LE LOCATION: N -40,088.7. E 47.704.7

DRILLING COMPANY: Heber Mining & Exploration
SURFACE ELEVATION: 6691.1' LOGGED BY: DK

DRILLER: Mark Stroud DRILLRIG: CME-75

DATE/TIME STARTED: 21 Oct 99, (12:50)

WATER DEPTH: No detection

DATE/TIME FINISHED: 21 Oct 99; (15:15) PAGE 1 OF 1

DATE/TIME OF DEPTH: N/A CASING STICK-UP: N/A

DEPTH

FEET

-5

-10

-15

-2 0

-25

ALLUVIUM

SOIL PROFILE

SOIL

DESCRIPTION

Clayey SAND, compact, red (2.5 yr 5/6)
subrounded to rounded, dry

Fine grained gravel, pink, red. orange.

LITHOLOGY

Sfr|J
JLililJ
mm

mm
w

mm
mm

ffl
mm
ffiffi
Wm

M
MB
11
aim
mh171
.Wi,
mm
\m

MM

ffii

uses

CLASS

SC/

ML

SAMPLES

NO. TYPE

SPT

BLOW

COUNT/6'

4-6-7

DEPTH

FEET

5 -

-10-

-15-

SPT 17-27-26
-20

-25-

STANDARD PENETRATION TEST
• 'N' BLOWS PER FOOT

40 60 60

WATER CONTENT, PERCENT & RANGE
I-

Wp Wn WL
4 0 60 80

-30
BEDROCK SILTSTONE/CLAYSTONE. hard,
light yellowish/ brown (10 yr 6/4) thin
bedded, slightly weathered.
(WEPO FORMATION)

mu
CL

-35

-40

Drilled to a total depth of 32'

SPT - Standard Penetration Test
ST - Shelby Tube
GB - Grab Sample
CT - Cuttings
BGS - Below Ground Surface
NM - No Measurement

o MONTGOMERY WATSON

PROJECT No.: t3420S!.omO10O

AutoCAD FILE: 052.PW-B3.Dwg

SPT 50/3'
•30-

-35-

•40-

LEGEND

NA -Not Applicable
PT - Penetration Sampler (3 Inch O.D.)
CS - Continous Sampler
BOH- Bottom of Hole
BR - Bedrock

J7Jr MSHA DAM

PIEZOMETER

NOTES
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project: PEABODY WESTERN DATE: 21 Oct 99 BOREHOLE NUMBER: PW-B4

BOREHOLE LOCATION: N -40,467.4, E 47,863.2 SURFACE ELEVATION: 6708.0' LOGGED BY: DK

DRILLING COMPANY: Heber Mining & Exploration DRILLER: Mark Stroud DRILLRIG: CME-75

DATE/TIME STARTED: 21 Oct 99. (15:55) DATE/TIME FINISHED: 22 Oct 99; (08:40) PAGE OF 1

WATER DEPTH: No detection DATE/TIME OF DEPTH: N/A CASING STICK-UP: N/A

DEPTH

FEET

-10

-15

-2 0

-25

-30

-35

-4 0

ALLUVIUM

Silt/ sand

SOIL PROFILE

SOIL

DESCRIPTION

SAND, fine-med. grained, reddish yellow
(5 yr 6/8), subrounded to rounded particles.

CLAY/SILT with little sand and gravel,
fine grained, hard , brown, (7.5 yr 5/4),
with red and orange clay deposits, gravel
consists of gray sandstone and black shale,
no plasticity, dry

BEDROCK

Sandstone, fine grained, light gray
(7.5 yr 7/1), subrounded to rounded particles
(WEPO FORMATION)

Drilled to a total depth of 25'

I'.i'r.r

mm

mu
MM
mi
Mh!
IM

SM/

ML

SP

SAMPLES

SPT

SPT

SPT

BLOW

COUNT/6-

DEPTH

FEET

20-23-
24

5 -

21-35-44
•10

-15-

•20-

100/1"
-25-

-30-

-35-

-40-

STANDARD PENETRATION TEST

• 'N' BLOWS PER FOOT

20 40 60 80

WATER CONTENT. PERCENT 1 RANGE
I • 1

Wp Wn WL
20 40 60 80

LEGEND

SPT - Standard Penetration Test
ST - Shelby Tube
GB - Grab Sample
CT - Cuttings
BGS- Below Ground Surface
NM - No Measurement

REV. 0ATE DESIGN BY DRAWN BY REVIEWED AND

o MONTGOMERY WATSON

PROJECT No.: 1342052.01110100

AutoCAD FILE: 052-PW-B4.Dwg

NA - Not Applicable
PT - Penetration Sampler (3 Inch O.D.I
CS - Continous Sampler
BOH- Bottom of Hole

BR - Bedrock

Poobodu

J7Jr MSHA DAM

PIEZOMETER

NOTES
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project:PEABODY WESTERN DATE: 23 Oct 99 BOREHOLE NUMBER; PW-B6

BOREHOLE LOCATION: N -47,462.8, E 39,528.6 SURFACE ELEVATION: 6680.5' LOGGED BY: DK

DRILLING COMPANY: Heber Mining & Exploration DRILLER: Mark Stroud DRILLRIG: CME-75

DATE/TIME STARTED: 23 Oct 99, (09:40) DATE/TIME FINISHED: 23 Oct 99; (14:45) PAGE OF 1

WATER DEPTH: No Detection DATE/TIME OF DEPTH: NA CASING STICK-UP: NA

DEPTH

FEET

-5

-10

-15

-20

-25

-30

-35

-40

ALLUVIUM

SOIL PROFILE

SOIL

DESCRIPTION

CLAY with trace sand, very stiff, grayish
brown. (10yr 5/2), low to medium plasticity,
dry.

BEDROCK

CLAYSTONE, pale brown, (10yr 6/3)
(WEPO FORMATION)

SHALE, black, (7.5yr 2.5/1)

Started coring fa 37 ft.

SAMPLES

uses

CLASS

CL

TYPE

SPT

SPT

SPT

SPT

LEGEND

BLOW

COUNT/6"

8-8-15

DEPTH

FEET

-5 -

•10

-15-

50/5"

26-50

25-48
50/3"

-20-

-25-

•30-

•35'

-40-

STANDARD PENETRATION TEST

• 'N' BLOWS PER FOOT

WATER CONTENT. PERCENT t, RANGE
I • 1

Wp Wn WL
40 60

SPT - Standard Penetration Test NA - Not Applicable
ST - Shelby Tube
GB - Grab Sample
CT - Cuttings
BGS- Below Ground Surface
NM - No Measurement

REV. DATE DESIGN BY DRAWN BY nE5,IESSP J810

o MONTGOMERY WATSON

PROJECT No.: 1342052.01110100

AutoCAD FILE: 052-PW-BS.Dng

PT - Penetration Sampler (3 Inch O.D.S
CS - Continous Sampler
BOH- Bottom of Hole
BR - Bedrock

Poobodu
MMOOT OWU, COffUff

J7Jr MSHA DAM

PIEZOMETER

NOTES
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project:PEABODY WESTERN DATE: 24 Oct 99 BOREHOLE NUMBER: PW-B7

BOREHOLE LOCATION: N -39,641.7, E 48.137.8 SURFACE ELEVATION: 6697.3' LOGGED BY: OK

DRILLING COMPANY: Heber Mining & Exploration DRILLER: Mark Stroud DRILLRIG: CME-75

DATE/TIME STARTED: 24 Oct 99. (08:35) DATE/TIME FINISHED: 24 Oct 99; (09:30) PAGE 1 OF /

WATER DEPTH: No Detection DATE/TIME OF DEPTH: NA CASING STICK-UP: NA

DEPTH

FEET

-5

-10

-15

-20

-25

-30

-35

-40

ALLUVIUM

SOIL PROFILE

SOIL

DESCRIPTION

SILT with trace sand, firm, strong brown.
(7.5yr 4/6). fine grained, angular particles,
low plasticity, dry.

Very stiff, trace claystone and shale gravels

SILTY SAND, compact, reddish brown, (5yr
5/4), subangular to subrounded particles.

H3

%

uses

CLASS

ML

SM

SAMPLES

SPT

SPT

SPT

SPT

BLOW

COUNT/6'

5-3-4

4-6-8

9-12-17

8-10-15

DEPTH

FEET

5 -

•10-

15-

•20-

STANDARD PENETRATION TEST

A 'N' BLOWS PER FOOT

20 40 60 80

WATER CONTENT, PERCENT & RANGE
I • 1

Wp Wn WL
20 40 60 80

Sandy SILT ML SPT 19-20-21
-25-

SHALE, dark gray brown, (2.5y 4/2), thii
bedded.

Drilled to a total depth of 35 ft.

SPT

SPT

13-13-17

35-50/5

LEGEND

SPT - Standard Penetration Test NA - Not Applicable
ST - Shelby Tube pj - Penetration Sampler (3 Inch O.D.)
GB - Grab Sample CS - Continous Sampler
CT - Cuttings BOH- Bottom of Hole
BGS- Below Ground Surface BR - Bedrock
NM - No Measurement

REV. DATE DESIGN BY DRAWN BY K$S5£? JS10

•30-

•35-

-40-

Poobodu
MMcnrooM.eawiwr

o MONTGOMERY WATSON

PROJECT No.: 1342052.01180100

AutoCAD FILE: 052-PW-BT.Dwg J7Jr MSHA DAM

PIEZOMETER

NOTES
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project:PEABODY WESTERN DATE: 24 Oct 99 BOREHOLE NUMBER: PW-B8

BOREHOLE LOCATION: N -39,666.5. E 48.344.5 SURFACE ELEVATION: 6699.9' LOGGED BY: . DK

DRILLING COMPANY: Heber Mining & Exploration DRILLER: Mark Stroud DRILLRIG: CME-75

DATE/TIME STARTED: 24 Oct 99. (10:10/ DATE/TIME FINISHED: 24 Oct 99; (11:30) PAGE / OF 1

WATER DEPTH; 40 ft. b.g.s. DATE/TIME OF DEPTH: 24 Oct 99 (11:15) CASING STICK-UP: NA

DEPTH

FEET

-5

-10

ALLUVIUM

SOIL PROFILE

SOIL

DESCRIPTION

SILT with some sand, firm, red, (2.5yr 5/8),
fine grained, subangular to subrounded
particles, low plasticity, dry.

-15 -
SILTY SAND with trace gravel, compact,
yellowish red, |5yr 5/6). fine grained,
subangular to subrounded particles.

-20 -

-25

SILT with thin bedding, pink claystone and
gray sandstone clasts.

SILTY SAND, compact, fine grained, strong
brown. (7.5yr 5/8), subangular to subrounded
particles.

-30 -
CLAY, very stiff, very dark gray (7.5yr 3/1),
shale fragments, orange clay layers, plastic.

-35 -
SILTY SAND, compact, fine grained, strong
brown, (7.5yr 5/8), subangular to subrounded
particles, moist.

-40 -
CLAY, firm, reddish brown, (5yr 4/4), plastic,
moist to wet.

Drilled to a total depth of 40 ft.

S
KB
mm

mm
uM

LTI

ES

m

uses

CLASS

ML

SM

ML

SM

CL

SM

CL

SAMPLES

SPT

SPT

SPT

BLOW

COUNT/6'

2-3-3

4-6-7

6-8-11

DEPTH

FEET

5 -

•10-

•15

SPT 13-30-3C
-20-

SPT 7-8-10
-25-

SPT 8-9-11
-30-

SPT 5-6-9
-35-

SPT 2-2-3
•40-

STANDARD PENETRATION TEST

• 'N' BLOWS PER FOOT

WATER CONTENT. PERCENT & RANGE
I • 1

•ii

Wp Wn
40

WL
60

LEGEND

SPT- Standard Penetration Test NA - Not Applicable

o

ST - Shelby Tube
GB - Grab Sample
CT - Cuttings
BGS- Below Ground Surface

NM - No Measurement

REVIEWE0 AN0REV. DATE DESIGN BY DRAWN BY signEO BY

PROJECT Noj 1342052.01150100

MONTGOMERY WATSON
AutoCAD FILE: 0S2.PW.BS.Dwg

PT - Penetration Sampler 13 inch O.D.I
CS - Conlinous Sampler
BOH- Bottom of Hole

BR - Bedrock

Poobodu

J7Jr MSHA DAM

PIEZOMETER

NOTES



project:PEABODY WESTERN
DATE: 24 Oct 99 BOREHOLE NUMBER: PW-B9

BOREHOLE LOCATION: N -39.876.5. E 47.813.2

DRILLING COMPANY: Heber Mining & Exploration
SURFACE ELEVATION: 6658.0 LOGGED BY: DA-

DRILLER: Mark Stroud DRILLRIG: CME-75

DATE/TIME STARTED: 24 Oct 99. (12:00)

WATER DEPTH: No Defection

DATE/TIME FINISHED: 24 Oct 99; (12:30) PAGE 1 OF (

DEPTH

FEET

-5

-10

-15

-20

-25

-30

-35

•40

DATE/TIME OF DEPTH: NA CASING STICK-UP: NA

SOIL PROFILE SAMPLES

STANDARD PENETRATION TEST
A 'N' BLOWS PER FOOT

20 40 60 80

SOIL

DESCRIPTION LITHOLOGY
uses

CLASS
NO. TYPE

BLOW

COUNT/6'

DEPTH

FEET

WATER CONTENT. PERCENT & RANGE
I • 1

Wp Wn WL
20 40 60 80

ALLUVIUM

SANDY SILT, fine grained, strong brown
(7.5yr 4/6), dry.

BEDROCK

SHALE, gray, (2.5y 5/1).
(WEPO FORMATION)

ML

SPT
30-50 r 5
50/3"

49-

-15

•20

-25

•30-

-35-

-4 0-

LEGEND
SPT- Standard Penetration Test
ST - Shelby Tube
GB - Grab Sample
CT - Cuttings
BGS- Below Ground Surface
NM - No Measurement

PROJECT No.: 1342052.01160100

NA - Not Applicable
PT - Penetration Sampler (3 Inch O.DJ
CS - Continous Sampler
BOH- Bottom of Hole
BR - Bedrock

Pcobodu
HMOOrOMLCMMrr

PIEZOMETER

NOTES

o MONTGOMERY WATSON
AutoCAO FILE: 052-PW-89.Dwg J7Jr MSHA DAM



project: PEA BOD Y WES TERN DATE: 24 Oct 99 BOREHOLE NUMBER: PW-B10

BOREHOLE LOCATION: N -39,853.6, E 47,526.3 SURFACE ELEVATION: 6651.4' LOGGED BY: DK

DRILLING COMPANY: Heber Mining & Exploration DRILLER: Mark Stroud DRILLRIG: CME-75

DATE/TIME STARTED: 1240ct 99. (13:00) DATE/TIME FINISHED: 24 Oct 99; (14:50) PAGE OF 1

WATER DEPTH: 26.7 ft. BTOC DATE/TIME OF DEPTH: 25 Oct 99; (11:00) CASING STICK-UP: 2.9 ft.

DEPTH

FEET

- 5

-10

-15

-20

•25

-30

-35

•40

ALLUVIUM

SOIL PROFILE

SOIL

DESCRIPTION

CLAY, soft to firm, dark brown, (10yr 3/3),
trace red, rounded claystone gravel, highly
plastic, dry.

SAND, loose, to compact, fine grained,
reddish yellow (5yr 6/8).

SILT with some sand, fine grained, strong
brown, (7.5yr 4/6). rounded, moist.

Note: Shelby tube sample collected at a
depth of 22 to 24 ft.

BEDROCK

SILTSTONE. gray. (7.5yr 6/1), fine grained,
orange infilling on fractures.

Drilled to a total depth of 35 ft.

SAMPLES

GB

SPT

ST

SPT

SPT

BLOW

COUNT/6'

2-2-2

22

100/4'

100/3'

DEPTH

FEET

5 -

-10-

-15-

•20-

-25-

•30-

•35-

-40-

STANDARD PENETRATION TEST

• 'N' BLOWS PER FOOT

20 40 60 80

WATER CONTENT, PERCENT 8. RANGE
I • 1

Wp Wn WL
20 40 60 80

LEGEND

SPT - Standard Penetration Test NA - Not Applicable
ST - Shelby Tube
GB - Grab Sample
CT - Cuttings
BGS- Below Ground Surface

NM - No Measurement

REV. DATE DESIGN BY DRAWN BY REVIEWED AND

PT - Penetration Sampler (3 Inch O.D.I
CS - Continous Sampler
BOH- Bottom of Hole

BR - Bedrock

Poobodu

o MONTGOMERY WATSON

PROJECT No.: 1342052.01160100

AutoCAD FILE: 052PW.B10.Diig J7Jr MSHA DAM

PIEZOMETER

NOTES

Q

.o'"o

m
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project: PEABODY WESTERN DATE: 12/20/99 BOREHOLE NUMBER: PW-B11

BOREHOLE LOCATION: N -39,934.0. E 48,089.8 SURFACE ELEVATION: 6663.0' LOGGED BY: DK

DRILLING COMPANY: Heber Mining & Exploration DRILLER: Mark Stroud DRILLRIG: CME-75

DATE/TIME STARTED: 20 Dec. 99, (15:35) DATE/TIME FINISHED: 21 Dec. 99. (10:25) PAGE / OF 2

WATER DEPTH: No detection DATE/TIME OF DEPTH: N/A CASING STICK-UP: N/A

DEPTH

FEET

-5

-10

15

-20

•25

-30

-35

-40

SOIL PROFILE

ALLUVIUM

Silty sand

BEDROCK

SOIL

DESCRIPTION

Siltstone, dark gray (2.5 y 4/1)

Started coring ia 7'

uses

CLASS

SM

SAMPLES

SPT

BLOW

COUNT/6"

50/4"

DEPTH

FEET

5 -

-10-

-15-

-20-

-25-

-30-

-35-

-40-

STANDARD PENETRATION TEST

A 'N' BLOWS PER FOOT

20 40 60 80

WATER CONTENT. PERCENT & RANGE
I • 1

Wp Wn WL
20 40 60 80

LEGEND
SPT - Standard Penetration Test
ST - Shelby Tube
GB - Grab Sample
CT - Cuttings
BGS - Below Ground Surface
NM - No Measurement

REV. DATE OESIGN BY DRAWN Br REVIEWEO AND

Q MONTGOMERY WATSON

PROJECT No.: 1342052.01150100

AutoCAD FILE:052-PW-8II.Dwg

NA -Not Applicable
PT - Penetration Sampler (3 Inch O.D.I
CS - Continous Sampler
BQH- Bottom of Hole
BR\ - Bedrock.

Pcobodu
rumor cow. coviw

J7Jr MSHA DAM



project:PEABODY WESTERN DATE: 20 Dec 99 BOREHOLE NUMBER: PW-B11

BOREHOLE LOCATION COORDINATES: N -39,934.0, E 48.089.8 LOGGED BY: D. Kraemer

ELEVATION: 6663.0' REFERENCE POINT: DATUM: DRILLRIG: CME-75

I NCLINATION: Vertical AZIMUTH: NA FLUSH: Water FEED: 5 ft.

"TOTAL DEPTH: 19 ft. BIT TYPE: NO - Carbide Type L1 PAGE 2 OF 2

GROUND WATER DEPTH: No Detection DATE/TIME OF DEPTH: NA PIEZOMETER STICK-UP: AM

£g

ROCK TYPE

DESCRIPTION

SILTSTONE/SHALE

SHALE/CLAYSTONE. SLIGHTLY
WEATHERED. WEAK, VERY DARK

GRAY, I10YR 3/1|.
IWEPO FORMATION)

INTERBEDDED SHALE

SILTSTONE. WEAK TO MEDIUM
STRONG. DARK GRAY. (10YR 4/1)
SHALE FRAGMENTS, COAL SEAMS
up _ro ar wide^JJwcejmartz
CLAYSTONE. WEAK

COAL SEAM

CORED TO A TOTAL DEPTH OF Ti
FT. 20

i
ABBREV/A TIONS

DISCONTINUITY DA TA

Subsurface

Testing & Condition

START CORING 0 7 FT.

J. I. VR

O TO 20 DEGREE ANGLE

6" HIGHLY FRACTURED ZONE

T.C.R. - Total Core Recovery

R.Q.D. - Rock Quality Designation

P. T.Z. - Packer Test Zone

J - Joint PL Planar P - Polished
F Fault C - Curved K Slickensided
S • Shear U Undulating SM - Smooth
B - Bedding ST - Stepped R • Rough
hO - Foliation 1 - Irregular VR Very Rough

REV. DATE DESIGN BY DRAWN BY REVIEWED AND

0 MONTGOMERY WATSON

PROJECT No.: 1342052.01150100

AutoCAD FILE: 052-PWBII-CL

SCALE: I FIGURE No:
AS NOTED

Pcobodu

J7Jr MSHA DAM

PIEZOMETER
NOTES
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project PEABODY WESTERN DATE: 12/22/99 BOREHOLE NUMBER: PW-B12

BOREHOLE LOCATION: N -40.246.4, E 48,042.2 SURFACE ELEVATION: 6704.0' LOGGED BY: DK

DRILLING COMPANY: Heber Mining & Exploration DRILLER: Mark Stroud DRILLRIG: CME-75

DATE/TIME STARTED: 22 Dec 99 (10:55) DATE/TIME FINISHED: 22 Dec 99; (14:10) PAGE / OF 2

WATER DEPTH: No detection DATE/TIME OF DEPTH: N/A CASING STICK-UP: N/A

DEPTH

FEET

- 5

-10

-15

20

-25

-30

-35

-40

ALLUVIUM

SOIL PROFILE

SOIL

DESCRIPTION

Sandy SILT, strong brown (7.5 yr. 4/6)
very stiff, fine grained, subangular
white calcium carbonate, dry

Orange & red clay, gray sandstone clasts

CLAY, stiff (7.5 yr. 4/3) brown

Sandy SILT, strong brown (7.5 yr 4/6), very
stiff, fine grained, subangular. orange &
red clay, gray sandstone, dry

uses

CLASS

ML

CL

ML

SAMPLES

SPT

SPT

SPT

SPT

BLOW

COUNT/6"

11-13-14

18-21-30

11-14-19

12-13-16

DEPTH

FEET

5 -

•10

15-

•20

SPT
-25-

12-18-26

BEDROCK Siltstone/ claystone SPT 29-50/3
•30-

Started coring ifH 31.5'

LEGEND

SPT- Standard Penetration Test NA - Not Applicable
ST - Shelby Tube pt - Penetration Sampler (3 Inch O.D.I
GB - Grab Sample CS - Conlinous Sampler
CT -Cuttings BOH- Bottom of Hole
8GS- Below Ground Surface BR - Bedrock
NM - No Measurement

-35-

•40-

STANDARD PENETRATION TEST

• 'N' BLOWS PER FOOT

20 40 60 80

WATER CONTENT, PERCENT & RANGE
I -• 1

Wp Wn WL
20 40 60 80

Poobodu
REV. DATE DESIGN BY DRAWN BY RE,YffiEnDnvND

Q MONTGOMERY WATSON

PROJECT No.: 1342052.01160100

AutoCAD FILE: 052-PW-Ba.Dtig J7Jr MSHA DAM
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project:PEABODY WESTERN DATE: 22 Dec 99 BOREHOLE NUMBER: PW-B12

BOREHOLE LOCATION COORDINATES: N -40.246.4, E 48,042.2 LOGGED BY: D. Kraemer

ELEVATION: 6704.0' REFERENCE POINT: DATUM: DRILLRIG: CME-75

INCLINATION: Vertical AZIMUTH: NA FLUSH: Water FEED: 10 (t.

TOTAL DEPTH: 42 ft. BIT TYPE: NO - Carbide Type L1 PAGE 2 OF 2

GROUND WATER DEPTH: No Detection DATE/TIME OF DEPTH: NA

ROCK TYPE

DESCRIPTION

CLAYSTONE

SLIGHTLY WEATHERED. WEAK. VEF
=| DARK GRAY. I7.5YR 3/1). TRACE

MICA.

IWEPO FORMATION)

VERY WEAK ROCK

DARKER GRAY

BLACK COAL

CORED TO A TOTAL DEPTH OF 4:
FT.

T.C.R. - Total Core Recovery

R.Q.D. - Rock Quality Designation

P. T.Z. - Packer Test Zone

J - Joint

F - Fault

S - Shear

B - Bedding
FO - Foliation

REV. DATE DESIGN B

O MONTGOMERY WATSON

PROJECT No.: 1342052.01160100

AutoCAD FILE: 052-PW-B12-CL

SCALE:

AS NOTED

ABBREVIA TIONS

PL - Planar

C - Curved

U - Undulating
ST - Stepped
I - Irregular

PIEZOMETER STICK-UP:AM

DISCONTINUITY DATA

Subsurface

Testing £ Condition

START CORING IS 32 FT.

J. PL. R

YELLOW CLAY INFILLING

0 TO 45 DEGREE ANGLE

RUBBLE ZONE

p - Polished

K Slickensided
SM - Smooth

R • Rough
VR Very Rough

Poobodu

."Tttl

J7Jr MSHA DAM

PIEZOMETER

NOTES
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project: PEABODY WESTERN DATE: 12/22/99 BOREHOLE NUMBER: PW-B13

BOREHOLE LOCATION: N -39.818.8, E 48,033.1 SURFACE ELEVATION: 6687.5' LOGGED BY: DK

DRILLING COMPANY: Heber Mining & Exploration DRILLER: Mark Stroud DRILLRIG: CME-75

DATE/TIME STARTED: 22 Dec 99, (15:05) DATE/TIME FINISHED: 22 Dec 99; (16:35) PAGE 1 OF 2

WATER DEPTH: No detection DATE/TIME OF DEPTH: N/A CASING STICK-UP: N/A

DEPTH

FEET

-5

-10

-15

-20

-25

-30

-35

-40

ALLUVIUM

SOIL PROFILE

SOIL

DESCRIPTION

uses

CLASS

SAMPLES

BLOW

COUNT/6"

DEPTH

FEET

Silty SAND, compact, red (2.5 yr. 5/6), fine
grained, subrounded to rounded particles, dry

SM SPT 8-7-10
5 -

Shelby tube sample collected fa 10'
ST

•10-

Sandy SILT ML
SPT 14-16-18

•15-

BEDROCK SPT 8-15-18
-20-

Siltstone/claystone with coal

Started coring ia 27'

SPT 50/4"
-25-

-30-

-35-

-40-

LEGEND

SPT - Standard Penetration Test NA - Not Applicable
ST - Shelby Tube PT - Penetration Sampler (3 Inch O.D.J
GB - Grab Sample CS - Continous Sampler
CT - Cuttings BOH- Bottom of Hole
BGS- Below Ground Surface BR - Bedrock
NM - No Measurement

STANDARD PENETRATION TEST

• 'N' BLOWS PER FOOT

20 40 60 80

WATER CONTENT, PERCENT & RANGE
h—• 1

Wp Wn WL
20 40 60 80

Poobodu
MA10CT CML MHir

REV. DATE DESIGN BY DRAWN BY "^.SffiSP OvN0

o MONTGOMERY WATSON

PROJECT No.: 1342052.01160100

AutoCAD FILE: 052-PW.BIlDtig J7Jr MSHA DAM

PIEZOMETER

NOTES
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project PEABODY WESTERN DATE: 22 Dec 99 BOREHOLE NUMBER: PW-B13

BOREHOLE LOCATION COORDINATES: N -39,818.8, E 48.033.1 LOGGED BY: D. Kraemer

ELEVATION: 6687.5' REFERENCE POINT: DRILLRIG: CME-75

INCLINATION: Vertical AZIMUTH: NA FLUSH: Water FEED: 5 ft.

TOTAL DEPTH: 33 ft. BIT TYPE: NO - Carbide Type LI PAGE OF 2

GROUND WATER DEPTH: No Detection DATE/TIME OF DEPTH: NA PIEZOMETER STICK-UP: AM

££

ROCK TYPE

DESCRIPTION

SILTSTONE

SLIGHTLY WEATHERED. WEAK,
YELLOWISH BROWN. (10YR 5/4).
TRACE MICA.

(WEPO FORMATION)

SHALE, VERY DARK GRAY (10YR
3/11

CORED TO A TOTAL DEPTH OF 3.
FT.

ABBREVIATIONS

DISCONTINUITY DATA

Subsurface

Testing S Condition

START CORING 0 27 FT.

BROKEN ZONE

J. I.VR
0 TO 30 DEGREE ANGLE

T.C.R. - Total Core Recovery

R.Q.D. -Rock Quality Designation

P. T.Z. - Packer Test Zone

J • Joint PL Planar P - Polished
h Fault C - Curved K Slickensided
s - Shear U Undulating SM - Smooth
B Bedding ST - Stepped R • Rough
f-0 • Foliation 1 - Irregular VR Very Rough

Q
REV. DATE DESIGN BY DRAWN BY REVIEWED AND

MONTGOMERY WATSON

PROJECT No.: 1342052.01150100

AuloCAO FILE: 052-PW-BI3-CL

SCALE: I FIGURE No:
as hotcd

Poobodu
»:««s» assja «oaes8f

J7Jr MSHA DAM

PIEZOMETER
NOTES



project: PEABODY WESTERN DATE: 12/21/99 BOREHOLE NUMBER: PW-B14

BOREHOLE LOCATION: N -39,345.6, E 47,730.5 SURFACE ELEVATION: 6681.5' LOGGED BY: DK

DRILLING COMPANY: Heber Mining & Exploration DRILLER: Mark Stroud DRILLRIG: CME-75

DATE/TIME STARTED: 21 Dec 99, (12:00) DATE/TIME FINISHED: 21 Dec 99. (16:15) PAGE / OF J

WATER DEPTH: No detection DATE/TIME OF DEPTH: N/A CASING STICK-UP: N/A

DEPTH

FEET

-10

-15

•2 0

•25

•30

•3 5

-4 0

SOIL PROFILE SAMPLES

STANDARD PENETRATION TEST

• 'N' BLOWS PER FOOT

WATER CONTENT, PERCENT 4 RANGE
I -• 1

ALLUVIUM

SOIL

DESCRIPTION

Silty SAND, (7.5 yr 5/6). strong brown
compact, fine grained, subangular
to angular, dry

Shelby tube sample collected fal 7'-9'

Dense, black, orange, red layers
interbedded sand & silt

Silt/ clay with black coal fragments,
orange staining

Shelby tube sample collected (5) 27'-29'

SILT/CLAY, med. plasticity

Clay - black with trace sand
Shelby tube sample collected S 40'-4l.5'
Clay - multi-colored, black shale/ coal,
orange & yellow clay

SM/

ML

SM

NO.

SPT

ST

SPT

SPT

SPT

SPT

ST

SPT

SPT

ST

BLOW

COUNT/6'

7-6-7

7-6-9

DEPTH

FEET

5 -

•10

13-18-21
•15-

11-13-13
•20-

5-5-10
-25-

3-5-10
-30-

3-5-7
•35-

•40-

Wp
40

LEGEND

SPT - Standard Penetration Test NA - Not Applicable
ST - Shelby Tube
GB - Grab Sample
CT - Cuttings
BGS- Below Ground Surface

NM - No Measurement

PT - Penetration Sampler (3 Inch CD.!
CS - Continous Sampler
BOH- Bottom of Hole
BR - Bedrock

Poobodu
REV. DATE DESIGN BY DRAWN BY "^'ISS1 OvN0

WL
60

o MONTGOMERY WATSON

PROJECT No.: 13420S2.0I1SOWO

AuloCAO FILE: 052-PW-BI4.Dwg J7Jr MSHA DAM

PIEZOMETER

NOTES

tftlfeff^ftlMffiMi^ -
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project: PEABODY WESTERN
DATE; 12/21/99 BOREHOLE NUMBER: PW-B14

BOREHOLE LOCATION: N -39.345.6. E 47,730.5
SURFACE ELEVATION: 6681.5' LOGGED BY; DA-

DRILLING COMPANY: Heber Mining & Exploration DRILLER: Mark Stroud DRILLRIG: CME-75

DATE/TIME STARTED: 21 Dec 99. (12:00) DATE/TIME FINISHED: 21 Dec 99. (16:15) PAGE 2 OF J

WATER DEPTH: No detection DATE/TIME OF DEPTH: N/A CASING STICK-UP: N/A

DEPTH

FEET

A5

•50

-55

•60

-65

-7 0

SOIL PROFILE

SOIL

DESCRIPTION

Same description as previous page.

Note: driller indicated
harder drilling (a 55'

BEDROCK

Siltstone/ claystone

Started coring (3 57 ft.

LITHOL0GY

REVIEWED AND

© MONTGOMERY WATSON

PROJECT No.: 1342052.01160100

AutoCAD FILE: 052-PW.BI4.Dwg

SAMPLES

STANDARD PENETRATION TEST
A 'N' BLOWS PER FOOT

20 40 60 80

uses

CLASS

CL

TYPE

SPT

9 SPT

10 SPT

LEGEND
SPT - Standard Penetration Test NA - Not Applicable
ST - Shelby Tube pj . Penetration Sampler (3 Inch O.D)
GB • Grab Sample CS - Continous Sampler
CT - Cuttings BOH- Bottom of Hole
BGS- Below Ground Surface BR - Bedrock
NM - No Measurement

BLOW

COUNT/6'

6-7-10

7-9-11

35-50
/3"

DEPTH

FEET

-45-

•50-

•55-

-60-

-65-

-70-

WATER CONTENT, PERCENT & RANGE
I •—H

Wp Wn WL
20 40 60 80

WAMcreau.cflWAm

J7Jr MSHA DAM

PIEZOMETER

NOTES
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project:PEABODY WESTERN DATE: 21 Dec 99 BOREHOLE NUMBER: PW-B14

BOREHOLE LOCATION COORDINATES: N -39.345.6. E 47.730.5 LOGGED BY: D. Kraemer

ELEVATION: 6681.5' REFERENCE POINT: DATUM: DRILLRIG: CME-75

INCLINATION: Vertical AZIMUTH: NA FLUSH: Water FEED: 10 ft.

TOTAL DEPTH: 67 ft. BIT TYPE: NO - Carbide Type LI

GROUND WATER DEPTH: No Detection DATE/TIME OF DEPTH: NA

100

ROCK TYPE

UTHOLOGY DESCRIPTION

CLAYSTONE/SILTSTONE
3 SLIGHTLY WEATHERED, VERY WEA

VERY DARK GRAY. (7.5YR 4/1)
SHALE FRAGMENTS, YELLOW CLA1)
IWEPO FORMATION)

SANDSTONE
SLIGHTLY WEATHERED, VERY WEA|<.
(10YR 5/1), CONSISTING OF

QUARTZ AND FELDSPAR, FINE TO
MEDIUM GRAINED, SUBROUNDED

SLIGHTLY WEATHERED, VERY WEA
GRAINS. INTERBEDDED THIN
BLACK SHALE.

CORED TO A TOTAL DEPTH OF 6
FT.

T.C.R. - Total Core Recovery

R.Q.D. - Rock Quality Designation

P.T.Z. - Packer Test Zone

J. - Joint
F - Fault

S - Shear

B - Bedding
FO - Foliation

REV. DATE OESIGN BY DRAWN B

o MONTGOMERY WATSON

PROJECT No.: 1342052.01160100

AutoCAD FILE: 052-PW-B14-CL

SCALE: FIGURE No:

AS NO TED

ABBREVIATIONS

PL -Planar

C - Curved
U - Undulating
ST - Stepped
I - Irregular

PAGE 3 OF 3

PIEZOMETER STICK-UP: AM

DISCONTINUITY DATA

Subsurface
Testing & Condition

START CORING 0 57 FT.

J. PL. VR

P - Polished

K - Slickensided
SM - Smooth

R - Rough
VR - Very Rough

W2

J7Jr MSHA DAM

PIEZOMETER

NOTES
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project:PEABODY WESTERN DATE: 12/23/99 BOREHOLE NUMBER: PW-B15

BOREHOLE LOCATION: N -39.521.2, E 48,359.0 SURFACE ELEVATION: 6702.0' LOGGED BY; DK

DRILLING COMPANY: Heber Mining & Exploration DRILLER: Mark Stroud DRILLRIG: CME-75

DATE/TIME STARTED: 23 Dec 99, (09:25) DATE/TIME FINISHED: 23 Dec 99, (11:35) PAGE / OF 3

WATER DEPTH: 40 FT. B.G.S. DATE/TIME OF DEPTH: 23 Dec, 99, (10:15) CASING STICK-UP: N/A

DEPTH

FEET

10

15

-2 0

•2 5

•3 0

•35

•4 0

ALLUVIUM

SOIL PROFILE

SOIL

DESCRIPTION

Sandy SILT, strong brown, (7.5 yr. 5/6)
Fine grained, dry

SAND, dense, fine - med. grained, angular
to subangular, red & orange clay,
gray sandstone clasts

CLAY, dark brown (10 yr 3/3|,
black shale fragments, high plasticity

Silty SAND, yellowish red, (5 yr 4/6),
fine grained, rounded, interbedded
clay layers

Wet - encountered GW fa) 40'

uses

CLASS

ML

SAMPLES

GB

SPT

SPT

SPT

SPT

BLOW

COUNT/6"

8-12-18

5-6-9

3-7-7

2-3-5

DEPTH

FEET

5 -

-10-

-15-

-20-

-25-

-30-

•35-

•4 CI

ST AND ARD'PENETRATION TEST

A 'N' BLOWS PER FOOT

20 40 60 80

WATER CONTENT, PERCENT & RANGE

20
Wp Wn WL
40 60

LEGEND

SPT - Standard Penetration Test NA - Not Applicable
ST - Shelby Tube PT - Penetration Sampler (3 Inch O.D.I
GB - Grab Sample CS - Continous Sampler
CT - Cuttings BOH- Bottom of Hole
BGS - Below Ground Surface BR - Bedrock
NM - No Measurement

REVIEWED ANDREV. DATE DESIGN BY DRAWN BY signed BY

Poobodu
IMMBT COM. CHMH

o MONTGOMERY WATSON

PROJECT No.: I342052.01ie0l00

AutoCAD FILE: 0S2-PWS15.Dwg J7Jr MSHA DAM

PIEZOMETER

NOTES
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project:PEABODY WESTERN DATE: 12/23/99 BOREHOLE NUMBER: PW-B15

BOREHOLE LOCATION: N -39.521.2, E 48.359.0 SURFACE ELEVATION: 6702.0' LOGGED BY: DK

DRILLING COMPANY: Heber Mining & Exploration DRILLER: Mark Stroud DRILLRIG: CME-75

DATE/TIME. STARTED: 23 Dec 99. (9:25) DATE/TIME FINISHED: 23 Dec 99; (11:35) PAGE 2 OF J

WATER DEPTH: 40 ft. B.G.S. DATE/TIME OF DEPTH: 23 Dec, 99, (11:35) CASING STICK-UP: N/A

DEPTH

FEET

45

-50

-55

-60

•65

7 0

SOIL PROFILE

SOIL

DESCRIPTION

Same description as previous page.

Interbedded silt & clay

Black clay with trace red clasts
up to gravel size

BEDROCK

Fragmented Sandstone

More red & yellow color, gray
sandstone clasts

BEDROCK

Siltstone/ claystone with coal,
very dark gray, (10 yr 3/1)

Drilled to a total depth of 65'

LITH0LOGY
uses

CLASS

ML/

CL

SAMPLES

TYPE

SPT

7 SPT

SPT

BLOW

COUNT/6"

3-4-4

2-4-5

2-4-5

SPT 6-17-20

10 SPT 50-50

DEPTH

FEET

•45-

•50

•55-

•60-

-65-

STANDARD PENETRATION TEST

• 'N' BLOWS PER FOOT

20 40 60 80

WATER CONTENT, PERCENT & RANGE
I • 1

Wp Wn WL
20 40 60 80

-70-

LEGEND
SPT - Standard Penetration Test NA - Not Applicable
ST -Shelby Tube PT - Penetration Sampler (3 Inch O.D.I
GB - Grab Sample CS - Continous Sampler
CT - Cuttings BOH- Bottom of Hole
BGS- Below Ground Surface BR - Bedrock
NM - No Measurement

REV. DATE DESIGN BY DRAWN BY "^JSBfP 0AVND

Poobodu
mm* com. CMMwr

o MONTGOMERY WATSON

PROJECT No.: 1342012.01160100

AutoCAD FILE: 052-PW-BlS.Dwg J7Jr MSHA DAM

PIEZOMETER

NOTES
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TEST PIT 1(PW-TP1)
Depth (cm)

From To

0 40

40 100

100 110

110 127

127 145

145 157

157 163

163 210

210 245

Description

Topsoil consisting of redish clayey silt. Moisture content is low. Relatively loose.
Presence of thin roots.

Light redish clayey silt. Small amount of angular course sand to fine gravel size
particles.Low moisture. Very consistent. Presence of white stains. Small amount of very
small roots.

Angular pea sizeparticles in a matrix of fineandsiltysands. Lowmoisture content.
Consistent. Presence of very small roots.
Highly fractured and weathered light yellowish sandstone.
Soft and highly fractured redish to brown mudstone. Presence of oxide stains.
Gray layered shale. Thin bedding of siltstone.
Highly fractured and weathered sandstone.
Gray layered shale.
Gray layered shale. Thin bedding of sandstone.



TEST PIT 2 (PW-TP2)
Depth (cm)
From To

40

40 60

60 127

127 176

176 283

Description

Topsoilconsisting of redishclayey silt. Moisture contentis low. Relatively loose.
Presence of thin roots.

Light redishclayeysilt.Small amount of angularcoursesand to fine gravel size
particles.Low moisture. Very consistent. Presence of large roots.
Light redish clayeysilt.Small amountof angularcoursesand to fine gravel size
particles.Low moisture. Very consistent. Small amount of roots.
Clean redish silts and fine sands. Very consistent.
Clean redish silts and fine sands. Very consistent. Presence of white stains.



itwwiwwtwwwwtwa

TEST PIT 3 (PW-TP3)
Depth (cm) Description
From To

0 30 Topsoil consisting of layered brown clayey silt and fine sands.
30 90 Layers of gravelly sands and fine sands. Layers average 10 cm thick. Presence of roots.
90 160 Sands with some gravel size particles and large amount of fines. Gravel size particles are

flat and sub-angular in shape. Dmax= 5 in. Layered stratification with lenses of finer
material. Very loose. Small presence of roots.

160 200 Dark gray shale withstreaks of white stains and black shades. Separates in plate shape
particles. Very consistent. Sandstone block with oxide stains is encountered on opposite
side of test pit. Block is underlain by a thin coal seam and shale.

200 330 Gray shale with streaks of white stains and black shades. Separates in plate shape
particles. Very consistent.

wmummmmmm



TEST PIT 4 (PW-TP4)
Depth (cm)
From To

0 50

50 120

120 180

160 200

200 330

Description

Topsoil consisting of layered brown clayey silt and fine sands.
Layers of gravelly sands and fine sands. Layers average 10 cm thick. Presence of roots.
Lightred siltsand fine sands. Denseand moist. Some presence of verysmall roots. Some
sandstone cobbles with oxide stains.

Sands withgravel sizeparticles and largeamount of fines. Gravel sizeparticles are flat
and sub-angularin shape. Dmax= 5 in. Layered stratification with lenses of finer
material. Very loose. Small presence of roots.
Lightred siltsand finesands. Dense and moist. Some presence of very small roots. Some
sandstone cobbles with oxide stains.



TEST PIT 5 (PW-TP5)
Depth (cm)
From To

0 50

50 220

220 330

Description

Topsoil.

Redish brown silts and fine sands. Patches of organic material. Low moisture. Medium to
loose density. Presence ofsmall gravel size particles, Dmax=0.5 in.
Redish brown silts and fine sands. Very small amount ofroots and organic material. Low
moisture. Medium to loose density. Presence of small gravel size particles, Dmax=0.5 in.



'Mmmmmrnmrn

TEST PIT 6 (PW-TP6)
Depth (cm)
From To

40

40 180

180 370

Description

Topsoil.

Redish brown silts and fine sands. Patches of organic material. Low moisture. Medium to
loose density. Presence of smallgravelsize particles, Dmax=0.5 in.
Redish brown silts and fine sands. Very small amount ofroots and organic material. Low
moisture. Medium toloose density. Presence ofsmall gravel size particles, Dmax-0.5 in.
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TEST PIT 7 (PW-TP7)
Depth (cm)
From To

0 30

30 330

Description

Topsoilconsistingof layered brown clayeysilt and fine sands.
Redish brown silts and fine sands. Very small amount ofroots and organic material. Low
moisture. Medium to loose density. Presence ofsmall gravel size particles, Dmax=0.5 in.



MMMWMMiMl

TEST PIT 8 (PW-TP8)
Depth (cm) Description
From To

60

60

80

Topsoil consistingof layered brown clayey silt and fine sands.
Very fractured but hard sandstone

80 300 Gray color shale. Presence of small roots to until depthof 150cm.
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TEST PIT 9 (PW-TP9)
Depth (cm)
From To

0. 160

Description

Weathered shale. Light gray colorwith presence of roots nearthesurface. Redish stains
towards the bottom of the test pit.
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Appendix C

Laboratory Test Results
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PARTICLE-SIZE ANALYSIS OF SOILS
ASTM C117, C136, D421, P 422, D1140, D2216, P 2217

MONTGOMERY WATSON/LAB TESTING/CO

953-2903 _

SAMPLE #:

DEPTH (FT):

TP-6:200

MOISTURE CONTENT (As tested)

Tare

Weight Wet Soil &
Weight Dry Soil &
Weight Tare, g
Weight Water, g
Weight Dry Soil, g
Moisture, %

Tare, g

Tare,g

M53

464.29

452.88

103.01

11.41

349.87

3.26%

SIEVE WtRet.

6.000"

Coarse Gravel

Fine Gravel

Coarse Sand
Medium Sand

Fine Sand

Fines

L

%CGRVL

%FGRVL

% C SAND

%MSAND

%FSAND

% FINES

% TOTAL

3.000"

1.500"

1.000"

0.750"

0.375"

#4

#10

#20

#40

#60

#100

#200

PAN

0.0%

0.0%

0.2%

1.2%

64.9%

33.7%

100.0%

COLDER ASSOCIATESINC.

LAKEWOOD, COLORADO

0.00

o.oo

0.00

0.00

0.00

0.00

0.15

1.26

2.60

7.87

42.75

189.61

378.52

420.14

'0.0%

66.3%

#200 WASH (Percent Fines)

Tare

Weight Soil &. Tare Before Wash, g
Weight Soil &Tare After Wash, g
Weight Tare, g
Weight Fines Lost, g
WeightDry Soil, g
Fines Lost %

% Ret.

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.03%

0.22%

0.46%

1.38%

7.49%

33.21%

66.30%

0.00%

% Pass.

100.00%

100,00%

1.00.00%

100.00%

100.00%

100,00%

99.97%

99.78%

99.54%

98.62%

92.51%

66,79%

33.70%

100.00%

Wet Color:

Description:

LL

PL

SIEVE

6,000"

3.000" Coarse Gravel
1.500"

1.000"

0.750" Fine Gravel

0.375"

#4 Coarse Sand
#10 Medium Sand
#20

#40 Fine Sand

#60

#100

#200

PAN Fines

Fine to coarse SAND
and clay (SC)

LL:

PL:

PI:

Gs:

PI

2,60 J

DATE:

TECH:

REVIEW:

1

58

747.19

577.30

157.61

151.27

570.96

26.49%.,_

03-Nov-99

CW

PMP

:d Ndt?2:t^0 666T 60 '^°N 89f0696£0£I "ON 3N0Hd S31UID0SSU d3CTT)ED WOdJ
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PARTICLE-SIZE DISTRIBUTION ASTM D 421AND D 422
US STANDARD SIEVE OPENING SIZES

3" 1.5" .75" y>T f>4 u\c O) /MO #60 imici >ncio
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1. 1
1000 100 10 1 0.1

PARTICLE SIZE (mm)

0.01 0.001

COBBLES

Coarse i Fine Cor Med Fine Silt or Clav Size

GRAVEL SAND FINES

SAMPLE*:
DEPTH (ft):

DESCRIPTION:

TP-6:200

Fine to coarse SAND
and clay (SC)

MONTGOMERY WATSON/LAB TESTING/CO
953-2903

GOLDER ASSOCIATES INC

LAKEWOOD, COLORADO

t?H UlH^:t70 6661 60 "^°N 89t70696£0£I : "ON BNOHd

MC (As tested): 3.3%

LL: LL

PL: PL

PI: PI

Gs: 2.60

DATE:

TECH:

REVIEW:

03-Nov-9$

CW

DMD

S31bI30SSb ^30103 : WOdd



PARTICLE-SIZE ANALYSIS OF SOILS
ASTM C 117, C 136,D 421, D 422, D 1140, D 2216, D 2217

MONTGOMERY WATSON/LAB TESTING/CO

953-2903

SAMPLE #:

DEPTH (FT):

TP-7:280

MOISTURE CONTENT (As te

Tare

Weight Wet Soil & Tare, g
Weight Dry Soil & Tare, g
Weight Tare, g
Weight Water, g
Weight Dry Soil, g
Moisture, %

sted) #200 WASH (Percent Fines)

Tare

Weight Soil& Tare Before Wash, g
Weight Soil & Tare After Wash, g
Weight Tare, g
Weight Fines Lost, g
WeightDry Soil, g
Fines Lost %

cw 069

435.80 574.56

426.33 433.96

100.83 155.45

9.47 128.75

325.50 407.26

2.91% 31.61%

SIEVE

6.000"

Coarse Gravel 3.000"

1.500"

1.000"

Fine Gravel 0.750"

0.375"

Coarse Sand #4

Medium Sand #10

#20

Fine Sand #40

#60

#100

#200

Fines PAN

m Ret. % Ret,

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.08%

0.18%

0.37%

1.11%

6.47%

24.23%

59.44%

0.00%

% Pass. SIEVE

100.00% 6.000"

100.00% 3.000" Coarse Gravel

100.00% 1.500"

100.00% 1.000"

100.00% 0.750" Fine Gravel

100.00% 0.375"

99.92% #4 Coarse Sand

99.82% #10 Medium Sand

99.63% #20

98.89% #40 Fine Sand

93.53% #60 .

75.77% #100

40.56% #200

100.00% PAN Fines

0.00

0.00

0.00

0.00

0.00

0.00

0.31

0.74

1.50

4.53

26.34

9S.66

242.09

278.70

0.1% J

LL

PL

PI

Gs

%CGRVL:

%FGRVL:

%CSAND:

% M SAND:

% F SAND:

% FINES:

% TOTAL:

0.0% Wet Color:

Oescription:
Fine to co arse SAND

gravel (SC)
0.1% and clay,

trace fine0.1%

59,4%

0.9% LL

58.3% PL DATE:

TECH:

03-Nov-99

40.6% PI CW

100.0%, Gs REVIEW: DMD

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO

Sd WdS2:t?0 666T 60 "^0N 89t70696£0£T : "ON 3N0Hd SBiblDOSSb d3dlCO : NOdd
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PARTICLE-SIZE DISTRIBUTION ASTM D421 AND D422
US STANDARD SIEVE OPENING SIZES

r ir jy 37r 114 .110 «0 HaO «60 rflOO P200

111 1
i • f, rff "

»l 1 <

i \

-+ -f-T

-A
"1 "~T

1

! '.

~

IT 1 i

|
i

(

;

\\ • \ i i

1 1

j -
i
i

\\
\ l •

i

i i ( i '

1

1 , . 1
i

i

•

i
..__

.
J— Ll. Hi I 1 il

i ;. ....
i [ i

1000 100 10 1 0.1

PARTICLE SIZE (mm)

0.01 0.001

COBBLES

SAMPLE*:
DEPTH (ft):

DESCRIPTION:

"Coarse I Fine Cor Med _ Fine
GRAVEL

TP-7:280

Fine to coarse SAND

and clay,
trace fine gravel (SO

SAND

MONTGOMERY WATSON/LAB TESTING/CO
953-2903

GOLDER ASSOCIATES INC.

3LAKEWOOD, COLORADO

9d Nd92:t70 6661 60 "^°N S9t?0696£0£I : "ON 3N0Hd

Silt or Clav Size
FINES

MC (As tested):
LL:

PL:

PI:

Gs:

2,9%

DATE:

TECH:

LL

PL

PI

Gs

03-Nt>v-99

cw

DMJ>

S31bI3DSSb d3CTI0D : WDdd



PARTICLE-SIZE ANALYSIS OF SOILS
.. , , »_, , -

MONTGOMERY WATSON/LAB TESTING/CO

953-2903

SAMPLE #:

DEPTH (FT):

TP-5:280

MOISTURE CONTENT (As te

Tare

Weight Wet Soil _ Tare, g
Weight Dry Soil & Tare, g
Weight Tare, g
Weight Water, g
Weight Diy Soil, g
Moisture, %

sted) #200WASH (Percent Fines)

Tare

Weight Soil &TareBefore Wash, g
Weight Soil &Tare AfterWash, g
Weight Tare, g
Weight Fines Lost, g
Weight Dry Soil, g
Fines Lost, %

0T ABC4

448.23 754.91

440.11 648.61

103.70 157.14

8.12 92.21

336.41 583.68

2.4J %» 15.80%

Coarse Gravel

Fine Gravel

Coarse Sand

Medium Sand

Fine Sand

Fines

SIEVE

6.000"

3.000"

1.500,,

1.000"

0.750"

0.375"

#4

#10

#20

#40

#60

#1.00

#200

PAN

Wt. Ret. % Ret.

0.00%

0.00%

0.00%,

0.00%

0.00%

3.19%

3.84%

4.58%

5,93%

10.62%

30.23%

63.81%

82.69%

0.00%

%Pass. SIEVE

100.00% 6.000"
100.00% 3.000" Coarse Gravel
100.00% 1.500"

100.00% 1.000"

100.00% 0.750" Fine Gravel
96.81% 0.375"

96.16% #4 Coarse Sand
95.42% #10 Medium Sand
94.07% #20

89.38% #40 Fine Sand

69.77% #60

36.19% #100

17.31% #200

100.00% PAN Fines

0.00

0.00

0.00

0.00

0.00

18.64

22.43

26.76

34,60

61.98

176.46

372.43

482.66

492.32

%CGRVL

%FGRVL

%CSAND

%MSAND

% F SAND

% FINES

% TOTAL

3.8% De

LL:

PL:

PI:

Gs:

0.0% fet Color:

sscription:
Fine to coarse SAND

i clay,
gravel (SC)

3.51% with some

trace fine0.7%

78.8%

6.0% LL

72.1% PL DATE:

TECH:

03-Nov-99

17.3% PI CW

100.0% Gs REVIEW; DME>

COLDER ASSOCIATES INC

LAKEWOOD, COLORADO
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PARTICLE-SIZE DISTRIBUTION ASTM D 421 AND D 422
US STANDARD SIEVE OPENING SIZES
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1000 100 10 1 0.1

PARTICLE SIZE (mm)

0.01 0.001

COBBLES

Coarse Fine Cor Med Fine Silt or Clay Size
GRAVEL SAND FINES

SAMPLE #: TP-5:280 MC (As tested):
LL:

PL:

PI:

Gs:

14%

DEPTH (ft): LL

PL
DESCRIPTION: Fine to coarse SAND

with some clay,
PI

Gs

trace fine sraveJ (S<:)

MONTGOMERY WATSON/LAB TESTING/CO
953-2903 DATE

TKCH

RliVIEW

03-Nov-!>9

CW

DMD

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO

L6 Wd9E:t?0 666T 60 '^N B9t?0696£0£T : "ON 3N0Hd SdlblDOSSb d3CTIQ_) : WOdd



PARTICLE-SIZE ANALYSIS OF SOILS

ASTM C 117, C 136, D 421, D 422, D 1140, D 2216, D 2217

MONTGOMERY WATSON/LAB TESTING/CO

953-2903

SAMPLE #:

DEPTH (FT):

TP-2:150

MOISTURE CONTENT (As t

Tare

Weight Wet Soil & Tare, g
WeightDry Soil & Tare, g
Weight Tare, g
Weight Water, g
Weight Dry Soil, g
Moisture, %

ested) #200 WASH (Percent Fines)

Tare

Weight Soil & Tare Before Wash, g
Weight Soil & Tare After Wash, g
Weight Tare, g
Weight Fines Lost, g
Weight Dry Soil, g
Fines Lost, %

Al 16E

461.32 728.62

440.93 425.46

101.93 156.69

20.39 270.71

339.00 539.48

6.01% 50.18%

Coarse Gravel

Fine Gravel

Coarse Sand

Medium Sand

Fine Sand

Fines

SIEVE

6.000"

3.000"

1.500"

1.000"

0.750"

0.375"

#4

#10

#20

#40

#60

#100

#200

PAN

Wt. Ret. % Ret.

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.07%

0.15%

0.71%

5.32%

19.93%

47.98%

0.00%

%Pass. SIEVE

100.00% 6.000"

100.00% 3.000" Coarse Gravel

100.00% 1 500"

100.00% 1.000"

100.00% 0.750" Fine Gravel

100.00% 0.375"

100.00% #4 Coarse Sand

99.93% #10 Medium Sand

99.85% #20

99.29% #40 Fine Sand

94.68% #60

80.07% #100

52.02% #200

100.00% PAN Fines

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.40

0.79

3.84

28.70

107.54

258.83

269.37

%CGRVL

% F GRVL

%CSAND

% M SAND

% F SAND

% FINES

%TOTAL

0.0% De

LL:

PL:

PI:

Gs:

0.0% fet Color:

scriprion:
CLAY and fine

to coarse sand (CL)0.0%

0.1%

48.0%

0.6% 27

DATE:

TECH:

47.3% 17 03-Nov-99

52.0% 10 CW

100.0% 2.62 REVIEW: DMI>

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO
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PARTICLE-SIZE DISTRIBUTION ASTM D 421 AND D 422
US STANDARD SIEVE OPENING SIZES
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PARTICLE SIZE (mm)

0.01 0.001

COBBLES
Coarse Fine Cor Med Fine Silt or Clav Size

GRAVEL SAND FINES

SAMPLE #: TP-2.-150 MC (As tested):
LL:

PL:

PI:

Gs:

6.0%
DEPTH (ft):

27

17
DESCRIPTION: CLAY and fine

to coarse sand (CL)
10

2.62

MONTGOMERY WATSON/LAB TESTTNG/CO
953-2903

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO

DATE

TECH

REVIEW

03-Nov-99

CW

DMD



FROM GOLDER ASSOCIATES PHONE NO. 13039690468 No^. 12 1999 11:11AM P2

PARTICLE-SIZE ANALYSIS OK SOILS
ASTM C 117, C 136, D 421, D 422, D 1140, D2216,1) 2217

TERRAMATRIX/LAB TESTING/GO

953-2903

MOISTURE CONTENT (As tested)

Tare

Weight Wet Soil & Tare,
Weight Dry Soil & Tare,

Weight Tare, g

Weight Water, g

Weight Dry Soil, g

Moisture, %

6A

326.19

314.00

31.91

12.19

282.09

4.32%

Wt. Ret.

0.00

Coarse Gravel

Fine Gravel

Coarse Sand

Medium Sand

Fine Sand

SIEVE

6.000"

3.000"

1.500"

1.000"

0.750"

0.375"

#4

#10

#20

#40

#60

#100

#200

PAN

0.00

Fines

6,597.60

8,879.50
10,005.40

12,521.50

14.678.40

•15.651,84

16,172.27

16,448.08

16,641.20

17,281.97

18,444.27

22.577.46

%CGRVL: 44.3%

%FGRVL: 20.7% 65.0%

% C SAND: 4.3%

%MSAND: 3.5%

% F SAND: 8.8% 16.7%

% FINES: 18.3%

% TOTAL: 100.0%
______

GOLDER ASSOCIATES INC
LAICEWOOJ), COLORADO

SAMPLE #:

DEPTH (ft):

J19 SCORIA

#200 WASH (Percent Fines)

Tare

Weight Soil & Tare Before Wash, g

Weight Soil & Tare After Wash, g

Weight Tare, g

Weight Fines Lost, g

Weight Dry Soil, g

Fines Lost, %

%Rct. %Pass. SIEVE

0.00% 100.00% 6.000"

0.00% 100.00% 3.000" Coarse Gravel

29.22% 70.78% 1-500"

39.33% 60.67% 1.000"

44.32% 55.68% 0.750" Fine Gravel

55.46% 44.54% 0.375"

65.01% 34.99% #4 Coarse Sand

69.33% 30.67% #10 Medium Sand

71.63% 28.37% #20

72.85% 27.15% #40 Fine Sand

73.71% 26.29% #60

76.55% 23.45% #100

81.69% 18.31% #200

0.00% 100.00% PAN Fines

22,577.46

Wet Color:

Description;

Fine to coarse GRAVEL

with some fine to coarse sand,

some clay (GC)
LL:

PL:

PI:

Gs:

LL

PL

PI

Gs

DATE:

TECH:

REVIEW:

08-Nov-99

MJK

DMD
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PARTICLE-SIZE DISTRIBUTION ASTM D 421 AND D 422

US STANDARD SIEVE OPENING SIZES
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1000 100 10 1 0.1

PARTICLE SIZE (mm)

0.01 .0.001

COBBLES

Coarse Fine Cor Med Fine Silt or Clay Size

GRAVEL SAND PINES

SAMPLE #:

DEPTH (ft):

DESCRIPTION:

J1!> SCORIA

Fine to coarse GRAVEL

with some fine to coarse sand,

some clay (GC)

TERRAMATRIX/LAB TESTING/CO
953-2903

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO

MC (As tested):
LL:

PL:

PI:

Gs:

4.3%

LL,

Pk

PI

Gs

08-iNov-s>9

CMJK

JDMD



FROM = GOLDER ASSOCIATES PHONE NO. : 130396904S8 New.. 12 1999 11:12AM P4

PARTICLE-SIZE ANALYSIS OF SOILS

ASTM C 117, C 136, J> 421, D 422,1) 1140, D 2216, P 2217

TERRAMATRIX/LAB TESTING/CO

953-2903

SAMPLED:

DEPTH (ft):

N6SCORIA

MOISTURE CONTENT (As

Tare

Weight Wet Soil & Tare, g

WeightDry Soil & Tare, g
Weight Tare, g

Weight Water, g

Weight Dry Soil, g

Moisture, %

tested) #200 WASH (Percent Fines)

Tare

Weight Soil & Tare Before Wash, g

Weight Soil & Tare After Wash, g

Weight Tare, g

Weight Fines Lost, g

Weight Dry Soil, g

Fines Lost, %

9A -

292.97 -

285.19 -•

33.93 ••-

7.78 -

251.26 20,724.68

3.10% -'

Coarse Gravel

Fine Gravel

Coarse Sand

Medium Sand

Fine Sand

Fines

SIEVE

6.000"

3.000"

1.500"

1.000"

0.750"

0.375"

#4

#10

#20

#40

#60

#100

#200

PAN

Wt. Ret. % Ret.

0.00%

0.00%

18.60%

29.33%

35.29%

47.82%

56.85%

63.62%

67.73%

70,68%

74.35%

83.44%

89.73%

0.00%

% Pass. STEVE

100.00% 6.000"

100.00% 3.000" Coarse Gravel

81.40%> 1.500"

70.67% 1.000"

64.71% 0.750" Fine Gravel

52.18% 0.375"

43.15% #4 Coarse Sand

36.38% #10 Medium Sand

32.27% #20

29.32% #40 Fine Sand

25.65% #60

16.56% #100

10.27% #200

100.00% PAN Fines

0.00

0,00

3,855,40

6,078.30

7,313.00

9,911.30

11,781-50

13,185,34

14,037.18

14,648.16

15,409.06

17,292.60

18,596.01

20,724.68

% C GRVL:

%FGRVL:

% C SAND:

%MSAND:

% F SAND:

% FINES;

% TOTAL:

56.8%

LL:

PL:

PI:

Gs:

35.3% Wet Color:

Description:

Fine to coarse GRAVEL

and fine to coarse sand,

little clay (GP-GC)

21.6%

6.8%

32.9%

7.1% LL

DATE:

TECH:

19.0% PL 08-Nov-99

10.3% PI mjk:

100.0% Gs RBVfBW: DMD

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO
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PARTICLE-SIZE DISTRIBUTION ASTM D 421 AND D 422

US STANDARD SIEVE OPENING SIZES
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1000 100 10 1 0.1

PARTICLE SIZE (mm)

0.01 O.001

COBBLES

Coarse Fine Cor Med Fine Silt or Clay Size

GRAVEL SAND FINES

SAMPLE #:

DEPTH (ft):

DESCRIPTION:

N6 SCORIA

Fine to coarst GRAVEL

and fine to coarse sand,

little clay (CP-GQ

TERRAMATRIX/LAB TESTING/CO
953-2903

GOLDER ASSOCIATES INC.
LAKEWOOD, COLORADO

MC (As tested):
LL:

PL:

PI:

Gs:

3>lVo

UL

PL,

PI

Gs

OS-Nov-99

TWJK

PMD



FROM = GOLDER ASSOCIATES PHONE NO. : 13039690468 New. 12 1999 11:13AM P6

PARTICLE-SIZE ANALYSIS OF SOILS

HW J. 1'A "»-> -.-..«? "-' * 7

TERRAMATRIX/LAB TESTING/CO

953-2903

SAMPLE #:

DEPTH (ft):

J21 SCORIA

—

MOISTURE CONT

Tare

Weight Wet Soil & Tare,

Weight Dry Soil _ Tare,

Weight Tare, g

Weight Water, g

Weight Dry Soil, g

Moisture, %

TENT (As tested) #200 WASH (Percent Fines)

Tare

Weight Soil & TareBefore Wash, g
WeightSoil& Tare After Wash, g
Weight Tare, g

Weight Fines Lost, g

Weight Dry Soil, g

Fines Lost, %

g

g

X28 -

291.04 -

277.85 -

33.56 -

.1.3.19

244.29 20,955.38

5,40% -

Coarse Gravel

Fine Gravel

Coarse Sand

Medium Sand

Fine Sand

Fines

SIEVE Wt. Ret. % Ret.

0.00%

0.00%

8.56%

18.59%>

24.97%

37.73%

47.59%

54.58%

58.98%

62.13%

66.98%,

74.17%

83.68%

0.00%

%Pass. SIEVE

100.00% 6.000"

100.00% 3.000" Coarse Gravel

91.44% 1.500"

$1.41% LOOO"

75.03% 0.750" Fine Gravel

62.27% 0.375"

52.41% #4 Coarse Sand

45.42% #10 Medium Sand

41.02%> #20

37.87% #40 Fine Sand

33.02% #60

25.83% #100

16.32% #200

100.00%. PAN Fines

6.000"

3.000"

1.500"

1.000"

0.750"

0.375"

#4.

#10

#20

#40

#60

#100

#200

PAN

0.00

0.00

1,794.70

3,896.60

5,232.30

7,906.20

9,972.20

11,437.84

12,359.60

13,018.80

14,036.36

15,542.72

17,535.92

20,955.38

% C GRVL:

%FGRVL:

%CSAND;

%MSAND;

% F SAND:

% FINES;

% TOTAL:

LL

PL

PL

Gs

25.0%

47.6%

WeL Color:

Description:

Fine to coarse SAND

and fine to coarse gravel,

some clay (SC)
22.6%

7.0%

36.1%

7.5% LL

DATE:

TECH:

21.6% PL 08-Nov-99

16.3% PI MJKL

100.0% Gs REVIEW: DlVQD j

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO
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FROM = GOLDER ASSOCIATES PHONE NO. : 13039690468 Nou. 12 1999 11:13AM P7

PARTICLE-SIZE DISTRIBUTION ASTM D 421 AND D 422

US STANDARD STEVE OPENING SIZES
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PARTICLE SIZE (mm)

COBBLES

Coarse Fine Cor Med Fine Silt or Clay Size

GRAVEL SAND FINES

SAMPLE #: J21 SCORIA MC (As tested):
LL:

PL:

PI:

Gs:

5.4M>

DEPTH (ft): LL*

PI,

DESCRIPTION: Fine to coarse SAND

and fine to coarse gravel,
PI

Gs

some clay (SO

TERRAMATRIX/LAB TESTING/CO
953-2903

GOLDER ASSOCIATES INC.
LAKEWOOD, COLORADO

OS-INov-99

M-FK

J>MD



PARTICLE-SIZE ANALYSIS OF SOILS

ASTM C 117, C 136, D 421, D 422, D 1140, D 2216,D 2217

JOB NAME

JOB NUMBER

MONTGOMERY WATSON

003-2111-1

SAMPLE #:

DEPTH (FT):

PW-B13

10-12 FT

MOISTURE CONTENT (As te

Tare

Weight Wet Soil & Tare, g
Weight Dry Soil &. Tare, g
Weight Tare, g
Weight Water, g
Weight Dry Soil, g
Moisture, %

sted) #200 WASH (Percent Fines)

Tare

Weight Soil & TareBefore Wash, g
Weight Soil & Tare After Wash, g
Weight Tare, g
Weight Fines Lost, g
Weight Dry Soil, g
Fines Lost, %

7-C S9

58.10 232.48

57.00 205.18

24.62 158.53

1.10 24.87

32.38 71.52

3.40% 34.77%

Coarse Gravel

Fine Gravel

Coarse Sand

Medium Sand

Fine Sand

Fines

SIEVE

6.000"

3.000"

1.500"

1.000"

0.750"

0.375"

#4

#10

#20

#40

#60

#100

#200

PAN

Wt. Ret. %Ret.

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

%Pass. SIEVE

100.00% 6.000"

100.00% 3.000" Coarse Gravel

100.00% 1.500"

100.00% 1.000"

100.00% 0.750" Fine Gravel

100.00% 0.375"

100.00% #4 Coarse Sand

100.00% #10 Medium Sand

100.00% #20

100.00% #40 Fine Sand

100.00% #60

100.00% #100

100.00% #200

100.00% PAN Fines

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

%CGRVL

% F GRVL

%C.SAND

%MSAND

%FSAND

% FINES

% TOTAL

0.0% De

LL:

PL:

PI:

Gs:

0.0% Vet Color:

;scription:
DESCRIPTION

0.0%

0.0%

0.0%

0.0% LL

DATE:

TECH:

0.0% PL 27-Jam-00

100.0% PI DM

100.0% Gs REVIEW: DM3D

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO



ATTERBERG LIMITS

ASTM D 4318

JOB NAME: MONTGOMERY WATSON/LABTEST/C DEPTH:
JOB NUMBER: 953-2903 SAMPLE NUMBER: PWB2

PLASTIC LIMIT

Tare

Vv^eight Moist Soil & Tare, g

Weight Dry Soil & Tare, g

Weight Tare, g

Weight Moisture, g

Weight Dry Soil, g

Moisture, %

LIQUID LIMIT

Tare

WeightMoist Soil & Tare, g

Weight Dry Soil & Tare, g

Weight Tare, g

Weight Moisture, g

Weight Dry Soil g

Moisture. %

Number of Blows

F7 CIE7 F4

21.28 21.85

20.14 20.70

13.90 14.27

1.14 1.15.

6.24 6.43

18.3 17.9

23.50 23.42

20.91 20.72

14.05 13.84

2.59 2.70

6.86 6.88

37.8 39.2

33 22

41.5

41.0

40.5

p" 40.0

LU

3 39.5

CO

o
_ 39.0

38.5

38.0

37.5

I .
•

!

R2 = O QSfiCi

"

—j 1
i

I I
j I I

n 20 oc 30 40 5C 60 80
100

LIQUID LIMIT: 39

PLASTIC LIMIT: 18

PLASTICITY INDEX: 21

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO

NUMBER OF BLOWS

DATE

TECH

REVIEW

H2

27.12

23.32

14.04

.8

9.2S

40.9

15

22-Nov-99

CW

DMD
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ATTERBERG LIMITS

ASTM D 4318

JOB NAME: MONTGOMERY WATSON/LABTEST/C DEPTH:
JOB NUMBER: 953-2903 SAMPLE NUMBER: PWB10

PLASTIC LIMIT LIQUID LIMIT

Tare

Weight Moist Soil& Tare, g
WeightDry Soil & Tare, g

Weight Tare, g

Weight Moisture, g

Weight Dry Soil, g

Moisture, %

E5 F8

23.97 21.74

22.32 20.40

14.20 13.75

1.65 1.34

8.12 6.65

20.3 20.2

Tare

WeightMoist Soil & Tare, g

Weight Dry Soil & Tare, g

Weight Tare, g

Weight Moisture, g

Weight Dry Soil, g

Moisture, %

Number of Blows

NUMBER OF BLOWS

LIQUID LIMIT:

PLASTIC LIMIT:

PLASTICITY INDEX:

GOLDER ASSOCIATES INC

LAKEWOOD, COLORADO

25

20

5

D6

25.63

23.43

14.08

2.20

9.35

23.5

34

H6

24.60

22.52

14.19

2.08

8.3:

25.0

24

100

DATE

TECH

REVIEW

G8

25.47

23.11

14.14

2.359

8.971

26.3

16

22-Nov-99

CW

DMD
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FROM = GOLDER ASSOCIATES PHONE NO. : 13B39&90468 •'Now. 15 1999 03:51PM P4

MOISTURE-DENS!'! Y CURVE

ASTM D 698, METHOD A

145

140

135

130

125

120

<&115
>*

iiio
&

Sl05
C4
ft

100

95

90

85

80

75

"V

SPE^IFJCGR^ITYOFJ.
ZERO AIR VOIDS

CURVE = 2*6°!

0%

SAMPLE #:

DESCRIPTION:

5% 10% 15% 20% 25% 30% 35%
%MOTSTURE

TP(J:200

Fine to coarse SAND

and silt (SM)

TERRAMATRIX/LAB TESTING/CO

953-2903

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO

MAXIMUM DRY DENSITY (pcf):

OPTIMUM MOISTURE (%):

DELIVERED MOISTURE (%):

LL: NP

PL: NP

PI: NP DATE:

TECH:

REVIEW:

40%

115.4

12.K

33

11/12J99

DMX»

DMD



FROM GOLDER ASSOCIATES PHONE NO. 13039690468 Now. 15 1999 03:51PM P3

MOISTURE-DENSITY CURVE

ASTM D 698, METHOD A

SPECIFIC GRAVITY OFJ,
ZERO AIR VOIDS

CXJ„VE= 2-6(*:

15% 20% 25%
% MOISTURE

SAMPLE #:

DESCRIPTION:

TP5:280

Fine to coarse SAND

with some silt,

trace fine gravel (SM)

TERRAMATRIX/LAB TESTING/CO

953-2903

GOLDER ASSOCIATES INC

LAKEWOOD, COLORADO

MAXIMUM DRY DENSITY (pcf):

OPTIMUM MOISTURE (%):

DELIVERED MOISTURE (%):

LL: NP

PL: NP

PI: NP DATE:

TtiCHfc

REVIEW:

ni.2

13.2

3.3

11/12J99

DMX>

DMJ>
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ONE-DIMENSIONAL CONSOLIDATION

0.75

0.70

0.65

0.60

o
.£ 0.55

4t ^*^.^

2
a
O 0.50
>

0.45

0.40

0.35

0.30

0.1

SAMPLE #:

DESCRIPTION:

PW-Bl

22 ft

CLAY

l 10

PRESSURE (ksf)

TERRAMATRIX/LABTESTING/CO

953-2903

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO

DATE

TECH

REVIEW

100

1/23/9.9

CW

DMD
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ONE-DIMENSIONAL CONSOLIDATION

U. /3 "

0 70 -

0.65 -

0 60 -

So.55 -
H

a
P0.50 -

0.45 - )
0 40 - /

I •

0 35 - 1
0.30 - i

0.1

SAMPLE #:

DESCRIPTION:

PW-Bl

22 ft

CLAY

TERRAMATRIX/LABTESTING/CO

[953-2903
GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO

Cv (ftA2/day)
ID

DATE 11/23/99

TECH CW

REVIEW DMT>
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{RIGID-WALL PERM)

JOB* NUMBER; 953-29Q3

.JOB? .NAME: MONTGOMERY WATSON/LAB TESTING/CO

BORING NUMBER: _______

TECHNICIAN: _PLB _

REV!EWiD BY: DMD

DATE TESTED; 12/7/99

SAMPLE NUMBER; TP-6:200

SAMPLE DEPTH:

MOISTURE CONTENT (INITIAL)

TARE;

WETWEIGHT &TARE, g:
DRY WEIGHT & TARE, g:

TARE WEIGHT, g:

MOISTURE. %:

7B

95.30

24.65

S.1

MOISTURE CONTENT (FINAL)

TARE:

WET WEIGHT & TARE, g:

DRY WEIGHT & TARE, g:

TARE WEIGHT, g:

MOISTURE, %:

22B

212.78

170.68

24.77

23.S

REMOLD DATA

DIAMETER, cm: 10.15

LENGTH, era: J_A5__

WEIGHT OF MOLD A

WET SAMPLE, g: $808-00,

WEIGHT OF MOLD, g: 4203 20.

WET WEIGHT OF SAMPLE, g: 1604.80;

DRY WEIGHT OF SAMPLE, g: 1470.9_

SAMPLE AREA, cm3: .._80._L_

SAMPLE VOLUME, cm3:

WET DENSITY, pcf:

DRY DENSITY, pcf: 97.

943.42

106.2

DATE TIME

(sec)

VOLUME

(ml)

Q

(mi/sec)

HEAD

(cm)

TEMP. TEMP.

FACTOR

K j
(cm/sec)}"

12/7/99 300 19.01 0,1 16 26.2 0.86583 4,9$£-04

300 18.73 0.1 ' 16 23.2 0.86533 4.66E-04

300 22.13 0.1 16 26.2 0.S65S3 5..74E-04

300 .11.89 0.0 10 20.8 0.97841 5.58E-G4

300 12.11 0.0 10 20.9 0.87841 5.68E-04

300 11.13 0.0 to... , 20.8 0,98076 5.23E-04

AiVERAGE: 5.3E-04

K = (ml/sec x Length) / IJriead x Area)
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Geotechnical Calculations
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Estimation of Soil Parameters
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Estimated Soil Parameters for Alluvial Soils nearJ7JrSediment Control Dam

Boring Depth (ft) d> 7d (pcf) Es(ksf)
PW-B1 5 33 115 120
PW-B2 10 33 115 150
PW-B3 5 33 115 110

20 33 120 400
PW-B4 5 33 120 380
PW-B5 10 33 120 380
PW-B7 5 31 105 64

10 33 115 120
15 33 120 . 240
20 33 115 200
25 33 120 330
30 33 115 250

PW-B8 5 31 105 55
10 33 115 110

15 33 115 160
20 33 120 300
25 31 110 150
30 31 110 160
35 29 105 125
40 29 95 50

PW-B10 20 29 95 40
PW-B12 5 33 120 220

10 33 120 -

15 33 120 300
20 33 115 240
25 33 120 360

PW-B13 5 33 120 140
15 33 120 280

PW-B14 5 31 115 110
15 33 120 310
20 31 115 215
25 31 105 125

! PW-B15 25 31 115 240

Average Values: 32 114 201 j
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TABLE 3-4

Empirical values for <f>, Dr, and unit weight of granular soils based on
the SPT at about 6 m depth and normally consolidated [approximately,
4 = 25° + 15°Dr (±2°)1

Description Very loose Loose Medium Dense Very dense

Relative density Dr 0 0.15 0.35 0!65 0.85

SPTA^: fine 1-2 3-6 2=X$ 16-30 ?

medium 2-3 4-7 8^20 21-40 >40

coarse 3-6 5-9 10-25 26-45 >45

<f>: fine
medium

26-28

27-28

28-30

30-32

30-34

32-36

33-38

36-42 <50

coarse 28-30 30-34 33-40 40-50

-ywet, kN/m3 11-16* 14-18 17-20 17-22 20-23

* Excavated soilormaterial dumped froma truckhas a unit weightof 11to 14kN/m3 andmustbe quitedense
toweigh much over21kN/m3. Noexisting soilhas a Dr - 0.00nora value of 1.00. Common ranges arefrom
0 1 to 0.7.

Thefollowing areseveralSPTJV-value correlations forangleof friction<f>. The top twoof
bq. (3-5) arefrom Shioi andFukui (1982), who obtained them from the Japanese Railway
Standards:

<f> =V18JV70 +15
^ = 0.36^70+27

<f> = 4 5N10 + 20 (in general)

The top equation of this set is for roads and bridges, and the second is for buildings (refer
also to Table 3-4).

Arelationship for Nand Dr was proposed indirectly byMeyerhof (1957) as

= A + Bp0
m

(3-5)

(3-5a)

for this equation Skempton (1986), using adatabase of five different soils, found thatAand
*are site-dependent with arange in Aof 15 to about 54 and in Bfrom 0.306 to 0.204 (using

e"70 base). This spread is such that using average values for Aand Bissomewhat risky;
However, using averages we obtain

^| =32+ 0.288/*; (3-5/?)

one olt m̂ F°r an average unit weiSnt Jof 16 t0 17 kN/m3 and adepth of about 6m
norm 11 ^ ^°^r '*** ^' wn*cn was also used as aguide in designating the Nvalues for
(I9xr consolidated sands of Table 3-4. For overconsolidated sands (OCR > 1), Skempton

ooi suggested the following adjustment:

^o A + BC0CRp'0 (3-5c)
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Settlement Calculations
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Appendix D.3

Rock Strength Galculations
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Appendix D.4

Seepage Analysis
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//23! i 2 :.-1 4PM; MONTGOMERY WATSOM- !W SAN i i AGO

CONSTANT HEAD PERMEABILITY

(RIGID-WALL PERM)

JOB NUMBER: 953-2903
JOB NAME: MONTGOMERY WATSON/LAB TESTING/CO

BORING NUMBER:'

TECHNICIAN: FLS

REVIEWED BY: DMD

DATE TESTED: 12/7/99
SAMPLE NUMBER: TP-6:200

SAMPLE DEPTH:

MOISTURE CONTENT (INITIAL)
TARE:

WET WEIGHT &TARE, g:

DRY WEIGHT &TARE, g:

TARE WEIGHT, g:

MOISTURE. %:

7B

101.73

$5.30

24.65

9.1

MOISTURECONTENT (FINAL)
TARE:

WET WEIGHT& TARE, g:

DRYWEIGHT & TARE, g:

TARE WEIGHT, g:

MOISTURE, %:

22B

212.75

176.68

2477

23.8

REMOLD DATA

DIAMETER, cm: 10.15

LENGTH, cm: 11,65

WEIGHT OF MOLD &

WET SAMPLE, g: 5803-00

WEIGHT OF MOLD, g: 4203.20

WET WEIGHT OF SAMPLE, g: 1604.80

DRY WEIGHT OF SAMPLE, g: 1470.9

SAMPLE AREA, cm3: 80,98

SAMPLE VOLUME, cm3: 943.42

WET DENSITY, pcf: 106.2

DRY DENSITY, pcf: 97.3

DATE TIME

(sec)

VOLUME

(ml)

Q

(ml/sec)

HEAD

(cm)

TEMP.

ro

TEMP.

FACTOR (cm/sec) r
12/7/00 300 19.01 0,1 16 28.2 0.86583 4.03E-O4 j

300 18.73 0.1 16. 23.2 0.86583 4.88E-04 j
300 22.13 0.1 16 26.2 0.S65S3 5.74E-Q+ J
300 11.89 0.0 10 20.9 0.S7S41 5.58E-04 j
300 12.11 0.0 10 20.9 0.87841 5.68E-04- i
300 11.13 0.0 10 20.8 0.93076 S.23E-04 j

A VERAGE: 5.3E-Q4 i
K= (ml/sec x Length) / (Headx Area)
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Appendix D.5

Slope Stability Analysis
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-50-

Description: Peabody Western Sediment Control Dam,
Comments: Static Analysis, Required FS = 1.5
Last Saved Date: 2/2/00

Analysis Method: Morgenstern-Price
Seismic Coefficient: (none)

Description: Dam Materia
Soil Model: Mohr-Coulomb
Unit Weight: 138
Cohesion: 187

Phi: 36.4

Unit Wt. above WT: 122

Description: Sandstone

Description: Dram with geotextile
Soil Model: Mohr-Coulomb

Unit Weight: 138
Cohesion: 0

Phi- 27

50 100 150 200 250

ft

300

Description Si unn Starter D^m
Soil Model Mohr-Coulomb

Unit Wei jht 138
Cohesirn 0

Phr 38

350 400 450 500
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Description: Peabody Western Sediment Control Dam
Comments: SeismicAnalysis, Required FS = 1.2at 0.1
Last Saved Date: 2/2/00
Analysis Method: Morgenstern-Price
Seismic Coefficient: Horizontal

Description: Dam Material
Soil Model: Mohr-Coulomb
UnitWeight: 138
Cohesion: 187
Phi: 36.4
Unit Wt. above WT: 122

,2.152

Description: Sandstone
Description: Drain with geotextile n o ^~TT~I—^7—
Soil Model: Mohr-Coulomb ^ST?'^T% f L ^Unit Weight: 138 ^°! Modeh Mohr-Coulomb
Cohes.on^O "nrt Weight: 138
Phi: 27 Ph,38°n

-25

-50

50 100 150 200 250

ft

300 350 400 450 500



Description: Peabody Western Sediment Control Dam
Comments: Static Analysis, Soil Foundation, Required FS= 1.5
Last Saved Date: 3/29/00
Analysis Method: Morgenstern-Price
Seismic Coefficient: (none)

Description: Dam Material
Soil Model: Mohr-Coulomb
Unit Weight: 138
Cohesion: 187
Phi: 36.4 ^—c-r=^

50 100 150

ft

200 250 300 350 400



Description: Peabody Western Sediment Control Dam,
Comments: Static Analysis, Soil Foundation
Last Saved Date: 3/29/00
Analysis Method: Morgenstern-Price
Seismic Coefficient: Horizontal
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CU Triaxial Shear Data Stress Path Plot
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100
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♦ Effective Stress: p'-q

• " Total Stress: p-q

- - - Effective Stress: p'-q

Total Stress: p-q

= 0.61- 4*+ 2.3889

0.9973

20 40 60 80 100 120 140 160 180

p or p' (psi)

Point Number P P' q

A

B

C

46 52 32

73 73 45

154 162 97

Total Stress Parameters:

P = (CT1 +CT3)/2

Effective Stress Parameters:

p' = (o-i'+o-3' )/2

q = (01 -m)/2

q = (ai -a3)/2

Golder Lab Results:

sin<i) = tana and c = a/cos(j)

slope = 0.611 intercept = 2.389

a = 31.4 a: 2.4

* = 37.7 c (psi)= 3.0

slope = 0.589 intercept = 1.658

a' = 30.5 a': 1.7

4>' = 36.1 C (psi)= 2.1

<i> = 38.1 c (psi)= 2.2

4>' = 36.4 c' (psi)= 1.3
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Shear Stress vs. Strain
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Golder Associates, Inc.
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Terramatrix/Lab Testing/CO

Sample No.
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Depth
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Figure:
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PARTICLE-SIZE ANALYSIS OF SOILS

ZTL>J A iii -^ -"--»•'? "^ »«"-,-

TERRAMATRIX/LAB TESTING/CO

953-2903

SAMPLE #:

DEPTH (ft):

N6 SCORIA

1MOISTURECON

Tare

Weight Wet Soil & Tai

Weight Dry Soil & Tar

Weight Tare, g

Weight Water, g

Weight Dry Soil, g

Moisture, %

TENT (As tested) #200 WASH (Percent Fines)

*e, g

e, g

9A Tare

Weight Soil& Tare Before Wash, g
Weight Soil& Tare AfterWash, g

Weight Tare, g

Weight Fines Lost, g

Weight Dry Soil, g

Fines Lost, %

-

292.97 -

285.19 -

33.93 ' -

7.78 -

251.26 20,724.68

3.10%

Coarse Gravel

Fine Gravel

Coarse Sand

Medium Sand

Fine Sand

Fines

SIEVE Wt. Ret. % Ret.

0.00%

0.00%

18.60%

29.33%

35.29%

47.82%

56.85%

63.62%

67.73%

70.68%

74.35%

83.44%

89.73%

0.00%

%Pass. SIEVE

100.00% 6.000"

100.00% 3.000" Coarse Gravel

81.40% 1500"

70.67% 1-000"

64.71% 0.750" Fine Gravel

52.18% 0.375"

43.15% #4 Coarse Sand

36.38% #10 Medium Sand

32.27% #20

29.32% #40 Fine Sand

25.65% #60

16.56% #100

10.27% #200

100.00% PAN Fines

6.000"

3.000"

1.500"

1.000"

0.750"

0.375"

#4

#10

#20

#40

#60

#100

#200

PAN

0.00

0.00

3,855.40

6,078.30

7,313.00

9,911.30

11,781.50

13,185.34

14,037.18

14,648.16

15,409.06

17,292.60

18,596.01

20,724.68

% C GRVL

%FGRVL

%CSAND

% M SAND

%F SAND

% FINES

% TOTAL

LL

PL

PI

Gs

35.3%

56.8%

Wet Color:

Description:

Fine to coarse GRAVEL

and fine to coarse sand,

little silt (GP-GM)
21.6%

6.8%

32.9%

7.1% NP

19.0% NP DATE:

TECH:

08-Nov-99

10.3% NP MJK

100.0% Gs REVIEW: DMD

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO
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PARTICLE SIZE (mm)

0.1 0.01 0.001

COBBLES

Coarse Fine Cor Med Fine Silt or Clay Size

GRAVEL SAND FINES

SAMPLE #: N6 SCORIA MC (As tested):
LL:

PL:

PI:

Gs:

3.1%

DEPTH (ft): NP

NP

DESCRIPTION: Fine to coarse GRAVEL

and fine to coarse sand,

NP

Gs

little silt (GP-GM)

TERRAMATRIX/LAB TESTING/CO
953-2903 08-N»v-99

MJK

DMD

GOLDER ASSOCIATES INC

LAKEWOOD, COLORADO
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SAMPLE #: J19 SCORIA MC (As tested):
LL:

PL:

PI:

Gs:

4.3%

DEPTH (ft): NP

NP

DESCRIPTION: Fine to coarse GRAVEL

with some fine to coarse sand,
NP

Gs

some silt (GM)

TERRAMATRIX/LAB TESTING/CO
953-2903 08-Nov-99

MJK

DMD

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO



PARTICLE-SIZE ANALYSIS OF SOILS

ASTM C 117, C 136, D 421, D 422, D 1140, D 2216, D 2217

TERRAMATRIX/LAB TESTING/CO

353-2903

SAMPLE #:

DEPTH (ft):

J19 SCORIA

. —

310ISTURE CONTENT (As

T'are

"Weight Wet Soil & Tare, g

"Weight Dry Soil & Tare, g

"Weight Tare, g

Weight Water, g

"WeightDry Soil, g

Ivloisture, %

tested) #200 WASH (Percent Fines)

Tare

Weight Soil & Tare Before Wash, g

Weight Soil & Tare After Wash, g

Weight Tare, g

Weight Fines Lost, g

Weight Dry Soil, g

Fines Lost, %

6A -

326.19 -

314.00 -

31.91 -

12.19 -

282.09 22,577.46

4.32% -

Coarse Gravel

Fine Gravel

Coarse Sand

Medium Sand

Fine Sand

Fines

SIEVE

6.000"

3.000"

1.500"

1.000"

0.750"

0.375"

#4

#10

#20

#40

#60

#100

#200

PAN

Wt. Ret. % Ret

0.00%

0.00%

29.22%

39.33%

44.32%

55.46%

65.01%

69.33%

71.63%

72.85%

73.71%

76:55%

81.69%

0.00%

%Pass. SIEVE

100.00% 6.000"

100.00% 3.000" Coarse Gravel

70.78% 1.500"

60.67% 1.000"

55.68% 0.750" Fine Gravel

44.54% 0.375"

34.99% #4 Coarse Sand

30.67% #10 Medium Sand

28.37% #20

27.15% #40 Fine Sand

26.29% #60

23.45% #100

18.31% #200

100.00% PAN Fines

0.00

0.00

6,597.60

8,879.50

10,005.40

12,521.50

14,678.40

15,651.84

16,172.27

16,448.08

16,641.20

17,281.97

18,444.27

22,577.46

%CGRVL

%FGRVL

% C SAND

%MSAND

%FSAND

% FINES

% TOTAL

65.0%

LL

PL

PI

Gs

44.3% Wet Color:

Description:

Fine to coarse GRAVEL

with some fine to coarse sand,

some silt (GM)
20.7%

4.3%

16.7%

3.5% NP

DATE:

TECH:

8.8% NP 08-Nov-99

18.3% NP MJK

100.0% Gs REVIEW: DMD

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO
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PARTICLE-SIZEDISTRIBUTION ASTMD 421 AND D 422
US STANDARD SIEVE OPENING SIZES

#40 #60 #100 #200

1000 100
0.0-1 0.001

PARTICLE SIZE (mm)

COBBLES

SAMPLE #:

DEPTH (ft):

DESCRIPTION:

Coarse Fine Cor

GRAVEL

J21 SCORIA

Fine to coarse SAND

and fine to coarse gravel,
some silt (SM)

TERRAMATRLX/LAB TESTING/CO
953-2903

Med Fine

SAND

GOLDER ASSOCIATES INC.
LAKEWOOD, COLORADO -- fy,{flrt">

)$

s
I \A

Oho

Silt or Clay Size

FINES

MC (As tested): 5.4%

LL: NP

PL: NP

PI: NP

Gs: Gs

OS-Noy-99

MJK

DMD



*„mm«rmtM-ftit(<ft mmaMsimmm

PARTICLE-SIZE ANALYSIS OF SOILS

ASTM C 117, C 136, D 421, D 422, D 1140, D 2216, D 2217

TERRAMATRIX/LAB TESTING/CO

553-2903

SAMPLE #:

DEPTH (ft):

J21 SCORIA

MOISTURE CONTENT (As

Tare

Weight Wet Soil & Tare, g

Weight Drj' Soil & Tare, g

'Weight Tare, g

"Weight Water, g

height Dry Soil, g

Moisture, %

tested) #200 WASH (Percent Fines)

Tare

Weight Soil & Tare Before Wash, g

Weight Soil & Tare After Wash, g

Weight Tare, g

Weight Fines Lost, g

Weight Dry Soil, g

Fines Lost, %

X28 -

291.04 -

277.85 -

33.56 -

13.19 -

244.29 20,955.38

5.40% -

SIEVE

6.000"

Coarse Gravel 3.000"

1.500"

1.000"

Fine Gravel 0.750"

0.375"

Coarse Sand #4

Medium Sand #10

#20

Fine Sand #40

#60

#100

#200

Fines PAN

Wt. Ret. % Ret.

0.00%

0.00%

8.56%

18.59%

24.97%

37.73%

47.59%

54.58%

58.98%

62.13%

66.98%

74.17%

83.68%

0.00%

%Pass. SIEVE

100.00% 6.000"

100.00% 3.000" Coarse Gravel

91.44% 1.500"

81.41% 1.000"

75.03% 0.750" Fine Gravel

62.27% 0.375"

52.41% #4 Coarse Sand

45.42% #10 Medium Sand

41.02% #20

37.87% #40 Fine Sand

33.02% #60

25.83% #100

16.32% #200

100.00% PAN Fines

0.00

0.00

1,794.70

3,896.60

5,232.30

7,906.20

9,972.20

11,437.84

12,359.60

13,018.80

14,036.36

15,542.72

17,535.92

20,955.38

47.6%

LL:

PL:

PI:

Gs:

%CGRVL

% F GRVL

% C SAND

%MSAND

%FSAND

% FINES

% TOTAL

25.0% Wet Color:

Description:

Fine to coarse SAND

and fine to coarse gravel,

some silt (SM)

22.6%

7.0%

36.1%

7.5% NP

DATE:

TECH:

21.6% NP OS-Nov-99

16.3% NP MJK

100.0% Gs REVIEW: DMD

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO
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Appendix D.6

Filter Criteria and Drainage Calculations
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PARTICLE-SIZE ANALYSIS OF SOILS

ASTM C 117, C 136, D 421, D 422, D 1140, D 2216, D 2217

MONTGOMERY WATSON/LAB TESTING/CO

953-2903

SAMPLE #:

DEPTH (FT):

TP-6:200

MOISTURE CONTENT (As t<

Tare

WeightWet Soil & Tare, g
Weight Dry Soil & Tare, g
Weight Tare, g
Weight Water, g
Weight Dry Soil, g
Moisture, %

ssted) #200 WASH (Percent Fines)

Tare

Weight Soil & Tare BeforeWash, g
Weight Soil & Tare After Wash, g
Weight Tare, g
Weight Fines Lost, g
Weight Dry Soil, g
Fines Lost, %

M53 58

•
464.29 747.19
452.88 577.30

103.01 157.61

11.41 151.27

349.87 570.96

3.26% 26.49<%

Coarse Gravel

Fine Gravel

Coarse Sand

Medium Sand

Fine Sand

Fines

SIEVE

6.000"

3.000"

1.500"

1.000"

0.750"

0.375"

* #4

#10

#20

#40

#60

#100

#200

PAN

Wt. Ret. % Ret.

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.03%

0.22%

0.46%

1.38%>

7.49%

33.21%

66.30%

0.00%

%Pass. SIEVE

100.00% 6.000"

100.00% 3.000" Coarse Gravel

100.00% 1.500"

100.00% 1.000"

100.00% 0.750" Fine Gravel

100.00% 0.375"

99.97% #4 Coarse Sand

99.78% #10 Medium Sand

99.54% #20

98.62% #40 Fine Sand

92.51% #60

66.79% #100

33.70% #200

100.00% PAN Fines

;

0.00

0.00

0.00

0.00

*£*) 0.00

|f|r 0.00

0.15

1.26

2.60

7.87

42.75

189.61

378.52

420.14

%CGRVL:

%FGRVL:

%CSAND:

*%MSAND:

% F SAND:

% FINES:

% TOTAL:

0.0% De

LL:

PL:

PI:

Gs:

0.0% let Color:

scription:
Fine to coarse SAND

1)0.0% and silt (STS
0.2%

66.3%

1.2% NP

64.9% NP DATE:

TECH:

03-Nov-99

33.7% NP CW

100.0% 2.60 REVIEW: DMO

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO
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PARTICLE-SIZE DISTRIBUTION ASTM D 421 AND D 422

US STANDARD SIEVE OPENING SIZES

3' 1. )" .7 5" .375" # i SIC #20 #40 #60

- -l—

#100 #200

—1 1111- ' '

\
)
I

—

1000 100 10 1 0.1

PARTICLE SIZE (mm)

0.01 0.001

COBBLES

Coarse Fine Cor Med Fine Silt or Clay Size

GRAVEL SAND FINES

SAMPLE #:

DEPTH (ft):

DESCRIPTION:

TP-6:200

Fine to coarse SAND

and silt (SM)

MONTGOMERY WATSON/LAB TESTING/CO
953-2903

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO

MC (As tested): 3.3%

LL: NP

PL: NP

PI: NP

Gs: 2.60

DATE

TECH

REVIEW

03-Nov-99

CW

DMD
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PARTICLE-SIZE DISTRIBUTION ASTM D 421 AND D422
US STANDARD SIEVE OPENING SIZES

100 (TTT
3"

y-# rHfc-r
1.5" .

| » if

75" .375"

•• 4tt

#4 #10 #20 #40 #60 #100 #200

90 -—

r i :-d, "+"-—+ ri-

80 •—
y

70 -— \
60 -—1 \
50 j—
40 4-

30 -1-

20 -j-
10 -j—
o -U-L- III 1

1
i

1000 100 10 1 0.1

PARTICLE SIZE (mm)

0.01 0.001

COBBLES

SAMPLE #:

DEPTH (ft):

DESCRIPTION:

Coarse Fine Cor

GRAVEL

TP-7:280

Fine to coarse SAND
and silt,
trace fine gravel (SM)

Med Fine

SAND

MONTGOMERY WATSON/LAB TESTING/CO
953-2903

Silt or Clay Size

FINES

MC (As tested): 2.9%

LL: NP

PL: NP

PI: NP

Gs: Gs

DATE

TECH:

REVIEW

03-Nov-99

CW

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO

DMD



PARTICLE-SIZE ANALYSIS OF SOILS

ASTM C 117, C 136, D 421, D 422, D 1140, D 2216, D 2217

MONTGOMERY WATSON/LAB TESTING/CO

953-2903

SAMPLE #:

DEPTH (FT):

TP-7:280

MOISTURE CONTENT (As tc

Tare

Weight Wet Soil & Tare, g
Weight Dry Soil & Tare, g
Weight Tare, g
Weight Water, g
Weight Dry Soil, g
Moisture, %

;sted) #200 WASH (Percent Fines)

Tare

Weight Soil & Tare Before Wash, g
Weight Soil & Tare After Wash, g
Weight Tare, g
Weight Fines Lost, g
Weight Dry Soil, g
Fines Lost, %

CW 069

435.80 574.56

426.33 433.96

100.83 155.45

9.47 128.75

325.50 407.26

2.91% 31.61<%

Coarse Gravel

Fine Gravel

Coarse Sand

Medium Sand

Fine Sand

Fines

SIEVE

6.000"

3.000"

1.500"

1.000"

0.750"

0.375"

#4

#10

#20

#40

#60

#100

#200

PAN

Wt. Ret. % Ret.

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0:08%

0.18%

0.37%

1.11%

6.47%

24.23%

59.44%

0.00%

% Pass. SIEVE

100.00% 6.000"

100.00% 3.000" Coarse Gravel

100.00% 1.500"

100.00% 1.000"

100.00% 0.750" Fine Gravel

100.00% 0.375"

99.92% #4 Coarse Sand

99.82% #10 Medium Sand

99.63% #20

98.89% #40 Fine Sand

93.53% #60

75.77% #100

40.56% #200

100.00% PAN Fines

•

0.00

0.00

0.00

0.00

0.00

0.00

0.31

0.74

1.50

4.53

26.34

98.66

242.09

278.70

% C GRVL

%FGRVL

%CSAND

%MSAND

%FSAND

% FINES

% TOTAL

0.1% De

LL:

PL:

PI:

Gs:

0.0% let Color:

scription:
Fine to coa rse SAND

;ravel(SM)

0.1% and silt,

trace fine g0.1%

59.4%

0.9% NP

58.3% NP DATE:

TECH:

03-Nov-99

40.6% NP CW

100.0% Gs REVIEW: DMEV

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO



MiartwitMjiii^^

PARTICLE-SIZE ANALYSIS OF SOILS
• w, ^, ^^M-Vf MJ

MONTGOMERY

953-2903

I WATSON/]LAB TESTING/CO SAMPLE #:

DEPTH (FT):

TP-5:280

MOISTURE COT

Tare

Weight Wet Soil &
Weight Dry Soil &
Weight Tare, g
Weight Water, g
WeightDry Soil,g
Moisture, %

VTENT(Astested) #200 WASH (Percent Fines)

Tare, g
Tare, g

QT Tare

Weight Soil & Tare Before Wash, g
Weight Soil & TareAfterWash, g
Weight Tare, g
Weight Fines Lost, g
Weight Dry Soil, g

1 Fines Lost, %

ABC4
448.23

754.91
440.11

648.61
103.70

157.14
8.12

92.21
336.41 583.68
2.41% 15.80%,

Coarse Gravel

Fine Gravel

Coarse Sand

Medium Sand

Fine Sand

Fines

SIEVE Wt.Ret. %Ret. %Pass. SIEVE

0.00% 100.00% 6.000"

0.00% 100.00% 3.000" Coarse Gravel
0.00% 100.00% 1.500"

0.00% 100.00% 1.000"

0.00% 100.00% 0.750" Fine Gravel
3.19% 96.81% 0.375"

3.84% 96.16% #4 Coarse Sand
4.58% 95.42% #10 Medium Sand
5.93% 94.07% #20

10.62% 89.38% #40 Fine Sand
30.23% 69.77% #60 -

63.81% 36.19% #100

82.69% 17.31% #200

0.00% 100.00% PANFines

6.000"

3.000"

1.500"

1.000"

0.750"

0.375"

#4

#10

#20

#40

#60

#100

#200

PAN

0.00

0.00

0.00

0.00

0.00

18.64

22.43

26.76

34.60

61.98

176.46

372.43

482.66

492.32

%CGRVL

%FGRVL

% C SAND

%MSAND

%FSAND

% FINES

% TOTAL

0.0%

3.8%

Wet Color:

Description:
Fine to coarse SAND

3.8% with some s

trace fine gi

[It,
0.7%

78.8%

•avel(SM)
6.0% LL:

PL:

PI:

Gs:

NP

72.1% NP DATE:

TECH:

03-Nov-9S»
17.3% NP CW

100.0% Gs REVIEW: DMD

GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO
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PARTICLE-SIZE DISTRIBUTION ASTM D421 AND D422
US STANDARD SIEVE OPENING SIZES

100 myr
3"

Mil* lift I

1.5" ' .75" .375" #4 #10 #20 £40 #60 #100 #200

90 -j—
n - fp- ^ -+-M -A—

Tl fi" i

p 80 r-
T JJ T If J_

tfjf. T t
P

E

R 70 -4— fi ~\ -41 -4- 1 IlJ r ft
C

E 60 -44-- 1 T"|: T"

1 I I j
N

T 50 jjj- |, T "

11 _i j
P 40 JJ]— j J • , ni ntjA

s~ 30 Jjf-- •|- 1 Ml
vfr

.!._
I

IN 20 Ifj—

io ||4-- 1
1

o ^LL--—ii....- 1. l j 1J_ I, I
' ii i

1000 100

COBBLES

SAMPLER-
DEPTH (ft):

DESCRIPTION:

10 1 0.1

PARTICLE SIZE (mm)

0.01 0.001

Coarse Fine
GRAVEL

Cor Med Fine
SAND

Silt or Clay Size

TP-5:280

Fine to coarse SAND
with some silt,
trace fine gravel (SM)

FINES

MC (As tested):
LL

PL

PI

Gs

2.4%

NP

NP

NP

Gs

MONTGOMERY WATSON/LAB TESTING/CO
DATE: 03-Nov-99

TECH: CW

REVIEW: DMD
GOLDER ASSOCIATES INC.

LAKEWOOD, COLORADO



Appendix D.7

Upstream Slope Protection
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EMBANKMENT DETAILS

Page 2

Slope Protection

Rock - Dumped rock is a better wave dissipator than hand
placed rock.

Concrete - Monolithic slabs are better than individual panels

Design of rock riprap

* Individual rocks must not be displaced by waves.

* Riprap must be underlain by filter material, so. that
underlying material will not be washed out between

riprap' , Jf' ah-A* rtrmi £JHs CiAltrk
(D15) riprap/ (PS5) filter < 10

Thickness of filter is not critical. Usually 9 to
30 in. is good. > * riv, ,i *

* To estimate rock size see Table 6-9, p.263.

Max. wave ht. D50 mm. Thickness
rftV (im fin)

s£f

critic*** -Asmys^^

0-2

2-4

4-6

6-8

8-10

10

12

15

18

21

12

18

24

30

36 lo '•)

Minimum Slope Coverage .

* Place riprap to depth at least 5 ft below min pool elev. (uf£+-^ ***)

* In flood control structures where max pool is only for a
short duration, rip rap may be reduced somewhat.

Berms

* Place horizontal berms at bottom and at steps up dam face to
provide equipment access and to prevent undermining of riprap.

..<?#>-•
\7«r* Wv s^vL^

4 ^tfr*™ %// V-/4^4<:

^»w. v ,
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RECOMMENDED SPECIFICATIONS

GEOSTNTHETIC
CLAY LINER

NOC
National Seal Company



Bentofix™ GEOSYNTHETIC CLAY LINER
Recommended Specifications

1.0" These specifications describe Bentofix Geosynthetic Clay Liner (GCL), a bentonite geotextile composite that is
needlepunched to provide high shear resistance and durability. The supply and installation of these materials shall
be in strict accordance with these specifications and contract drawings.

2.0 Description

2.01 The top and bottom layers of the GCL shall be geotextiles. At least one layer will be a nonwoven
needlepunched geotextile.

. 2.02 The primary constituent of the GCL shall bea natural sodium montmorillonite clay, called bentonite, placed
on the carrier layer geotextile at a minimum rate of 1 Ib/sf.

2.03 The nonwoven geotextile shall be needle punched through thebentonite into the carrier geotextile, effec
tively attaching the top" geotextile to the bottom geotextile, encapsulating the bentonite. .

3.0 Manufacturer Quality Assurance/Quality Control

3.01 Each geotextile layer shall beQuality Control tested during the manufacturing process toensure they meet
material specifications. The geotextile manufacturer shall perform the following tests at leastonce every
60,000 square feet (ft2), and certify conformance with the following:
mass per unit area trapezoid tear strength
thickness burst strength
tensile strength

3.02 The bentonite shall be tested at a frequency correlating to one test per50,000 squarefeet (ft2) offinished
GCL, to ensure conformance with:

moisture content fluid Idas
waterabsorption capacity montmorillonite content (methylene blue test)
swell index

3.03 Additionally, the bentonite producer will provide certifications for thefollowing properties:
moisture content montmorrillonite content (XRD test)
water absorption fluid loss
bulk density

3.04 The GCL finished product will be tested at a frequency ofone test every 3,000 sffor:
overall thickness mass per unit area

every 10,000 ft2 for:

moisture content grab tensile strength
peel strength puncture strength

and every 100,000 ft2 for:

hydraulic conductivity

3.05 The GCL shall be continually bonded and reinforced by needle-punching.

3.06 No separation of geotextile components shall occur if the liner is cut, punctured, torn or hydrated.

3.07 The roll shall be marked with a continuous "match line" at each edge to ensurethatthe minimum rec om-
mended overlap is maintained during installation.

3.08 The GCL shall pass over bright back-lighting prior to.roll-up sothat consistency of the bentonite layer within
the GCL can be visually inspected.



SltiV.imt.WrtiiA

3.09 Needle detecting devices and magnets will scan the entire width of the roll prior to roll-up to ensure no
broken needles are present in the final product.

3.10 The GCL shall be Bentofix™ supplied by National Seal Company, Aurora, Illinois or approved equal.

3.11 The GCL shall conform to the following specifications.

PROPERTY TEST STANDARD UNITS VALUE

Physical
-Mass Per Unit Area ASTM D3776 typical lb/ft2 (g/m2) 1.10 (5390)
-Thickness ASTM D1777 typical • in (mm) 0.24 (6.0)
-Moisture Content ASTM D4643 . maximum % 10,;

Mechanical

-Grab Tensile1 ASTM D4632 , typical lb(N) 120 (530)
-Puncture ASTM D4833 typical lb(N) 170 (750)
-Friction Angle2 • ASTM D5321 typical degrees 25

-Peel Strength ASTM D4632 typical lb(N) 5 (22)-

Hydraulic
-Water Permeability3 GRI GCL-2 maximum cm/s 1X10-9

COMPONENT TEST STANDARD UNITS VALUE

Carrier Geotextile woven

-Mass Per Unit Area ASTM D3776 minimum oz/yd2 (g/m2) *\. 3.25 (110)

Cover Geotextile nonwoven

-Mass Per Unit Area ASTM D3776 minimum oz/yd2 (g/m2) 7.25 (250)

Sodium Bentonite

-Mass Per Unit Area minimum lb/ft2 (g/m2) 1.0 (4900)
-Montmorillonite XRD-Method minimum % 90

Content Methylene-Blue minimum % 70

-Moisture Content ASTM D4643 maximum % 10

-Swell Index USP NF XVII minimum ml 25

-Water Absorption Enslin-Neff minimum % 600

DIMENSION STANDARD UNITS VALUE

-Width X Length" nominal ft(m) 15.2 X 100'

(4.6 X 30.5)

. -Area per Roll minimum ftz(m2) 1520 (140)

-Packaged Weight typical lb (kg) 1740 (790)

NOTES:

1Typical tensile values given for weakest principle direction.
2Samples hydrated under an initial normal stress of 7.5 psi (50 kPa) and sheared internally.
3Water permeability values given correspond to effective stress of 10 psi (67 kPa).

/Nominal roll dimensions exclusive of protective edge area.

4.Q Manufacturers Statement

4.01 The manufacturer shall submit, upon request, certificates indicating that the material meets the above
specification, supported by quality control test results.

4.02 The GCL shall be supplied in rolls, clearly labeled with the following information:

Manufacturer's Name Typical Roll Weight
Typical Roll DimensionsProduct Name

Roll Number Lot Number

5.0 Shipping, Handling and Storage

5.01 The GCL shall bewrapped in plastic to protectitfrom ultraviolet light andtoensuretheproduct staysdrydur^
ing shipment and prior to use.

5.02 The GCL material shall be shipped and stored by appropriate meansso that no damage is caused to the
material. Material shall be stored in a secure area to protect against standing water, precipitation, c on-
tamination, theft, and vandalism.



5.03 Roils shall be lifted by inserting a steel bar, capable of supporting the full weight of the roll, through the
center core.

6.0 Installation

6.01 The Earthwork Contractor shall be responsible for preparing and maintaining the subgrade and anchor
trenches in a condition suitable for the laying of the GCL

6.02 The method and equipment used to deploy the GCL shall not damage the adjacent geosynthetics or the
supporting subgrade surface.

6.03 Adequate temporary loading such as sandbags ortires shallbe provided to prevent GCLuplift due to strong
winds.

6.04 All wrinkles shall be pulled out and overlaps shall be free of obstructions, debris and rocks.

6.05 Seams shall be a simple overlap unless the expected normal load that will be applied to the liner and the
intended function determine the need for the addition of granular bentonite.

" 6.06 Overlap seams shall be placed so that the edge of the upper panel aligns with the matchline on the
lower panel.

6.07 The GCL shall be secured in an anchor trench at the top of the slope as per the contract drawings.

6.08 Material will be deployed from the high elevationto the lowelevation to protect against the adverse effect of
precipitation during deployment. Panels shall be shingled in a down slope direction.

6.09 All seams shall be parallel with the direction of the slope: Horizontal seams shall not be allowed on slopes
unless approved by the engineer.

6.10 In general, the GCLinstallation shallhaltduringany form ofprecipitation and exposed GCLshallbe covered
in a timely manner.

6.11 Onlyas much of the GCLshould be deployed ina given day as can be covered during that day either by a
geomembrane or confining soil layer. '*,

6.12 Repairs will be made by placing a patch ofthe same materialover the damaged area extending at least one
foot (12 inches) beyond the damaged area in every direction.

7.0 Specific Applications

7.01 Additional details may be required for specific applications. Contact National Seal Company for more
detailed information.

The information contained herein has been compiled by National Seal Company and is, to the best of ourknowledge, true and accurate. All sugges
tions and recommendations are offered without guarantee. Finaldetermination of suitabilityfor use based on any informationprovided, is the sol e
responsibility of the user. There is no impliedor expressed warranty of merchantabilityor fitness of the product for the contemplated use.

167 Anderson Rd. • Evans City, PA 16033
(800) 446-8216 • FAX(412) 452-8880

® printed on recycled paper

National Seal Company

Farnsworth Center

1245 Corporate Boulevard, Suite 300 •Aurora, IL 60504
(708) 898-1161 • (800) 323-3820 • FAX(708) 898-3461

Sales Offices ^'W'T^
15711 W. Hardy Road, #3B • Houston, TX77060 25 Mauchly • Suite 301 • Irvine,CA 92718

(713) 445-1771 • FAX (713) 591 -2219 (714) 753-9200 > FAX (714) 753-1399

0011-5/93-5M



T
C

M
ir

a
fi

C
om

pa
ri

so
n

C
h

a
rt

M
ir

a
fi

1
6

0
N

P
ro

du
ct

T
yp

e:
A

pp
li

ca
ti

on
(s

):
N

o
n

w
o

v
e
n

Se
pa

ra
tio

n/
St

ab
ili

za
tio

n/
Fi

ltr
at

io
n/

D
ra

in
ag

e/
E

ro
si

on
C

on
tro

l

P
ro

p
er

ty
T

e
st

M
e
th

o
d

U
n

it
s

M
ir

a
fi

1
6

0
N

A
m

o
c
o

4
5

5
1

C
ar

th
ag

e

M
il

ls

F
X

-6
0

H
S

L
in

q

1
5

0
E

X

S
yn

th
et

ic

In
d

u
st

ri
e
s

G
e
o

te
x

6
0

1

T
N

S

R
0

6
0

W
e
b

te
c

T
e
rr

a
T

e
x

N
0

6

G
ra

b
T

e
n

si
le

A
S

T
M

D
4

6
3

2
lb

f
1

6
0

1
6

0
1

6
0

1
6

5
1

6
0

1
6

0
1

6
5

E
lo

ng
at

io
n

A
S

T
M

D
4

6
3

2
%

5
0

5
0

5
0

5
0

5
0

5
0

5
0

M
u

ll
e
n

B
u

rs
t

A
S

T
M

D
3

7
8

6
ps

i
3

2
5

3
1

5
2

8
0

3
1

0
2

8
0

3
1

5
3

2
5

P
u

n
c
tu

re
A

S
T

M
D

4
8

3
3

lb
f

9
5

9
0

8
5

8
5

8
5

9
0

9
5

T
ra

p
ez

o
id

T
ea

r
A

S
T

M
D

4
5

3
3

lb
f

6
0

6
5

6
0

6
5

6
0

6
5

6
5

P
er

m
it

ti
vi

ty
A

S
T

M
D

4
4

9
1

se
c*

'
1

.4
0

1
.5

0
1

.3
0

1
.1

0
1

.3
0

1
.6

0
1

5
0

F
lo

w
R

a
te

A
S

T
M

D
4

4
9

1
ga

l/m
in

/f
t2

1
1

0
1

1
0

1
1

0
N

P
1

1
0

1
1

0
1

0
0

A
O

S
A

S
T

M
D

4
7

5
1

U
S

S
ie

v
e

7
0

1
0

0
7

0
8

0
7

0
8

0
8

0
P

o
ly

m
er

—

-
P

P
P

P
P

P
P

P
P

P
P

P
P

P

1
1

_
_

.
L_

—
_.

...

C
C

16
0N

.X
L

S
R

e
v

is
io

n
:

2

D
at

e:
Ja

n
1,

19
99

NO
TE

:C
ha

rt
for

co
mp

ari
so

np
urp

os
es

on
ly.

Al
l"

Eq
uiv

ale
nts

"s
ho

uld
be

de
ter

mi
ne

db
yt

he
En

gin
ee

r.
Al

ld
ata

tak
en

fro
m

GF
R

"19
99

Sp
ec

ifi
er'

sG
uid

e'
N

O
T

E
:

PP
=

Po
ly

pr
op

yl
en

e
P

E
T

=
P

ol
ye

st
er

N
P

=
N

o
t

P
u

b
li

sh
e
d

N
/A

=
N

o
pr

od
uc

t
in

fo
rm

at
io

n
av

ai
la

bl
e



MWtwMwiwiwwwt

TECHNICAL DATA SHEET

Mirafi 160N

Mirafi 160N is a nonwoven geotextile composed of polypropylene fibers, which are formed into a
stable network such that the fibers retain their relative position. 160N is inert to biological
degradation and resists naturally encountered chemicals, alkalis, and acids.

Mechanical Properties Test Method Unit Minimum Average
Roll Value

MD CD

Grab Tensile Strength ASTM D 4632 kN (lbs) 0.71 (160) 0.71 (160)

Grab Tensile Elongation ASTM D 4632 % 50 50

Trapezoid Tear Strength ASTM D 4533 kN (lbs) 0.27 (60) 0.27 (60)

Mullen Burst Strength ASTM D 3786 kPa (psi) 2239 (325)

Puncture Strength ASTM D 4833 kN(lbs) 0.42(95)

Apparent Opening Size (AOS) ASTM D 4751 mm

(U.S. Sieve)
0.212

(70)

Permittivity ASTM D 4491 sec"1 1.4

Permeability ASTM D 4491 cm/sec 0.28

Flow Rate ASTM D 4491 1/min/m2

(gal/min/ft2)
4477

(110)
UV Resistance (at 500 hours) ASTM D 4355 % strength

retained

70

Physical Properties
Weight

Thickness

Roll Dimensions

(width x length)
Roll Area

Estimated Roll Weight

Test Method

ASTMD

5261

ASTMD

5199

Unit

g/m2 (oz/yd2)

mm (mils)

m

(ft)
m2 (yd2)
kg (lb)

Typical Value
217 (6.4)

1.9(75)

4.5x91

(15x300).
418(500)
103(227)

DISCLAIMER: TC Mirafiwarrants our products to be free from defects in material and workmanstiip
when delivered to TC Mirafi's customers and that our products meet our published specifications. Contact
your local TCMirafi Representative for detailed product specification and warranty information.

160N.DOC
Revision: 2
Date: Jan. 1,1999
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Appendix E

Hydrololgy, Sedimentology and Hydraulics Calculations
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APPENDIX E.l

Hydrology Calculations
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PEABODY WESTERN COAL COMPANY

CALCULATED HYDROLOGIC DATA

TIME OF CONCENTRATION:

Start Elevation (ft) =
End Elevation (ft) =

Elevation Difference, E (ft) =

Watercourse Length (ft) =

Watercourse Length, L(mi) =

Tc = (11,9LA3/E)A0.385 =

PROJECT: J7 Area

STRUCTURE: POND J7-Jr

7125

6650

475

19486

3.691

1.093 hours

ROUTING PARAMETERS.

Between structure routing parameters were calculated using the SCS Upland Method in SEDCAD4.
Input and output parameters are shown on the SEDCAD4 printouts in Appendices C.

SCS CURVE NUMBER:

Soil Curve Area CN*Area

Cover Type Group Number (acres)

Pinyon Juniper B 65 42.8 2782

Pinyon Juniper C 78 306.4 23899.2

Pinyon Juniper D 83 77.7 6449.1

Sagebrush B 60 67.9 ' 4074

Sagebrush C 73 116.7 8519.1

Sagebrush D 79 67.8 5356.2

Sage/Grass B 60 1.2 72

Sage/Grass D 79 2.7 213.3

Disturbed - Topsoil Stripped/Pit 90 221 19890

Disturbed - Spoil 86 677 58222

Reclaimed C 81 2379.1 192707.1

TOT/\l: 3960,3 322184

Weighted CN = Total CN*Area/ Total Area 81

DRAINAGE BASIN AREA:

3960.3 Acres
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APPENDIX E.2

Sediment Yield Calculations



SOIL ERODIBILITY FACTOR:

PEABODY WESTERN COAL COMPANY

CALCULATED SEDIMENT YIELD DATA

PROJECT: J7-Jr Pond

Soil Type Erodibility Area K*Area

Factor, K (acres)

IB 0.15 0.3 0.05

3BC 0.16 16.3 2.61

11 0.46 26.5 12.19

1 IB 0.46 1.6 0.74

12 0.38 1.3 0.49

16C 0.05 1.8 0.09

16E 0.05 6.5 0.33

25 0.19 131.6 25.00

26 0.31 423.1 131.16

27 0.36 74.2 26.71

34-spoil 0.12 677 81.24

35-TS/Pit 0.22 221 48.62

35-Reclaimed 0.38 2379.1 904.06

TOTA L: 3960.3 1233.28

Weighted K= Total K*Area/ Total Area = 0.31

SLOPE FACTOR:

Length Elevation Slope IT) Slope . LS

Change Angle Factor

(ft) (ft) (%) (deg)

600 50 8.3% 0.5 4.8 2.66

360 70 19.4% 0.6 11.0 7.07

660 80 12.1% 0.6 6.9 5.72

440 80 18.2% 0.6 10.3 7.39

300 50 16.7% 0.6 9.5 5.30

440 90 20.5% 0.6 11.6 8.45

660 70 10.6% 0.6 6.1 4.78

300 40 13.3% 0.6 7.6 4.03

860 50 5.8% 0.5 3.3 2.26

800 30 3.8% 0.4 2.1 1.14

680 50 7.4% 0.5 4.2 2.52

960 70 7.3% 0,5 4.2 2.97

400 35 8.8% 0.5 5.0 2.28

640 35 5.5% 0.5 3.1 1.84

600 50 8.3% 0.5 4.8 2.66

580 70 12.1% 0.6 6.9 5.26

610 50 8.2% 0.5 4.7 2.64

580 120 20.7% 0.6 11.7 10.10

480 70 14.6% 0.6 8.3 5.98

300 80 26.7% 0.6 1.4.9 8.97

340 50 14.7% 0.6 8.4 4.91

520 130 25.0% 0.6 14.0 11.65

420 80 19.0% 0.6 10.8 7.58

860 140 16.3% 0.6 9.2 9.69

380 140 36.8% 0.6 20.2 14.33

340 60 17.6% 0.6 .10.0 6.1.1

300 130 43.3% 0.6 23,4 14.48



CALCULATED SEDIMENT YIELD DATA (cont)

Average LS= 6.03

The LSFactor was calculated by:

LS= (Slope Length/726)Am*(W.8*sin(slope angle) + 0.03) for Slopes < 9ca

LS= (Slope Length/726)Am*(16.8*sln(slope angle) - 0.5) for Slopes > 9%

Where:

Slope < 3% m = 0.3

Slope = 4% m = 0.4

5%> Slope < 10% m = 0.5

Slope > 10% m = 0.6

COVER AND PRACTICE FACTORS:

Cover Cover Canopy Area Cover C'Area Practice P*Area

Type

(%) (%) (acres)
Factor, C Factor, P

Pinyon Juniper ' 40% 25% 426.9 0.22 93.92 1.00 426.90

Sagebrush/Grass 40% 25% 256.3 0.20 51.26 1.00 256.30

Spoil 0% 0% 677 1.00 677.00 0.80 541.60

Topsoil/Pit 0% 0% 221 1.00 221.00 1.00 221.00

Reclaimed 40% 0% 2379.1 0.15 356.87 0.40 951.64

TOTAL: 3960.3 1400.04 2397.44

Weighted C = Total C*Area/ Total Area =

Weighted P = Total P*Area/ Total Area =

RAINFALL FACTOR:

R = 40

0.354

0.605
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PEABODY WESTERN COAL COMPANY

CALCULATED SEDIMENT YIELD

PROJECT: J7-JrPOND

The following spreadsheet calculatesthepredictedsedimentyieldfor theprojectarea. The gross sedimentyie
is determined according to the Revised UniversalSoilLoss Equation.

PARAMETER DESCRIPTION

Annual Rainfall Factor

Soil Erodibility Factor
Length Slope Factor
Cover Factor

Practice Factor

Gross Annual Sediment Yield

Sediment Density

Gross Annual Sediment Yield

Sediment Delivery Ratio
Estimated Annual Sediment Yield

Watershed Area

Watershed Annual Sediment Yield

Number of years
Calculated Sediment Volume

VALUE

40.00

0.31

6.03

0.35

0.61

16.07 tons/acre/year

94.00 pcf
0,0079 acre-feet/acre/year

80%

0.0063 acre-feet/acre/year

3960.3 acres

24.87 acre-feet/year

1 years

24.87 acre-feet



APPENDIX E.3

SEDCAD4 (input and output) 10-year, 24-hour Storm Event



SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design
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PEABODY WESTERN

KAYENTA MINE

MSHA PONPJ7-Jr

lO-year, 24-hour

DJK

Montgomery Watson
165 S. Union Blvd.

Suite 410

Lakewood, Co. 80228

Phone: 303 763-5140

\

Filename:J7Jr10-24.sc4 Printed 03-29-2000



SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design

Filename: J7Jr10-24.sc4

General Information

Storm Information:

Storm Type: NRCSType II

Design Storm: 10 yr - 24 hr

Rainfall Depth: 2.100 inches

Printed 03-29-2000
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SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design
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Structure Networking:
Type

Stru I (flows- Stru
# " into)' - #

Musk. K< ' , v
(hrs) Musk^ Description -

Pond #1 ==> End 0.000 0.000 Pond J7-Jr

Filename: J7Jr10-24.sc4

#1

Pond

Printed 03-29-2000



SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design

#1

Filename: J7Jr10-24.sc4

In

Out

Structure Summary:
Immediate-

Contributing
• Area -

(ac)

3,960.300

- ; Total •
Contributing
'•" Area

(ac)

3,960.300

Peak •"

Discharge

-.(cfs) .

1,105.87

0.00

Total
Runoff

Volume

(ac-ft)

220.74

0.00

Printed 03-29-20 00



SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design

Structure Detail:

mggssffijjiftiajSS'i^

Structure #1 (Pond)

PondJ7-Jr

Pond Inputs:

Initial Pool Elev: 6,702.00

Initial Pool: 0.00 ac-ft

Emeraency Spillway

_ ..j —F| Crest Length - Left , Right Bottom '
bpinwaytiev (ft);;* Side-slope-' Sldeslope. "Width (ft)

6,710.00 44.00 3.00:1 3.00:1 70.00

Pond Results:

Peak Elevation: 6,708.79

Dewater Time: 0.00 days

Dewatering time is calculated from peak stage to lowest spillway

Elevation-Capacity-Discharqe Table

Elevation
Area

(ac)

Capacity

(ac-ft)

Discharge

(cfs)

Dewater

Time

(hrs)

6,670.00 0.610 0.000 0.000

6,670.50 0.698 0.327 0.000

6,671.00 0.793 0.699 0.000

6,671.50 0.893 1.120 0.000

6,672.00 0.999 1.593 0.000

6,672.50 1.111 2.120 0.000

6,673.00 1.229 2.705 0.000

6,673.50 1.353 3.350 0.000

6,674.00 1.483 4.058 0.000

6,674.50 1.618 4.833 0.000

6,675.00 1.760 5.678 0.000

6,675.50 1.979 6.612 0.000

6,676.00 2.210 7.659 0.000

6,676.50 2.454 8.824 0.0Q0

6,677.00 2.711 10.115 0.000

6,677.50 2.980 11.538 0.000

6,678.00 3.263 13.098 0.000

Filename: J7Jr10-24.sc4 Printed 03-29-2000



SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design

Elevation
Area

(ac) •

Capacity

(aOft)-. .

Discharge. . D^af -
' m'-, (hrs) / V -

6,678.50 3.558 14.803 0.000

6,679.00 3.866 16.658 0.000

6,679.50 4.187 18.671 0.000

6,680.00 4.520 20.847 0.000

6,680.50 4.700 23.152 0.000

6,681.00 4.884 25.548 0.000

6,681.50 5.071 28.037 0.000

6,682.00 5.262 30.620 0.000

6,682.50 5.456 33.299 0.000

6,683.00 5.654 36.077 0.000

6,683.50 5.855 38.954 0.000

6,684.00 6.060 41.932 0.000

6,684.50 6.268 45.014 0.000

6,685.00 6.480 48.201 0.000

6,685.50 6.884 51.542 0.000

6,686.00 7.299 55.087 0.000

6,686.50 7.727 58.843 0.000

6,687.00 8.167 62.816 0.000

6,687.50 8.618 67.011 0.000

6,688.00 9.083 71.436 0.000

6,688.50 9.559 76.095 0.000

6,689.00 10.047 80.996 0.000

6,689.50 10.548 86.145 0.000

6,690.00 11.060 91.546 0.000

6,690.50 11.496 97.185 0.000

6,691.00 11.941 103.044 0.000

6,691.50 12.394 109.127 0.000

6,692.00 12.855 115.439 0.000

6,692.50 13.325 121.984 0.000

6,693.00 13.803 128.765 0.000

6,693.50 14.290 135.788 0.000

6,694.00 14.785 143.056 0.000

6,694.50 15.288 150.574 0.000

6,695.00 15.800 158.346 0.000

6,695.50 16.456 166.409 0.000

6,696.00 17.124 174.804 .0.000

6,696.50 17.806 183.536 0.000

6,697.00 18.501 192.612 0.000

6,697.50 19.209 202.039 0.000

6,698.00 19.931 211.823 0.000

6,698.50 20.666 221.972 0.000

Filename: J7Jr10-24.sc4 Printed 03-29-2000
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Elevation
Area

(ac) . .

. Capacity

(ac-ft) -

Discharge

(cfs)

Dewater

Time

(hrs)

6,699.00 21.414 232.491 0.000

6,699.50 22.176 243.388 0.000

6,700.00 22.950 254.669 0.000

6,700.50 23.572 266.299 0.000

6,701.00 24.202 278.242 0.000

6,701.50 24.840 290.502 0.000

6,702.00 25.487 303.083 0.000

6,702.50 26.141 315.990 0.000

6,703.00 26.805 329.226 0.000

6,703.50 27.476 342.796 0.000

6,704.00 28.156 356.704 0.000

6,704.50 28.844 370.953 0.000

6,705.00 29.540 385.549 0.000

6,705.50 30.405 400.534 0.000

6,706.00 31.281 415.955 0.000

6,706.50 32.170 431.817 0.000

6,707.00 33.071 448.127 0.000

6,707.50 33.984 464.890 0.000

6,708.00 34.911 482.114 0.000

6,708.50 35.850 499.803 0.000

6,708.79 36.403 510.316 0.000 0.00 PeakStage

6,709.00 36.801 517.966 0.000

6,709.50 37.765 536.606 0.000

6,710.00 38.740 555.732 0.000 Spillway #1

6,710.50 39.784 575.362 67.981

6,711.00 40.841 595.518 135.962

6,711.50 41.913 616.206 302.329

6,712.00 42.998 637.433 493.585

6,712.50 44.097 659.207 717.604

6,713.00 45.210 681.533 992.277

6,713.50 46.337 704.419 1,305.805

6,714.00 47.477 727.872 1,665.923

6,714.50 48.632 751.899 2,032.517

6,715.00 49.800 776.506 2,444.368

6,715.50 50.377 801.550 2,888.012

6,716.00 50.958 826.884 3,363.224

6,716.50 51.541 852.508 3,869.878

6,717.00 52.128 878.426 4,407.921

6,717.50 52.719 904.637 4,977.361

6,718.00 53.313 931.145 5,578.250

6,718.50 53.910 957.951 6,165.379

Filename: J7JrtO-24.sc4 Printed 03-29-2.000



SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design

Elevation

6,719.00

Filename: J7Jr10-24.sc4

Area- -

(ac) ,

54.510

, Capacity

" (ac-ft)"
•Discharge

CcfsV •:

985.055 6,779.881

Dewater

Time

..(hrs)"
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Subwatershed Hydrology Detail:

11

Stru

#

,SWS

#

SWS Area

(ac)

Time of

Cone

..(hrs) '

Musk K

(hrs)" '
MuskX

Curve

Number
UHS

Peak

Discharge

(cfs) .

Runoff

Volume

(ac-ft)

#1 1 3,960.300 1.093 0.000 0.000 81.000 F 1,105.87 220.738

X 3,960.300 1,105.87 220.738

Filename: J7Jr10-24.sc4 Printed 03-29-2OO0
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PEABODY WESTERN

KAYENTA MINE

MSHA POND 37-Jr

100-year, 6-hour

spillway @ 6710'

DJK

Montgomery Watson
165 S. Union Blvd.

Suite 410

Lakewood, Co. 80228

Phone: 303 763-5140

Filename: J7Jr100-6.sc4 ,. Printed 03-29-20*00
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Filename: J7Jr100-6.sc4

General Information

Storm Information:

Storm Type: NRCSType II

Design Storm: 100 yr - 6 hr

Rainfall Depth: 2.400 inches

Printed 03-29-2DOO
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Type,

Pond

Filename: J7Jr100-6.sc4

Stru

#

#1

Structure Networking.
(flows Stru
into) ;". .'•#

==> End

Musk.'K

- (hrs) .
Musk. X

0.000 0.000

#1

Pond

Description

Pond J7-Jr

^••?"'»««"'*ff"n'fwiwffismM
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#1

Filename: J7Jr100-6.sc4

In

Out

Structure Summary:
Immediate

Contributing
Area

(ac) ..

3,960.300

Total •

Contributing
Area .

: (ac)

3,960.300

: Peak

Discharge

(cfs)

2,024.26

881.52

Total

Runoff

Volume

(ac-ft)

287.71

287.72

Printed 03-29-2000
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Structure Detail:

Structure #1 (Pond)

PondJ7-Jr

Pond Inputs:

Pond Results:

Initial Pool Elev: 6,710.00

Initial Pool: 555.77 ac-ft

Emergency Spillway

Spillway Elev Crest Length- "Left: - ."
(ft)" „ - • Sidesiope

"Right ' Bottom
Sidesiope Width (ft)

6,710.00 44.00 3.00:1 3.00:1 70.00

Peak Elevation: 6,712.78

Dewater Time: 0.32 days

Dewatering time is calculated from peak stage to lowest spillway

Elevation-Capacity-Discharqe Table

Elevation
~Area

(ac) '•''
. -Capacity

(ac-ft)

Discharge

(cfs)

Dewater „ ,~
Time ' "' -

(hrs) '

6,670.00 0.610 0.000 0.000

6,671.00 0.793 0.700 0.000

6,672.00 0.999 1.594 0.000

6,673.00 1.229 2.706 0.000

6,674.00 1.483 4.061 0.000

6,675.00 1.760 5.681 0.000

6,676.00 2.212 7.662 0.000

6,677.00 2.712 10.120 0.000

6,678.00 3.264 13.104 0.000

6,679.00 3.868 16.666 0.000

6,680.00 4.520 20.856 0.000

6,681.00 4.884 25.557 0.000

6,682.00 5.262 30.629 0.000

6,683.00 5.654 36.086 0.000

6,684.00 6.060 41.943 0.00.0

6,685.00 6.480 48.212 0.000

6,686.00 7.301 55.098 0.000

Filename: J7Jr100-6.sc4 Printed 03-29-2000
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Elevation
Area

(ac)

Capacity -

(ac-ft) *•"

_. , Dewater.Discharge . ^

; {dS) (hrs) ..'•-. -
6,687.00 8.167 62.828 0.000

6,688.00 9.083 71.450 0.000

6,689.00 10.049 81.012 0.000

6,690.00 11.060 91.562 0.000

6,691.00 11.942 103.060 0.000

6,692.00 12.856 115.457 0.000

6,693.00 13.804 128.784 0.000

6,694.00 14.786 143.076 0.000

6,695.00 15.800 158.366 0.000

6,696.00 17.126 174.825 0.000

6,697.00 18.502 192.634 0.000

6,698.00 19.932 211.847 0.000

6,699.00 21.416 232.516 0.000

6,700.00 22.950 254.695 0.000

6,701.00 24.203 278.269 0.000

6,702.00 25.487 303.111 0.000

6,703.00 26.805 329.255 0.000

6,704.00 28.157 356.733 0.000

6,705.00 29.540 385.579 0.000

6,706.00 31.283 415.986 0.000

6,707.00 33.072 448.160 0.000

6,708.00 34.912 482.148 0.000

6,709.00 36.803 518.001 0.000

6,710.00 38.740 555.768 0.000 Spillway #1

6,711.00 40.844 595.555 135.962 3.54*

• 6,712.00 42.999 637.472 493.585 2.20

6,712.78 44.726 671.778 881.516 2.00 Peak Stage

6,713.00 45.211 681.573 992.277

6,714.00 47.480 727.914 1,665.923

6,715.00 49.800 776.549 2,444.368

6,716.00 50.958 826.926 3,363.224

6,717.00 52.128 878.468 4,407.921

6,718.00 53.313 931.188 5,578.250

| 6,719.00 54.510 985.098 6,779.881

^Designates time(s) to dewaterhavebeen extrapolated beyondthe 50 hourhydrograph limit

Detailed Discharge Table

Filename: J7Jr100-6.sc4 Printed 03-29-2000
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- Elevation -
-Emergency

Spillway (cfs)

Combined

Total

Discharge -

.(cfs)

6,670.00 0.000 0.000

6,671.00 0.000 0.000

6,672.00 0.000 0.000

6,673.00 0.000 0.000

6,674.00 0.000 0.000

6,675.00 0.000 0.000

6,676.00 0.000 0.000

6,677.00 0.000 0.000

6,678.00 0.000 0.000

6,679.00 0.000 0.000

6,680.00 0.000 0.000

6,681.00 0.000 0.000

6,682.00 0.000 0.000

6,683.00 0.000 0.000

6,684.00 0.000 0.000

6,685.00 0.000 0.000

6,686.00 0.000 0.000

6,687.00 0.000 0.000

6,688.00 0.000 0.000

6,689.00 0.000 0.000

6,690.00 0.000 0.000

6,691.00 0.000 0.000

6,692.00 0.000 0.000

6,693.00 0.000 0.000

6,694.00 0.000 0.000

6,695.00 0.000 0.000

6,696.00 0.000 0.000

6,697.00 0.000 0.000

6,698.00 0.000 0.000

6,699.00 0.000 0.000

6,700.00 0.000 0.000

6,701.00 0.000 0.000

6,702.00 0.000 0.000

6,703.00 0.000 0.000

6,704.00 0.000 0.000

6,705.00 0.000 0.000

6,706.00 0.000 0.000

6,707.00 0.000 0.000

6,708.00 0.000 0.000

6,709.00 0.000 0.000

Printed 03-29-2000
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Filename: J7Jr100-6.sc4

Elevation
Emergency

Spillway (cfs).

Combined

total

Discharge

(cfs)

6,710.00 0.000 0.000

6,711.00 135.962 135.962

6,712.00 493.585 493.585

6,713.00 992.277 992.277

6,714.00 1,665.923 1,665.923

6,715.00 2,444.368 2,444.368

6,716.00 3,363.224 3,363.224

6,717.00 4,407.921 4,407.921

6,718.00 5,578.250 5,578.250

6,719.00 6,779.881 6,779.881

Printed 03-29-20O0
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PEABODY WESTERN

KAYENTA MINE

MSHA POND J7-Jr

1/2 General 6-hour PMP

Water Level @ 6710'

Em. Spillway Invert

DJK

Montgomery Watson
165 South Union Blvd.

Suite 410

Lakewood, Co. 80228

Phone: 303 763-5140
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Filename: J7Jr100-6REV1.sc4
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General Information

Storm Information:

Storm Type: NRCSTypell

Design Storm:
100000000 yr - 6

hr

Rainfall Depth: 2.980 inches

wj8w^wwsw»aswja tMsmWJiMMMfflBMBi
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Structure Networking:
Type

Stru (flows Stru
# into) #

Musk- K Musk X(hrs) MUSK-X Description

Pond #1 ==> End 0.000 0.000 Pond J7-Jr

Filename: J7Jr100-6REV1 .sc4

#1

Pond

Printed 10-19-2000
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#1

Filename: J7Jr100-6REV1.sc4

In

Out

fr*fa#?^#3iBSiffirH#H^fSfii^^

Structure Summary:
Immediate

Contributing
Area

(ac)

3,960.300

Total
Contributing

Area

(ac)

3,960.300

Peak

Discharge

(cfs)

3,085.37

1,522.62

Total

Runoff

Volume

(ac-ft)

428.42

428.43

Printed 10-19-2000
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Structure Detail:

Structure #1 (Pond)

PondJ7-Jr

Pond Inputs:

Initial Pool Elev: 6,710.00

Initial Pool: 555.77 ac-ft

Emeraency Spillway

c ... cl Crest Length Left Right Bottom
Spillway Elev (ft) sidesiope Sidesiope Width (ft)

6,710.00 44.00 3.00:1 3.00:1 70.00

Pond Results:

Peak Elevation: 6,713.79

Dewater Time: 0.35 days

Dewatering time is calculatedfrompeak stage to lowest spillway

Elevation-Capacity-Discharqe Table

Elevation
Area

(ac)

Capacity

(ac-ft)

_. . DewaterDischarge ^

^ (hrs)
6,670.00 0.610 0.000 0.000

6,671.00 0.793 0.700 0.000

6,672.00 0.999 1.594 0.000

6,673.00 1.229 2.706 0.000

6,674.00 1.483 4.061 0.000

6,675.00 1.760 5.681 0.000

6,676.00 2.212 7.662 0.000

6,677.00 2.712 10.120 0.000

6,678.00 3.264 13.104 0.000

6,679.00 3.868 16.666 0.000

6,680.00 4.520 20.856 0.000

6,681.00 4.884 25.557 0.000

6,682.00 5.262 30.629 0.000

6,683.00 5.654 36.086 0.000

6,684.00 6.060 41.943 0.000

6,685.00 6.480 48.212 0.000

6,686.00 7.301 55.098 0.000

Filename: J7Jr100-6REV1 .sc4 Printed 10-19-2000



SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design

Elevation
Area

(ac)

Capacity

(ac-ft)

_,. , DewaterDischarge TmQ

«*> (hrs)
6,687.00 8.167 62.828 0.000

6,688.00 9.083 71.450 0.000

6,689.00 10.049 81.012 0.000

6,690.00 11.060 91.562 0.000

6,691.00 11.942 103.060 0.000

6,692.00 12.856 115.457 0.000

6,693.00 13.804 128.784 0.000

6,694.00 14.786 143.076 0.000

6,695.00 15.800 158.366 0.000

6,696.00 17.126 174.825 0.000

6,697.00 18.502 192.634 0.000

6,698.00 19.932 211.847 0.000

6,699.00 21.416 232.516 0.000

6,700.00 22.950 254.695 0.000

6,701.00 24.203 278.269 0.000

6,702.00 25.487 303.111 0.000

6,703.00 26.805 329.255 0.000

6,704.00 28.157 356.733 0.000

6,705.00 29.540 385.579 0.000

6,706.00 31.283 415.986 0.000

6,707.00 33.072 448.160 0.000

6,708.00 34.912 482.148 0.000

6,709.00 36.803 518.001 0.000

6,710.00 38.740 555.768 0.000 Spillway #1

6,711.00 40.844 595.555 135.962 3.54*

6,712.00 42.999 637.472 493.585 2.00

6,713.00 45.211 681.573 992.277 1.45

6,713.79 47.003 718.055 1,522.615 1.35 Peak Stage

6,714.00 47.480 727.914 1,665.923

6,715.00 49.800 776.549 2,444.368

6,716.00 50.958 826.926 3,363.224

6,717.00 52.128 878.468 4,407.921

6,718.00 53.313 931.188 5,578.250

6,719.00 54.510 985.098 6,779.881

designates tlme(s) to dewaterhavebeen extrapolated beyondthe50 hourhydrograph limit

Detailed Discharge Table

Filename: J7Jr100-6REV1.sc4 Printed 10-19-2000
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Filename: J7Jr100-6REV1.sc4

Elevation
Emergency

Spillway (cfs)

Combined

Total

Discharge

(cfs)

6,670.00 0.000 0.000

6,671.00 0.000 0.000

6,672.00 0.000 0.000

6,673.00 0.000 0.000

6,674.00 0.000 0.000

6,675.00 0.000 0.000

6,676.00 0.000 0.000

6,677.00 0.000 0.000

6,678.00 0.000 0.000

6,679.00 0.000 0.000

6,680.00 0.000 0.000

6,681.00 0.000 0.000

6,682.00 0.000 0.000

6,683.00 0.000 0.000

6,684.00 0.000 0.000

6,685.00 0.000 0.000

6,686.00 0.000 0.000

6,687.00 0.000 0.000

6,688.00 0.000 0.000

6,689.00 0.000 0.000

6,690.00 0.000 0.000

6,691.00 0.000 0.000

6,692.00 0.000 0.000

6,693.00 0.000 0.000

6,694.00 0.000 0.000

6,695.00 0.000 0.000

6,696.00 0.000 0.000

6,697.00 0.000 0.000

6,698.00 0.000 0.000

6,699.00 0.000 0.000

6,700.00 0.000 0.000

6,701.00 0.000 0.000

6,702.00 0.000 0.000

6,703.00 0.000 0.000

6,704.00 0.000 0.000

6,705.00 0.000 0.000

6,706.00 0.000 0.000

6,707.00 0.000 0.000

6,708.00 0.000 0.000

6,709.00 0.000 0.000

Printed 10-19-2000
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Filename: J7Jr100-6REV1 .sc4

Elevation
Emergency

Spillway (cfs)

Combined

Total

Discharge

(cfs)

6,710.00 0.000 0.000

6,711.00 135.962 135.962

6,712.00 493.585 493.585

6,713.00 992.277 992.277

6,714.00 1,665.923 1,665.923

6,715.00 2,444.368 2,444.368

6,716.00 3,363.224 3,363.224

6,717.00 4,407.921 4,407.921

6,718.00 5,578.250 5,578.250

6,719.00 6,779.881 6,779.881

Printed 10-19-2000
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Subwatershed Hydrology Detail:

Stru

#

SWS

#

SWS Area

(ac)

Time of

Cone

(hrs)

MuskK

(hrs)
MuskX

Curve

Number
UHS

Peak

Discharge

(cfs)

Runoff

Volume

(ac-ft)

#1 1 3,960.300 1.093 0.000 0.000 81.000 F 3,085.37 428.416

X : 3,960.300 3,085.37 428.416

Filename: J7Jr100-6REV1.sc4 Printed 10-19-2000
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„ -e«^ t-Vi<» Colorado River and GreatTable 6.1.--General-storm PMP computations for the Colorado
basin ' y »' • /^2\i 2%

* ,,,'/<•• i / '2 ) i^«» j o./ r»> '' • Area •6' &• (mi AWa ;

Latitude 2£±£±C Lons"ude ^fof basin center
Month AugjJS f\

SteE.
Duration (hrs)

'6/ 12 18 24 48 72

A. Convergence PMP

2. Reduction for barrier- • -»
elevation [fig- 2.18] jro*

3. Barrier-elevation reduced ^
PMP [step 1 X step 2] i.6«-*

4. Durational variation
[figs. 2.25 to 2.27
and table 2.7].

5. Convergence PMP for indicated
durations [steps 3X4]

6. Incremental 10 mi2 (26 fan )
PMP [successive subtraction
ia step 5] /^l£/-'V.<1

7. Are'al reduction [select from
figs. 2.28 and 2.29]

8. Areally reduced PMP [step 6.X ^ _ ^
step 7] *—"

9. Drainage average PMP [accumulated
values of step 8] T*Ba—

B. Orographic PMP _
1. Drainage average orographic index from figure 3.11a to d.
2. Areal reduction [figure 3.20]/102

5 Durational variation [table .-- •
-3^3 3^ ^ ;

6. Orographic PMP for given dur- , ^
ations [steps 4X5] ':

C. Total PMP

1. Add steps A9 and B6
,- ^s^*.^--*?*^** fitted to plot2. PMP for other durations from smoWA-eorve i.

3. Comparison with local-storm PMP (see sec. 6.3).

4tos .

'00

Cft«* *" *

/2« *** #*?-^ -i^'
< &?fi~} **• 2,f&f»

in* (mm)

anA (mm)

(in^ (mm)
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<f-;
(mm)

fjjD (mm)

__fi.n.:| (.mm;

of computed data.
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APPENDIX E.5

SEDCAD4 De-watering Time Calculations
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DECANT PIPE DEWATERING TIME SUMMARY

ELEVATION HOURS DAYS CUMULATIVE

DAYS

6710 to 6709 21.30 0.9 0.9

6709 to 6708 21.06 0.9 1.8

6708 to 6707 21.68 0.9 2.7

6707 to 6706 23.17 1.0 3.7

6706 to 6705 25.70 1.1 4.8

6705 to 6704 30.97 1.3 6.1

6704 to 6703 48.41 2.0 8.1

6703 to 6702 191.53 8.0 16.1

Note: Dewatering hours from SEDCAD4 output file (file #J7Jrl00-6DecantBREVl).
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PEABODY WESTERN

KAYENTA MINE

MSHA POND J7-Jr

Dewatering Time

Decant Pipe Inlet @ 6702'

Straight Pipe @ 3.5% Slope

DJK

Montgomery Watson
165 S. Union Blvd.

Suite 410

Lakewood, Colorado 80228

Phone: 303 763-5140

Filename: J7Jr100-6DecantBREV1.sc4 Printed 10-23-2000
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Filename: J7Jr100-6DecantBREV1 .sc4

mfMmM%ni!<iii&mi)&s^^

General Information

Storm Information:

Storm Type: NRCSTypell

Design Storm:
10000000yr-6

hr

Rainfall Depth: 2.980 inches

Printed 10-23-2000
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Structure Networking:

itiffimmiMififtiwm*iim

Type
Stru (flows Stru

# into) #
Musk- K Musk X(hrs) MUSK'x Description

Pond #1 ==> End 0.000 0.000 PondJ7-Jr

Filename: J7Jr100-6DecantBREV1 .sc4

#1

Pond

Printed 10-23-2000
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#1

Filename: J7JM 00-6DecantBREV1 .sc4

In

Out

rl;,^v^^si^^^^^r^F^^^?^i^^-^.i^^iai^ r--*vrr^w^hTnrtnjHr-''" •*rr "*r~r7"-

Structure Summary:
Immediate Total

Contributing Contributing
Area Area

(ac) (ac)

3,960.300 3,960.300

Peak Total„ P?aK Runoff^charge Vo|(jme

(cfs) (ac-ft)
3,085.37 428.42

459.48 223.46

Printed 10-23-2000
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Structure #1 (Pond)

PondJ7-Jr

Pond Inputs:

mm^ffimmtfflffimiffim s^^m^m^m^0<ii^i^m mmm&immm&

Structure Detail:

Initial Pool Elev: 6,702.00

Initial Pool: 303.08 ac-ft

Emergency Spillway

_ .„ ... Crest Length LeftSpillway Elev {ft) SJdes|ope

6,710.00 44.00 3.00:1

Right
Sidesiope

3.00:1

Bottom

Width (ft)

70.00

Straiaht Pipe

Barrel

Diameter

(in)

Barrel

Length

(ft)

Barrel

Slope (%)

Manning's Spillway

n Elev

Entrance

Loss

Coefficient

Tailwater

Depth

(ft)

18.00 200.00 3.50 0.0140 6,702.00 0.50 0.00

Pond Results-

peak Elevation: 6,711.85

Dewater Time: 16.38 days

Dewatering time is calculatedfrom peakstage to lowest spillway

Elevation-Capacity-Discharqe Table

Elevation
Area

(ac)

Capacity

(ac-ft)

Discharge

(cfs)

Dewater

Time

(hrs)

6,670.00 0.610 0.000 0.000

6,670.50 0.698 0.327 0.000

6,671.00 0.793 0.699 0.000

6,671.50 0.893 1.120 0.000

6,672.00 0.999 1.593 0.000

6,672.50 1.111 2.120 0.000

6,673.00 1.229 2.705 0.000

6,673.50 1.353 3.350 0.000

6,674.00 1.483 4.058 0.000

6,674.50 1.618 4.833 0.000

Filename: J7Jr100-6DecantBREV1 .sc4 Printed 10-23-2000



SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design

Elevation
Area

(ac)

Capacity

(ac-ft)

_. . DewaterDischarge ^

<rfs> (hrs)
6,675.00 1.760 5.678 0.000

6,675.50 1.979 6.612 0.000

6,676.00 2.210 7.659 0.000

6,676.50 2.454 8.824 0.000

6,677.00 2.711 10.115 0.000

6,677.50 2.980 11.538 0.000

6,678.00 3.263 13.098 0.000

6,678.50 3.558 14.803 0.000

6,679.00 3.866 16.658 0.000

6,679.50 4.187 18.671 0.000

6,680.00 4.520 20.847 0.000

6,680.50 4.700 23.152 0.000

6,681.00 4.884 25.548 0.000

6,681.50 5.071 28.037 0.000

6,682.00 5.262 30.620 0.000

6,682.50 5.456 33.299 0.000

6,683.00 5.654 36.077 o.ooa

6,683.50 5.855 38.954 0.000

6,684.00 6.060 41.932 0.000

6,684.50 6.268 45.014 0.000

6,685.00 6.480 48.201 0.000

6,685.50 6.884 51.542 0.000

6,686.00 7.299 55.087 0.000

6,686.50 7.727 58.843 0.000

6,687.00 8.167 62.816 0.000

6,687.50 8.618 67.011 0.000

6,688.00 9.083 71.436 0.000

6,688.50 9.559 76.095 0.000

6,689.00 10.047 80.996 0.000

6,689.50 10.548 86.145 0.000

6,690.00 11.060 91.546 0.000

6,690.50 11.496 97.185 0.000

6,691.00 11.941 103.044 0.000

6,691.50 12.394 109.127 0.000

6,692.00 12.855 115.439 0.000

6,692.50 13.325 121.984 0.000

6,693.00 13.803 128.765 0.000

6,693.50 14.290 135.788 0.000

6,694.00 14.785 143.056 0.000

6,694.50 15.288 150.574 0.000

6,695.00 15.800 158.346 0.000

Filename: J7Jr100-6DecantBREV1 .sc4 Printed 10-23-2000
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Elevation
Area

(ac)

Capacity

(ac-ft)

Discharge

(cfs)

Dewater

Time

(hrs)

6,695.50 16.456 166.409 0.000

6,696.00 17.124 174.804 0.000

6,696.50 17.806 183.536 0.000

6,697.00 18.501 192.612 0.000

6,697.50 19.209 202.039 0.000

6,698.00 19.931 211.823 0.000

6,698.50 20.666 221.972 0.000

6,699.00 21.414 232.491 0.000

6,699.50 22.176 243.388 0.000

6,700.00 22.950 254.669 0.000

6,700.50 23.572 266.299 0.000

6,701.00 24.202 278.242 0.000

6,701.50 24.840 290.502 0.000

6,702.00 25.487 303.083 0.000 Spillway #2

6,702.50 26.141 315.990 1.111 140.55*

6,703.00 26.805 329.226 3.142 50.98*

6,703.50 27.476 342.796 5.774 28.44*

6,704.00 28.156 356.704 8.425 19.97*

6,704.50 28.844 370.953 10.472 16.46*

6,705.00 29.540 385.549 12.173 14.51*

6,705.50 30.405 400.534 13.675 13.26*

6,706.00 31.281 415.955 15.003 12.44*

6,706.50 32.170 431.817 16.242 11.82*

6,707.00 33.071 448.127 17.381 11.35*

6,707.50 33.984 464.890 18.479 10.98*

6,708.00 34.911 482.114 19.477 10.70*

6,708.50 35.850 499.803 20.463 10.46*

6,709.00 36.801 517.966 20.982 10.60

6,709.50 37.765 536.606 21.425 10.65

6,710.00 38.740 555.732 21.868 10.65 Spillway #1

6,710.50 39.784 575.362 90.292 4.95

6,711.00 40.841 595.518 158.691 2,.00

6,711.50 41.913 616.206 325.430 1.25

6,711.85 42.674 631.055 459.481 1.10 PeakStage

6,712.00 42.998 637.433 517.058

6,712.50 44.097 659.207 741.448

6,713.00 45.210 681.533 1,016.493

6,713.50 46.337 704.419 1,330.392

6,714.00 47.477 727.872 1,690.854

6,714.50 48.632 751.899 2,057.792

6,715.00 49.800 776.506 2,469.985

Filename: J7Jr100-6DecantBREV1 .sc4 Printed 10-23-2000
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Elevation

6,715.50

6,716.00

6,716.50

6,717.00

6,717.50

6,718.00

6,718.50

6,719.00

Area

(ac)

50.377

50.958

51.541

52.128

52.719

53.313

53.910

54.510

Capacity

(ac-ft)

^gg^itsatfei^^t^

Discharge

(cfs)

801.550 2,913.972

826.884 3,389.527

852.508 3,896.520

878.426 4,434.881

904.637 5,004.639

931.145 5,605.846

957.951 6,193.293

985.055 6,808.113

Dewater

Time

(hrs)

*Designates time(s) todewaterhave beenextrapolatedbeyond the50 hourhydrograph limit

Detailed Discharge Table

Elevation
Emergency

Spillway (cfs)
Straight Pipe

(cfs)

Combined

Total

Discharge

(cfs)

6,670.00 0.000 0.000 0.000

6,670.50 0.000 0.000 0.000

6,671.00 0.000 0.000 0.000

6,671.50 0.000 0.000 0.000

6,672.00 0.000 0.000 0.000

6,672.50 0.000 0.000 0.000

6,673.00 0.000 0.000 0.000

6,673.50 0.000 0.000 0.000

6,674.00 0.000 0.000 0.000

6,674.50 0.000 0.000 0.000

6,675.00 0.000 0.000 0.000

6,675.50 0.000 0.000 0.000

6,676.00 0.000 0.000 0.000

6,676.50 0.000 0.000 0.000

6,677.00 0.000 0.000 0.000

6,677.50 0.000 0.000 0.000

6,678.00 0.000 0.000 0.000

6,678.50 0.000 0.000 0.000

6,679.00 0.000 0.000 0.000

6,679.50 0.000 0.000 0.000

6,680.00 0.000 0.000 0.000

6,680.50 0.000 0.000 0.000

6,681.00 0.000 0.000 0.000

6,681.50 0.000 0.000 0.000

6,682.00 0.000 0.000 0.000

Filename: J7Jr100-6DecantBREV1 .sc4 Printed 10-23-2000
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Elevation
Emergency

Spillway (cfs)
Straight Pipe

(cfs)

Combined

Total

Discharge

(cfs)

6,682.50 0.000 0.000 0.000

6,683.00 0.000 0.000 0.000

6,683.50 0.000 0.000 0.000

6,684.00 0.000 0.000 0.000

6,684.50 0.000 0.000 0.000

6,685.00 0.000 0.000 0.000

6,685.50 0.000 0.000 0.000

6,686.00 0.000 0.000 0.000

6,686.50 0.000 0.000 0.000

6,687.00 0.000 0.000 0.000

6,687.50 0.000 0.000 0.000

6,688.00 0.000 0.000 0.000

6,688.50 0.000 0.000 0.000

6,689.00 0.000 0.000 o.ood

6,689.50 0.000 0.000 0.000

6,690.00 0;000 0.000 0.000

6,690.50 0.000 0.000 0.000

6,691.00 0.000 0.000 0.000

6,691.50 0.000 0.000 0.000

6,692.00 0.000 0.000 0.000

6,692.50 0.000 0.000 0.000

6,693.00 0.000 0.000 0.000

6,693.50 0.000 0.000 0.000

6,694.00 0.000 0.000 0.000

6,694.50 0.000 0.000 0.000

6,695.00 0.000 0.000 0.000

6,695.50 0.000 0.000 0.000

6,696.00 0.000 0.000 0.000

6,696.50 0.000 0.000 0.000

6,697.00 0.000 0.000 0.000

6,697.50 0.000 0.000 0.000

6,698.00 0.000 0.000 0.000

6,698.50 0.000 0.000 0.000

6,699.00 0.000 0.000 0.000

6,699.50 0.000 0.000 0.000

6,700.00 0.000 0.000 0.000

6,700.50 0.000 0.000 0.000

6,701.00 0.000 0.000 0.000

6,701.50 0.000 0.000 0.000

6,702.00 0.000 0.000 0.000

Filename: J7JM00-6DecantBREV1 .sc4 Printed 10-23-2000
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Elevation
Emergency

Spillway(cfs)

js^isa^g^Hffi^ssa&a

Straight Pipe
(cfs)

Combined

Total

Discharge

(cfs)

(5)>17.381

6,702.50 0.000 (3)>1.111 1.111

6,703.00 0.000 (3)>3.142 3.142

6,703.50 0.000 (3)>5.774 , 5.774

6,704.00 0.000 (5)>8.425 8.425

6,704.50 0.000 (5)>10.472 10.472

6,705.00 0.000 (5)>12.173 12.173

6,705.50 0.000 (5)>13.675 13.675

6,706.00 0.000 (5)>15.003 15.003

6,706.50 0.000 (5)>16.242 16.242

17.3816,707.00 0.000

6,707.50 0.000 (5)> 18.479 18.479

6,708.00 0.000 (5)>19.477 19.477

6,708.50 0.000 (5)>20.463 20.463

6,709.00 0.000 (5)>20.982 20.982

6,709.50 0.000 (5)>21.425 21.425

6,710.00 0.000 (6)>21.868 21.868

6,710.50 67.981 (6)>22.310 90.292

6,711.00 135.962 (6)>22.729 158.691

6,711.50 302.329 (6)>23.101 325.430

6,712.00 493.585 (6)>23.472 517.058

6,712.50 717.604 (6)>23.844 741.448

6,713.00 992.277 (6)>24.216 1,016.493

6,713.50 1,305.805 (6)>24.588 1,330.392

6,714.00 1,665.923 (6)>24.932 1,690.854

6,714.50 2,032.517 (6)>25.274 2,057.792

6,715.00 2,444.368 (6)>25.617 2,469.985

6,715.50 2,888.012 (6)>25.960 2,913.972

6,716.00 3,363.224 (6)>26.303 3,389.527

6,716.50 3,869.878 (6)>26.642 3,896.520

6,717.00 4,407.921 (6)>26.960 4,434.881

6,717.50 4,977.361 (6)>27.278 5,004.639

6,718.00 5,578.250 (6)>27.596 5,605.846

6,718.50 6,165.379 (6)>27.914 6,193.293

6,719.00 6,779.881 (6)>28.232 6,808.113

Filename: J7Jr100-6DecantBREV1 .sc4
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Printed 10-23-2000
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Subwatershed Hydrology Detail:

11

Stru

#

SWS

#

SWS Area

(ac)

Time of

Cone

(hrs)

MuskK

(hrs)
MuskX

Curve

Number
UHS

Peak

Discharge

(cfs)

Runoff

Volume

(ac-ft)

#1 1 3,960.300 1.093 0.000 0.000 81.000 F 3,085.37 428.416

X 3,960.300 3,085.37 428.416

Filename: J7Jr100-6DecantBREV1 .sc4 Printed 10-23-2000
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SEDCAD4 (input and output) 100-year, 6-hour Storm Event
W/ Water Level set at Elevation 6702'

(Decant Pipe Invert)
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PEABODYWESTERN

KAYENTA MINE

MSHA POND J7-Jr

100-year, 6-hour

Water level @ 6702'

DJK

Montgomery Watson
165 S. Union Blvd.

Suite 410

Lakewood; Co. 80228

Phone: 303 763-5140

Filename: J7JM00-66702.SC4 Printed 03-29-2OO0
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Filename: J7Jr100-66702.sc4

General Information

Storm Information:

Storm Type: NRCS Type II

Design Storm: 100 yr - 6 hr

Rainfall Depth: 2.400 inches

Printed 03-29-2000
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Structure Networking:

Type
Stru (flows Stru

# into) #
M"sk-K Musk.X

(hrs)
Description

Pond #1 ==> End 0.000 0.000 PondJ7-Jr

Filename: J7Jr100-6DecantBREV1 .sc4

#1

Pond

Printed 10-19-2000
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#1

Filename: J7Jr100-6DecantBREV1.sc4

In

Out

Structure Summary:
Immediate

Contributing
Area

(ac)

3,960.300

Total

Contributing
Area

(ac)

3,960.300

Peak

3,085.37

458.87

Total

^. . Runoff
D,schar9e volume

(cfs) (ac-ft)
428.42

209.24

Printed 10-19-2000
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Structure #1 (Pond)

PondJ7-Jr

Pond Inputs:

Structure Detail:

Initial Pool Elev: 6,702.00

Initial Pool: 303.08 ac-ft

Emergency Spillway

_ ... _. Crest LengthSpillway Elev ,ft» 3 Left

Sidesiope
Right

Sidesiope
Bottom

Width (ft)

6,710.00 44.00 3.00:1 3.00:1 70.00

Straight Pipe

Barrel

Diameter

(in)

Barrel

Length

(ft)

Barrel

Slope (%)

Manning's Spillway

n Elev

Entrance

Loss

Coefficient

Tailwater

Depth

(ft)

18.00 200.00 3.50 0.0190 6,702.00 0.50 0.00

Pond Results:

Peak Elevation: 6,711.86

Dewater Time: 17.20 days

Dewatering time is calculated frompeakstage to lowest spillway

Elevation-Capacity-Discharqe Table

Elevation
Area

(ac)

Capacity

(ac-ft)

Discharge

(cfs)

Dewater

Time

(hrs)

6,670.00 0.610 0.000 0.000

6,670.50 0.698 0.327 0.000

6,671.00 0.793 0.699 0.000

6,671.50 0.893 1.120 0.000

6,672.00 0.999 1.593 0.000

6,672.50 1.111 2.120 0.000

6,673.00 1.229 2.705 0.000

6,673.50 1.353 3.350 0.000

6,674.00 1.483 4.058 0.000

6,674.50 1.618 4.833 0.000

Filename: J7Jr100-6DecantBREV1 .sc4 Printed 10-19-2000



Copyright1998 Pamela J. Schwab
Civil Software Design

6

Area
Elevation

(ac)

Capacity

(ac-ft)

_. . DewaterDischarge Jjme

<*> (hrs)
6,675.00 1.760 5.678 0.000

6,675.50 1.979 6.612 0.000

6,676.00 2.210 7.659 0.000

6,676.50 2.454 8.824 0.000

6,677.00 2.711 10.115

11.538

0.000

6,677.50 2.980 0.000

6,678.00 3.263 13.098 0.000

6,678.50 3.558 14.803

16.658

0.000

6,679.00 3.866 0.000

6,679.50 4.187 18.671 0.000

6,680.00 4.520 20.847

23.152

0.000

6,680.50 4.700 0.000

6,681.00 4.884 25.548 0.000

6,681.50 5.071 28.037 0.000

6,682.00 5.262 30.620 0.000

6,682.50 5.456 33.299 0.000

6,683.00 5.654 36.077 0.000

6,683.50 5.855 38.954

41.932

0.000

6,684.00 6.060 0.000

6,684.50 6.268 45.014 0.000

6,685.00 6.480 48.201

51.542

0.000

• • •

•

6,685.50 6.884 0.000

6,686.00 7.299 55.087

58.843

0.000

6,686.50 7.727 0.000

6,687.00 8.167 62.816 0.000

6,687.50 8.618 67.011 0.000

6,688.00 9.083 71.436

76.095

80.996

0.000

6,688.50 9.559 0.000

6,689.00 10.047 0.000

6,689.50 10.548 86.145 0.000

6,690.00 11.060 91.546 0.000

6,690.50 11.496 97.185 0.000

6,691.00 11.941 103.044 0.000

6,691.50 12.394 109.127 0.000

6,692.00 12.855 115.439

121.984

128.765

0.000

6,692.50 13.325 0.000

6,693.00 13.803 0.000

6,693.50 14.290 135.788 0.000

6,694.00 14.785 143.056 0.000

6,694.50 15.288 150.574

158.346

0.000

6,695.00 15.800 0.000

Filename: J7JM0C)-6DecantBREV1.sc4 Printed 10-19-2000
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Elevation
Area

(ac)

-Capacity

(ac-ft). •

•Discharge D!_water
3 Time

(CfS) (hrs)
6,699.00 21.414 232.491 0.000

6,699.50 22.176 243.388 0.000

6,700.00 22.950 254.669 0.000

6,700.50 23.572 266.299 0.000

6,701.00 24.202 278.242 0.000

6,701.50 24.840 290.502 0.000

6,702.00 25.487 303.083 0.000

6,702.50 26.141 315.990 0.000

6,703.00 26.805 329.226 0.000

6,703.50 27.476 342.796 0.000

6,704.00 28.156 356.704 0.000

6,704.50 28.844 370.953 0.000

6,705.00 29.540 385.549 0.000

6,705.50 30.405 400.534 0.000

6,706.00 31.281 415.955 0.000

6,706.50 32.170 431.817 0.000

6,707.00 33.071 448.127 0.000

6,707.50 33.984 464.890 0.000

6,708.00 34.911 482.114 0.000

6,708.50 35.850 499.803 0.000

6,709.00 36.801 517.966 0.000

6,709.50 37.765 536.606 0.000

6,710.00 38.740 555.732 0.000 Spillway #1

6,710.32 39.424 568.352 43.702 42.55 Peak Stage

6,710.50 39.784 575.362 67.981

6,711.00 40.841 595.518 135.962

6,711.50 41.913 616.206 302.329

6,712.00 42.998 637.433 493.585

6,712.50 44.097 659.207 717.604

6,713.00 45.210 681.533 992.277

6,713.50 46.337 704.419 1,305.805

6,714.00 47.477 727.872 1,665.923

6,714.50 48.632 751.899 2,032.517

6,715.00 49.800 776.506 2,444.368

6,715.50 50.377 801.550 2,888.012

6,716.00 50.958 826.884 3,363.224

6,716.50 51.541 852.508 3,869.878

6,717.00 52.128 878.426 4,407.921

6,717.50 52.719 904.637 4,977.361

6,718.00 53.313 931.145 5,578.250

6,718.50 53.910 957.951 6,165.379

Filename: J7Jr100-66702.sc4 Printed 03-29-2000
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Elevation

6,719.00

Area

(ac)

54.510

Capacity

(ac-ft) :

Discharge

(cfs) ,

985.055 6,779.881

Dewater

Time

(hrs)

-&®mmmmmi

designates time(s) to dewaterhavebeen extrapolated beyondthe50 hour hydrograph limit

Filename: J7Jr100-66702.sc4

Detailed Discharge Table

Elevation.
. .Emergency
Spillway (cfs).

Combined

Total

Discharge

(cfs).

6,670.00 0.000 0.000

6,670.50 0.000 0.000

6,671.00 0.000 0.000

6,671.50 0.000 0.000

6,672.00 0.000 0.000

6,672.50 0.000 0.000

6,673.00 0.000 0.000

6,673.50 0.000 0.000

6,674.00 0.000 0.000

6,674.50 0.000 0.000

6,675.00 0.000 0.000

6,675.50 0.000 0.000

6,676.00 0.000 0.000

6,676.50 0.000 0.000

6,677.00 0.000 0.000

6,677.50 0.000 0.000

6,678.00 0.000 0.000

6,678.50 0.000 0.000

6,679.00 0.000 0.000

6,679.50 0.000 0.000

6,680.00 0.000 0.000

6,680.50 0.000 0.000

6,681.00 0.000 0.000

6,681.50 0.000 0.000

6,682.00 0.000 0.000

6,682.50 0.000 0.000

6,683.00 0.000 0.000

6,683.50 0.000 0.000

6,684.00 0.000 0.000

6,684.50 0.000 0.000

6,685.00 0.000 0.000

6,685.50 0.000 0.000

Printed 03-29-2000
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Filename: J7Jr100-66702.sc4

Elevation
Emergency

Spillway (cfs)

Combined

Total

Discharge

(cfs)

6,686.00 0.000 0.000

6,686.50 0.000 0.000

6,687.00 0.000 0.000

6,687.50 0.000 0.000

6,688.00 0.000 0.000

6,688.50 0.000 0.000

6,689.00 0.000 0.000

6,689.50 0.000 0.000

6,690.00 0.000 0.000

6,690.50 0.000 0.000

6,691.00 0.000 • 0.000

6,691.50 0.000 0.000

6,692.00 0.000 0.000

6,692.50 0.000 0.000

6,693.00 0.000 0.000

6,693.50 0.000 0.000

6,694.00 0.000 0.000

6,694.50 0.000 0.000

6,695.00 0.000 0.000

6,695.50 0.000 0.000

6,696.00 0.000 0.000

6,696.50 0.000 0.000

6,697.00 0.000 0.000

6,697.50 0.000 0.000

6,698.00 0.000 0.000

6,698.50 0.000 0.000

6,699.00 0.000 0.000

6,699.50 0.000 0.000

6,700.00 0.000 0.000

6,700.50 0.000 0.000

6,701.00 0.000 0.000

6,701.50 0.000 0.000

6,702.00 0.000 0.000

6,702.50 0.000 0.000

6,703.00 0.000 0.000

6,703.50 0.000 0.000

6,704.00 0.000 0.000

6,704.50 0.000 0.000

6,705.00 0.000 0.000

6,705.50 0.000 0.000

Printed 03-29-2000
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Elevation
Emergency -

Spillway (cfs)

Combined

, Total

Discharge '

(cfs)

6,706.00 0.000 0.000

6,706.50 0.000 0.000

6,707.00 0.000 0.000

6,707.50 0.000 0.000

6,708.00 0.000 0.000

6,708.50 0.000 0.000

6,709.00 0.000 0.000

6,709.50 0.000 0.000

6,710.00 0.000 0.000

6,710.50 67.981 67.981

6,711.00 135.962 135.962

6,711.50 302.329 302.329

6,712.00 493.585 493.585

6,712.50 717.604 717.604

6,713.00 992.277 992.277

6,713.50 1,305.805 1,305.805

6,714.00 1,665.923 1,665.923

6,714.50 2,032.517 2,032.517

6,715.00 2,444.368 2,444.368

6,715.50 2,888.012 2,888.012

6,716.00 3,363.224 3,363.224

6,716.50 3,869.878 3,869.878

6,717.00 4,407.921 4,407.921

6,717.50 4,977.361 4,977.361

6,718.00 5,578.250 5,578.250

6,718.50 6,165.379 6,165.379

6,719.00 6,779.881 6,779.881

tmmermmunMt
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Subwatershed Hydrology Detail:

11

Stru

#

SWS

#

SWS Area

(ac)

Time of

Cone

. (hrs)

MuskK

(hrs)
MuskX

Curye

Number
UHS

Peak

Discharge

(cfs)

Runoff

Volume

, (ac-ft)

#1 1 3,960.300 1.093 0.000 0.000 81.000 F 2,024.26 287.712

E 3,960.300 2,024.26 287.712

Filename: J7Jr100-66702.sc4 Printed 03-29-2000



APPENDIX E.6

SEDCAD4 (input and output) Vi 6-hour PMP Storm Event

w/Water Level Set at Elevation 6702' (Decant Pipe Invert)
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PEABODY WESTERN

KAYENTA MINE

MSHA POND J7-Jr

General 6-hour PMP

Water level® 6702'

Decant Pipe Invert

DJK

Montgomery Watson
165 South Union Blvd.

Suite 410

Lakewood, Co. 80228

Phone: 303 763-5140

Filename: J7Jr100-66702REV1.sc4 Printed 10-19-2000
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Filename: J7Jr100-66702REV1.sc4

General Information

Storm Information:

Storm Type: NRCS Type II

Design Storm:
100000000 yr - 6

hr

Rainfall Depth: 2.980 inches

i*sti**\nirf*&*<™tr«

Printed 10-19-2000



^m^m^msiiiismi^^^ii^^

SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design

Structure Networking:
T • Stru (flows Stru
JVPe : # into) # M,f\K Musk.X

(hrs)
Description

Pond #1 ==> End 0.000 0.000 PondJ7-Jr

Filename: J7Jr100-66702REV1 sc4

#1

Pond

Printed 10-19-2000
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#1

Filename: J7Jr100-66702REV1.sc4

In

Out

amwiWTOiwwwiw*

Structure Summary:
Immediate

Contributing
Area

(ac)

3,960.300

Total

Contributing
Area

(ac)

3,960.300

Peak

Discharge

(cfs)

3,085.37

458.16

Total

Runoff

Volume

(ac-ft)

428.42

159.32

Printed 10-19-2000
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Structure Detail:

Structure #1 (Pond)

PondJ7-Jr

Pond Inputs:

Initial Pool Elev: 6,702.00

Initial Pool: 555.77 ac-ft

Emergency Spillway

_ ... F| CrestLength Left Right Bottom
bpniway tiev (ft) sidesiope Sidesiope Width (ft)

6,710.00 44.00 3.00:1 3.00:1 70.00

Pond Results:

Peak Elevation: 6,711.91

Dewater Time: 0.36 days

Dewatering time is calculated from peakstage to lowest spillway

Elevation-Capacity-Discharqe Table

Elevation
Area

(ac)

Capacity

(ac-ft)

Discharge

(cfs)

Dewater

Time

(hrs)

6,670.00 0.610 0.000 0.000

6,670.50 0.698 0.327 0.000

6,671.00 0.793 0.699 0.000

6,671.50 0.893 1.120 0.000

6,672.00 0.999 1.593 0.000

6,672.50 1.111 2.120 0.000

6,673.00 1.229 2.705 0.000

6,673.50 1.353 3.350 0.000

6,674.00 1.483 4.058 0.000

6,674.50 1.618 4.833 0.000

6,675.00 1.760 5.678 ' 0.000

6,675.50 1.979 6.612 0.000

6,676.00 2.210 7.659 0.000

6,676.50 2.454 8.824 0.000

6,677.00 2.711 10.115 0.000

6,677.50 2.980 11.538 0.000

6,678.00 3.263 13.098 0.000

Filename: J7Jr100-66702REV1.sc4 Printed 10-19-2000
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Elevation
Area

(ac)

Capacity

(ac-ft)

_. . DewaterDischarge Time

«*> (hrs)
6,678.50 3.558 14.803 0.000

6,679.00 3.866 16.658 0.000

6,679.50 4.187 18.671 0.000

6,680.00 4.520 20.847 0.000

6,680.50 4.700 23.152 0.000

6,681.00 4.884 25.548 0.000

6,681.50 5.071 28.037 0.000

6,682.00 5.262 30.620 0.000

6,682.50 5.456 33.299 0.000

6,683.00 5.654 36.077 0.000

6,683.50 5.855 38.954 0.000

6,684.00 6.060 41.932 0.000

6,684.50 6.268 45.014 0.000

6,685.00 6.480 48.201 0.000

6,685.50 6.884 51.542 0.000

6,686.00 7.299 55.087 0.000

6,686.50 7.727 58.843 0.000

6,687.00 8.167 62.816 0.000

6,687.50 8.618 67.011 0.000

6,688.00 9.083 71.436 0.000

6,688.50 9.559 76.095 0.000

6,689.00 10.047 80.996 0.000

6,689.50 10.548 86.145 0.000

6,690.00 11.060 91.546 0.000

6,690.50 11.496 97.185 0.000

6,691.00 11.941 103.044 0.000

6,691.50 12.394 109.127 0.000

6,692.00 12.855 115.439 0.000

6,692.50 13.325 121.984 0.000

6,693.00 13.803 128.765 0.000

6,693.50 14.290 135.788 0.000

6,694.00 14.785 143.056 0.000

6,694.50 15.288 150.574 0.000

6,695.00 15.800 158.346 0.000

6,695.50 16.456 166.409 0.000

6,696.00 17.124 174.804 0.000

6,696.50 17.806 183.536 0.000

6,697.00 18.501 192.612 0.000

6,697.50 19.209 202.039 0.000

6,698.00 19.931 211.823 0.000

6,698.50 20.666 221.972 0.000

Filename: J7Jr100-66702REV1 .sc4 Printed 10-19-2000
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Elevation
Area

(ac)

Capacity

(ac-ft)

Discharge

(cfs)

Dewater

Time

(hrs)

6,699.00 21.414 232.491 0.000

6,699.50 22.176 243.388 0.000

6,700.00 22.950 254.669 0.000

6,700.50 23.572 266.299 0.000

6,701.00 24.202 278.242 0.000

6,701.50 24.840 290.502 0.000

6,702.00 25.487 303.083 0.000

6,702.50 26.141 315.990 0.000

6,703.00 26.805 329.226 0.000

6,703.50 27.476 342.796 0.000

6,704.00 28.156 356.704 0.000

6,704.50 28.844 370.953 0.000

6,705.00 29.540 385.549 0.000

6,705.50 30.405 400.534 0.000

6,706.00 31.281 415.955 0.000

6,706.50 32.170 431.817 0.000

6,707.00 33.071 448.127 0.000

6,707.50 33.984 464.890 0.000

6,708.00 34.911 482.114 0.000

6,708.50 35.850 499.803 0.000

6,709.00 36.801 517.966 0.000

6,709.50 37.765 536.606 0.000

6,710.00 38.740 555.732 0.000 Spillway #1

6,710.50 39.784 575.362 67.981 3.49*

6,711.00 40.841 595.518 135.962 2.50

6,711.50 41.913 616.206 302.329 1.30

6,711.91 42.798 633.502 458.164 1.25 Peak Stage

6,712.00 42.998 637.433 493.585

6,712.50 44.097 659.207 717.604

6,713.00 45.210 681.533 992.277

6,713.50 46.337 704.419 1,305.805

6,714.00 47.477 727.872 1,665.923

6,714.50 48.632 751.899 2,032.517

6,715.00 49.800 776.506 2,444.368

6,715.50 50.377 801.550 2,888.012

6,716.00 50.958 826.884 3,363.224

6,716.50 51.541 852.508 3,869.878

6,717.00 52.128 878.426 4,407.921

6,717.50 52.719 904.637 4,977.361

6,718.00 53.313 931.145 5,578.250

6,718.50 53.910 957.951 6,165.379

Filename: J7Jr100-66702REV1 .sc4 Printed 10-19-2000
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Elevation

6,719.00

Area

(ac)

54.510

Capacity

(ac-ft)

Discharge

(cfs)

985.055 6,779.881

Dewater

Time

(hrs)

*Designates time(s)to dewaterhavebeen extrapolatedbeyondthe 50 hourhydrograph limit

Filename: J7Jr100-66702REV1.sc4

Detailed Discharge Table

Elevation
Emergency

Spillway (cfs)

Combined

Total

Discharge

(cfs)

6,670.00 0.000 0.000

6,670.50 0.000 0.000

6,671.00 0.000 0.000

6,671.50 0.000 0.000

6,672.00 0.000 0.000

6,672.50 0.000 0.000

6,673.00 0.000 0.000

6,673.50 . 0.000 0.000

6,674.00 0.000 0.000

6,674.50 0.000 0.000

6,675.00 0.000 0.000

6,675.50 0.000 0.000

6,676.00 0.000 0.000

6,676.50 0.000 0.000

6,677.00 0.000 0.000

6,677.50 0.000 0.000

6,678.00 0.000 0.000

6,678.50 0.000 0.000

6,679.00 0.000 0.000

6,679.50 0.000 0.000

6,680.00 0.000 0.000

6,680.50 0.000 0.000

6,681.00 0.000 0.000

6,681.50 0.000 0.000

6,682.00 0.000 0.000

6,682.50 0.000 0.000

6,683.00 0.000 0.000

6,683.50 0.000 0.000

6,684.00 0.000 0.000

6,684.50 0.000 0.000

6,685.00 0.000 0.000

6,685.50 0.000 0.000

Printed 10-19-2000
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Filename: J7Jr100-66702REV1.sc4

Elevation
Emergency

Spillway (cfs)

Combined

Total

Discharge

(cfs)

6,686.00 0.000 0.000

6,686.50 0.000 0.000

6,687.00 0.000 0.000

6,687.50 0.000 0.000

6,688.00 0.000 0.000

6,688.50 0.000 0.000

6,689.00 0.000 0.000

6,689.50 0.000 0.000

6,690.00 0.000 0.000

6,690.50 0.000 0.000

6,691.00 0.000 0.000

6,691.50 0.000 0.000

6,692.00 0.000 0.000

6,692.50 0.000 0.000

6,693.00 0.000 0.000

6,693.50 0.000 0.000

6,694.00 0.000 0.000

6,694.50 0.000 0.000

6,695.00 0.000 0.000

6,695.50 0.000 0.000

6,696.00 0.000 0.000

6,696.50 0.000 0.000

6,697.00 0.000 0.000

6,697.50 0.000 0.000

6,698.00 0.000 0.000

6,698.50 0.000 0.000

6,699.00 0.000 0.000

6,699.50 0.000 0.000

6,700.00 0.000 0.000

6,700.50 0.000 0.000

6,701.00 0.000 0.000

6,701.50 0.000 0.000

6,702.00 0.000 0.000

6,702.50 0.000 0.000

6,703.00 0.000 0.000

6,703.50 0.000 0.000

6,704.00 0.000 0.000

6,704.50 0.000 0.000

6,705.00 0.000 0.000

6,705.50 0.000 0.000

Printed 10-19-2000
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Elevation
Emergency

Spillway (cfs)

Combined

Total

Discharge

(cfs)

6,706.00 0.000 0.000

6,706.50 0.000 0.000

6,707.00 0.000 0.000

6,707.50 0.000 0.000

6,708.00 0.000 0.000

6,708.50 0.000 0.000

6,709.00 0.000 0.000

6,709.50 0.000 0.000

6,710.00 0.000 0.000

6,710.50 67.981 67.981

6,711.00 135.962 135.962

6,711.50 302.329 302.329

6,712.00 493.585 493.585

6,712.50 717.604 717.604

6,713.00 992.277 992.277

6,713.50 1,305.805 1,305.805

6,714.00 1,665.923 1,665.923

6,714.50 2,032.517 2,032.517

6,715.00 2,444.368 2,444.368

6,715.50 2,888.012 2,888.012

6,716.00 3,363.224 3,363.224

6,716.50 3,869.878 3,869.878

6,717.00 4,407.921 4,407.921

6,717.50 4,977.361 4,977.361

6,718.00 5,578.250 5,578.250

6,718.50 6,165.379 6,165.379

6,719.00 6,779.881 6,779.881

10
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Subwatershed Hydrology Detail:

11

Stru

#

SWS

#

SWS Area

(ac)

Time of

Cone

(hrs)

MuskK

(hrs)
MuskX

Curve

Number
UHS

Peak

Discharge

(cfs)

Runoff

Volume

(ac-ft)

#1 1 3,960.300 1.093 0.000 0.000 81.000 F 3,085.37 428.416

L 3,960.300 3,085.37 428.416

Filename: J7Jr100-66702REV1.sc4 Printed 10-19-2000
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APPENDIX E.7

Emergency Spillway Critical Slope Calculation



Project Description

Project File
Worksheet

Flow Element

Method

Solve For

Input Data

J7Jr Outflow Channel Critical Slope

Worksheet for Trapezoidal Channel

untitied.fm2

Critical

Trapezoidal Channel
Manning's Formula
Channel Depth

Mannings Coefficient
Channel Slope
Left Side Slope
Right Side Slope
Bottom Width

Discharge

0.059

0.120000 ft/ft

3.000000H:V

3.000000H:V

70.00 ft

1,523.00 Cfs

Results

Depth .1.71 ft

Flow Area 128.28 ft2

Wetted Perimeter 80.80 ft

Top Width 80.25 ft

Critical Depth 2.37 ft

Critical Slope 0.039678 ft/ft

Velocity 11.87 ft/s

Velocity Head 2.19 ft

Specific Energy 3.90 ft

Froude Number 1.66

Flow is supercritical.

10/19/00

07:51:00 AM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666
FlowMaster v5.13

Page 1 of 1
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APPENDIX E.8

Emergency Spillway Outflow Channel Design
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Project Description

MSHA POND J7Jr SPILLWAY CRITICAL SLOPE

Worksheet for Trapezoidal Channel

Project File

Worksheet

Flow Element

Method

Solve For

untitled.fm2

qq

Trapezoidal Channel
Manning's Formula
Channel Depth

Input Data

Mannings Coefficient
Channel Slope

Left Side Slope
Right Side Slope
Bottom Width

Discharge __

Results

0.030

0.011416 ft/ft

3.000000H:V

3.000000 H: V

70.00 ft

881.50 cfs

Depth 1.66 ft

Flow Area 124.53 ft2

Wetted Perimeter 80.50 ft

Top Width 79.96 ft

Critical Depth 1.66 ft

Critical Slope 0.011416 ft/ft

Velocity 7.08 ft/s

Velocity Head 0.78 ft

Specific Energy 2.44 ft

Froude Number 1.00

Flow is subcritical.

03/31/00

08 05:23 AM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203)755-1666
FlowMaster v5.13

Page 1 of 1
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J73r SPILLWAY OUTFLOW CHANNEL

MIN. WIPTH=70'. MAX.SLOPE=12%

Material: Riprap

TrapezoidalChannel

Bottom

Width (ft)

70.00

SEDCAD Utility Run

Left

Sidesiope
Ratio

3.0:1

Right
Sidesiope

Ratio

3.0:1

Slope (%)

12.0

Freeboard

Depth (ft)

1.00

Freeboard

% of Depth

PADER Method - Steep Slope Design

w/o Freeboard w/Freeboard

Design Discharge: 1,523.00 cfs

Depth: 1.70ft 2.70 ft

Top Width: 80.23 ft 86.23 ft

Velocity: 11.89 fps

X-Section Area: 128.05 sq ft

Hydraulic Radius: 1.585

Froude Number: 1.66

Manning's n: 0.0590

Dmin: 7.00 in

D50: 12.00 in

Dmax: 18.00in

Freeboard

Mult, x

(VxD)
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J7Jr SPILLWAY OUTFLOW CHANNEL

MIN. WIDTH=70'. MAX. SLOPE=12%

Material: Riprap

TrapezoidalChannel

Bottom

Width (ft)

Left Right
Sidesiope Sidesiope

Ratio Ratio

Slope (%)
Freeboard

Depth (ft)

Freeboard

% of Depth

Freeboard

Mult, x

(VxD)

70.00

SEDCAD Utility Run

3.0:1 3.0:1 12.0 1.00

PADER Method - Steep Slope Design

w/o Freeboard w/ Freeboard .

Design Discharge: 458.00 cfs

Depth: 0.79 ft 1.79ft

Top Width: 74.75 ft 80.75 ft

Velocity: 7.99 fps

X-Section Area: 57.32 sq ft

Hydraulic Radius: 0.764

Froude Number: 1.6.1

Manning's n: 0.0540

Dmin: 3.00 in

D50: 6.00 in

Dmax: 9.00 in

Printed 10-19-2000
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PEABODY WESTERN

KAYENTA MINE

MSHA POND 37-Jr

General 6-hour PMP

Water level @ 6710'

DJK

Montgomery Watson
165 S. Union blvd.

Suite 410

Lakewood, Colorado 80228

Phone: 303 763-5140

Filename: GenPMP-6REV1.sc4 Printed 10-24-2000
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Filename: GenPMP-6REV1 .sc4

General Information

Storm Information:

Storm Type: NRCSType II

Design Storm:
10000000 yr - 6

hr

Rainfall Depth: 5.960 inches

Printed 10-19-2000
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Structure Networking:
^ Stru (flows Stru
JyPe ' # into) # Musk- K Musk X(hrs) MUSK'x Description

Pond #1 ==> End 0.000 0.000 PondJ7-Jr

Filename: GenPMP-6REV1 .sc4

#1

Pond

Printed 10-19-2000
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#1

Filename: GenPMP-6REV1 .sc4

In

Out

Structure Summary:
Immediate Total

Contributing Contributing
Area Area

(ac) (ac)

3,960.300 3,960.300

Peak

Discharge

(cfs)

Total

Runoff

Volume

(ac-ft)

9,446.89 1,269.71

6,092.58 1,269.73

Printed 10-19-2000
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Structure Detail:

Structure #1 (Pond)

PondJ7-Jr

Pond Inputs:

Pond Results:

Initial Pool Elev: 6,710.00

Initial Pool: 555.73 ac-ft

Emergency Spillway

Spillway Elev Crest Length Left
Sidesiope

Right
Sidesiope

Bottom

Width (ft)

6,710.00 44.00 3.00:1 3.00:1 70.00

Peak Elevation: 6,718.44

Dewater Time: 0.50 days

Dewatering time is calculated from peakstage to lowestspillway

Elevation-Capacity-Discharqe Table

Elevation
Area

(ac)

Capacity

(ac-ft)

Discharge

(cfs)

Dewater

Time

(hrs)

6,670.00 0.610 0.000 0.000

6,670.50 0.698 0.327 0.000

6,671.00 0.793 0.699 0.000

6,671.50 0.893 1.120 0.000

6,672.00 0.999 1.593 0.000

6,672.50 1.111 2.120 0.000

6,673.00 1.229 2.705 0.000

6,673.50 1.353 3.350 0.000

6,674.00 1.483 4.058 0.000

6,674.50 1.618 4.833 0.000

6,675.00 1.760 5.678 0.000

6,675.50 1.979 6.612 0.000

6,676.00 2.210 7.659 0.000

6,676.50 2.454 8.824 0.000

6,677.00 2.711 10.115 0.000

6,677.50 2.980 11.538 0.000

6,678.00 3.263 13.098 0.000

Filename: GenPMP-6REV1 .sc4 Printed 10-19-2000
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Elevation
Area

(ac)

Capacity

(ac-ft)

~. . Dewater

Dischar9e Time
«*> (hrs)

6,678.50 3.558 14.803 0.000

6,679.00 3.866 16.658 0.000

6,679.50 4.187 18.671 0.000

6,680.00 4.520 20.847 0.000

6,680.50 4.700 23.152 0.000

6,681.00 4.884 25.548 0.000

6,681.50 5.071 28.037 0.000

6,682.00 5.262 30.620 0.000

6,682.50 5.456 33.299 0.000

6,683.00 5.654 36.077 0.000

6,683.50 5.855 38.954 0.000

6,684.00 6.060 41.932 0.000

6,684.50 6.268 45.014 0.000

6,685.00 6.480 48.201 0.000

6,685.50 6.884 51.542 0.000

6,686.00 7.299 55.087 0.000

6,686.50 7.727 58.843 0.000

6,687.00 8.167 62.816 0.000

6,687.50 8.618 67.011 0.000

6,688.00 9.083 71.436 0.000

6,688.50 9.559 76.095 0.000

6,689.00 10.047 80.996 0.000

6,689.50 10.548 86.145 0.000

6,690.00 11.060 91.546 0.000

6,690.50 11.496 97.185 0.000

6,691.00 11.941 103.044 0.000

6,691.50 12.394 109.127 0.000

6,692.00 12.855 115.439 0.000

6,692.50 13.325 121.984 0.000

6,693.00 13.803 128.765 0.000

6,693.50 14.290 135.788 0.000

6,694.00 14.785 143.056 0.000

6,694.50 15.288 150.574 0.000

6,695.00 15.800 158.346 0.000

6,695.50 16.456 166.409 0.000

6,696.00 17.124 174.804 0.000

6,696.50 17.806 183.536 0.000

6,697.00 18.501 192.612 0.000

6,697.50 19.209 202.039 0.000

6,698.00 19.931 211.823 0.000

6,698.50 20.666 221.972 0.000

Filename: GenPMP-6REV1.sc4 Printed 10-19-2000
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Elevation
Area

(ac)

Capacity

(ac-ft)

Discharge

(cfs)

Dewater

Time

(hrs)

6,699.00 21.414 232.491 0.000

6,699.50 22.176 243.388 0.000

6,700.00 22.950 254.669 0.000

6,700.50 23.572 266.299 0.000

6,701.00 24.202 278.242 0.000

6,701.50 24.840 290.502 0.000

6,702.00 25.487 303.083 0.000

6,702.50 26.141 315.990 0.000

6,703.00 26.805 329.226 0.000

6,703.50 27.476 342.796 0.000

6,704.00 28.156 356.704 0.000

6,704.50 28.844 370.953 0.000

6,705.00 29.540 385.549 0.000

6,705.50 30.405 400.534 0.000

6,706.00 31.281 415.955 0.000

6,706.50 32.170 431.817 0.000

6,707.00 33.071 448.127 0.000

6,707.50 33.984 464.890 0.000

6,708.00 34.911 482.114 0.000

6,708.50 35.850 499.803 0.000

6,709.00 36.801 517.966 0.000

6,709.50 37.765 536.606 0.000

6,710.00 38.740 555.732 0.000 Spillway #1

6,710.50 39.784 575.362 67.981 3.49*

6,711.00 40.841 595.518 135.962 2.50

6,711.50 41.913 616.206 302.329 1.20

6,712.00 42.998 637.433 493.585 0.70

6,712.50 44.097 659.207 717.604 0.50

6,713.00 45.210 681.533 992.277 0.40

6,713.50 46.337 704.419 1,305.805 0.35

6,714.00 47.477 727.872 1,665.923 0.40

6,714.50 48.632 751.899 2,032.517 0.35

6,715.00 49.800 776.506 2,444.368 0.30

6,715.50 50.377 801.550 2,888.012 0.30

6,716.00 50.958 826.884 3,363.224 0.25

6,716.50 51.541 852.508 3,869.878 0.25

6,717.00 52.128 878.426 4,407.921 0.20

6,717.50 52.719 904.637 4,977.361 0.25

6,718.00 53.313 931.145 5,578.250 ( 0.15

6,718.44 53.836 954.627 6,092.579 0.30 PeakStage

6,718.50 53.910 957.951 6,165.379

Filename: GenPMP-6REV1 .sc4 Printed 10-19-2000
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Elevation

6,719.00

Area

(ac)

54.510

Capacity

(ac-ft)

Discharge

(cfs)

985.055 6,779.881

Dewater

Time

(hrs)

^Designates time(s) to dewaterhave been extrapolatedbeyond the 50 hourhydrograph limit

Filename: GenPMP-6REV1 .sc4

Detailed Discharge Table

Elevation
Emergency

Spillway (cfs)

Combined

Total

Discharge

(cfs)

6,670.00 0.000 0.000

6,670.50 0.000 0.000

6,671.00 0.000 0.000

6,671.50 0.000 0.000

6,672.00 0.000 0.000

6,672.50 0.000 0.000

6,673.00 0.000 0.000

6,673.50 0.000 0.000

6,674.00 0.000 0.000

6,674.50 0.000 0.000

6,675.00 0.000 0.000

6,675.50 0.000 0.000

6,676.00 0.000 0.000

6,676.50 0.000 0.000

6,677.00 0.000 0.000

6,677.50 0.000 0.000

6,678.00 0.000 0.000

6,678.50 0.000 0.000

6,679.00 0.000 0.000

6,679.50 0.000 0.000

6,680.00 0.000 0.000

6,680.50 0.000 0.000

6,681.00 0.000 0.000

6,681.50 0.000 0.000

6,682.00 0.000 0.000

6,682.50 0.000 0.000

6,683.00 0.000 0.000

6,683.50 0.000 0.000

6,684.00 0.000 0.000

6,684.50 0.000 0.000

6,685.00 0.000 0.000

6,685.50 0.000 0.000
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Elevation
Emergency

Spillway (cfs)

Combined

Total

Discharge

(cfs)

6,686.00 0.000 0.000

6,686.50 0.000 0.000

6,687.00 0.000 0.000

6,687.50 0.000 0.000

6,688.00 0.000 0.000

6,688.50 0.000 0.000

6,689.00 0.000 0.000

6,689.50 0.000 0.000

6,690.00 0.000 0.000

6,690.50 0.000 0.000

6,691.00 0.000 0.000

6,691.50 0.000 0.000

6,692.00 0.000 0.000

6,692.50 0.000 0.000

6,693.00 0.000 0.000

6,693.50 0.000 0.000

6,694.00 0.000 0.000

6,694.50 0.000 0.000

6,695.00 0.000 0.000

6,695.50 0.000 0.000

6,696.00 0.000 0.000

6,696.50 0.000 0.000

6,697.00 0.000 0.000

6,697.50 0.000 0.000

6,698.00 0.000 0.000

6,698.50 0.000 0.000

6,699.00 0.000 0.000

6,699.50 0.000 0.000

6,700.00 0.000 0.000

6,700.50 0.000 0.000

6,701.00 0.000 0.000

6,701.50 0.000 0.000

6,702.00 0.000 0.000

6,702.50 0.000 0.000

6,703.00 0.000 0.000

6,703.50 0.000 0.000

6,704.00 0.000 0.000

6,704.50 0.000 0.000

6,705.00 0.000 0.000

6,705.50 0.000 0.000
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Elevation
Emergency

Spillway (cfs)

Combined

Total

Discharge

6,706.00 0.000 0.000

6,706.50 0.000 0.000

6,707.00 0.000 0.000

6,707.50 0.000 0.000

6,708.00 0.000 0.000

6,708.50 0.000 0.000

6,709.00 0.000 0.000

6,709.50 0.000 0.000

6,710.00 0.000 0.000

6,710.50 67.981 67.981

6,711.00 135.962 135.962

6,711.50 302.329 302.329

6,712.00 493.585 493.585

6,712.50 717.604 717.604

6,713.00 992.277 992.277

6,713.50 1,305.805 1,305.805

6,714.00 1,665.923 1,665.923

6,714.50 2,032.517 2,032.517

6,715.00 2,444.368 2,444.368

6,715.50 2,888.012 2,888.012

6,716.00 3,363.224 3,363.224

6,716.50 3,869.878 3,869.878

6,717.00 4,407.921 4,407.921

6,717.50 4,977.361 4,977.361

6,718.00 5,578.250 5,578.250

6,718.50 6,165.379 6,165.379

6,719.00 6,779.881 6,779.881

10
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Subwatershed Hydrology Detail:

11

Stru

#

SWS

#

SWS Area

(ac)

Time of

Cone

(hrs)

MuskK

(hrs)
MuskX

Curve

Number
UHS

Peak

Discharge

(cfs)

Runoff

Volume

(ac-ft)

#1 1 3,960.300 1.093 0.000 0.000 81.000 F 9,446.89 1,269.708

E 3,960.300 9,446.89 1,269.708

Filename: GenPMP-6REV1.sc4 Printed 10-19-2000
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APPENDIX E.9

Decant Pipe Flow Path Calculation Brief
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Project Name: J7Jr MSHA Dam
Project Number: 1342052.01180100
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Prepared by: DJK Date: 3/23/00
Checked by: TEL Date: jJZj/O O

Purpose: The purpose ofthis calculation brief is show that anti-seep collars placed on a decant pipe will
increase theflow path along thepipeby 15% asrecommended by the Natural Resources Conservation
Service (NRCS). Peabody Western Coal Company (PWCC) plans to placea decantpipe through a
sedimentation pond tocontrol thewater level of thepond. Theinlet end of thepipewill be equipped with a
gated valve or equivalent.

Methodology: It was conservatively assumed that as flow moved along thepipe it would contact the collar
and then moved around the collar and back to the decant pipe. The distance around the collar was used to
represent the increase inflow path. A trial and error method was used whereby collar dimensions and
quantity were altered until the 15% increase inflow path was achieved. The sketch below shows the final
dimensions and locations of the anti-seep collars.
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APPENDIX E.10

Red Valve and Hydro Gate Valves and Slide Gate Products



• Lightweight opeiLfeaae construction
• Valve position iftsjantiy visible
• Custom fabricated design can accomodate special

I'aco-lo-lLia.' dimensions

Materials of Construction
• Fabricated steel frame

• Sleeves available inPure Gum Rubber,
Neoprene, Hypalon, Chlorobutyl, Buna-N,
Viton and EPDM

• ANSI Class 125/150 flanges ormetric flanges

Dimensions Series 70

Optional bevel gear operators normally required

Our Series 70 Manual Pinch Valve is the counterpart to
the unique Series 75 and has the same design features
and advantages, but the heavy cast iron housing is
eliminated and a strong fabricated steel body is in its
place The Series 70 is less costly, lighter, versatile,
and can be used when the location ofthe valve is not
exposed to attack from corrosives or other volatile
material.

The Series 70 is available in the same sizes and dimen
sions as the Series 75. Special face-to-face dimensions
are available.

The standard body material is fabricated carbon steel.
Sleeve material include: Pure Gum Rubber, Neoprene,
Buna-N, Butyl, Hypalon, EPDM, Viton.
Operation of the Series 70 is the same as the Series 75,
utilizing double pinch bars to compress the flexible
rubber sleeve from above and below, closing simulta
neously on centerline when the handwheel is turned.



Materials of Construction
Cast Iron Body through 24"; Steel Plate
30" - 42" Optional 304SS or 316SS Body

Gate ASTM A240 T-316

Optional 17-4Ph,Hastelloy C, or Teflon
Coated 316 Stainless Steel

Slurry Sleeves available in Pure Gum
Rubber, EPDM, Viton, and Buna-N

Red Valve's Flexgate is designed with a cast iron body,
stainless steel gate, and two heavy duty elastomer cartridge
slurry sleeves. The port is formed by two heavy duty
cartridge elastomerslurry sleevehalves.The cartridge
slurry sleevesare availablein various elastomers for
chemical compatibility and abrasionresistance. A flush
area at the valve's base provides a cleanout port.

The Flexgate valveprovides bi-directional shutoff.A
heavy duty topworks is standard. The relatively simple
design eliminates expensive overhauls, unscheduled
shutdowns, and costly replacement parts -the only re
placement parts are the slurry sleeves.

Flexgate Valves 3" - 12" are provided with standard
handwheel mechanisms featuring cast handwheels, ma
chined 303 stainless steel stems with yoke sleeves, aad
thrust washers designed to produce
maximum thrust with

minimum torque.
Bevel gear actuators
are recommended for

Manual Flexgate
valves 12" and larger.
A bevel gear actuator
is available to reduce

rim pull and operate
the valve. Chainwheel

actuators and limit

switches are also

available.

Dimensions Hexyate

Width
FtoF A B

Height
Close

Hi

Height
Open

H

: Height \
Pfieumattc
Actuated
Valve XT

Stem
Diameter

Gate
Thickness

- Maximum-
Working; Pressure

Valve GafeMaterial

Size 316SS. 17-4 Ph

3"
4"
6"
8"

10"

2"
2"

21/4"
23/4"

23/4"

8"
9V4"

11V2"
14"

163/4"

3V
43/4"
5V

7"

83/8"

17Va"
I8V4"

21Vi6"
269/i6"

327/i6"

20V
225/i6"
273/ie"
349/i6"

43V

27V
29V
33V
38V

49V

V
V

1"
1"

1"

V
V
V
V
V

150
150
150
150

150

150
150
150
150

150

12"
14"
16"
18"
20"

3"
3"

3V2"
, 3V2"

41/2"

20V
211/2"

24"
253/4"
2872"

tOVie"
11"

121/2"
131/4"
14V4"

37"
435/8"
471/2"
52V
591/2"

"50V
57V

63"
70"

785/r"

55"
• 59"

63"
83V

1"
1"

1V2"
IV2" --
1V

V2" •
9/l6"
V .
V
V

100
100
100
100

100

150
150
-150
150 -
150

24"
30"
36"
42"

4V2"
5"

6V
7" •

33V2"
383/4"

46"
53"

17"
2OV2"

24"

27V

671/2"
82"
97"

I 115"

90V
115"
132"
155"

!
1V
1V

2"
2"

1"
1"

1V
11/8"

100
75
75
50

150
125
125

75

Consult factory for higher working pressures.
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Figure 3-1

Fabricated Slide Gates -

Not Self-Contained

SLIDE IN
FULLY OPEN
POSITION

SIZE AND QUANTITY
OF REINFORCEMENTS
SELECTED TO LIMIT
STRESS AND DEFLECTION
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APPENDIX E.ll

SEDCAD4 (input and output) General 6-hour PMP Storm Event



SEDGAD 4 for Windows
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PEABODY WESTERN

KAYENTA MINE

MSHA POND J7-Jr

General PMP, 6-hour

spillway @ 6710'

DJK

Montgomery Watson
165 S. Union Blvd.

Suite 410

Lakewood, Co. 80228

Phone: 303 763-5140

Filename: GenPMP-6.sc4 Printed 03-31-2000
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General Information

Storm Information:

Storm Type: NRCSTypell

Design Storm:
10000000 yr - 6

hr

Rainfall Depth: 4.700 inches
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Structure Networking:

Type
Stru (flows Stru
# into) ' #

M"sk-K Musk.X
(hrs) • .

Description.

Pond #1 ==> End 0.000 0.000 Pond J7-Jr

Filename: GenPMP-6.sc4

#1

Pond

Printed 03-31-2 000
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#1

Filename: GenPMP-6.sc4

In

Out

Structure Summary:
Immediate

Contributing
Area

(ac)

3,960.300

Total

Contributing
. Area

(ac)

3,960.300

Peak .

Discharge

(cfs)

6,657.41

3,965.06

wwj^MWBgfwawwwM8fflaffli KMSMMiMiMMBMIBfe-J*:

Total

Runoff

Volume

(ac-ft)

898.27

898.29

Printed 03-31-2000
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Structure #1 (Pond)

PondJ7-Jr

Pond Inputs:

Structure Detail:

Initial Pool Elev: 6,710.00

Initial Pool: 555.73 ac-ft

Emergency Spillway

Pond Results:

Spillway Elev
Cfest Length

(ft) ;'.
; . Left,-.

Sidesiope
Right Bottom

Sidesiope,. ,Width(ft)

6,710.00 44.00 3.00:1 3.00:1 70.00

Peak Elevation: 6,716.59

Dewater Time: 0.48 days

Dewatering time is calculatedfrompeak stage to lowest spillway

Elevation

6,670.00

6,670.50

6,671.00

6,671.50

6,672.00

6,672.50

6,673.00

6,673.50

6,674.00

6,674.50

6,675.00

6,675.50

6,676.00

6,676.50

6,677.00

6,677.50

6,678.00

Filename: GenPMP-6.sc4

Elevation-Capacity-Discharqe Table

Area Capacity,. Discharge

(ac) (ac-ft) - (cfs)

0.610 0.000 0.000

0.698 0.327 0.000

0.793 0.699 0.000

0.893 1.120 0.000

0.999 1.593 0.000

1.111 2.120 0.000

1.229 2.705 0.000

1.353 3.350 0.000

1.483 4.058 0.000

1.618 4.833 0.000

1.760 5.678 0.000

1.979 6.612 0.000

2.210 7.659 0.000

2.454 8.824 0.000

2.711 10.115 0.000

2.980 11.538 0.000

3.263 13.098 0.000

Dewater ;•
Time

(hrs)

Printed 03-31-2000
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Elevation

6,678.50

6,679.00

6,679.50

6,680.00

6,680.50

6,681.00

6,681.50

6,682.00

6,682.50

6,683.00

6,683.50

6,684.00

6,684.50

6,685.00

6,685.50

6,686.00

6,686.50

6,687.00

6,687.50

6,688.00

6,688.50

6,689.00

6,689.50

6,690.00

6,690.50

6,691.00

6,691.50

6,692.00

6,692.50

6,693.00

6,693.50

6,694.00

6,694.50

6,695.00

6,695.50

6,696.00

6,696.50

6,697.00

6,697.50

6,698.00

6,698.50

Filename: GenPMP-6.sc4

Area

(ac)

3.558

3.866

4.187

4.520

4.700

4.884

5.071

5.262

5.456

5.654

5.855

6.060

6.268

6.480

6.884

7.299

7.727

8.167

8.618

9.083

9.559

10.047

10.548

11.060

11.496

11.941

12.394

12.855

13.325

13.803

14.290

14.785

15.288

15.800

16.456

17.124

17.806

18.501

19.209

19.931

20.666

Capacity

(ac-ft)

14.803

16.658

18.671

20.847

23.152

25.548

28.037

30.620

33.299

36.077

38.954

41.932

45.014

48.201

51.542

55.087

58.843

62.816

67.011

71.436

76.095

80.996

86.145

91.546

97.185

103.044

109.127

115.439

121.984

128.765

135.788

143.056

150.574

158.346

166.409

174.804

183.536

192.612

202.039

211.823

221.972

Discharge

. (cfs) .

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Dewater

Time

: (hrs)

Printed 03-31-2:000
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Elevation
Area

(ac)

Capacity

,(ac-ft). .

Discharge

(cfs)

Dewater

Time

(hrs)',

6,699.00 21.414 232.491 0.000

6,699.50 22.176 243.388 0.000

6,700.00 22.950 254.669 0.000

6,700.50 23.572 266.299 0.000

6,701.00 24.202 278.242 0.000

6,701.50 24.840 290.502 0.000

6,702.00 25.487 303.083 0.000

6,702.50 26.141 315.990 0.000

6,703.00 26.805 329.226 0.000

6,703.50 27.476 342.796 0.000

6,704.00 28.156 356.704 0.000

6,704.50 28.844 370.953 0.000

6,705.00 29.540 385.549 0.000

6,705.50 30.405 400.534 0.000

6,706.00 31.281 415.955 0.000

6,706.50 32.170 431.817 0.000

6,707.00 33.071 448.127 0.000

6,707.50 33.984 464.890 0.000

6,708.00 34.911 482.114 0.000

6,708.50 35.850 499.803 0.000

6,709.00 36.801 517.966 0.000

6,709.50 37.765 536.606 0.000

6,710.00 38.740 555.732 0.000 Spillway #1

6,710.50 39.784 575.362 67.981 3.49*

6,711.00 40.841 595.518 135.962 2.50

6,711.50 41.913 616.206 302.329 1.20

6,712.00 42.998 637.433 493.585 0.70

6,712.50 44.097 659.207 717.604 0.50

6,713.00 45.210 681.533 992.277 0.45

6,713.50 46.337 704.419 1,305.805 0.50

6,714.00 47.477 727.872 1,665.923 0.45

6,714.50 48.632 751.899 2,032.517 0.35

6,715.00 49.800 776.506 2,444.368 0.35

6,715.50 50.377 801.550 2,888.012 0.30

6,716.00 50.958 826.884 3,363.224 0.30

6,716.50 51.541 852.508 3,869.878 0.35

6,716.59 51.647 857.093 3,965.055 0.10 Peak Stage

6,717.00 52.128 878.426 4,407.921

6,717.50 52.719 904.637 4,977.361

6,718.00 53.313 931.145 5,578.250

6,718.50 53.910 957.951 6,165.379

Filename: GenPMP-6.sc4 Printed 03-31-2:000
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Elevation

6,719.00

Filename: GenPMP-6.sc4

Area

(ac)

54.510

Capacity

(ac-ft) .,

Discharge

' (cfs).

985.055 6,779.881

Dewater

Time,,

(hrs)'

printed ub-ai-^u^ju
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Subwatershed Hydrology Detail:

11

Stru

. #

SWS SWS Area"

(ac)

Time of

Cone

(hrs)

Musk K

(hrs) . •
Musk X

Curve

Number
UHS

Peak

. Discharge

.(cfs) ;

Runoff .

Volume

(a&ft)

#1 1 3,960.300 1.093 0.000 0.000 81.000 F 6,657.41 898.271

X 3,960.300 6,657.41 898.271

Filename: GenPMP-6.sc4 Printed 03-31-2000
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APPENDIX E.12

Decant Pipe Manufacturers Information



PLEXCALC BURIED SOLID WALL HIGH DENSITY POLYETHYLENE PIPE - 73 DEGREES F

Chevron

Plexco
(630) 350-3700 www.plexco.com

CALCULA TION SUMMARY

PE=

PL =

PT=

PRISM LOAD (psf) =

LIVE LOAD (psf) =

TOTAL LOAD (psf) =

2308.

2308.

NC=

WALL CRUSH SAFETY FACTOR

SAFETY FACTOR (CRUSH) = 9.51

NB

WALL BUCKLE SAFETY FACTORS

= AWWA BUCKLE = 3.82

DEFLECTION

- SHORT TERM MODULUS (%) =

- LONG TERM MODULUS (%) =

4.38

5.

INPUT VALUES
Do = Outside Diameter = 20.

DR = Dimension Ratio = 21.

H = Depth Of Soil Cover (ft) = 20.

H' = Height Of water Above Pipe (ft) = 10.

w = Soil Density (lb/ftA3) = 115.4

Pipe Embedment Material: Siity-Sand

Compaction (% Std. Proctor): 95

E' = Modulus Of Soil Reaction (psi) = 1000

L = Deflection Lag Factor = 1.5

Use 75% of E' In Deflection Calculation a

LIVE LOAD

PLEXCALC-Version 2.0

PROJECT INFORMATION

PROJECTNAME= J7Jr Decant Pipe PL^KCO %o SDZ.I

36825TODAY'S DATE =

COMMENTS =10/26/2000. Check-DJM-ffift
Calculated by Montgomery Watson DJK

P**-

The information contained herein cannot be guaranteed because the conditions of use are beyond
our control. This document should not be substituted for the judgement of a professional engineer
in determining the suitability of any pipe for a given project as the methodology herein may not
accurately represent the site conditions or be inclusive of all parameters that must be considered.
The user of this information assumes all risk associated with its use.
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Simplified Burial Design: Aconservative estimate of
the ability of Driscopipe pipelines to perform in a
buried environment is found in Chart 24. It is based
on a minimum 2:1 safety factor and 50 year design
service life. Adetailed burial designstartson page
37 The detailed design should beused for critical or
marginal applications orwhenever a more precise
solution is desired.

Detailed Burial Design:
Design by Wall Crushing: Wall crushing would
theoretically occur when the stress in a pipe wall, due
to the external vertical pressure, exceeded the long-
term compressive strength of the pipe material. To
ensure that the Driscopipe wall is strong enough to
endure the external pressure the following check
should be made:

(SDR-1).
SA =

Values of E'

Based on Soil Type (ASTM D2321) and Degree of

Soil Type of
Initial Backfill
Embedment
Material Description

Compaction
E' (psi) for Degreeof

Compaction (Proctor Density, %)

36

IV

V

Manufactured angular, granular
materials (crushedstone or rock,
broken coral, cinders, etc.)

Coarsegrained soils with little or
no fines

Coarse grained soils with fines
Fine-grained soils
Organic soils (peat, muck, clay, etc.)

N.R. = Not Recommended for use by ASTM D2321 for pipe wall support

Loose Slight Moderate High
(70-85%) (85-95%) (95%)

1,000 3,000 3,000 3,000

N.R. 1,000 2,000 3,000

N.R.

N.R.

N.R.

N.R. 1,000 2,000

N.R. N.R. N.R.

N.R. N.R. N.R.

Chart24
Maximum Burial Depth, ft.
in dry soil of 100 Ibs/cu. ft.

SDR Soil Modulus, psi*
3000

Maximum External
Pressure psi

Maximum Deflection, %
after installation

Soil Modulus, psr

1uo6~ 2000 3O00

32.5

26

^21
19

17

15.5

13.5

11

9.3

8.3

7.3

1000 2000

25 32

33 45

46 61

52 69

61 121

56 112

49 98

39 78

33 68

30 61

26 52

'assumes no external loads

37

52

71

81

181

168

147

117

101

89

79

Soil Modulus, psr

~ ~~3u001000 2000

17

23

32

36

42

39

34

27

23

21

18

22

31

42

48

84

78

68

54

47

42

36

26

36

49

56

126

117

102

81

70

_62

55

1.7

2.3

3.2

3.6

4.2

3.9

3.4

2.7

2.3

2.1

1.8

0.9

1.2

1.6

1.8

2.1

2.0

1.7

1.4

1.2

1.1

0.9

0.6

0.8

1.1

1.2

1.4

1.3

1.1

0.9

0.8

0.7

0.6
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JCSiNINGMrocedure
The heat fusion method is a highly efficient, economical
method of joining Driscopipe. Theheat fusion method
ofjoining high density polyethylene pipebegan shortly
after the firstcommercial production of high density
polyethylene inthe mid-1950s by Phillips
Petroleum Company.

The modem day heat fusion jointis the same as the
joint which was made on the first crude heat fusion
equipment in 1956... only thefusion equipmenthas
evolved to gain efficiency, reliability, and convenience.
The many principles learnedon that earlyequipment
for making a successful joint are still in use today.
Phillips Petroleum Company designed, developed and -
built many new models ofheat fusion equipment from
1956 untilthe early 1970s. Since that time, Driscopipe
personnel have guided thisdevelopment byothers.
The extensive line of fusion equipment offered by
McElroy Manufacturing, Inc., Tulsa, Oklahomais one
of the results of this long history of development.
Phillips pioneered the idea and development ofthe
heat fusion joiningsystem.. .and has used it
exclusively inevery high density polyethylene piping
system sold by Phillips since 1956... there are millions
of these joints in service today.

The heat fusion method is an uncomplicated, visual
procedure with straight-forward instructions. No"timing
cycles" are necessary. Thevisual procedure allows the
operator to concentrate on hiswork, ratherthan a clock
... visually, he knows when the butt ends have melted
to the degree required to fuse them together.Visually,
he observes and controls fusion pressure by observing
the amount and configuration ofthe fusion bead as it
is formed.

The principleof heat fusion is to heat twosurfaces to a
fusiontemperature/then make contact between the
two surfaces and allow the two surfaces to fuse
together by application of pressure. The pressure
causes flow of the melted materials which effects
mixing and, thus, fusion. On cooling, the original
interfaces are gone and the two parts are united.
Nothing is added to or changed chemicallybetween
the two pieces being joined. The picturebelowshows
a cross section of heat fused Driscopipe.

Molten high density, high molecular weight Driscopipe
8600 is veryviscous and tough. During heat fusion of
this material, the operator can apply relatively high
pressure to form the heatfusion joint (approximately
150 pounds ofpressure per square inchof pipe
material)... with no danger offorcing the molten
material-from between the two ends of the pipe. Lower
fusion pressures are necessary with the softer, less
viscous, high and mediumdensity materials.When
high pressure isapplied to the highermeltflow material
most of the molten material can be forced from the
fusion joint. This produces a "cold joint" or poorfusion.
Pressure control can be difficult, unless the fusion
equipmentisdesigned to compensate forthe melt
strength ofthe pipe being fused. The equipment
discussed in this section can be regulated for the
differentmelt strength materials. Compatibility fusion
techniques should be used when polyethylenesof
different melt indexes are fused together.

Heat fusion joints may easily be cut out and re-done.
This fact has a bearing on the quantity and quality of
training necessary and favorably affects operator
attitude toward quality in the field. These joints can be
easily cut out and destructively tested inthe field to
check joining proficiency and equipment condition...
and at very little cost, since there is no coupling to
destroy and throw away. .- • •

In the course of heat fusion joining, the fusion operator
is faced with a wide variety of job conditions. Changes
inair temperature, material temperature, wind velocity,
sun exposure, humidity, as well as conditionof the
terrain and the equipment... all influence the joining
requirements. Estimating pre-heattiming cycles under
different conditions, can become extremely confusing.
Quality workunder field conditions is more consistent
with the straight-forward, visual procedure offered by
Driscopipe.Thus, the operator can consistently
produce high quality joints.

Heat fusion has successfully been accomplished in the
rain with a canopy covering the fusion machine and
operator as well as inbelowfreezing conditions.
Fusionequipment is available forpiping systems that
range from 1/2inchdiameter tubingthrough54-inch
diameter pipe. Although the size range is great, the
procedure and principle remain the same. You justheat
Driscopipe, pressure ittogether, let itcool and forget it.



HiMfcfrM:)^

Heat Fusion
Heat fusion for Driscopipe Systems was pioneered and
developed by Phillips Petroleum Company. Heat fusion
techniques are recognized in the industry ascost
effective joining systems of very high integrity and
reliability. They do not require couplings and joints are
stronger than the pipe itself - in both tension and
pressure conditions. There are seven joining steps -
simple, visual procedures with straight-forward,
uncomplicated instructions.
Note: It is most important tomaintain the proper
temperature of the heater plate. Check it with a
tempilstik or pyrometer for correct surface temperature.

Driscopipe

8600

1000

Driscopipe

8600

1000

^Sav* £&>*--.
1. Clean pipe endsinside andoutside with a
clean cotton cloth to remove dirt, water, grease
and other foreign materials.

2. Square (face) the pipe ends Ubing facing tool
of the fusion machine.

4. Insertclean heaterplatebetweenaligned
ends, andbring endsfirmly incontact with plate
butDO NOTAPPLY PRESSURE while achieving
melt pattern. Allow pipe ends toheat and soften.
Approximate softening depths are asfollows:

Pipe Size Approximate Melt Bead
2" and below
3"-5"
6"-12"
12" -22"
24"-54"

1/16"

1/8"

3/16"

1/4"- 5/16"

5/16" -7/16"

5. Carefully move thepipe endsaway from the
heater plate andremove theplate (If the
softenedmaterial stickstothe heaterplate,
discontinuethe joint. Clean heater plate,
resquare pipe endsandstart over.).
Note: One pipeendusually moves away from
theheaterplatefirst. Itisgoodpractice to
"bump" the plate away from the other side and
then lift itout.Never drag orslideitoverthe
melted pipe end.

^P

Thermometer Readings

Coated Uncoated
Plates Plates

500°F-525°F 475°F-500°F

400°F-425°F 375°F-400°F

Surface Temperature

Coated Uncoated
Plates Plates

475°F-500°F 475°F-500°F

375°F-400°F 375°F-400°F

3. Checkline-up ofpipe-endsinfusion machine
tosee thatpipeends meet squarelyand
completely over theentire surface tobefused
This iscommonly referred to as "adjustinghigh-
low." Itisadvisableat thispointto make su re the
clamps are tight sothat thepipe doesnot slip
during the fusion process.

6. Bring melted ends together rapidly. DO NOT
SLAM. Apply enough pressure toform adouble
roll-back bead to the body of the pipe around ^
theentire circumference ofthe pipeabout 1/8"
to 3/16"wide. Pressure is necessary to cause
the heated material to flowtogether.

7. Allow thejoint tocool andsolidify properly.
This occurswhen the bead feels hardandyour
finger canremain comfortably on the bead.
Remove the pipefrom theclamps andinspect
the joint appearance.
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DRISCOPIPE

Simplified Burial Design: A conservative estimate of
the ability of Driscopipe pipelines to perform in a
buried environment is found in Chart 24. It is based
on a minimum 2:1 safety factor and 50 year design
service life.A detailed burial design starts on page
37. The detailed design should be used for critical or
marginal applications or whenever a more precise
solution is desired.

Detailed Burial Design:
Design by Wall Crushing: Wall crushing would
theoretically occur when the stress in a pipe wall, due
to the external vertical pressure, exceeded the long-
term compressive strength of the pipe material. To
ensure that the Driscopipe wall is strong enough to
endure the external pressure the following check
should be made:

(SPR-1)r
^A - o rT

Values of E'

Based on Soil Type (ASTM D2321) and Degree of Compaction
E' (psi) for Degree of

Soil Type of Compaction (Proctor Density, %)
Initial Backfill

Embedment
Material Description

I Manufactured angular, granular
materials (crushed stone or rock,
broken coral, cinders, etc)

II Coarse grained soils with littleor
no fines

III Coarse grained soils with fines

IV Fine-grained soils

V Organic soils (peat, muck, clay, etc)

Loose Slight
(70-85%

Moderate High
) (85-95%) (95%)

1,000 3,000 3,000 3,000

N.R. 1,000 2,000 3,000

N.R. N.R. 1,000 2,000

N.R. N.R. N.R. N.R.

N.R. N.R. N.R. N.R.

N.R. = Not Recommended for use byASTMD2321for pipe wallsupport

Chart 24

SDR

Maximum Burial Depth, ft.
in dry soil of 100 Ibs/cu. ft.

Soil Modulus, psi*

1000 2000 3000

Maximum External

Pressure psi

Soil Modulus, psi*

1000 2000 3000

Maximum Deflection, %
after installation

Soil Modulus, psi*

1000 2000 3000

32.5 25 32 37 17 22 26 1.7 0.9 0.6

26 33 45 5? 23 31 36 2.3 1.2 0.8

21 46 61 71 32 42 49 3.2 1.6

1.8
__JJ-J>

^19 52 69 81 36 48 56 3.6 1.2

17 61 121 181 42 84 126 4.2 2.1 1.4

15.5 56 112 168 39 78 117 3.9 2.0 1.3

13.5 49 98 147 34 68 102 3.4 1.7 1.1

11 39 " 78 117 27 54 81 2.7 1.4 0.9

9.3 33 68 101 23 47 70 2.3 1.2 0.8

8.3 30 61 89 21 42 62 2.1 1.1 0.7

7.3 26 52 79 18 36 55 1.8 0.9 0.6

•assumes no external loads
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Heat Fusion Joining
The heat fusion joining technique has a long history
of use for joining polyethylene pipe materials. The
heat fusion method of joining PE pipe began shortly
after the first commercial production of high density
polyethylene in the early 1950s... both developed by
Phillips66.

The integrity and superiority of heat fusion are now
recognized universally. The modern day heat fusion
joint is the same joint made in 1956 ... only the fusion
equipment has evolved'tb gain efficiency, reliability
and convenience. The principles learned on early
equipment for making a successful joint are still in use
today. Phillips designed, developed and built many
models of heat fusion equipment from 1956 until the
early 1970s. Since that time, Phillips has guided this
development by others. The extensive line of high
quality, efficient fusion equipment offered by McElroy
Manufacturing, Inc., Tulsa, Oklahoma is one of the
results of this long history of development. Phillips
pioneered the idea and development of heat fusion
and has used it exclusively in every high density
polyethylene piping system sold by Phillips since
1956. There are millions of these joints in service
today. Infact, 92% of all natural gas distribution pipe
to homes, farms and factories is installed with
polyethylene pipe and fittings. Heat fusion joints are
industry accepted and field proven.

The heat fusion joining system has been so
successful that it is the "standard" joining system for
polyethylene. There are many reasons... here are
some.

Heat fusion joining ideally meets the requirements for
a fast joining method to facilitate all phases of
construction work in a safe and reliable manner.

The heat fusion joint is structurally superior to the
socket fusion joint by configuration and, therefore,
better meets the requirements of service. The heat
joint configuration allows it to better disperse stresses
initiated by pipe deflection and external loading.
Stress concentration is minimized when the joint is
placed in a strain and the joint is more "forgiving"
when ground settlement occurs. In a socket joint,
there is an extremely high ratio of "joint wall" to "pipe
wall", resulting in stress intensification from external
loading.

The Driscopipe heat fusion joining system is a simple,
visual procedure with straight forward instructions. No
"timing cycles" are necessary. The visual procedure
allows the operator to concentrate on his work rather
than a clock. Visually, he knows when the pipe ends
have melted to the degree required to fuse them
together. Visually, he observes and controls fusion
pressure by observing the amount and configuration
of the fusion bead as it is formed.

In the course of this work, the fusion operator is faced
with a wide variety of job conditions. Changes in air
temperature, material temperature, wind velocity, sun
exposure, humidity, as well as condition of the terrain
and the equipment all influence the joining
requirements. Quality work under field conditions is
more consistent with a simple, straight-forward, visual
procedure.
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One heat fusion operator, with equipment, typically
does the whole operation himself, sometimes using a
second person as a helper. Pipe tolerances, ovality
and curvature are no problem and "melt" is easily
controlled by the visual procedure.

Heat fusion joints offer a large advantage over socket
coupled joints for plow-in installation and for insert
renewal applications. Socket coupled pipe requires
larger size plow chutes and bore holes. Heat fused
pipe one size larger can usually be handled and
installed through bore holes and plow chutes
selected for socket coupled pipe. Larger sizes of heat
fused pipe can be used inside old mains for insert
renewal because it does not require the extra space
for the coupling.

Heat fusion joints may easily be cut out and re-done.
This fact has a bearing on the quantity and quality of
training necessary and favorably affects operator
attitude toward quality in the field. These joints can be
easily cut out and destructively tested in the field to
check joining proficiency and equipment condition
and it's inexpensive. There is no coupling to destroy
and throw away.

The heat fusion joining system is especially effective
with Driscopipe 8600. The melt of this material is very
viscous and tough. The operator can apply ample

ressure to form the heat fusion joint with little danger
rf ';i dng the molten material from between the two
ends ' the joint, as can be done with the softer, less
viscous, high density materials.

wtimmi&m3&&%

Driscopipe 8600 can be fusion joined to other
polyethylene piping materials when necessary.
Special joining techniques are required to achieve
good joints. Phillips Driscopipe technical personnel
are available to instruct and demonstrate the fusion

joining procedure for joining Driscopipe to other
polyethylene materials.

Fatigue Resistance
Driscopipe 8600 very high molecular weight, high
density polyethylene has superior resistance to
fatigue failure caused by cyclic loading. Independent
laboratory tests were conducted to determine the
suitability of Driscopipe 8600 for use as the cold
water supply pipe and the barge mooring leg of the
Mini-OTEC Project (Hawaii, 1979). In that application,
2150' of 24" 60 psi Driscopipe 8600 was deployed
vertically in a deep ocean trench just offshore
Keahole Point and was subject to cyclic distortion
caused by wave action, current, and barge motion.

Cyclic tests showed that Driscopipe 8600 very high
molecular weight PE could endure more than 100,000
cycles at a stress of 1800 psi without failure. Copies
of this test report are avialable upon request.

Driscopipe 1000 offers good fatigue service life also,
but not equal to 8600. Neither requires de-rating like
PVC AWWAC-900 pipe. In fact, per AWWA C-906 for
4" to 63" HDPE pipe, no water hammer or fatigue de
rating factor need be applied to Driscopipe 8600 or
Driscopipe 1000 ductile PE pipe.

The Driscopipe performance team offers you
innovative solutions to your piping requirements.
Contact your nearest Driscopipe Sales
Representative. He'll give you personalized technical
service, installation assistance and all the cost-saving
advantages of a Driscopipe Piping System.
Engineered for Performance!
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Standards & Specifications: B-3
Model Specifications for General Purpose PLEXCO PE 3408 High
Density Polyethylene Pipe And Fittings.

1 General Terms and Conditions

1.1 Scope. This specification covers requirements for PLEXCO PE3408 high den
sity polyethylene pipe and fittings for general purpose applications. All work
shall be performed in accordance with these specifications.

1.2 Engineered and Approved Plans. Construction shall be performed in accor
dance with engineered construction plans for the work prepared under the di
rection of a Professional Engineer.

1.3 Referenced Standards. All standard specifications, i.e., Federal, ANSI, ASTM,
etc., made a portion of these Specifications by reference, shall be the latest
edition and revision thereof.

1-4; Licenses and Permits. All construction work shall be performed by a licensed
and bonded General Contractor. All necessary permits shall be secured by the
Contractor before commencing construction.

1.5 Inspections. All work shall be inspected by an Authorized Representative of
the Customer who shall have the authority to halt construction if, in his opinion,
these specifications or standard construction practices are not being followed.
Whenever any portion of these specifications is violated, the Project Engineer
or his Authorized Representative, shall, by written notice, order further con
struction to cease until all deficiencies are corrected. A copy of the order shall
be filed with the Contractor's license application for future review. If the defi
ciencies are not corrected, performance shall be required of the Contractor's
surety.

1.6 Warranty and Acceptance. The Contractor shall warrant all work to be free
from defects in workmanship and materials for a period of [one year] from the
date of completion of all construction. If work meets these specifications, a
letter of acceptance, subject to the [one year] warranty period, shall be given at
the time of completion. A final acceptance letter shall be given upon final in
spection at the end of the [one year] warranty period, provided the work still
complies with these specifications. In the event deficiencies are discovered
during the warranty period, they shall be corrected by the Contractor without
additionalcharge to the customer before final acceptance. During the warranty

While PLEXCO has made every reasonable effort to ensure accuracy in the preparation of these guide
specifications, itdoes not constitute a guarantee or warranty for piping installations. These specifications
are intended for use as a guide to support the designer of pipingsystems. These specifications may not
be complete, particularly with respect to special or unusual applications; are not intended to be used as
installation instructions, and should not be used in place of the advice of a professional engineer.
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Standards & Specifications: B-3
Model Specifications for General Purpose PLEXCO PE 3408 High
Density Polyethylene Pipe And Fittings.

period, the Project Engineer shall determine if warranty repairs or replacement
work shall be performed by the Contractor. The decision of the Project Engi
neer shall be binding upon the Contractor.

2 Polyethylene Pipe and Fittings

2.1 Qualification of Manufacturers. The Manufacturer shall have manufacturing
and quality control facilities capable of producing and assuring the quality of the
pipe and fittings required by these Specifications. The Manufacturer's produc
tion facilities shall be open for inspection by the Customer or his Authorized
Representative. Qualified Manufacturers shall be approved by the Project En
gineer.

2.2 Approved Manufacturers. Manufacturers that are qualified and approved by.the
Project Engineer are listed below. Products from unapproved manufacturers
are prohibited.

PLEXCO Performance Pipe Division of Chevron Chemical Company, LLC

2.3 Materials. Materials used for the manufacture of polyethylene pipe and fittings
shall be PE3408 high density polyethylene meeting cell classification 345444C
or 345444E per ASTM D 3350; and shall be Listed in the name of the pipe and
fitting Manufacturer in PPI1 TR-4, Recommended Hydrostatic Strengths and
Design Stresses for Thermoplastic Pipe and Fittings Compounds, with a stan
dard grade HDB rating of 1600 psi at 73°F . The Manufacturer shall certify that
the materials used to manufacture pipe and fittings meet these requirements.

2.3.1 Typical material properties shall be submitted to the project design engineer for
analysis . These properties are to be used for engineering evaluation and are
not to be misconstrued as specification minimums.

2.4 Interchangeability of Pipe and Fittings. Polyethylene pipe and fittings shall be
supplied by the same Manufacturer. Pipe and fittings from different Manufac
turers shall not be interchanged.

2.4.1 Polyethylene Pipe. Polyethylene pipe shall be manufactured in accordance
with ASTM F 714. Polyethylene (PE) Plastic Pipe (SDR-PR) Based on Outside
Diameter, or ASTM D 3035. Polyethylene (PE) Plastic Pipe (PR-PR) Based on
Controlled Outside Diameter and shall be so marked. Each production lot of
pipe shall be tested for (from material or pipe) melt index, density, % carbon
(from pipe), dimensions and either quick burst or ring tensile strength (equip
ment permitting).

1PPI - Plastics Pipe Institute

©1999 Chevron Chemical Co., LLC 7/98 Reference No. B-3 - Page 2 of 7
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Standards & Specifications: B-3
Model Specifications for General Purpose PLEXCO PE 3408 High
Density Polyethylene Pipe And Fittings.

2.4.1.1 Service Identification Stripes. Permanent identification of piping service shall
be provided by co-extruding four equally spaced color stripes into the pipe out
side surface. The striping material shall be the same material as the pipe mate
rial except for color. The following colors shall be used to identify piping ser
vice:

Yellow stripes - gaseous fuels
Blue stripes - potable water
Green stripes - non-potable water, wastewater, sewage
Red stripes - fire main
Purple stripes - re-use water

Stripes printed on the pipe outside surface shall not be acceptable.

2.4.2 Polyethylene Fittings & Custom Fabrications. Polyethylene fittings and custom
fabrications shall be molded or fabricated by the pipe manufacturer. Butt fusion
outlets shall be made to the same outside diameter, wall thickness, and toler
ances as the mating pipe. All fittings and custom fabrications shall be fully rated
for the same internal pressure as the mating pipe. Pressure de-rated fabricated
fittings are prohibited.

2.4.2.1 Molded Fittings. Molded fittings shall be manufactured in accordance with ASTM
D 3261. Butt Heat Fusion Polyethylene (PE) Plastic Fittings for Polyethylene
(PE) Plastic Pipe and Tubing, and shall be so marked. Each production lot of
molded fittings shall be subjected to the tests required under ASTM D 3261.

2.4.2.1.1 X-Ray Inspection. The Manufacturer shall submit samples from each molded
fittings production lot to x-ray inspection for voids, and shall certify that voids
were not found.

2.4.2.2 Fabricated Fittings. Fabricated fittings shall be made by heat fusion joining
specially machined shapes cut from pipe, polyethylene sheet stock, or molded
fittings. Fabricated fittings shall be rated for internal pressure service equiva
lent to the full service pressure rating of the mating pipe. Directional fittings 16"
IPS and larger such as elbows, tees, crosses, etc., shall have a plain end inlet
for butt fusion and flanged directional outlets. Part drawings shall be submitted
for the approval of the Project Engineer.

Polyethylene Flange Adapters. Flange adapters shall be made with sufficient
through-bore length to be clamped in a butt fusion joining machine without the
use of a stub-end holder. The sealing surface of the flange adapter shall be
machined with a series of small v-shaped grooves to provide gasketless seal
ing, or to restrain the gasket against blow-out.

©1999 Chevron Chemical Co., LLC 7/98 Reference No. B-3 - Page 3 of 7
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Standards & Specifications: B-3
Model Specifications for General Purpose PLEXCO PE 3408 High
Density Polyethylene Pipe And Fittings.

2.4.2.2.1 Back-up Rings & Flange Bolts. Flange adapters shall be fitted with lap joint
flanges pressure rated equal to or greater than the mating pipe. The lap joint
flange bore shall be chamfered or radiused to provide clearance to the flange
adapter radius. Flange bolts and nuts shall be Grade 2 or higher.

2.5 Manufacturer's Quality Control. The pipe and fitting manufacturer shall have an
established quality control program responsible for inspecting incoming and
outgoing materials. Incoming polyethylene materials shall be inspected for den
sity, melt flow rate, and contamination. The cell classification properties of the
material shall be certified by the supplier, and verified by Manufacturer's Quality
Control. Incoming materials shall be approved by Quality Control before pro
cessing into finished goods.

Outgoing materials shall be checked for:

• Outside diameter, wall thickness, and eccentricity as per ASTM D2122 at a
frequency of at least once/hour or once/hour, whichever is less frequent.

• Out of Roundness at a frequency of at least once/hour or once/coil which
ever is less frequent.

• Straightness, inside and outside surface finish, markings and end cuts shall
be visually inspected as per ASTM F714 on every length of pipe.

Quality Control shall verify production checks and test for:

Density as per ASTM D1505 at a frequency of at least once per extrusion
lot.

Melt Index as per ASTM D1238 at a frequency of at least once per extrusion
lot.

Carbon content as perASTM D1603at a frequency of at least once per day
per extrusion line.
Quick burst pressure (sizes thru 4") as per ASTM D1599 at a frequency of at
least once per day per line.
Ring Tensile Strength (sizes above 4" equipment permitting) as per ASTM
D2290 at a frequency of at least once per day per line.
ESCR (size permitting) as per ASTM F1248 at a frequency of at least once
per extrusion lot.

X-ray inspection shall be used to inspect molded fittings for voids, and knit line
strength shall be tested. All fabricated fittings shall be inspected forjoint quality
and alignment.

2.5.1 Permanent Records. The Manufacturer shall maintain permanent QC and QA
records.
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Standards & Specifications: B-3
Model Specifications for General Purpose PLEXCO PE 3408 High
Density Polyethylene Pipe And Fittings.

2.6 Compliance Tests - Manufacturer's inspection and testing of the materials. In
case of conflict with Manufacturer's certifications, the Contractor, Project Engi
neer, or Customer may request retesting by the Manufacturer or have retests
performed by an outside testing service. All retesting shall be at the requestor's
expense, and shall be performed in accordance with the Specifications.

3 Joining

3.1 Heat Fusion Joining. Joints between plain end pipes and fittings shall be made
by butt fusion/and joints between the main and saddle branch fittings shall be
made using saddle fusion using only procedures that are recommended by the
pipe and fitting Manufacturer. The Contractor shall ensure that persons making
heat fusion joints have received training in the Manufacturer's recommended
procedure. The Contractor shall maintain records of trained personnel, and
shall certify that training was received not more than 12 months before com
mencing construction. External and internal beads shall not be removed.

3.1.1 Heat Fusion Training Services. Upon request, the Manufacturer shall provide
assistance in the Customer's recommended butt fusion and saddle fusion pro
cedures to the Contractor's installation personnel, and to inspectors represent
ing the Customer.

3.2 Mechanical Joining. Polyethylene pipe and fittings may be joined together or to
other materials by means of flanged connections (flange adapters and back-up
rings) or mechanical couplings designed for joining polyethylene pipe or for
joining polyethylene pipe to another material. Mechanical couplings shall be
fully pressure rated and fully thrust restrained such that when installed in accor
dance with manufacturer's recommendations, a longitudinal load applied to the
mechanical coupling will cause the pipe to yield before the mechanical coupling
disjoins. External joint restraints shall not be used in lieu of fully restrained
mechanical couplings.

3.3 Branch Connections. Branch connections to the main shall be made with saddle

fittings or tees. Polyethylene saddle fittings shall be saddle fused to the main
pipe per 3.1.

4 Installation [See Plexco/Spirolite Engineering Manual 3. System Installation.]

4.1 General. The Manufacturer shall package products for shipment in a manner
suitable for safe transport by commercial carrier. When delivered, a receiving
inspection shall be performed, and any shipping damage shall be reported to
the Manufacturer within 7 days. Installation shall be in accordance with
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Standards & Specifications: B-3
Model Specifications for General Purpose PLEXCO PE 3408 High
Density Polyethylene Pipe And Fittings.

Manufacturer's recommendations, and this specification. All necessary pre
cautions shall be taken to ensure a safe working environment in accordance
with applicable codes and standards.

4.2 Excavation. Trench excavations shall conform to the plans and drawings, as
otherwise authorized in writing by the Project Engineer or his Approved Repre
sentative, and in accordance with all applicable codes. Excess groundwater
shall be removed by the Contractor. Where necessary, trench walls shall be
shored or reinforced and all necessary precautions shall be taken to ensure a
safe working environment.

4.3 Large Diameter Fabricated Fittings. Fabricated directional fittings 16" IPS and
larger shall be butt fused to the end of a pipe. The flanged directional outlet
connections shall be made up in the trench.

4.4 Mechanical Joint & Flange Installation. Mechanical joints and flange connec
tions shall be installed in accordance with the Manufacturer's recommended

procedure. Flange faces shall be centered and aligned to each other before
assembling and tightening bolts. In no case shall the flange bolts be used to
draw the flanges into alignment. Bolt threads shall be lubricated, and flat wash
ers shall be fitted under the flange nuts. Bolts shall be evenly tightened accord
ing to the tightening pattern and torque step recommendations of the Manufac
turer. At least 1 hour after initial assembly, flange connections shall be re-
tightened following the tightening pattern arid torque step recommendations of
the Manufacturer. The final tightening torque shall be 100 ft-lbs or less as
recommended by the Manufacturer.

4.5 Foundation & Bedding. Pipe shall be laid on grade and on a stable foundation.
Unstable or mucky trench bottom soils shall be removed, and a 6" foundation or
bedding of compacted Class I material shall be installed to pipe bottom grade.
Excess groundwater shall be removed from the trench before laying the foun
dation or bedding and the pipe. A trench cut in rock or stony soil shall be
excavated to 6" below pipe bottom grade, and brought back to grade with com
pacted Class I bedding. All ledge rock, boulders and large stones shall be
removed.

4.6 Pipe Handling. When lifting with slings, only wide fabric choker slings capable
of safely carrying the load, shall be used to lift, move, or lower pipe and fittings.
Wire rope or chain shall not be used. Slings shall be of sufficient capacity for
the load, and shall be inspected before use. Worn or defective equipment shall
not be used.
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Standards & Specifications: B-3
Model Specifications for General Purpose PLEXCO PE 3408 High
Density Polyethylene Pipe And Fittings.

4.7 Backfilling. Pipe embedment backfill shall be Class I or II material placed and
compacted to at least 90% Standard Proctor Density in 6" lifts to at least 6"
above the pipe crown.

4.8 Final Backfilling. Final backfill shall be placed and compacted to finished grade.
Native soils without debris, stones, boulders, clumps, frozen clods or the like
larger than 8" in their largest dimension may be used.

5 Testing.

5.1 Butt Fusion Testing. On every day butt fusions are to be made, the first fusion
of the day shall be a trial fusion. The trial fusion shall be allowed to cool com
pletely, then fusion test straps shall be cut out. The test strap shall be 12" (min)
or 30 times the wall thickness in length with the fusion in the center, and 1" (min)
or 1.5 times the wall thickness in width. Bend the test strap until the ends of the
strap touch. If the fusion fails at the joint, a new trial fusion shall be made,
cooled completely and tested. Butt fusion of pipe to be installed shall not com
mence until a trial fusion has passed the bent strap test.

Pressure Testing. Pressure testing shall be conducted in accordance with Plexco
Application Note No 8, Pressure Testing, and shall be hydrostatic testing only.
Pneumatic pressure testing shall not be used.
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