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EXHIBIT 19 - CASTLE GATE INFORMATION

This exhibit contains the Mining and Reclamation Plan (M&RP) for the Castle Gate
Preparation Plant, formerly Section 3.4 of Chapter 3 of the Castle Gate Mine
M&RP, Permit Number ACT/007/004. This section has been incorporated into the
Willow Creek M&RP as this exhibit. Where the two M&RPs overlap, the

information presented in the Willow Creek M&RP supersedes the document
presented in this exhibit.
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3.4 CASTLE GATE PREPARATION PLANT AND REFUSE DISPOSAL FACILITY

3.4-1 General

The Castle Gate area is situated on the east bank of the Price River about 2 miles north
of the city of Helper (see Exhibit 1.1). Approximately 74 acres are affected by coal
preparation and disposal operations. As shown in Exhibit 3.4-1, about 44 acres are allocated
for the preparation and 30 acres for the refuse disposal area.

The coal preparation plant can process 1,250 tons per hour of 4" x O raw coal. The
circuit is cbmposed of heavy media washers, fine coal cleaning, froth flotation, centrifugal
drying, vacuum filtration, thickening and crushing. Adequate environmental controls to
contain dust and effluent have been incorporated and the plant operates with a closed loop
water system. Occasionally the plant needs to purge the thickener by pumping water into the
overflow pond or injection well. {See Section 3.10)

Run of mine coal is reduced to 4" x O in the breaker building. Heavy media vessels
operating at 1.40 - 1.60 specific gravity process the + 3/8" wet screened plant feed, plus 1-
1/4" clean coal is reduced in size by the clean coal cruéher. Run of mine coal minus 3/8" x
28 mesh, after de-slimming, is pumped through heavy media cyclones, dewatered and
delivered to the clean coal conveyor. Minus 28 mesh is beneficiated by froth flotation, filter
dried and joins other clean c¢oal circuits at the clean coal conveyor. Refuse from both heavy
media circuits is combined with the minus 28 mesh filtered refuse on the refuse conveyor
located on the basement floor. The refuse is conveyed to a 300 ton bin from which it is

transferred by truck to the disposal area in School House Canyon.

3.4-2 Description of the Facility

The affected areas are delineated on Exhibit 3.4-1. The preparation plant has been

constructed on the site of the former town of Castle Gate. The area is relatively wide and
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gently sloping and is covered to a large extent with fill resulting from the regrading of the
townsite. Two tributaries to the Price River, Barn and School House Canyons intersect the
preparation plant; the refuse disposal area is located in School House Canyon.

The Castle Gate area has been historically related to coal mining operations. Most of
the miners and their families that worked the Utah Fuel No. 1, No. 2, No. 3, and No. 4 Mines
lived in the old town of Castle Gate. Two mines and a coal preparation plant were located on
or near the area of current Castle Gate Coal Company (CGCC) usage. The Ketchum Mine,
located in the draw to the northeast of our guard shack, was operated from near the turn of
the century to the early 1930's. The Utah Fuel No. 3 Mine, accessing the D Seam, was
located just north of our water settlement pond. It opened in the early 1920’'s and then
closed in 1937, due to flooding from the Price River. The old Utah Fuel Coal Plant, situated
at the mouth of School House Canyon, began processing coal in 1938. The North American
Coal Company, the owners of the facility closed the plant in 1972. In 1974, the old plant
was demolished by McCulloch Oil Company.

The design of the current preparation plant was completed before the promulgation of
current regulations, and the design of the refuse disposal area was completed about the time
of issuance of the OSM Final Interim Regulations.

The runoff from the Castle Gate preparation plant disturbed area is channelled to one
of four Sediment Ponds 011, 012A, 012B, 013. Three additional ponds on site relate to
preparation facility operations. The north raw water pond is used for plant makeup and
potable supply (see Exhibit 3.4-5). The two south ponds are used to clarify water used in the
coal preparation process before returning it to the system. The larger settlement pond will
also be used as an emergency holding pond for material from the thickener (see Exhibits 3.4-4
and 3.4-7). These three water processing ponds have little or no surface water runoff flow
into them. They are non-discharging and do not require emergency spillways. In the event
that the ponds must be drained for maintenance, the water will be pumped from them and
channelled to one of the sediment ponds for processing before it is discharged into the Waters

of the State.
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The refuse disposal area is located as shown on Exhibit 3.4-1, and is designed for a
capacity of about 3-1/2 million tons. As described in the Golder Associated report of January,
1978, on the detailed design of the facility, it was intended to meet applicable regulations of
MESA (now MSHA), EPA, Utah Department of Natural Resources, Utah Division of Health, and
with OSM Interim Regulations. The Golder report is included in this application as Appendix
3.4A.

Surface drainage from the refuse disposal area and associated affected areas is routed
to a sedimentation pond in compliance with current regulations. Similarly, drainage from the
haul road and associated affected area is run through the preparation plant pond system.
Surface drainage from unaffected areas above the disposal area is permanently diverted into
Barn Canyon.

The refuse disposal area in School House Canyon originally had an estimated life of
about 7 years. Actual refuse production figures, since the design phase, lead to slightly
expanded estimate. The present designed storage may be adequate until 1996. The location
was chosen after a study of many possible sites in the Castle Gate area with the feasibility
of 15 sites examined in considerable detail (Golder Associated Report on "Design of a Coal
Refuse Disposal System, Phase |, Site Feasibility Study", September, 1977; pertinent excerpts
included as Appendix 3.4B). Design of the disposal area and its associated facilities, such as
the sedimentation pond and embankment, was based on accepted engineering practice and,
as noted above, to comply with state and federal regulations in force at the time. The MSHA
review of the facility was completed on November 17, 1977, and |.D. No. 12-1-UT-9-0027
was assigned. The details of the designs are given in the Golder Associated Report on
"Design of a Coal Refuse Disposal System, Phase li: Detailed Design, School House Canyon
Refuse Disposal Facility”, January, 1978 (Appendix 3.4A). In actuality, the refuse material
is being placed and compacted in lifts of less than 2 feet in thickness.

The Golder Report recommended that additional stability analyses be performed on

actual refuse materials sometime during the early stages of pile construction. Such analyses

007/004 3.4-3



Chapter 3, Section 3.4 ' January 1995
Castle Gate Mine
Preparation Plant

were performed during March of 1983 by Horrocks Engineers. Their report is included as
-‘Appendix 3.4C.

Access to the area is along ramps constructed on the face. Inter-ramp slopes will be
constructed at angles of 2:1, which means that the overall slope of the face of the dump will
be somewhat flatter than 2:1.

Inspections of the refuse pile will be made quarterly by an Professional Engineer, or
specialist who is qualified to perform inspections on refuse piles. These inspections will
continue until the refuse pile is finally graded and revegetated. These inspections will check
for: signs of instability, proper drainage, combustible material, and check piezometers (2) for
depth of water. Quarterly inspection reports are kept at the mine site.

Permanent survey monuments will be installed as the refuse pile is constructed. These
monuments will be checked annually to detect any movement of the refuse pile.

A report will be submitted to the Division of Qil, Gas and Mining (DOGM) on an annual
basis and certified by a registered Professional Engineer that the refuse pile is stable, not

burning, and is being constructed according to the approved plan.

3.4-3 Environmental Protection: Drainage Controls and Sanitary Facilities

3.4-3(1) Drainage Controls

The existing facilities within the Castle Gate area were constructed in a manner which
minimizes changes to the prevailing hydrologic balance. Effluent limitations set by R645-301-
742.220 and present NPDES Permit limitations will not be exceeded if the discharge is the
result of a precipitation event from the 10-year 24-hour storm or smaller.

Contributions of sediment to the Price River are minimized by diverting drainage from
undisturbed areas away from the site. In addition, existing sedimentation ponds collect
disturbed area surface runoff, and a system of berms and ditches around and within the

disturbed areas ensure that disturbed-area flows do not mix with undisturbed-area flows.
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Design criteria for sediment control structures, diversions, and culverts comply with
the requirements set forth in R645-301-742. Methods used in hydrologic calculations are

described in Section 7.2.2.

3.4-3{2) Storm Runoff Calculations

Peak discharge rates from the undisturbed and disturbed area drainage of the Castle
Gate area were calculated for use in determining the adequacy of the existing diversion
ditches and culverts. As described in Chapter 7, the storm runoff calculations for the
temporary diversion structures were based on the 10-year 6-hour storm event of 1.4 inches
of precipitation (Miller et. al., 1973).

The disturbed and undisturbed drainage areas for the Castle Gate area are presented |
on Exhibit 3.4-2. Those drainage areas too large to fit on Exhibit 3.4-2 can be found on
Exhibit 7-3. Each drainage area is labeled according to the mine area, watershed, and whether
it is disturbed or undisturbed. Any watershed contributing to a sedimentation pond was
labeled as being disturbed.

Curve numbers were estimated from vegetation data presented on Exhibits 9-1 and by
field observations. The north-facing slopes of the Castle Gate area are primarily vegetated
with conifers and mixed brush. South-facing slopes are primarily vegetated with juniper and
pinion, and mixed-brush. Approximate vegetation cover densities are estimated from values
contained in Chapter 9. Based on this information, tables provided by the U.S. Soil
Conservation Service (1972), and professional judgement, curve numbers were estimated to
vary from 75 to 82 for the undisturbed areas. A curve number of 90 was typically assumed
for completely disturbed areas.

A summary of the runoff calculations is presented in Table 3.4-1. All runoff

calculations are contained in Appendix 3.4D.
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3.4-3(3) Diversion Structures

Diversion structures within the Castle Gate area include drainage ditches and culverts
to convey storm runoff from disturbed and undisturbed drainage areas, and berms to contain
disturbed-area drainage. These diversion structures are located on Exhibit 3.4-2.

The diversion cross sections approximate either a trapezoidal or triangular shape.
Calculations supporting the design of the diversions identified on Exhibit 3.4-2 are contained
in Appendix 3.4E. In addition, a summary of ditch geomefry is presented in Table 3.4-2, and
a summary of berm geometry is presented in Table 3.4-3.

The capacity of the diversion ditches was determined by calculating the normal depth
of flow based on a minimum ditch slope. The maximum flow velocity and riprap Dy, was
calculated based on the maximum ditch slope. Ditch slopes were measured in the field or
from a contour map of the Castle Gate area with a scale of 1 inch = 200 feet. A summary
of minimum ditch geometries and riprap D5, is presented in Table 3.4-2. All ditch calculations
are contained in Appendix 3.4E.

Nine culverts were installed in the Castle Gate area to divert storm runoff from the
disturbed and undisturbed drainage areas. These 0ulvérts were located in the field and are
identified on Exhibit 3.4-2.

The adequacy of the existing culverts to pass the design flow rate was determined
using the methods defined in Chapter 7. Table 3.4-4 summarizes the peak flows associated
with each culvert. All existing culverts will adequately pass the 10-year 6-hour storm.
Culvert calculations are presented in Appendix 3.4F.

The slope of each culvert was measured in the field. Calculations were performed to
determine the exit velocities at each culvert and the minimum riprap requirements. A
summary of the culvert flow velocities and riprap sizing calculations are presented in Table

3.4-5. Culvert flow velocity computations are presented in Appendix 3.4F.
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School House Canyon - Refuse Site Drainage Control - The drainage control plan for
the School House Canyon Refuse Area is divided into three phases: current operation, final
operation, and final reclamation. Diversions, culverts and watersheds associated with these
phases are shown on Exhibits 3.4-2, 3.4-2B, 3.4-2C, and 3.4-3, respectively. Peak discharge
values were calculated for each diversion for each phase. The maximum peak discharge value
was then used to design each diversion channel so that each one would be adequately
designed for all three phases of the mine plan. A comparison of peak discharge values, along
with the maximum design discharge value for each diversion is presented in Table 3.4-20.

Peak discharge rates used to determine channel capacities and ribrap sizing for the
'refuse area channels were calculated based on the 100-year, 6-hour precipitation event of 2.1
inches, in accordance with R645-301-746-212. The permanent channels are identified by
both operational and reclamation labels. Diversion gaometries are presented in Table 3.4-21.
All necessary hydrologic calculations and design information for the three phases of School
House Canyon are included in Appendix 3.4J.

The drainage areas used to calculate peak discharge values for the current operation
phase are shown on Exhibit 3.4-2.. The areas that extend beyond the borders of 3.4-2 are
shown on Exhibit 7-3. Curve numbers for the current operation phase are presented in
Appendix 3.4J. As feasible during the placement of refuse, the pile will be crowned near its
center to minimize the drainage area to the ditches on either side of the refuse pile. However,
drainage ditches CGD-6 (upper) and CGD-7 (upper) on top of the refuse pile have each been
designed to handle under worst-case conditions all the flow from the top of the pile.
Furthermore, the channels were designed to safely convey the peak flow calculated for the
worst-case situation between current operational hydrology and final operational hydrology.
Hence, CGD-7 (upper) was designed assuming final operational conditions and CGD-6 (upper)
was designed assuming current opefational conditions. Locations of the refuse-pile drainage

ditches during current and final operational periods are shown on Exhibits 3.4-2° and 3.4-2C,

respectively.
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Chapter 3, Section 3.4 February 1997
Castle Gate Mine
Preparation Plant

The designs for the refuse pile diversions will allow for variations in grading as
additional refuse is placed on the top. However, in no case will water be allowed to form an
impoundment on top of the pile.

As referred to in Appendix 3.4.A, 5.3.4 Outlet, Diversion CGD-5 has been designed
and constructed to route flow around the Schoolhouse Refuse Fill as required by state and
federal regulations. To minimize adverse impact outside the permit area, the discharge point
has been located to route flow into an existing "gully” in Barn Canyon. Dischargé at any other
point within Barn Canyon would require significant amounts of surface disturbance and
increase the likelihood of adverse environmental impacts to Barn Canyon.

The outlet and flowpath will be visually monitored quarterly and after significant
precipitation events to evaluate the condition of the Diversion CGD-5, the discharge point and
flow path in Barn Canyon. A professional engineer will establish points of reference at the
discharge point and along the flow path in Barn Canyon to evaluate the hydrologic impact to
Barn Canyon. Bench marks, cross sections, or other accepted engineering methods will be
used to measure, record, and evaluate channel, discharge point, and flowpath conditions.
Field observations will be recorded and maintained. If excessive erosion (determined on a
case by case basis) occurs, vegetation, riprap, erosion netting or other methods will be
implemented to provide channel protection.

Currently, there are two drainage diversions on the edges of the face of the Refuse Pile
that are performing adequately, although they are not constructed to meet the design
requirements for the final operation and reclamation phases. Since the mine operation is
currently (1994) dormant, it is not reasonable to replace these diversions until the Preparation
Plant starts processing coal again. Calculations verifying that the upper sections of diversions
‘CGD-7 (lower) and CGD-6 (lower) are adequate to pass the 100-year 6-hour storm given the
current Refuse Pile topography are presented in a supplement to Appendix 3.4J. Both of
these diversions are grouted to hold the riprap in place and prevent erosion. The upper section
of CGD-7 (Ioweﬂ.l‘.:ansiﬂon&i rsion CGD-7 (lower)/CGRD-3A as shown

in Figure 3.4-1i. T \\ HOVR WL M- ICLD
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During cbnstruction of the refuse pile, as refuse is added, ditches CGD-6 (upper) and
CDG-7 (upper) will be graded or cut with a dozer as necessary néar the canyon walls to meet
the design requirements. The slopes of these ditches will generally be at a grade of
approximately 2%. However, according to the designs provided in Appendix 3.4J, these
slopes can vary from 1% to 2.5% for CGD-6 (upper) and 1% to 3% for CGD-7 (upper) and
still meet the design criteria without the need for riprap. The alignment of both ditches will
generally follow the canyon walls, with exact locations determined by equipment-operator
needs and the elevation of the pile. The area between the ditches and the canyon wall will
be graded to flow to the ditches, thereby preventing ponding to the degree practical.

As topsoil is removed from the canyon wall, the location of CGD-7 may be moved to
accomodate construction equipment. This may occur for periods of up to 2 weeks as
necessary. However, the ditch will be maintained in functional condition during such work.

The final operation phase incorporates a drainage plan for School House Canyon when
the refuse pile reaches its design capacity, at the approximate elevation of 6550 feet. The
drainage areas used to calculate the peak discharge values for the final operation phase are
shown on Exhibit 3.4-2C. Those watersheds that extend beyond the borders of Exhibit 3.4-
2C are shown in their entirety on Exhibit 3.4-2D. Curve numbers for the final operation phase
are presented in Appendix 3.4J. Again, as a worst-case condition, drainage ditches CGD-6
(upper) and CGD-7 (upper) have each been designed to accommodate all of the flow from the
top of refuse pile, even though the pile will be crowned in the center (see Exhibit 3.4-2C).
Ditches CGD-6 (lower) and CGD-7 (lower) have likewise been designed to handle all of the
flow from the face of the refuse pilé, in addition to the flow from the top of the refuse pile and
the adjacent watersheds. As the Refuse Pile grows, the drainage diversions on the face of
the refuse will be extended after each ten foot vertical increase in pile elevation.

The final reclamation phase is based on the assumption that the refuse pile is full to
design capacity, and that the disturbed _a_lgg,g,m,nggn.gmded to drain, topsoiled and seeded.
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The top of the refuse pile will be graded so that approximately 50% of the precipitation runoff
will be conveyed to CGRD-7, and 50% to CGRD-8. The haul road will be removed during this
phase, and CGRD-9 (lower) will be constructed. The drainage areas used to calculate the peak
discharge values for the final reclamation phase are shown on Exhibit 3.4-3. Those areas that
extend beyond ‘th-e borders of Exhibit 3.4-3 are delineated on Exhibit 3.4-8. Curve numbers
for the final reclamation phase are presented in Appendix 3.4J.

Appendix 3.4J also contains calculations for riprap and filter blanket volumes for
permanent stream channels. The thickness, and thus the volume, of the riprap for each
channel is related to the average proposed riprap stone diameter. For channels with maximum
longitudinal slopes of less than 10%, the method developed by the U.S. Department of
Transportation (1967) was used to determine the average riprap particle size (D;,). The
proposed thickness of the riprap in these channels is twice the Dy, dimension, as
recommended by Barfield et al. (1981). Riprap for permanent channels with slopes exceeding
10% was sized based on the steep slope channel design methodology presented by Simons,
Li & Associates (OSM/TR-82/2, 1982). In these cases, the riprap volume is based on a
thickness of 1.25 times the calculated Dg,. Filter blanket volumes are based on a thickness
equal to one half the riprap thickness, but not less than six inches (Barfield et al., 1981).

The reclamation channels along the edge of the Refuse Pile will cross numerous
terraces planned for the face of the pile. In these locations, the channel slope will transition
from steep to mild, and then back to steep. To prevent scouring at channel transitions,
Simons, Li & Associates (OSM/TR-82/2, 1982) recommends that steep slope riprap extend
a minimum of 15 feet beyond the transition to a mild slope, and be placed a minimum of 15
feet above the start of a steep slope section of a channel. Since the terraces on the face of
the pile are only about 40 feet wide, the riprap sized for the steep slopes will be used along
the entire length of these channels.

A summary of riprap and filter blanket volumes for permanent School House Canyon
channels is presented in Table 3.4-22. The riprap and filter blanket gradation designs for
diversion CGRD-3a are presented in Appendix 3.4J. Methodologies used to develop these
design gradations are explained in Chapter 7.
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Only one culvert in the School House Canyon refuse area will be used throughout the
current and final operation phases of the mine. As shown on Exhibit 3.4-2, culvert CGC-4
conveys runoff from diversion CGD-19 under the Refuse Haul Road to Pond 013. Design
calculations using the 100-year 6-hour storm event (R645-301-746.212) indicate that a 24
inch corrugated metal pipe (CMP) culvert with an improved inlet will pass the 100-year 6-hour
design flow. The improved concrete inlet was constructed in August 1994. To eliminate
erosion of the steep slope at the outlet of the 24 inch CMP, an 18 inch diameter high density
polyethylene (HDPE) culvert was attached to the CMP culvert using a 45° CMP elbow and
CMP transition section. The culvert extension terminates approximately at the 60% sediment
cleanout level in Pond 013 (elevation 6245.5, as shown on Exhibit 3.4-13). Several
acceptable options for addressing erosion at the base of the HDPE culvert were evaluated,
including the use of a 30 inch diameter half-round CMP culvert, a stilling basin, and large
riprap. Large riprap (2 feet to 4 feet in diameter) has been placed at the base of the HDPE
culvert. If the large riprap does not prevent appreciable erosion, then one of the other
previoush} evaluated options, or another appropriate solution, will be implemented to minimize
erosion at the outlet of the HDPE culvert. Depending on the water level in the pond, the water
itself will dissipate the energy in the flow exiting the HDPE, thereby preventing erosion.
However, if any scouring of the sediment in the base of the pond does occur, it will not affect
the stability of the embankment or inslopes of the pond. Erosion will also not adversely affect
water quality downstream of the pond, since the pond is not likely to discharge naturally.
Tables 3.4-23, 3.4-24, and 3.4-25 summarize the design parameters associated with culvert
CGC-4.

3.4-3(4) Sedimentation Ponds

Sedimentation Ponds 011, 012A, 012B, and 013 are located in the Castle Gate area
and control the storm runoff from the disturbed drainage areas at the site. Survey of Pond
013 was conducted in April 1990 by Bruce Ware (Registered Land Surveyor) of Price, Utah.
Horizontal and vertical control bench marks were not available for the survey, so

approximations of actual coordinates and elevations were made. The other three ponds, 011,
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012A and 012B were reconstructed in September-October of 1991 and resurveyed by a
Professional Engineer. A description of the construction methods and the certification of the
as-built surveys of Ponds 011, 012A and 012B are contained in Appendix 3.40. Horizontal
and vertical control bench marks were not available, so initial coordinates and elevations were
assumed, relative to an assumed elevation of the dam. The existing topography and cross
sections for Ponds 011, 012 (A and B), and 013 are shown on Exhibits 3.4-11, 3.4-12, and
3.4-13, respectively. Sedimentremoval from the sedimentation ponds will be performed when
the sediment reaches the 60% cleanout level. Prior to sediment transport, the sediment will
be tested to determine if it contains any acid and/or toxic forming compounds. The sediment

will then be transported to the Refuse Pile and deposited.
3.4-3(4)A Pond 011

The sediment storage volume of 1,193 cubic feet (0.027 acre-feet) was calculated as
indicated in Appendix 3.4G using methods described in Chapter 7. The storm runoff volume
from the 10-year 24-hour storm event is 42,370 cubic feet (0.973 acre-feet). The
computation of the runoff volume assumed a drainage area of 12.6 acres and a curve number
of 90 for the disturbed area. No undisturbed areas contributed to the pond.

From the stage-capacity curve for the pond structure contained in Appendix 3.4G, the
allowable storage at the primary spillway elevation (97.0 ft) is approximately 43,563 cubic
feet. Therefore the pond will fully contain the runoff from the 10-year, 24-hour storm event,
as required by R645-301-742.221.33 (DOGM, 1992), and allow for sediment storage.

The pond topography and cross sections are presented in Exhibit 3.4-11. A summary
of the stage-area and stage-capacity data for the pond are contained in Table 3.4-6. The
stage-capacity curve for the pond design is presented in Appendix 3.4G.

The 25-year 6-hour storm was routed through the primary spillway to determine the
maximum stage and flow rate. Computations were conducted assuming that the pond
contained the maximum allowable sediment volume of 1,193 cubic feet (0.81 years). It was

further assumed that the pond was full of water up to the spillway flowline prior to the start
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of the design runoff event. This results in a conservative estimation of the maximum stage
since, in general, the pond can be assumed to be empty at the beginning of a storm event.

From the analysis of the 25-year 6-hour storm event, the maximum inflow rate to the
pond structure is 8.37 cubic feet per second (¢fs) and the maximum outflow rate is 5.25 cfs.
The corresponding high water elevation is 97.8, 1.2 foot below the minimum embankment
elevation of 99.0 feet. Thus, Pond 011 will adequately pass the 25-year 6-hour peak flow.

An emergency spillway has been added to Pond 011 during reconstruction based on
R645-301-742.223 (DOGM, 1990). The crest of the emergency spillway is located one foot
above the primary spillway flowline. The spillway has a 6-foot bottom width and 2H:1V side
slopes. A typical section of the emergency spillway is presented in Exhibit 3.4-11.

The performance of the emergency spillway was evaluated in the event the primary
spillway becomes inoperative. The 25-year 6-hour storm was routed through the emergency
spillway assuming that the pond was initially full of water to the elevation of the emergency
spillway when the storm occurred. A stage-discharge curve was calculated by SEDCAD for
the emergency spillway. The SEDCAD input and output is contained in Appendix 3.4G. From
the final (emergency spillway only) analysis of the 25-year 6-hour storm event, the maximum
discharge out of the emergency spillway is 6.59 cfs with a maximum flow elevation of 98.6
(0.4 foot below the minimum embankment elevation).

The outlet of the primary spillway was evaluated to determine the suitability of the
existing riprap. With a culvert slope of 1.5% and-a peak discharge rate of 5.25 cfs during the
25-year 6-hour storm, the exit velocity was calculated to be 5.96 feet per second (fps).
Riprap with a median diameter of 6 inches is necessary to prevent erosion at the outlet of the
CMP spillway. The flow velocity and riprap sizing calculations are presented in Appendix
3.4G.

The emergency spillway was evaluated to determine the necessity of riprap on the
outlet slope. With a channel slope of 0.33 ft/ft, a Manning’s roughness coefficient of 0.035
and a maximum discharge rate of 6.59 cfs during the 25-year 6-hour storm (emergency
spillway only outfiow), the flow velocity was calculated to be 6.76 fps. An average riprap

diameter of 5 inches is required for this flow velocity.
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The inlet channels to Pond 011 were evaluated to determine the adequacy of the
existing riprap and capacity of the channels during the 25-year 6-hour storm event. The
calculations for the inlet channels are presented in Appendix 3.4G. Based on the minimum
channel slopes, the two channels have adequate capacity. Based on the maximum channel
slopes, the flow velocity is 7.9 fps in the north inlet channel and 8.8 fps in the south inlet
channel. These velocities require median riprap diameters of 6 inches and 9 inches,
respectively.

According to R645-301-742.221.34 (DOGM, 1992), ponds sedimentation ponds
require a non-clogging dewatering device. Because the pond is incised, the slevation of the
flowline of the dewatering device would be below the adjacent topography and the water
would not drain. Therefore, the pond will be dewatered using a portable pump system. The
inlet structure to the pump will float on the surface of the water. The pump system will
~include an oil skimmer to prevent floating matter from being discharged from the pond during
dewatering. The pond will be dewatered to elevation 82.6, the maximum sediment storage
elevation. Prior to dewatering, the impounded water will be sampled and tested to insure that
it meets NPDES discharge requirements.

Sediment removal will be performed when the sediment reaches an elevation of 82.0,

which corresponds to 60% of the maximum design sediment volume,
3.4-3(4)B Ponds 012A and 012B

The sediment storage volume for Pond 012A of 3,812 cubic feet (0.088 acre-feet) was
calculated as indicated in Appendix 3.4H using methods described in Chapter 7. The storm
runoff volume from the 10-year 24-hour storm event is 52,393 cubic feet (1.203 acre-feet).
Thus, the minimum required capacity of the pond at the elevation of the primary spillway must
be 56,205 cubic feet (assuming the spillway does not spill during the 10-year 24-hour storm).

From the stage-capacity curve for Pond 012A contained in Appendix 3.4H, the
allowable storage at the primary spillway elevation (97.3 feet) is 56,205 cubic feet.

Therefore, the pond will fully contain the 10-year 24-hour storm event.
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The elevation of the maximum sediment storage level for Pond 012A is 92.6 feet (4.7
feet below the spillway flowline).

The sediment storage volume for Pond 012B of 9,518 cubic feet (0.219 acre-feet) was
calculated as indicated in Appendix 3.4H using methods described in Chapter 7. The storm
runoff volume from the 10-year 24-hour storm event is 43,605 cubic feet (1.001 acre-feet).
Thus, the minimum required capacity of the pond at the elevation of the primary spillway
should be 53,123 cubic feet (assuming the spillway does not spill during the 10-year 24-hour
storm).

From the stage-capacity curve for Pond 012B structure contained in Appendix 3.4H,
the allowable storage at the primary spillway elevation (91.0 feet) is 53,123 cubic feet.
Therefore the pond will fully contain the 10-year 24-hour storm event. -

The pond topography and cross sections are presented in Exhibit 3.4-12, A summary
of the stage-area and stage-capacity data for Ponds 012A and 012B are contained in Table
3.4-7A and 7B, respectively. The stage-capacity curves for the two ponds are presented in
Appendix 3.4H.

A riprap lined open channel spillway was constructed for Pond 012B. Based on R645-
301-742.223 (DOGM, 1992) only one spillway is required. The spillway has a bottom width
of 7 feet and 2H:1V side slopes. The spillway crest elevation is 91.0 feet. The spillway
location is presented on Exhibit 3.4-12.

The 254year 6-hour storm event (1.6 inches of precipitation) was used to determine
the adequacy of the primary spillways of both Ponds 012A and 012B. The calculation
methods used are described in Chapter 7. The calculations for sedimentatioh Ponds 012A and
012B are contained in Appendix 3.4H.

The 25-year 6-hour storm was routed through the primary spillways to determine the
maximum stage and flow rate. Computations were conducted assuming that the pond
contained the maximum allowable sediment volume in each pond. In addition, the computer
software program SEDCAD assumes that the ponds are full of water up to the spillway
elevation at the beginning of the storm event. This results in a conservative estimation of the
maximum stage since, in general, the pond can be assumed to be empty at the beginning of

a storm event.
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Using the above assumptions, SEDCAD caiculated a maximum inflow rate of 9.85 cfs
and a maximum outflow rate of 5.85 cfs for Pond 012A (see Appendix 3.4H). The
corresponding high water elevationis 97.9 FEET, 0.6 foot above the primary spillway flowline
and 2.1 feet below the minimum embankment elevation of 100.0 feet. Therefore, the pond
and the primary spillway on Pond O12A are adequate to pass the 25-year 6-hour storm event.
The pond is considered adequate to meet the requirements of R645-301-742.220.

An emergency spillway was constructed at the downstream end of Pond 012A in
accordance with R645-301-742.223. The emergency spillway is a riprap lined open channel
with a 6-foot bottom width and 2H:1V side slopes. The spillway crest elevation is 98.3.

The performance of the emergency spillway was evaluated in the event the primary
spillway becomes inoperative. The 25-year 6-hour storm was routed through the emergency
spillway assuming that the pond was initially full of water to the elevation of the emergency
spillway when the storm occurred. A stage-discharge curve was calculated by SEDCAD for
the emergency spillway. The SEDCAD input and output is contained in Appendix 3.4H. From
the final (emergency spillway only) analysis of the 25-year 6-hour storm event, the maximum
discharge out of the emergency spillway is 5.70 cfs with a maximum flow elevation of 98.8
(1.2 feet below the minimum embankment elevation).

As indicated in Appendix 3.4H, SEDCAD calculated a maximum inflow rate of 14.32
cfs and a maximum outflow rate of 12.30 cfs for the Pond 012B structure. The
corresponding high water elevation is 91.8 feet, 1.0 feet below the minimum embankment
elevation of 92.8 feet. Therefore, the Pond 012B and primary spillway are adequate to pass
the 25-year 6-hour storm event (R645-301-742.220).

Calculations using the 25-year 6-hour storm to determine the minimum size riprap
required for the inlet and outlet channels of Pond 012A are presented in Appendix 3.4H. Pond
012A has two inlets, a one foot diameter CMP culvert and an open trapezoidal channel. The
steep slope of the culvert, and the steep slope at the end of the culvert, necessitates riprap
with an average diameter of 16 inches. The open channel inlet carries the majority of the
water to Pond 012A (9.85 cfs) during a 25-year 6-hour storm, but the shallow slope of 3%
requires riprap of only one inch average diameter. In fact, if the inlet channel is reasonably

vegetated, no riprap is necessary. The primary spillway is an 18 inch culvert that slopes at
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10.0% between Pond 012A and Pond 012B. The peak design discharge rate of 5.85 cfs
results in an exit velocity of 9.1 fps. Riprap with a median diameter of 7 inches is required
to prevent erosion at the end of the spillway culvert.

The emergency spillway on Pond 012A has a bottom width of 6 feet side slopes of
2H:1V, and a channel slope of 7%. The peak discharge rate of 5.70 cfs (as determined by
the "emergency spillway only" SEDCAD run) results in a velocity of 4.2 fps. Based on the
calculations presented in Appendix 3.4H, riprap with a median diameter of 2 inches is
required.

The inlet channel to Pond 012B conveys 14.32 cfs during a 25-year 6-hour storm
event. The slope of the channel is only 3%, resulting in a flow velocity of 5.0 fps. Two inch
diameter riprap is required to prevent erosion along the base of the channel. The open channel
spillway.on Pond 012B has a bottom width of 7 feet, side slopes of 2H:1V, and a channel
slope of 50%. The peak discharge rate of 12.30 cfs results in a peak velocity of 8.77 cfs.
Based on calculations presented in Appendix 3.4H, a median riprap size of 9 inches is required
for this spillway structure.

In accordance with R645-301-742.221.34 (DOGM, 1992), Ponds 012A and 012B
each have a non-ciogging dewatering device. The flowline of the dewatering device in Pond
012A was installed at elevation 93.0, 0.4 feet above the maximum sediment storage
elevation. The remaining 0.4 foot of water in Pond 012A will be dewatered using a pump
system. The inlet structure to the portable pump will float on the surface of the water. An
oil skimmer will be attached to the float to prevent floating matter from being discharged from
the pond during dewatering. The flowline of the dewatering device in Pond 012B was
installed at elevation 86.1, the maximum sediment storage elevation. Refer to Exhibit 3.4-12
for a typical section of the decant system.

Sediment removal will be performed when the sediment level in Pond 012A reaches
an elevation of 92.4, and at elevation 85.4 in Pond 012B. These elevations correspond to

60% of the maximum- design sediment volume.
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3.4-3(4)C Pond 013

The stage-area and stage-capacity data for Pond 013 were determined from the pond
topography contained in Exhibit 3.4-13. A summary of these data is contained in Table 3.4-8.
The stage-area and stage-capacity curves for Pond 013 are presented in Appendix 3.41.

The required 3-year sediment storage volume of 72,235 cubic feet (1.658 acre-feet)
was calculated as indicated in Appendix 3.4l using methods described in Chapter 7. The
storm runoff volume from the 10-year 24-hour storm event is 138,595 cubic feet (3.182
acre-feet). The computation of the runoff volume assumed a drainage area of 79.4 acres and
a weighted curve number of 81 for the disturbed and undisturbed areas. Thus, the minimum
capacity of the pond at the slevation of the spillway must be 210,830 cubic feet (assuming
the spillway does not spill during the 10-year 24-hour storm),

From the stage-capacity curve contained in Appendix 3.4, the allowable storage at the
spillway elevation (6,255.0 ft) is approximately 396,000 cubic feet. Therefore, additional
volume is available for sediment storage. Subtracting the runoff volume from the existing
pond capacity at the spillway results in a maximum sediment storage capacity of 257,405
cubic feet (5.909 acre-feet). The elevation of the maximum sediment storage level at this
capacity is 6,250.2 feet (4.8 feet below the spillway). Based on this storage volume, the
60 % clean-out volume for Pond 013 is 154,443 cubic feet (3.546 acre-feet). The 60% clean-
out elevation is 6,245.5 feet (9.5 feet below the spillway).

The 25-year 24-hour storm event (2.3 inches of precipitation (Miller, et. al., 1973))
was used to determine the adequacy of the spillway (a riprap lined trapezoidal channel
spillway). These calculations are presented in Appendix 3.41. The calculation methods used
are described in Chapter 7.

The 25-year 24-hour storm was routed through the spillway to determine the maximum
stage and flow rate. Computations were conducted assuming that the pond contained the
maximum allowable sediment volume of 257,405 cubic feet. In addition, the computer
software program SEDIMOT Il assumes that the pond is full of water up to the spillway

elevation at the beginning of the storm event. This results in a conservative estimation of the
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maximum stage since, in general, the pond can be assumed to be empty at the beginning of
a storm event.

From the analysis of the 25-year 24-hour storm event, the maximum inflow rate to the
pond is 49.37 cfs and the maximum outflow rate is 31.78 cfs. The corresponding high water
elevation is 6,256.3, 2.7 feet below the minimum embankment elevation of 6,259.0 feet.
Thus, Pond 013 will meet the storage and flow requirements of R645-301-742.200.

Based on R645-301-742.22 (DOGM, 1990), the pond must also pass the 100-year 6-
hour storm event. This storm event of 2.0 inches was routed through the spillway to
determine the maximum stage and flow rate. The pond was assumed full of sediment up to
the maximum sediment level, and full of water up to the spiliway flowline. From the analysis
of the 100-year 6-hour storm event, the maximum inflow rate to the pond is 35.95 cfs and
maximum outflow rate is 19.5 cfs. The corresponding high water slevation is 6,256.1, 2.9
feet below the minimum embankment elevation of 6,259.0 feet. Thus, Pond 013 will
adequately pass the 100-year 6-hour precipitation event,

The inlet channels to Pond 013 were evaluated to determine the adequacy of the
existing riprap and capacity of the channels during the 25-year 24-hour storm event, The
calculations for the inlet channels are presented in Appendix 3.4!. Based on the minimum
channel slopes, the two channels have adequate capacity. Based on the maximum channel
slopes, the flow velocity is 12.9 fps in the west inlet channel and 8.1 fps in the east inlet
channel. These velocities require median riprap diameters of 16.8 inches and 7.2 inches, _
respectively. The existing median riprap size of 12 inches is adequate for the east inlet
channel. The 12-inch median riprap diameter in the west inlet channel is undersized based on
the 25-year 24-hour storm. The flow velocity of the west inlet channel was reevaluated,
based on the 25-year 6-hour storm, to be 10 fps. This flow velocity requires a median riprap
diameter of 9.6 inches. Therefore, the existing riprap for the west inlet channel is adequate.

The outlet of the primary spillway was evaluated to determine the suitability of the
existing riprap. With a maximum channel slope of 47% and a peak discharge rate of 31.78
cfs during the 25-year 24-hour storm, the exit velocity was calculated to be 11.4 fps. The
existing median riprap diameter of 18 inches is adequate for this flow velocity. The flow

velocity and riprap sizing calculations are presented in Appendix 3.4l.
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Accordingto R645-301-742.221.34 (DOGM, 1990), a non-clogging dewatering device
must be installed in the pond. Because the pond does not require reconstruction, it will be
dewatered using a pump system. The inlet structure to the portable pump will float on the
surface of the water. The system will include an oil skimmer to prevent floating matter form
being discharged from the pond during dewatering. The pond will be dewatered to elevation
6250.2, the maximum sediment storage elevation.

Sediment removal will be performed when the sediment reaches an elevation of

6250.2, which corresponds to 60% of the maximum design sediment volume,

3.4-3(5) Pond Embankment Stability Analyses

3.4-3(5)A General

Both the inslopes and outslopes of the embankments of Ponds 011 and 012 at the
Preparation Plant of the Castle Gate Mine were analyzed for long term stability. These
analyses was performed to address the requirements of R645-301-733.210 and R645-301-
533.100, which stipulate that all embankments not under the jurisdiction of the Mine Safety
and Health Administration (MSHA) shall have a minimum static factor of safety of 1.3.

A field survey of the pond embankments at the Preparation Plant was conducted to
ascertain the most likely location of possible embankment failure. The field survey consisted
of visually evaluating the embankments and noting specific slope geometry characteristics.
Soil samples were taken from the embankments for later visual classification.

Since lab testing of soil sampled from the embankments is not included in the scope
of these analyses, soil properties were assumed. The bases for those assumptions were visual
classification of soil samples and typical soil properties presented by Hoek (1981) and
NAVFAC DM-7 (1971). Soil parameter assumptions made in this analysis are generally
conservative because of the absence of lab data.

Based on information gathered during the field survey and the resuits of visual
classification of the soil samples, the slope stability computer software program GEOSLOPE
(GEOCOMP, Inc.) was utilized to determine an in-situ factor of safety for each of the
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embankments. The resulting computer output is contained in Appendices 3.4P-1, 3.4P-2 and
3.4P-3.

GEOSLOPE is a computer program based on the FORTRAN program STABL3 which
was developed at Purdue University, GEOSLOPE utilizes the limit equilibrium procedure of
slices to determine the safety factor of potential circular failure surfaces by the Modified
Bishop’s Method. Both deep failure surfaces and surfaces that generally pass through the toe
of the embankments were analyzed. Only the analysis that produced the lowest factor of
safety for each embankment is included in Appendix 3.4P-1 through 3.4P-3

3.4-3(5)B Pond 011

Pond 011 is located near the west end of the Preparation Plant site. The pond is
primarily incised, although it does have a small embankment on the side of the pond closest
to diversion CGD-3. The critical sections thatkwere analyzed are shown on Exhibit 3.4-11.

The geometry of the Pond 011 outslope embankment was modeled with a 100 foot
section consisting of a 15° outslope from the centerline of diversion CGD-3, an embankment
19 feet in width at the top, and an inslope of 43° (Section C - C* on Exhibit 3.4-11). The
efnbankment is composed primarily of silty sand. The assumed soil strength parameters are
identified in Table 3.4-19. The phreatic surface was assumed to be at the ground surface at
the toe of the outslope, and at 2.0 feet below the top of the embankment on the inside of the
embankment. This corresponds to the maximum water level in the pond during a 25-year 6-
hour storm event, assuming the pond is full of water up to the level of the spillway flowline
at the beginning of the storm. See Section 3.4-3(4) for a description of the methods used to
determine that water surface elevation.

The existing embankment is stable with a factor of safety of 4.04. See Appendix
3.4P-1 for GEQSLOPE computer results.

A 50 foot, 40° section was analyzed for inslope stability, as depicted by section cut
D - D’ on Exhibit 3.4-11. The phreatic surface was assumed to be horizontal at the maximum
25-year 6-hour storm event level of 97.8. The pore pressure parameters were assumed to be

equal to zero since it is anticipated that the pore pressures will dissipate quickly during pond
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dewatering, due to the granular nature of the soil. A summary to the soil strength parameters
are listed in Table 3.4-19, and a sketch of the section geometry is included in Appendix 3.4P-
1.

The calculated factor of safety for SectionD - D’ is 1.16. This is less than the factor
of safety of 1.30 required by R645-301. There are several constraints, such as an existing
road and channel diversions, in the immediate vicinity of Pond 11 which preciude the
relaxation of the steep interior slopes to achieve a larger factor of safety. In the event of any
sloughing of material on the inside of the pond, the material will be removed so as to maintain

the design volume capacity. See Appendix 3.4P-1 for GEOSLOPE computer output results.
3.4-3(5)C Pond 012A

Pond 012A is located toward the east end of the Preparation Plant site. The pond is
entirely incised and thus no outslope stability analysis was performed on this pond.

A 65 foot, 49.6° section was analyzed for inslope stability, as depicted by section cut
G - G’ on Exhibit 3.4-12. The phreatic surface was assumed to be horizontal at the maximum
25-year 6-hour storm event level of 97.9. The pore preésure parameters were assumed to be
equal to zero since it is anticipated that the pore pressures will dissipate quickly during pond
dewatering, due to the granular nature of the soil. A summary to the soil strength parameters
are listed in Table 3.4-19, and a sketch of the section geometry is included in Appendix 3.4P-
2.

The calculated factor of safety for Section G - G’ is 1.20. This is less than the factor
of safety of 1.30 required by R645-301. The disturbed area of the Preparation Complex is
quite narrow in the vicinity of Pond 12A, and the road adjacent to the pond will not allow for
a relaxation of the steep interior slope to achieve a larger factor of safety. In the event of any
sloughing of material on the inside of the pond, the material will be removed so as to maintain
the design volume capacity. See Appendix 3.4P-2 for GEQSLOPE computer output resuits.
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3.4-3(5)D Pond 012B

Pond 012B is also located toward the east end of the disturbed area of the Preparation
Plant site. A ten foot high embankment forms the entire south side of Pond 012B. The critical
sections that were analyzed are shown on Exhibit 3.4-12.

The geometry of the Pond 012B outslope embankment was modeled by a 70 foot
section through a 45° outslope on the south side of the pond, an embankment 9 feet in width
at the top, and an inslope of 39°. The embankment is composed primarily of silty sand with
some gravel. The selected soil strength parameters are identified in Table 3.4-19., The
phreatic surface was assumed to be at the ground surface at the toe of the outslope, and at
1.0 feet below the top of the embankment on the inside of the embankment. This
corresponds to the maximum water level in the pond during a 25-year 6-hour storm event,
assuming the pond is full of water at the beginning of the storm. See Section 3.4-3(4) for a
description of the methods used to determine that water surface elevation.

The existing embankment is stable with a factor of safety of 1.68. See Appendix
3.4P-3 for GEOSLOPE computer results.

An 80 foot, 41° section was analyzed for inslope stability, as depicted by section cut
H - H’ on Exhibit 3.4-12. The phreatic surface was assumed to be horizontal at the maximum
25-year 6-hour storm event level of 91.8. The pore pressure parameters were assumed to be
equal to zero since it is anticipated that the pore pressures will dissipate quickly during pond
dewatering, due to the granular nature of the soil. A summary of the soil strength parameters
are listed in Table 3.4-19, and a sketch of the section geometry is included in Appendix 3.4P-
3. '

The inslope is stable with a factor of safety of 1.46. See Appendix 3.4P-3 for
GEOSLOPE computer output results.
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3.4-3(5)E Pond 013

In 1977, Golder Associates of Kirkland, Washington analyzed the embankment of Pond
013 and deemed it "stable under all conditions of operation." MSHA subsequently assigned
the entire refuse disposal facility, including Pond 013, an identification number of 12-1-UT-9-
0027.

3.4-3(6) Sanitary Facilities

Waste water from all site buildings and the bathhouse is connected to the PRWID

sewer line passing through the site.

3.4-3(7) Alternative Sediment Controls

Exhibit 3.4-2, Existing Drainage Pattern and Control Structures, identifies the areas
within the disturbed area boundary which do not report to the sedimentation ponds. By
definition, these areas are referred to as alternative sediment control areas. These areas and
the controls utilized to control erosion are explained below, and are summarized in Table 7-8.

Rainfall runoff across the road and adjacent areas in the vicinity of the truck scale (1.6
acres) flows to a small depression alongside the railroad tracks. The majority of the Unit Train
Loadout Area (0.9 acres) is naturally revegetated with grasses. In addition, rainfall landing on
the structures is diverted to a storm runoff tank, as explained in Section 3.8. The area
immediately adjacent to the Raw Water Pond is also naturally revegetated. Any erosion within
the pond embankments is trapped within those embankments (1.75 acres). Drainage is
properly controlled along the road north of the Raw Water Pond (0.6 acres), in accordance
with R645-301-742.400.
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3.4-4 Reclamation Plan

3.4-4{1) Reclamation Work

The preparation plant is designed to remain in use until the minable reserve base is
depleted, a minimum of 25 years. Reclamation on the 74 acre site could potentially begin as
early as 2015 depending on the depletion of the reserves. Reclamation of the School House
Canyon refuse site will begin as soon as the canyon is filled to its design capacity, which will
not be during this first renewal period of 1989-1994,

The postmining reclamation topography plan for the Castle Gate area is shown on
Exhibit 3.4-3. The reclamation work consists of the following:

Phase | Reclamation

Demolition - All the existing structures which lie within the disturbed area boundary will
be removed, including the beltline structures, as explained in Adit No. 1 Section 3.5-4(1).
However, utilities within the utility corridor, along with a buried telephone cable parallel with
the utility corridor, will remain. Water supply intakes serving the Preparation Plant outside the
disturbed area boundary (Exhibit 1-1) will remain, while the piping within the disturbed area
boundary and outside the utility corridor will be removed. In addition, the culverts identified
on Exhibit 3.4-3 will remain. Removing these culverts and replacing them with permanent
reclamation stream channels could possibly leave sections of the underground utilities in the
utility corridor exposed. Since this is not acceptable, these culverts must remain in place
indefinitely.

Portal Sealing - There are no portals to seal at the Castle Gate Plant,

Grading - Grading work will be done in order to establish overland flow drainage and
approximate the original contour. Approximate original contour is achieved by blending the

spoil material into the adjacent area and creating landforms which resemble the surrounding
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topography. The mass balance calculations associated with the grading are presented in Table
3.4-9, Exhibit 3.4-10 indicates the distribution of cuts and fills related to the grading plan.
Although several of the cuts slopes will be backfilled, a few cut slopes will not. The
cut slopes to remain indefinitely are identified on Exhibit 3.4-3A. The cut slopes were
analyzed in their present configuration by a consulting firm, EarthFax Engineering, Inc.
(EarthFax), for stability and retention as approximate original contour. The cross sections used
to analyze the slopes are shown on Exhibit 3.4-2A. The analysis was prepared in conjunction
with the postmining reclamation plan. A copy of the EarthFax report is located in Appendix
3.4K. Section 4.0 of the EarthFax report documents that the calculated factor of safety for
the retained cut slopes exceeds the minimum static factor of safety of 1.3 stipulated by R645-
301-553.130. In addition, Section 3.6. of the EarthFax report documents the existence of
. natural cliffs and ledges in the Castle Gate Area. . The conclusion presented in Section 5.0
states that the cut slopes are similar in structural composition and geometry to the naturally
existing cliff/ledge formations and thus are compatible with the surrounding topography.

During the Phase | grading process, the following work will be performed:

1) Elimination of berms and temporary diversions, except where noted.
2) Grading to establish overiand flow drainage where possible.

3) Construction of permanent stream channels,

4) Removal of existing culverts, except as noted.

5) Removal of Pond 012A.

6) Enlargement of Ponds 011 and 012B (renamed 012).

7) Installation of silt fences.

8) Soil preparation, seeding, fertilizing and mulching.

During Phase | of reclamation, several berms and ditches which direct flow to the
sediment ponds will be retained. However, many of the diversions that collect precipitation

. runoff from undisturbed areas will be eliminated. This necessitates enlargement of several
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existing ponds to function as primary sediment control structures during Phase | of
reclamation. Specifically, Sediment Ponds 011 and 012B will be enlarged, while Pond 013
will remain at its current size for Phase | of reclamation. The enlarged Pond 012B has been
renamed Pond 012 for Phase | of reclamation. Pond 012A will be eliminated. See Exhibit 3.4-
3A for the Phase | plan for sediment ponds. Exhibits 3.4-9A and 3.4-9B consist of more
detailed plans to enlarge Ponds 011 and 012B (now Pond 012), along with pertinent design
data. Appendix 3.4M contains the engineering calculations supporting the need to enlarge
Ponds 011 and 012. Ponds 011, 012, and 013 will be retained for two years or until
adequate vegetation is established to control erosion.

The reclamation of the Castle Gate Preparation Plant area will take place over the area
which was the old town site of Castle Gate. Old utilities, foundations and debris may be
uncovered during the grading operation. This may result in the alteration of the contours
shown on map 3.4-3 by as many as two contour intervals in order to keep from uncovering
the old town site. Much of the foundation debris will be used as deep fill layers against the
cut slope just east of the existing Thickener Ponds..

Phase | of reclamation will also include the removal of all roads and culverts, except
as noted, and the establishment of permanent stream relocations. Prior to removal of the
asphalt covered roads, the asphalt will be collected and properly disposed of beyond the
boundaries of the Castle Gate permit.

Several wells exist within the Preparation Plant disturbed area boundary. The slurry
injection wells shown on Exhibit 3.10-1 will be sealed, and the area in the immediate vicinity
of the wells reclaimed in accordance with the slurry injection well reclamation plan contained
in Section 3.10 of tHis permit. Two piezometer wells below Pond 013 will be monitored
during Phase | of reclamation and then sealed at the beginning of Phase Il of reclamation. No
other unsealed monitoring or exploration wells exist on the property.

The reclamation topography plan for the Unit Train Loadout area is shown on Exhibit

3.4-3. A discussion of the reclamation plan is included in Section 3.8.
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The backfill and grading topography shown on Exhibit 3.4-3 is compatible with the
postmining land use of wildlife habitat and grazing, and provides adequate drainage and long
term stability as required by R645-301-5563.522.

The final configuration for the refuse pile is also suitable for the approved postmining
land use of wildlife habit and grazing. Terraces will be constructed on the outslope of the
refuse pile which increase stability, control erosion, and conserve soil moisture. The grade on
the outslope between the terrace benches will not be steeper than 2H:1V. The terraces will
be approximately 40 feet wide, and slope at approximately 10%. A profile and cross-section
of the face of the Refuse Pile are presented as Figures 3.4-10 and 3.4-11, respectively.

Resoiling - The 74 acres in Castle Gate which will be reclaimed were disturbed by
mining activities prior to the enactment of SMCRA. No topsoil was salvaged from the site.
The existing soils at the site will be used as resoiling material except at the refuse pile.

The existing soils at the Preparation Plant site have been analyzed for the paramsters
listed below. Sampling locations are depicted on Exhibit 8-4. Subsequent to the reclamation
grading, the resoiling materials will be sampled again and retested for the same parameters.
Appropriate soil amendments will be added according to results of these tests. Areas which
are not anticipated to revegetate to support the intended land use once soil amendments have
been added will be covered with 6" of resoiling material from the Gravel Canyon Storage Site.

The refuse pile will be covered with 24" of soil from Gravel Canyon. Approximately
96,000 cubic yards of material will be needed for this purpose. Justification for use of less
than 4 of cover on the refuse pile is the nontoxic nature of the refuse. Approximately one
year prior to placement of substitute topsoil from Gravel Canyon on the refuse pile, the
following parameters will be evaluated on both refuse and substitute topsoil in order to prove
non-toxicity and assess the necessity to add appropriate soil amendments: Ph, electrical
conductivity, saturation percentage, particle size analysis, soluble Ca,Mg and Na, sodium
absorption ratio, selenium, total N, nitrate-N, boron, maximum acid potential, neutralization
potential, organic carbon, exchangeable sodium, available water capacity and rock fragments.

The above parameters will also be checked on the existing resoiling materials throughout the
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site. The rate of testing will be 1 analysis for every 2.5 acres of disturbance at various
depths, 0-6",6"-12", 1'-2’, 2'-3’, 3'-4’. Results of the tests will be forwarded to DOGM for
review.

Any acid forming or toxic materials exposed during the grading operation, which may
adversely affect water quality or vegetation, will be excavated and transported to the Refuse
Pile, if this is feasible. Where acid and/or toxic soil cannot be readily removed, the toxic soil
will be buried under four feet of topsoil. Any other methods of disposal are subject to DOGM
approval prior to implementation.

Prior to placement of any borrowed material, the area will be dry and scarified to a
depth of 4". After reclamation grading but prior to seeding, the soil on all slopes with grades
less than 20% will be ripped to a depth of 18 to 24 inches parallel to the contours. This
procedure will encourage moisture retention and reduce the surface compaction to allow for
a more favorable germination environment for the vegetation. Soil ripping will not be
performed on the Refuse Pile. '

Seeding and Mulching - Castle Gate preparation plant will use two species mixes listed
in Chapter 9. The majority of the site will be seeded with species list #1, as it is a pre-
SMCRA site. The riparian areas shown on the reclamation plan (Exhibit 3.4-3A) will be seeded
with species list #3. In both cases, the seed will be mixed with a small amount of wood fiber
mulch, used as a tracer, and water to form slurry. The slurry will be applied to the reclaimed
surfaces using a hydroseeder. The balance of the mulch, mixed with a tackifier and the
fertilizer also in a slurry, will then be sprayed over the same area. The total coverage of the
mulch will be a the rate of 2,000 pounds per acre. In areas inaccessible to the hydroseeder,
the seed will be broadcast by mechanical means. Areas inaccessible to the hydromulch
equipment will be mulched with straw and tacked with nylon or other suitable netting. The
rate of application for straw will be 2,000 pounds per acre.
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Phase Il Reclamation

Phase Il reclamation will commence once the vegetation is adequately established
based on the criteria presented in Chapter 9. This phase of reclamation will consist of filling
in the three sediment ponds (011, 012 and 013) and removing silt fences and accumulated
soil in the vicinity of the fences. However, where removal of the silt fence fabric will
substantially disrupt the established vegetation adjacent to the fence, the fabric may be cut
at ground level and the buried fabric abandoned in place. All the temporary diversions and
berms which were left to control runoff during Phase | reclamation will be removed. Grading
will be performed to bring the site within tolerance of the postmining reclamation plan
depicted in Exhibit 3.4-3.

The areas disturbed during Phase |l reclamation will be seeded and mulched according
to the plan described above and in accordance with Chapter 9 of this permit.

All piezometer wells will be sealed in accordance with R645-301-731.400, R645-301-
631, and R645-301-765.

Phase il Reclamation

Phase 1l reclamation will consist of water and vegetation monitoring until bond release.
3.4-4(2) Reclamation Hydrology

Reclamation Channel Design - The reclamation channels for the Castle Gate Preparation
Plant area were designed to approximate the gesometry of the existing natural stream channels.
The natural channel sections were measured in the field and approximated with a trapezoidal
cross section. The reclamation channels were designed with a 3H:1V side slope to ensure
channel stability. However, three existing stream channels, Castle Gate Reclamation Ditches
CGRD-4, CGRD-5, and CGRD-10 were constructed with 1H:1V, 1.5H:1V, and 1.2H:1V side
slopes, respectfully. These three ditches were previously designed for the operational
hydrology of the Castle Gate area and were determined to be adequately designed for
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reclamation hydrology. While CGRD-4 and CGRD-5 are permanent reclamation channels,
CGRD-10 will be removed when Pond 013 is removed at the end of Phase | of reclamation.
The hydraulic slope of each channel was measured from a postmining topographic map (scale:
1" = 100’'), presented as Exhibit 3.4-3.

All calculations supporting the designs of the reclamation hydrology structures outside
of School House Canyon and CGRD-4 are presented in Appendix 3.4L. The design
assumptions for the permanent School House Canyon channels are discussed in Section 3.4-
3(3), and those supporting calculations are contained in Appendix 3.4J,

Curve numbers for the undisturbed drainage areas were taken from Appendix 3.4D.
The reclaimed areas (CGRWS-R1,R2, R3, & R4) were assumed to have a curve number of 80.
The reclamation channel drainage areas for the Castle Gate Preparation Plant Area are
presented on Exhibits 3.4-3 and 3.4-8.

Peak discharge rates used to determine channel capacities and riprap sizing for the
reclamation channels were calculated based on the 100-year 6-hour precipitation event of 2.0
inches for perennial and intermittent channels. All other channels were designed for the 10-
year 6-hour storm event of 1.4 inches (Miller et.al, 1973). A summary of the runoff
calculations is presented in Table 3.4-10. The peak discharge rates for each diversion are
presented in Table 3.4-11. The reclamation channel geometries and minimum riprap sizes are
presented in Table 3.4-12.

Appendix 3.4L contains calculations for riprap and filter blanket volumes for permanent
stream channels. The thickness, and thus the volume, of the riprap for each channel is related
to the average proposed riprap stone diameter. For channels with maximum longitudinal
slopes of less than 10%, the method developed by the U.S. Department of Transportation
(1967), was used to determine the average riprap particle size (Dg,). The proposed thickness
of the riprap in these channels is twice the Dy, dimension, as recommended by Barfield et al.
(1981). Riprap for permanent channels with slopes exceeding 10% was sized based on the
steep slope channel design methodology presented by Simons, Li & Associates (OSM/TR-82/2,
1982). In these cases, the riprap volume is based on a thickness of 1.25 times the calculated
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Ds, (Simons, Li & Associates, 1982). Filter blanket volumes are based on a thickness equal

to one half the riprap thickness, but not less than six inches (Barfield et al., 1981).

The following general approach was used during design of the reclamation channels:

0

007/004

The design capacity of the perennial and intermittent reclamation channels was
based on the 100-year 6-hour storm and the minimum channel slope.

The design capacity of the ephemeral reclamation channels was based on the
10-year 6-hour storm and the minimum channel slope.

Riprap was sized based on the 100-year 6-hour storm and the maximum
channel slope for perennial and intermittent channels.

Riprap was sized based on the 10-year 6-hour storm and the maximum channel
slope for ephemeral drainage channels.

The roughness coefficient (Manning’s "n") for riprapped channels was
determined according to the equation (Barfield et al., 1981):

n = 0.0395D,,""

where, n
DEO

= Manning’s roughness coefficient

= median riprap diameter (ft)

Designs are based on channel construction on fill. Where the reclamation
channel construction occurs on rock, riprap quantities will be reduced or
eliminated (depending on the competency of the rock).

When transitioning downstream from a steep channel slope to a flat channel
slope, the larger riprap from the steep section will be extended into the channel
section with the flatter slope for at least 15 feet to minimize erosion (Simons,
Li & Associates, 1982).

The reclamation channels are designed to pass the peak discharge with a
minimum freeboard of 1 foot.

Where channel slopes exceed 20 percent, a small plunge pool will be
constructed at the grade break to dissipate energy. This plunge pool will be
lined with riprap to provide erosion protection. Refer to Figure 3.4L-3 in
Appendix 3.4L for a typical plunge pool design.
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A detailed riprap and filter blanket design is not presented in this text since adequate
soil samples were not available. Castle Gate Coal is committed to preparing a detailed design
for the riprap and filter blanket gradations. Samples will be taken once the reclamation
grading has progressed sufficiently to expose the base of the reclamation channels. The riprap
and filter blanket gradations for the mild slope sections of the channels will be engineered
based on methods presented in Barfield et al. (1981). The procedure presented by Simons,
Li & Associates (1982) will be used to design the riprap gradation for steep slope channels.
This design procedure assumes that the riprap is predominately angular in shape. The filter
blanket will consist of a properly graded coarse grained soil; a synthetic fabric will not be
used. The detailed designs will be submitted to DOGM for approval prior to delivery of filter
blanket and riprap materials to the site.

Table 3.4-15 summarizes the required riprap and filter blanket volumes for the
reclamation channels located outside of School House Canyon. Total volumes and tonnage
reported in Table 3.4-15 do not account for the riprap required at the base of the reclamation
culverts.

Reclamation Culvert Design - Three culverts will remain for the Castle Gate reclamation
plan. Castle Gate reclamation culvert (CGRC-1), is an existing 60 inch x 120 inch box culvert
which will remain for Phase | final reclamation. CGRC-1 will subsequently be removed when
Phase | reclamation is completed. The average riprap size required at the CGRC-1 outlet is 1
inch. CGRC-2 is an adequately designed existing 60-inch concrete culvert located under the
D&RGW Railroad tracks. CGRC-2 (Operations Hydrology CGC-5) extends to the Price River
and will be shortened for Phase | reclamation as shown on Exhibit 3.4-3A. An average riprap
size of 39 inches will be required at the outlet. Finally CGRC-3 consists of two 84 inch CMP
culverts that require an average riprap size of 30 inches at the outlet. Calculations regarding
design of the Castle Gate Preparation Plant reclamation culverts are presented in Appendix
3.4L. Summaries of the reclamation culvert discharges and designs are presented in Tables
3.4-13 and 3.4-14, respectively.
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3.4-4{3) Reclamation Sedimentation Ponds

During Phase | of reclamation, sedimentation ponds will be the primary means of
capturing sediment erosion from the reclaimed areas designated on Exhibit 3.4-3A. Since
several of the diversions channelling undisturbed area runoff around the disturbed area will be
removed, some undisturbed area runoff will now contribute to the ponds. Consequently,
Ponds 011 and 012B are currently undersized to accommodate approximately three years of
sediment storage as well as the storm runoff from the 10-year 24-hour storm event. Those
two ponds will be expanded from their current operational hydrology size, while Pond 013
need not be modified. Since Pond 012A will be removed during Phase | of reclamation, Pond
0128 is henceforth referred to as Pond 012 once it is enlarged. All pond sizing calculations
are contained in Appendix 3.4M. Alternative sediment controls will be utilized to trap
sediment where grading does not allow the runoff to flow to a sediment pond. |

Curve numbers for the undisturbed drainage areas contributing to the ponds were
estimated from vegetation data presented on Exhibit 9-1, and by field observations. Cover
densities for each vegetative group were estimated from information presented in Chapter 9.
Curve numbers varied from 75 to 78 for the undisturbed drainage areas which contribute to
the sedimentation ponds. A summary of curve numbers for those areas is presented in
Appendix 3.4L. A curve number of 80 for the reclaimed areas was chosen from professional
judgement and tabulated values presented by the U.S. Soil Conservation Service (1972).

The 25-year 6-hour storm event was routed through reclamation Ponds 011 and 012
to determine the adequacy of the existing spillway under reclamation conditions. The
computer software SEDIMOT Il was used for the routing. SEDIMOT Il assumes that the pond
is full of water up to the spillway/overflow elevation at the beginning of the storm event. This
results in a conservative estimation of the maximum stage since, in general, the pond can be
assumed to be empty at the beginning of a storm. Overflow from Pond 011 discharges to
reclamation ditch CGRD-6, while Pond 012 discharges to the railroad right-of-way and flows

south toward Willow Creek.
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A diversion/berm system was designed to convey the runoff and sediment from the
reclaimed areas to the sedimentation ponds using the 10-year 6-hour storm event. Berms will
be constructed in the locations indicated on Exhibit 3.4-3A. Adjacent to each berm will be
a broad swale diversion which will convey the runoff. The height of the berm will be
approximately 1.0 foot, with a 1.0 foot top width and side slopes of 2H:1V. The bottom
width of the swales will be 8 feet alongside all the berms. Maximum flow velocities do not
exceed 2.5 fps and, therefore, riprap protection will not be required. The last entry in Table
3.4-12 summarizes the geometry of a typical berm/swale. Calculations for the berm/swale
system are provided in Appendix 3.4M.

Once Ponds 011 and 012 are enlarged for Phase | reclamation and all grading and
seeding have been completed, Ponds 011, 012 and 013 will serve to collect sediment for a
minimum of two years. The ponds will not be removed until the removal is authorized by
DOGM, vegetation over the reclaimed area has beén properly established in accordance with
R645-301-763.100, and the water quality bond release standards of R645-301-880.320 are
complied with. Sediment will be removed from the reclamation sedimentation ponds when
the sediment reaches the 60% cleanout level, as determined by reading the sediment marker
in each pond. The sediment will first be evaluated to determine if it contains acid and/or toxic
forming compounds, and the results forwarded to DOGM. The sediment will then be
transported to a location designated within the Castle Gate Mine permit boundary.

The following summaries are provided for the proposed reclamation sedimentation pond
structures. The 'proposed topography and cross sections for Ponds 011 and 012 are
presented on Exhibits 3.4-9A and 3.4-9B, respectively.

Reclamation Pond 011 - Pc_md 011 was maodified in 1991 for the purposes of
operational hydrology sediment control. An as-built survey was performed by Dan W. Guy in
October 1991, and the results of the survey are summarized in Exhibit 3.4-11. The capacity
of Pond 011 at the principle overflow is currently 43,563 cubic feet.

Using reclamation parameters, an annual sediment volume of 1,653 cubic feet was

calculated for Pond 011 using the methods described in Chapter 7. The storm runoff volume
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from the 10-year 24-hour storm eventis 53,600 cubic feet (1.23 acre-feet). The computation
of the runoff volume assumed a reclaimed drainage area of 11.6 acres and a curve nhumber
of 80. A curve number of 75 was used for the undisturbed areas covering 33.4 acres. Thus,
Pond 011, as currently constructed, is insufficient to contain the 10-year 24-hour storm during
Phase | of reclamation.

The design size of the pond has been increased by expanding it to the southeast so
that the existing overflows and spillways can be utilized during reclamation. Exhibit 3.4-9A
contains a plan view and two section views of the modified pond. From the stage/storage
capacity curve for the pond structure contained in Appendix 3.4M, the allowable storage at
the principle overflow elevation (97.0 feet) is approximately 58,200 cubic feet (1.34 acre-
feet). (Elevation is relative to the elevation of the top of the embankment next to the
emergency spillway of 100.00 feet.) Therefore, the modified pond will contain the runoff
from the 10-year 24-hour storm event and 2.7 years of sediment storage. Table 3.4-16
summarizes the stage-capacity data for Pond 011, once it is enlarged for reclamation.

The 25-year 6-hour storm event (1.6 inches of precipitation (Miller, et. al., 1973)) was
used to assess the capacity of the existing principle overflow for Phase | of reclamation. The
methods used to calculate the capacity of the overflow pipe are described in Chapter 7.
Computations assumed that the pond contained the maximum allowable sediment volume of
4,600 cubic feet (2.7 years), and that the pond was full of water up to the overflow flowline
prior to the start of the design runoff event.

From the analysis of the 25-year 6-hour storm event, the maximum combined inflow
rate to the pond structure is 3.5 cfs and the maximum outflow rate is 2.82 cfs. The
corresponding high water elevationis 97.48 feet, 1.52 feet below the minimum embankment
elevation of 99.0 feet. Thus, Pond 011 will adequately pass the 25-year 6-hour peak flow,
and the freeboard will be adequate. Since the emergency spillway is at elevation 98.0 feet,
it will not pass water during the 25-year 6-hour storm event. The calculations for
sedimentation Pond Q011 are contained in Appendix 3.4M.
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. The maximum outflow rate was used to size the riprap at the end of the principle
overflow culvert. Based on a culvert slope of 1.5%, a Manning’s 'n’ of 0.022, a culvert size
of 18 inches, and a discharge of 2.82 cfs, the flow velocity against the riprap at the end of
the culvert will be 4.0 fps. Riprap with an average diameter of 2 inches is required. Thus,
the existing riprap of 18" average diameter is satisfactory for reclamation.

SEDCAD was used 1o route a 25-year 6-hour storm through the pond assuming that
the pond is full of water at the beginning of the storm and that the principle overflow was
plugged. The resulting maximum water level is 98.3 feet, with a depth of flow through the
spillway of only 0.3 feet. Using the maximum discharge rate of 2.96 cfs, the emergency
spillway outslope was evaluated to determine riprap requirements. The spiliway has a 6 foot
bottom width and 2H:1V side slopes. With a channel slope of 0.33 feet per foot, a bottom
width of 6 feet, and a Manning’s roughness coefficient of 0.035, the flow velocity was
calculated to be 5.0 fps. An average riprap diameter of 3 inches is required for this flow
velocity. The existing riprap, with a Dy, size equal to 6 inches, is satisfactory. The spillway
need not be modified for reclamation. A cross section of the emergency spillway is presented
in Exhibit 3.4-11 and 3.4-9A.

The peak inflows into the north and south inlets were calculated to be 1.8 and 1.7 ¢fs,
respectively. Flow velocities of 5.1 an 6.4 fps were calculated, as shown in Appendix 3.4M.
These inlet channels require an average riprap size of 3 inches and 4 inches, respectively.
Calculated channel flow depths will provide for over 1.5 feet of freeboard.

According to R645-301-742.221.34 (DOGM, 1990) a non-clogging dewatering device
must be installed in the pond. Because the pond is incised, the elevation of the flowline of
the dewatering device is below the adjacent topography, a decant is not feasible. Therefore,
the pond will be dewatered using a pump system. The pond will be dewatered to elevation
84.5, the maximum sediment storage elevation. The inlet structure to the pump will float on
the surface of the water. The pump system will include an oil skimmer to prevent floating

matter from being discharged from the pond during dewatering. Prior to dewatering, the
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impounded water will be sampled and tested to insure that it meets NPDES discharge
requirements.

Sediment removal will be performed when the sediment reaches an elevation of 83.0,
which corresponds to 60% of the maximum design sediment volume.

Reclamation Pond 012 - Since the main access road traversing the Prep Plant site will
be removed during Phase | of reclamation, it cannot serve as a berm to transmit disturbed area
runoff to Pond 012A. Thus, Pond 012A will be removed under Phase | reclamation, as
mentioned above. Pond 012B was evaluated to determine its capacity to contain the 10-year
24-hour storm event and sufficient sediment erosion from the watersheds identified on Exhibit
3.4-3A.

Pond 012B was modified in 1991 for the purposes of operational hydrology sediment
control. An as-built survey was performed by Dan W. Guy in September 1991, and the
results of the survey are summarized in Exhibit 3.4-12. The capacity of Pond 012B at the
primary spillway is currently 53,123 cubic feet (1.22 acre feet).

The three year sediment storage volume for Pond 012B of 9573 cubic feet (0.22 acre-
feet) was calculated using methods described in Chapter 7. The calculations are contained
in Appendix 3.4M. The storm runoff volume from the 10-year 24-hour storm eventis 60,025
cubic feet (1.38 acre-feet). These results are based on a curve number of 75 for the 9.91
acres of undisturbed area, and a curve number of 80 for the 28.94 acres of reclaimed area.
The minimum necessary capacity of the pond at the elevation of the spillway must be 69,600
cubic feet (1.60 acre feet). Thus, the pond is undersized for its use during Phase |
reclamation.

The design of Pond 012B was modified to increase its capacity without affecting the
existing spillway structure. A plan view and two section views of the modified pond (referred
to as Pond 012) are shown in Exhibit 3.4-9B. From the stage-capacity curve contained in
Appendix 3.4M, the allowable storage at the spillway elevation (6097.5 feet) is 80,500 cubic
feet. Therefore the pond will fully contain the 10-year 24-hour storm event and more than
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three years of sediment once it is enlarged. Table 3.4-17 summarizes the stage-capacity data
for Pond 012. J

The 25-year 6-hour storm event (1.6 inches of precipitation (Miller, et. al., 1973)) was
used to assess the capacity of the existing Pond 012B spillway for use during Phase | of
reclamation. The calculation methods used are described in Chapter 7, while the calculations
are contained in Appendix 3.4M. Computations were conducted assuming that the pond
contained the maximum allowable sediment volume of 20,500 cubic feet at elevation 6093.0.
In addition, the computer software program SEDIMOT Il assumes that the ponds are full of
water up to the spillway elevation at the beginning of the storm event.

Using the above assumptions, SEDIMOT Il calculated a maximum inflow rate of 5.94
cfs and a maximum outflow rate of 3.26 cfs for Pond 012. The corresponding high water
elevationis 6097.88 feet, 0.38 feet above the primary spillway flowline and 1.12 feet below
the minimum embankment elevation of 6099.0 feet. Therefore, Pond 012 as modified under
this design and the existing spillway are adequate to pass the 25-year 6-hour storm event
during Phase | reclamation. The pond is considered adequate to meet the requirements of
R645-301-742.220.

Appendix 3.4M includes the calculations for the inlet channel design. A trapezoidal
inlet three feet wide and 1.4 feet deep with 3H:1V side slopes will be sufficient to transmit
the maximum design flow of 5.94 cfs. This cross section will allow for one foot of freeboard.
The peak flow velocity of 4.1 fps requires protection by riprap with and average diameter of
2 inches.

The spillway outlet channel of Pond 012 was evaluated to determine its suitability to
transmit the maximum design discharge (Appendix 3.4M). The existing open channel spillway
on Pond 012B has a bottom width of 6 feet, side slopes of 2H:1V, and a channel slope of
50%. The design flow depth with the design discharge of 3.26 cfs is 0.1 feet. Since the
existing channel is one foot deep, 0.9 feet of freeboard will be available during a 25 year 6

hour storm event during Phase | of reclamation. The maximum flow velocity of 5.9 fps
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requires an average riprap diameter of 4 inches. The existing outlet channel on Pond 012B
has 9 inch riprap, and thus the outlet channel need not be modified for reclamation.

Pond 012 will be dewatered using the existing decant pipe system. The approximate
flowline elevation of the dewatering device is 6093.5, which is above the maximum sediment
storage elevation. Refer to Exhibit 3.4-9B for a typical section of the existing decant system.
Prior to dewatering, the impounded water will be sampled and tested to insure that it meets
NPDES discharge requirements.

Sediment removal will be performed when the sediment reaches an elevation of
6092.1, which corresponds to 60% of the maximum design sediment volume.

Pond 013 - As indicated in the calculations contained in Appendix 3.41, the storm
runoff volume for the 10-year 24-hour event is 101,200 cubic; feet. This assumes a curve
number of 75 for the 59.6 acres of undisturbed area contributing Pond 013. A curve number
of 80 was used for the 24.1 acres of reclaimed area. The stage-area and stage-capacity data
for Pond 013 were previously determined from the pond topography contained in Exhibit 3.4-
13 (See Appendix 3.4!). From the stage-capacity curve, the allowable storage at the spillway
elevation (6,255.0 ft) is approximately 396,000 cubic feet. Therefore, thereis 294,000 cubic
feet available for sediment storage, far more volume than is necessary. _

Appendix 3.4l includes an evaluation of the spillway and the inlet and outlet channels
for the 25-year 24-hour storm event (2.3 inches of precipitation (Miller, et. al., 1973)).
These existing structures were deemed adequate for operational hydrology design flows. With
a reduction of storm runoff design flows during reclamation, the existing structures are
suitable for use during Phase | of reclamation without modifications.

Accordingto R645-301-742.221.34 (DOGM, 1990), a non-clogging dawatering device
must be installed in the pond. Because the pond does not require reconstruction, it will be
dewatered using a pump system. The pond will be dewatered to elevation 6250.2, the
maximum sediment storage elevation. The pump system will include an oil skimmer to

prevent floating matter from being discharged from the pond during dewatering. Prior to

007/004 3.4-39



Chapter 3, Section 3.4 January 1995
Castle Gate Mine
Preparation Plant

dewatering, the impounded water will be sampled and tested to insure that it meets NPDES
discharge requirements.

Sediment removal will be performed when the sediment reaches an elevation of
6245.5, which corresponds 10 60% of the maximum design sediment volume. A sediment

marker installed in the pond will be used to monitor sediment levels.
3.4-4(4) Reclamation Alternative Sediment Controls

Castle Gate Mine proposes to employ the following alternative methods in varying
degrees to limit and control sediment erosion in those reclaimed areas whose storm runoff

does not flow to sedimentation Ponds 011 or 012:

Filter fabric (silt) fences

Surface ripping

Mulch

Chemical (tackifier) added to muich

Straw bales

Seeding

Reseeding areas that do not exhibit successful germination

Noakwb =

Based on Simons, Li & Associates (1983, Table 8.1), these methods constitute some
of the best available control technology for the purpose of mining reclamation.

The proposed alternative sediment control measures can be classified into three
categories: filtering structures, mechanical treatment, and surface protection measures.
Filtering structures inhibit runoff and sediment transport capacity by reducing flow velocity.
They also physically trap sediment in the filter openings while allowing water 10 pass through.
Mechanical treatment increases surface roughness thereby reducing overland flow velocity,
which minimizes the sediment transport capacity. Detaining some of the would-be runoff also
improves soil moisture for plant germination. Surface protection measures include mulching,
mulch binders, netting, and seeding. These measures are the most effective controls since

they minimize the amount of soil detached by raindrop impact, and thus limit soil loss at the
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source. Surface protection measures also increase the surface roughness and increase water
infiltration into the ground.

Simons, Li & Associates (1983, Figure 7.3) indicates that synthetic filter fabric is more
efficient than straw bales at trapping silt and, therefore, synthetic fabric fences and not straw
bales will be utilized wherever possible. The sections of the reclamation stream channels
protected by silt fences are indicated on Exhibit 3.4-3A. The fences will be installed parallel
to the contours with the ends of the fences turned up perpendicular to the contours to contain
the sediment. Silt fences will be installed in accordance with Figures 3.4-1 and 3.4-2. The
filter fabric will be composed of a UV-resistant, perforated synthetic fabric with an integral
supportive netting. A separate supportive backing could be used in lieu of the integral netting.
To prevent sediment runoff from passing under the fence, the fabric will be secured by burying
the bottom edge of it in @ small trench along the length of the fence.

Calculations have been performed that verify that a single tier system of 36" high silt
fences will be adequate to capture sediment during a 10-year 6-hour storm event without
failing, assuming they are properly maintained. Length, spacing, and angle of the fence
segments are contingent on the slope of the channel, the slope of the reclaimed surface
immediately adjacent to the channel, and the relative'expected sediment load along each
specific reach of the canyon. For example, fence segments along the east side of CGRD-5
along the upper reach should be 50 feetin length and spaced approximately 55 feet on center,
angled at about 45° from a line perpendicular to the channel. This general configuration will
allow the fence segments to be parallel to the contours adjacent to the channel, and to
provide a 10 foot projected overlap. See Figures 3.4-1 and 3.4-2 for a typical silt fence
installation, and Appendix 3.4N for supporting calculations.

Mechanical treatment of slopes of less than 20% will be performed by ripping the soil
to a depth of 18" to 24". Ripper shanks should be spaced about seven feet apart, and create
parallel slots four to ten inches wide. Ripping will loosen the soil and allow root penetration
and increase moisture storage. This will allow for quicker vegetation establishment, which

will reduce erosion.
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In regard to surface protection measures, a chemical additive will be used in
combination with wood fiber mulch to help prevent the refnoval of the mulch by wind. The
mulch itself can significantly reduce the amount of sediment yield from an area (Simons, Li
& Associates, 1983, p. 4.30) The mulch also helps retain moisture to allow for seed
germination. Based on a rainfall intensity factor of 0.61 inches per hour, the minimum mulch
application rate is 0.9 tons per acre to prevent mulch removal by rainfall (Simon et al., 1983,
Figure 4.14). The referenced figure assumes that no chemical binder will be used. The
intensity factor corresponds to a 10-year 6-hour storm event. Mulch, with a tackifier, will be
applied at the rate of 2,000 pounds per acre.

Permanent plant growth is the best method of controlling erosion from slopes,
according to Simons, Li & Associates (1983, p. 4.44). Upon completion of the grading in
accordance with the plan depicted in Exhibit 3.4-3, and ripping of the soil, the reclaimed area
will be seeded with grasses and legumes. The species seed mix is addressed in Chapter 9.
Seeding will be performed at the appropriate time of the year in consideration of available
moisture for germination. Areas in which the seed does not germinate will be reseeded.

' Appendix 3.4N presents calculations that quantify the sediment yield that could be
_expected annually and during a 10-year 6-hour storm event with and without various sediment
control measures in place. These calculations were performed to compare the improvement
of the sediment control measures listed above against background levels. The cumulative
implementation of each sediment control measure substantially reduces the amount of
sediment eroded from the reclaimed areas, to the point that the mulch theoretically inhibits
soil loss more effectively than the undisturbed ground cover. Since the undisturbed areas
contributing sediment to the stream channels through silt fences are often larger than the
reclaimed areas, most of the sediment erosion will occur from the undisturbed areas. More
than 90% of the sediment loss trapped by the silt fence along CGRD-5 was calculated to be
from the undisturbed areas. Thus, the background sediment loss overshadows the sediment
loss from the reclaimed areas once the wood fiber mulch is in place. In addition, the

combination of the surface sediment controls on the reclaimed areas and the silt fences along

007/004 3.4-42



Chapter 3, Section 3.4 January 1995
Castle Gate Mine
Preparation Plant

the channels reduces the silt load from the reclaimed areas to the streams by approximately
80% from what it would be if the same reclaimed areas were undisturbed and in their natural
state. |

Whenever possible, a minimum of one method of sediment control will be in place
during reclamation construction. Filter fabric (silt) fences will be installed to collect sediment
runoff from areas which will not report to sedimentation Ponds 011 and 012 as soon as it is
feasible to do so. Upon completion of the grading and soil ripping, the reclaimed area will be
seeded and mulched using either hydromulching or straw tacked by a suitable netting.

The possibility exists that a 10-year 6-hour storm (or larger) will occur during the
grading and removal of the sedimentation ponds. Although every reasonable effort will be
made to have at least one sediment control measure in place, there may be a period of time
when that is not feasible. However, the probability that a 10-year event will occur during the
construction period of approximately six months is only 5.1% (Linsley and Frazini, 1979, Eq.
5-3). This probability is relatively small, and thus no special measures will be taken to address
the possibility.

The alternative sediment controls constructed during Phase | reclamation will be
inspected quarterly or after every major storm event. Observations made during these
inspections, as well as corrective actions taken, will be recorded. Corrections to any
weaknesses in the implementation of the sediment control plan will be remedied immediately
to prevent future silt runoff into the Pricé River. Corrective action will be taken when trapped
sediment builds up along a silt fence to half its height, when the sediment fence is listing more
than 20 degrees from the vertical, when the straw bales become 50% saturated with silt,
when a gully greater than six inches in depth is created due to lack of vegetation
establishment, or when the mulch and seed have been transported by wind or overland flow.
Corrective action will consist of repairing/replacing or adding filter fabric fences as necessary,
replacing straw bales, regrading of the ground surface only as necessary to fill in six inch

gullies caused by erosion, and reseeding and mulching to reestablish vegetation. Soil material
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trapped by sediment control structures that is not used in repairing erosion damage on the site
will be removed and disposed of within the boundaries of the Castle Gate Mine permit area.

All alternative sediment control structures will remain in place for a minimum of two
years after the last seeding, until the removal is authorized by DOGM, until vegetation over
the reclaimed area is properly established in accordance with R645-301-763.100, and the
water quality bond release standards of R645-301-880.320 are complied with,

3.4-5 Reclamation Timetable

No permanent reclamation is proposed during the renewal period of 1989 -1994.

However, the following time frames can be used to estimate the length of time for

reclamation.

1. Demolition - Week 1-36

2. Grading Week 36 - 60

3. Installation of Alternative _
Control Measures (ASCM’s) Week 36 - 40

4. Resoiling Week 60 -72

5. Seed bed preparation Week 73

6. Seeding & muiching Week 74 After Oct. 1

7. Pond and ASCM maintenance 0 - 2 years after seeding

8. Removal of Ponds 011, All alternative sedimant control structures
012, 013, and removal will remain in place for a minimum of two
of ASC structures years after the last seeding, until the

removal is authorized by DOGM, until
vegetation over the reclaimed area is
properly established in accordance with
R645-301-763.100, and the water quality
bond release standards of R645-301-
880.320 are complied with.
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9. Vegetation and water 2 - 10 years after seeding
monitoring
10. Reclamation Monitoring Until Bond Release

3.4-6 Stream Buffer Zones

Castie Gate Mine has Valid Existing rights to perform underground mining and
reclamation activities within the Stream Buffer Zone, defined as the area within 100’ of the
Price River. Located within this Stream Buffer Zone is the ancillary road A-2 which was
constructed prior to SMCRA. The location of the Stream Buffer Zone is shown on Exhibit 3.4-
2. The Stream Buffer Zone will be marked with signs which state "Stream Buffer Zone".

. 3.4-7 Transportation Facilities

Beltlines - The coal is transported out of the underground mining complex on a 48"
beltline. The beltline crosses US Highway 50 through a tunnel. The beltline continues across
the Price River and the Denver and Rio Grande Railroad through a steel tube which prevents
any spillage from falling into the river or onto the railroad. The beltline proceeds to a transfer
house, breaker and finally to the raw coal storage stacker tube. After processing, the coal is
again belted to the clean coal stacker tube where the coal is stored for shipment. The coal
is loaded onto unit trains from the clean coal storage pile by a 72" beltline to the unit train
loadout. A description of the unit train loadout is located in Section 3.8. The location of

- beltline facilities are shown on Exhibit 3.4-1.

Roads - Table 3.4-18 is a list of primary and ancillary roads used to facilitate access
to areas of the Castle Gate Preparation Plant. The roads are shown on Exhibits 3.4-2A and
typical cross sections are found on Figures 3.4-3 through 3.4-9.

The roads were constructed prior to SMCRA and were reconstructed to meet the

. design standards of R645-301.
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In the event of a catastrophic event such as flood or earthquake, the primary roads will
be repaired as soon as practical after damage has occurred if the road is necessary to support
mining and reclamation activities. _

The primary and ancillary roads shown on Exhibit 3.4-2A were constructed using non
toxic and non-acid bearing materials in their surface. No embankments were constructed to
support the road. The refuse haul road and truck dump roads (P-2 and P-3) were constructed
on cut and fill slopes. Both the refuse haul road and truck dump roads are constructed on
substantial rock. These rock road cuts exceed the 1.3 static factor of safety required in
R645-301-534.130.

The side slopes of the roads are revegetated. The runoff from the roads is channelled
in ditches or overland flows which controls or prevents erosion.

The culverts used in the road construction were designed to sustain the vertical soil

pressure, passive resistance of the foundation and the weight of the vehicles using the road.
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TABLE 3.4-1

: PREPARATION PLANT
OPERATIONAL HYDROLOGY WATERSHED CHARACTERISTICS

TIME OF DRAINAGE PEAK
WATERSHED CURVE | CONCENTRATION AREA FLOW
(CGWS-) NUMBER | (HR) (Acres) (CFS)™
U1 ) 78 106 7.05 0.95
U2 78 .066 2.38 0.36
U3A 75 710 1027.1 42.5
u3B 75 .386 172.9 7.44%
. U4 78 085" 6.78 0.96
U5 82 .098 7.03 1.78
ué 78 181 52.11 5.83
u7 82 108 5.96 1.48
us 78 137 20.59 2.57
D1(A&B) 90 162 12.60 6.83
D2A 78 144 41.10 5.02
D2B . 82 099 7.60 1.92
D2C 82 .098 14.83 3.75
D2D 85 052 4.66 1.76
D2E 85 213 6.49 2.00
D2F 85 046 3.38 1.29
D2G 82 .081 2.26 0.59
—— |
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TABLE 3.4-1 (Continued)

PREPARATION PLANT
OPERATIONAL HYDROLOGY WATERSHED CHARACTERISTICS

TIME OF DRAINAGE PEAK

WATERSHED CURVE CONCENTRATION AREA FLOW
(CGWS- ) NUMBER (HR) {Acres) (CFS)
D3(A&B) 20 142 14.48 7.98
D4(A&B) 90 217 14.73 7.59
D5 85 .038 1.56 0.60

fa) Peak flows are based on a 10-year 6-hour storm event.

. (b} See Table 3.4-20 for 100-year 6-hour storm event peak flows associated with
Schoolhouse Canyon watersheds.
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TABLE 3.4-2

PREPARATION PLANT
OPERATIONAL HYDROLOGY SUMMARY OF
DIVERSION DITCH GEOMETRIES
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MINIMUM MINIMUM MINIMUM MAXIMUM MAXIMUM MAXIMUM MINIMUM
BOTTOM SIDE MINIMUM CHANNEL CHANNEL FLOW MINIMUM FLOW RIPRAP
DIVERSION WIDTH™ SLOPES DEPTH SLOPE SLOPE DEPTH FREEBOARD VELOCITY DSQ"‘
DITCH ID FT) (H:V}) FT) (%) (%} IFT) FT} {FPS) {IN}
CGD-1 20 1:% 0.6 2 10 0.22 0.38 3.29 1.0
CGD-2 1.0 1.5:1 0.5 7 10 0.12 0.38 2.76 NONE
CGD-3 10.0 .8:1 1.0 6 10 0.7 0.29 7.88 10.0
CGD-4 1.0 1:1 0.7 2 6.5 0.33 0.37 3.356 1.0
CGD-8 2.0 1:1 2.4 1 10 2.04 0.36 9.06 14.0
CGD-9 1.5 1 0.6 1 9.2 0.22 0.38 3.26 1.0
CGD-10 2.0 1.5:1 0.9 3 5 0.56 0.34 5,53 3.0
CGD-11 3.0 11 0.5 12.5 12.5 0.18 0.32 4.48 2.0
CGD-12 o] 1.5:1 1.6 1.3 2.6 1.29 0.3 4.15 NONE
CGD-13 o 1.5:1 1.6 1.4 3.0 1.25 0.35 4.32 NONE
CGD-14 1.0 1.6:1 1.0 1.0 1.0 0.65 0.35 2.83 NONE
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OPERATIONAL HYDROLOGY SUMMARY OF

TABLE 3.4-2 {Continued)

PREPARATION PLANT

DIVERSION DITCH GEOMETRIES

MINIMUM MINIMUM MINIMUM MAXIMUM MAXIMUM MAXIMUM
BOTTOM SIDE MINIMUM CHANNEL CHANNEL FLOW MINIMUM FLOW MINIMUM
DIVERSION WIDTH™ SLOPES DEPTH SLOPE SLOPE DEPTH FREEBOARD VELOCITY RIPRAP
DITCH I (FT} {H:V} IFT} (%]} 1%] {FT} (FT) [FPS} D50™ {iN)
CGD-15 1.0 1.5:1 1.0 1.0 3.0 0.66 0.34 3.94 NONE
CGD-16 [+] 1.5:1 0.9 7.0 10 0.54 0.36 4.72 1.5
CGD-17 0 1.5:1 1.0 6.7 10 0.68 0.32 6.41 2.0
GENERIC DITCH 0 3:1 1.0 6 11 0.31 0.69 4.28 15
i Minimum bottom width measured at minimum depth from top of channel.

[ ]

Note:

See Table 3.4-21 for information on diversion ditches 5, 6, 7, 18 and 19.

Minimum riprap requirements for ditches constructed in soil. If ditches are constructed on bedrock, riprap is not required. If ditch is well vegetated,
riprap is not required for velocities < 4 ft/sec. Refer to Appendix 3.4D.

1ue|q uoilesedaid
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Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

TABLE 3.4-3

PREPARATION PLANT

January 1995

OPERATIONAL HYDROLOGY SUMMARY OF DIVERSION BERM GEOMETRIES

MINIMUM TOP WIDTH
BERM (CGB- ) (FT) MINIMUM HEIGHT (FT)
1 0.5 2.0
2 1.0 2.0
3 2.0 3.0
4 1.0 2.0
5 1.0 3.0
6 3.0 4.0
7 0.5 1.0
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3.4-63



. Chapter 3, Section 3.4

Castle Gate Mine
Preparation Plant

TABLE 3.4-4

PREPARATION PLANT
OPERATIONAL HYDROLOGY CULVERT DISCHARGE SUMMARY

January 1995

AVAILABLE INLET
MINIMUM HEADWATER | CONTROL PEAK
CULVERT | SIZE AND INLET OVER TOP CAPACITY DRAINAGE FLOW
{CGC- ) TYPE TYPE (FT) (CFS)® BASINS (CFS)
1 18" CMP PROJECT >1 5.7 U1 0.95
2 (2) 84" CMP | MITERED >1 590 POND 011, U2, 56.5
U3A, U3B, U4

3 24" CMP DROP 2 12.5 ua 0.96
5 60" CMP DROP 8 128 Us, POND 013 33,658
6 12" CMP PROJECT >1 2.1 D7 0.60

7 18" CMP CONNECTS POND 012A TO POND 012B (SEE POND CALCULATIONS)
8 60" X 120" | HEADWALL 7 280 us, U7, U8 9.88

BOX
te) Capacity based on HW/D =1.0.

Note: See Table 3.4-24 for information on Culvert CGC-4.
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OPERATIONAL HYDROLOGY CULVERT SUMMARY

TABLE 3.4-5

PREPARATION PLANT

OUTLET PEAK PEAK REQUIRED
CULVERT SIZE AND SLOPE® FLOW® VELOCITY™ D50®
(CGC-) TYPE (%) (CFS) (FPS) (IN})
1 18" CMP 1 0.95 2.4 NONE
2 (2} 84" CMP 5 56.5 9.5 7
3 24" CMP 4 0.96 3.8 1
5 60" CMP 10 33.58 13.4 15
6 12" CMP 4 0.60 3.6 1
7 18" CMP CONNECTS POND 012A TO POND 012B (SEE POND CALCULATIONS}
8 60" X 120" 1 9.88 2.9 NONE
BOX

{a) Field measurement.

(b) See Appendix 3.4F for detaiis.

Note: See Table 3.4-25 for information on Culvert CGC-4.
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Chapter 3, Section 3.4

Castle Gate Mine
Preparation Plant

TABLE 3.4-6

PREPARATION PLANT
POND 011 (Existing) STAGE-CAPACITY DATA

January 1995

ELEVATION INCREMENTAL CUMULATIVE
STAGE {FT) AREA (FT? VOLUME (FT?) VOLUME (FT?)
Bottom 81.5 708 0
413
82.0 944 413
2,244
84.0 1,300 2,657
2,900
86.0 1,600 5,657
3,904
88.0 2,304 9,461
5,228
90.0 2,924 14,689
6,504
92.0 3,680 21,193
7,652
94.0 3,972 28,745
9,216
96.0 5,244 37,961
5,602
Principle 97.0 5,960 43,563
Overflow
6,450
Emergency 98.0 6,940 50,013
Spillway
7,454
Top of 99.0 7,968 57,467
Embankment
007/004

3.4-56



Chapter 3, Section 3.4
Castle Gate Mine
Preparation Plant

TABLE 3.4-7A

PREPARATION PLANT
POND 012A (Existing) STAGE-CAPACITY DATA

January 1995

INCREMENTAL CUMULATIVE
ELEVATION AREA VOLUME VOLUME
STAGE (FT) (FT?) (FT?) (FT%)
Bottom 92.0 5,997 0
15,244
94.0 9,247 15,244
22,3561
96.0 13,104 37,695
18,610
Primary 97.3 15,527 56,205
Spillway
11,325
98.0 16,831 67,530
5,132
Emergency 98.3 17,381 72,662
Spillway
12,616
99.0 18,664 85,278
19,581
Top of 100 20,497 104,859
Embankment
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Castle Gate Mine
Preparation Plant

TABLE 3.4-7B

PREPARATION PLANT
POND 0128B (Existing) STAGE-CAPACITY DATA

January 1995

INCREMENTAL CUMULATIVE T'
ELEVATION AREA VOLUME VOLUME
STAGE (FT) (FT?) (FT°) (FT9)
Bottom 84.0 3.325 0
3,929.5
85.0 4,534 3,929.5
5,170
86.0 5,806 8,099.5
6,473
87.0 7,140 15,672.5
7,828.5
88.0 8,517 23,401
18,893
90.0 10,376 42,294
10,829
Primary 91.0 11,282 53,123
Spillway
6,932
91.6 11,826 60,055
4,803
92.0 12,188 64,858
10,040
Top of 92.8 12,913 74,898
Embankment
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Castle Gate Mine
Preparation Plant

POND 013 (Existing) STAGE-CAPACITY DATA

TABLE 3.4-8

PREPARATION PLANT

January 1995

ELEVATION INCREMENTAL CUMULATIVE

(FT) AREA (FT?) VOLUME (FT?) VOLUME (FT?)

6232 3275.0 0
8,859.8

6234 5584.8 8859.8
13,278.0

6236 7693.2 22,137.8
17,642.6

6238 9949.4 39,780.4
22,529.4

6240 12,580.5 62,309.8
27.960.9

6242 15,380.4 90,270.7
33,339.9

6244 17,959.5 123.610.6
38,217.8

6246 20,258.3 161,828.4
42,879.4

6248 22.621.1 204,707.8
47,699.8 '

6250 25 .078.7 252,407.6
52,768.3

6252 27,689.6 305,175.9
58,825.2

6254 31,135.6 364,001.1
65,731.9

6256 34.596.3 429.733.0
70,833.7

6258 36,237.4 500,566.7
36,647.7

6259 37,058.0 537,214.4
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. Chapter 3, Section 3.4 January 1995
Castle Gate Mine

Preparation Plant

TABLE 3.4-9

PREPARATION PLANT
RECLAMATION MASS BALANCE SUMMARY

Project: CASTLE GATE MINE
CARBON COUNTY, UTAH

Site description: PREPARATION PLANT

Subsite: PERMIT
Description: Volume calculation within disturbed area boundary

Volume Information
Method: Grid
First surface: EG  Second surface: FG

Cut: 127745.2007 cu yds Fif: 116839.9721 cu yds
Net Volume: 11905.2286 cu yds (Cut)

Maximum cut: 21.295846 feet

Location: 2178745.028204 - 511506.279713
Maximum fill: 23.553025 feet

Location; 2177960.461057 - 5115156.189874

Tue Sep 01 14:26:55 1992
Volume calculation by GRID method with a node spacing of 25 feet.
SOURCE: Softdesk, Inc. {formerly DCA Software, Inc.)
Earthworks Grading module
Registration #ERHE 15426
Registered to EarthFax Engineering, Inc.

VOLUME OF TOPSOIL REQUIRED FOR REFUSE PILE

AREA: 30 ACRES
THICKNESS: 2.0 FEET

30 ACRES x 43,560 SF/ACRE x 2.0 FEET x 1 CY /27 CF = 96,800 CY
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TABLE 3.4-10 S
=,
Q
PREPARATION PLANT AREA ?U
RECLAMATION WATERSHED CHARACTERISTICS >
: 2
TIME OF DISCHARGE
WATERSHED CURVE NUMBER AREA (Acres) CONCENTRATION (HR} {CFS)
CGRWS-U1 78 20.48 0.114 2.70%
CGRWS-U2 78 5.96 0.099 2.920
CGRWS-U3 78 50.68 0.186 5.620
CGRWS-U4 78 9.18 0.072 1.35%®
CGRWS-US 80 83.32 0.243 40.20"
CGRWS-U6 75 174.58 0.346 36.55% 7 56"
CGRWS-U7 75 1054.58 0.694 179.78%
CGRWS-US 75 4.04 0.083 1.54@
CGRWS-U9 75 29.38 0.102 1.92
CGRWS-U10 75 3.95 0.048 1.60®
CGRWS-R1 80 7.05 0.060 4.24®
CGRWS-R2 80 21.89 0.100 12.59%
CGRWS-R3 80 11.58 0.301 5.18
CGRWS-R4 80 1.586 0.031 0.35%

tal
b}

Based on the 100-Year 6-Hour storm event.
Based on the 10-Year 8-Hour storm event.

auI 81eD 8)iseD
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. Chapter 3, Section 3.4

Castle Gate Mine
Preparation Plant

TABLE 3.4-11

PREPARATION PLANT AREA

RECLAMATION CHANNEL DISCHARGE SUMMARY

January 1995

DIVERSION CONTRIBUTORY TOTAL DRAINAGE DESIGN DISCHARGE
DITCH WATERSHED AREA (Acres) (CFS)
CGRD-1 CGRWS-U1 20.48 2.70
CGRD-2 CGRWS-U3 50.68 5.62
CGRD-3B CGRWS-U4,Ub 92,5 41.65
CGRD-3C CGRWS-U4,U5 R4 94,08 41.90
CGRD-5 CGRWS-U6,U7 1229.16 222.90
CGRD-6 CGRWS-U6,U7 1229.16 222.90
CGRD-10 CGRWS-U9.R3 40.96 3.43

Note: See Table 3.4-20 for information on diversion ditches 3a, 4, 7, 8 and 9,
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TABLE 3.4-12

PREPARATION PLANT AREA
RECLAMATION CHANNEL SUMMARY
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Minimum Minimum Maximum

Bottom Channel Bottom Minimum Maximum Flow Maximum Minimum

Rectamation Width Side Slopes Depth Slope Bottom Slope Depth Freeboard Velocity Riprap Dgq
Channel (FT)* H:V) (FT) {%) (%} (FT) (FT (FT/S) {IN}
CGRD-1 3 3:1 1.2 27 11 0.2 1.0 562 3
CGRD-2 3 3:1 1.4 30 4 0.4 1.0 7.32 gl
CGRD-3B(MS)® 3 3:1 2.0 10 5 1.0 1.0 9.06 7
CGRD-3B(SS)™ 3 3:1 2.0 18 10 < 1.0 > 1.0 - 12
CGRD-3C 3 31 2.0 24 14 0.8 1.2 - 18
CGRD-5(MS) 18 1.5:1 2.7 10 2 1.7 1.0 11.13 14
CGRD-5(S8} 18 1.5:1 2.7 14 10 < 1.7 > 1.0 - 18'
CGRD-6 18 3:1 2.5 6 2 1.5 1.0 9.81 4t
CGRD-10"™ 3 1.2:1 1.2 10 1 0.2 1.0 3.08 3t
TYPICAL 8 2:1,5:11 1.0 3 1 0.3 0.7 2.5 none

BERM/SWALE

{a)
ib)
(]

e}

Note:

Minimum bottom width measured at minimum depth from top of channel.

MS = mild slope. SS = steep slope.
Riprap D, calculated by using the Searcy method developed for the U.S. D.C.T..

Riprap Dg, calculated by using the Simons et al./OSM steep slope design methodology.
Temporary Reclamation channei {Phase | only].

Berm top width = 1.0 feet.

See Table 3.4-21 for information on reclamation diversicns 3a, 4, 7, 8 and 9.
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@

Castle Gate Mine
Preparation Plant

TABLE 3.4-13

PREPARATION PLANT AREA

January 1995

RECLAMATION CULVERT DISCHARGE SUMMARY

CONTRIBUTORY | TOTAL DRAINAGE | DESIGN DISCHARGE
CULVERT WATERSHED AREA (Acres) (CFS)
CGRC-1 CGRWS-U2,U3 56.64 8.64
CGRC-2 CGRWS- 94.06 41.90
U4,U5,R4
CGRC-3 CGRWS-UB,U7 1229.16 222.90
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Castle Gate Mine
Preparation Plant

PREPARATION PLANT AREA

TABLE 3.4-14

RECLAMATION CULVERT SUMMARY

January 1995

PEAK ACTUAL
CULVERT SIZE & SLOPE PEAK FLOW VELOCITY Dy
(CGRC-) TYPE (%) (CFS) (FPS) {IN)
1@ 60" X 120" Box 1 8.64 3.45 1
2® 60" Concrete 10 41.90 20.86 39
3« 2-84" CMP 5 222.90 17.38 30
te) This is an existing culvert previously labeled CGC-8.
o This is an existing culvert previously labeled CGC-5.
fe} This is an existing culvert previously labeled CGC-2.
‘“’ Actual riprap size exceeds minimum requirements under reclamation conditions.
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TABLE 3.4-15

PREPARATION PLANT AREA RECLAMATION CHANNELS
RIPRAP AND FILTER BLANKET VOLUMES

1ueld uoneJedaid .

aully 91BD) Bjisen

RIPRAP FILTER
RIPRAP Dg, PERIMETER THICKNESS (IN] | RIPRAP VOLUME THICKNESS FILTER
CHANNEL {IN} LENGTH (FT) {(FT} {FT3) {IN) VOLUME (FT?)
CGRDA1 3 275 10.6 6 1,458 6 1,458
CGRD-2 5 200 11.9 10 1,983 6 1,190
CGRD-3B{SS) 7 200 15.6 14 3,640 7 1,820
CGRD-3B(MS) 12 250 15.6 15 4,875 7 2,275
CGRD-3C 18 300 15.6 23 8,970 11 4,290
CGRD-5(MS} 14 250 27.7 28 8,079% 14 4,040%
CGRD-5(SS) 18 1,050 27.7 23 27,873 11 13,331%
CGRD-6 4 300 33.8 8 6,760 6 5,070
CGRD-10 Riprap in place
TOTALS 64,638" 33,474%
{4,625 tons)* {2,176 tons)®

{a)
b}
{c)
[d}
8l

Notes:

Assumes that 50% of the riprap currently lining the existing channel can be reused.
Assumes that new filter material wiil be required along only 50% of the existing channel.
Assumes a riprap in-place density of 140 pcf. '
Assumes a filter in-place density of 130 pcf.

Total volume changed once diversion CGRD-4 was considered a School House Canyon diversion.

1. See Table 3.4-22 for School House Canyon riprap and filter blanket volumes.

2. Riprap at the base of culverts is neglected for the volume calculations.
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Chapter 3, Section 3.4 January 1995
Castle Gate Mine
Preparation Plant

TABLE 3.4-16

PREPARATION PLANT
POND 011 (RECLAMATION) STAGE-CAPACITY DATA

STAGE ELEVATION (FT) AVERAGE INCREMENTAL CUMULATIVE
AREA (FT?) VOLUME (FT?) VOLUME (FT?)
Bottom 81.0 684 0
894
82.0 1100 894
2,700
84.0 1,600 3,594
3,920
86.0 2,320 7,514
5,332
88.0 3,012 12,864
6,872
90.0 3,860 19,718
8,432
92.0 4,572 28,150
10,2562
94.0 5,680 38,402
12,612
96.0 6,832 50,914
7,292
Principle 97.0 7,752 58,206
Overflow
8,284
Emergency 98.0 8,816 ' 66,490
Spillway
9,408
Top of 99.0 10,000 75,898
Embankment
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Castle Gate Mine
Preparation Plant

TABLE 3.4-17

PREPARATION PLANT
POND 012 (RECLAMATION) STAGE-CAPACITY DATA

INCREMENTAL CUMULATIVE
AREA VOLUME VOLUME
STAGE ELEVATION (FT) (FT? (FT%) (FT?)
Bottom 6090.0 3,696 0
11,069
6092.0 7,373 11,069
18,855
6094.0 11,482 29,924
26,711
6096.0 15,229 56,635
16,382
6097.0 17,534 73,017
9,055
Primary 6097.5 18,687 82,072
Spillway
9,632
6098.0 19,840 91,704
20,993
Top of 6099.0 22,145 112,697
Embankment
=
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Chapter 3, Section 3.4 January 1995
Castle Gate Mine
Preparation Plant

TABLE 3.4-18
PREPARATION PLANT AREA ROAD DESCRIPTIONS

ROAD TYPE SURFACE DESCRIPTION

P-1 Primary Asphalt Road P-1 is the main entrance road to Castle Gate
Preparation Plant. The road begins at the south permit
boundary line and runs north to the Preparation Plant.
The road has a minimum width of 20 feet and an
average grade of 4%. The road is used by mine
personnel, coal trucks and delivery vehicles. Figure
3.4-3 is a typical section of the road. The road will be
maintained by filling potholes with asphalt and washing
with a water truck as needed.

P-2 Primary Rock Road P-2 is the refuse haul road which begins near the
southeast corner of the office/warehouse building and
runs south to the refuse pile. The road has a minimum

width of 20 feet. The grade varies from 4% to 10%
. depending on the location along the route. The primary

purpose of the road is to haul refuse from the
Preparation Plant to the refuse pile. Maintenance will
be grading the road as necessary to maintain drainage.
Figure 3.4-4 is a typical section of the haul road.

P-3 Primary Roack Road P-3 is the haulage road used by coal trucks to
access the truck dump. This road begins about 300
feet north of the truck scale and runs north to the truck
dump area. The minimum width on this road is 15 feet
with a grade that varies from 2% to 6%. The road will
be maintained by grading as necessary to establish
drainage and provide a driveable surface. Figure 3.4-5
is a typical section of the haul road.

A-1 Ancillary Rock Road A-1 is an ancillary road which is used to access
the parking area for the bathhouse at the Preparation
Plant. The road is located just south of the thickener.
The road is a minimum of 15 feet wide and the grade
varies from 2% to 6%. The road will be maintained by
grading when necessary to provide drainage and a
driveable road surface. Figure 3.4-6 is a typical section
of the haul road.
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. Chapter 3, Section 3.4 January 1995
- Castle Gate Mine
Preparation Plant

TABLE 3.4-18 (Continued)
PREPARATION PLANT AREA ROAD DESCRIPTIONS

ROAD TYPE SURFACE DESCRIPTION

A-2 Ancillary Rock Road A-2 begins just west of the water treatment
plant and runs north parallel to the Price River along
the western disturbed area boundary line. The road
continues as a public road past the northern disturbed
area boundary line. The road is used for access to
the raw water pond, clean coal pile, and unit train
loadout. The road has a minimum width of 18 feet
and a gradient of 2% to 4%. The road will be
maintained by grading when necessary to establish
drainage and provide driveable road surface. Figure
3.4-7 is a typical section of the road.

A-3 Ancillary Rock Road A-3 begins near the southeast corner of the
office/warehouse building and continues east past the
substation to an area which is used for Preparation

Plant parts storage. The minimum width of the road
is 12 feet. The gradient varies from 2% to 6%. The
road will be maintained by grading when necessary to
establish drainage and provide a driveable road
surface. See Figure 3.4-8 for typical cross section.

A-4 Ancillary Rock Road A-4 joins road A-2 just east of the thickener.
The road is used to access the area which contains
the thickener overflow pond and the raw coal pile.
The minimum road width is 12 feet and the gradient
varies from 2% to 6%. The road will be maintained
by grading in order to establish drainage and provide a
driveable surface. See Figure 3.4-9 for a typical
section of the road.

/.
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Chapter 3, Section 3.4

Castle Gate Mine
Preparation Plant

TABLE 3.4-19

PREPARATION PLANT
SLOPE PARAMETERS

January 1995

MOIST SATURATED ANGLE OF
UNIT UNIT COHESION INTERNAL PORE PORE
WEIGHT WEIGHT (PSF) FRICTION PRESSURE PRESSURE
SECTION SOIL TYPE (PCF)™ (PCF) ) fe) (o) o te) PARAMETER | CONSTANT
Pond 011 Silty Sand 115 135 100 34 0 0
c-C’ {SM)
Pond 011 Silty Sand 115 135 25% 200 34 0 0
D-D’ (SM)
Pond Silty Sand 115 135 259,200 34 0 0
012A (SM)
G-G
Pond Silty Sand 1156 135 100 34 0 0
0128 {SM)
F-F
Pond Silty Sand 116 135 25%,200° 34 0 0
0128 (SM)
H-H

(a}
{b}
{c)
d
{8)

See Appendix 3.4K for unit weight calculations based on NAVFAC DM-7, 1971, and Hoek, 1981,

Hoek, 1981. Table 1 - Typical Soil and Rock Properties. pg 23.
NAVFAC DM-7. 1971. Table 9-1. Typical Properties of Compacted Materials.
Saturated soil layer.
Moist, unsaturated soil layer.
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Castle Gate Mine
Preparation Plant

TABLE 3.4-20

January 1995

SCHOOL HOUSE CANYON REFUSE AREA

DIVERSION DISCHARGE SUMMARY

TOTAL
REFERENCE CONTRIBUTORY DRAINAGE DESIGN
LETTER ™ MINING PHASE WATERSHED AREA (AC) DISCHARGE™
Current Current
Current Operation | Exhibit 3.4-2 QOperation Operation
A CGD-5 CGWS-U3B 172.9 33.9
B CGD-6 (Upper) CGWS-D2A, D2B, D2E 55.4 30.4¢
C CGD-6 (Lower) CGWS-D2A, D2B, D2E 55.4 30.4
D CGD-7 (Upper) CGWS-D2C, D2E 21.0 18.6
E CGD-7 (Lower) CGWS-D2C, D2D, D2E 25.7 22.6
F NA NA NA NA
G CGD-19 CGWS-D2A, D2B, D2E 55.4 30.4
H NA NA ) NA NA
. Final Operation Exhibit 3.4-2C Final Qperation | Final Operation
A CGD-5 CGWS-U3B 172.9 33.9
B CGD-6 (Upper) CGWS-D2B,D2C 24.1 16.7
C CGD-6 (Lower) CGws-D2B, D2C, D2D, D2E 41.7 34.29
D CGD-7 (Upper) CGWS-D2A, D2C 35.9 22.8
E CGD-7 (Lower) CGWS-D2A, D2C, D2E, D2F 58.3 44.9%
F CGD-18 CGwWsS-D2B 14.7 6.9
G CGD-19 CGWS-D2B, D2C, D2D, D2E 41.7 34.2¢
H NA NA NA NA
Final Final
Final Reclamation | Exhibit 3.4-3 Reclamation Reclamation
A CGRD-4 CGRWS-U6 174.6 36.6"°
B CGRD-8 CGRWS-U5A 28.6 15.9
C CGRD-9 (Upper) CGRWS-UBA, U5C 40.9 23.0
D CGRD-7 CGRWS-U5B 26.6 15.5
E CGRD-3A CGRWS-U5B, USD 42.4 25.0
F NA NA NA NA
G NA NA NA NA
H CGRD-9 (Lower) CGRWS-U5A, U5C 40.9 23.0%
el Drainage diversion/channels with the same reference letter are identically located.
® All design flows are based on the 100-year 6-hour storm event. _
fe) Refers to maximum design peak flow throughout all mine phases. (Ditch designed for this

discharge value).
NA = Not applicable
. Note: See Table 3.4-2 for generic ditch values.
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TABLE 3.4-21
SCHOOL HOUSE CANYON REFUSE AREA
DIVERSION SUMMARY BASED ON MAXIMUM PEAK FLOW DESIGN
= ,,__,,,__w
, Min. Max. | Max. | .
Bottom Side Channel | Channel | Fiow - Max. Min.
Width Slopes Depth Slope Slope Depth | Fresbrd Flow D50
(FT) (H:V) (FT} (%) (9%} {FT) FT) Velocity'* (N}
{FPS)
| 5.0 1:1 | 2.21 2 20 | 121 | 100 | 1062 .
« || cGD-6 (Upper/CGRD-8 00 [1&:11] 15 1 1 1.23 | 0.27 3.51 None
'S 10:1 (R}
& |l CGD-6 (Lower)/CGRD-9 (Upper) | 3.0 311 1.85 8 40 085 | 1.00 .. 18
1 CGD-7 (Upper)/CGRD-7 00 [101w] 15 1 1 1.10 | o©.40 3.26 None
\ : 1.5:1 {R}
| cGD-7 (Lower)/CGRD-3A 5.0 3:1 171 | 13 40 071 | 1.00 : 21
SRO-Y {Lower) 3.0 3:1 1.56 20 50 055 | 1.00 ) 18 “
3.0 3:1 1.26 17 17 0.26 | 1.00 7.17 5 J
| 40 1.75:1 | 1.75 10 10 073 | 1.02 8.83 7 J

m flow velocity calculated only for Searcy/U.S. D.O.T. design procedure.
p required. Diversion is excavated into bedrock.
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CHANNEL

| CGD-5/CGRD-4

TABLE 3.4-22

SCHOOL HOUSE CANYON REFUSE AREA
CHANNEL RIPRAP AND FILTER BLANKET VOLUMES

Diversion is excavated into bedrock

THICKNESS

January 1997

FILTER FILTER
VOLUME

NPT

CGD-6 (Upper)/
CGRD-8

None required. Design velocity is non-erosive (see Appendix 3.4J)

CGD-6 (Lower)/
CGD-9 (Upper)

18

1000

28224

1 13524

CGD-7 (Upper)/

None required. Design velacity is non-erosive (see Appendix 3.4J)

II CGRD-7
II CGD-7 (Lower)/ 21 1300 44572 13 22594
CGRD-3A
CGRD-9 {Lower) 18 450 11059 11 5300
CGD-18 5 Riprap in-place."
CGD-19 . 10 Riprap in-place."
TOTALS 101,233
(7,087
tons)"! :

CGD-18 and CGD-19 are operational diversions and will be removed at the beginning of the

Assumes a bulk density of 140 pcf.
Assumes a bulk density of 130 pcf.

i)

o reclamation phase.
{c}
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TABLE 3.4-23

SCHOOL HOUSE CANYON REFUSE AREA
CULVERT DISCHARGE SUMMARY

January 1995

TOTAL
REFERENCE CONTRIBUTORY | DRAINAGE DESIGN
LETTER MINING PHASE | WATERSHED AREA (Acres) | DISCHARGE™
Current Current Current
Operation Exhibit 3.4-2 Operation Operation
A CGC-4 CGWS - D2A, 55.4 30.40
D2B, D2E
Final Final
Final Operation | Exhibit 3.4-2C QOperations QOperations
A CGC-4 CGWS - D2B, 41.7 34.20¢
D2C, D2D, D2E

(a)
{b)
(e

Culverts with the same reference letter are identically located.

All design flows are based on the 100-year 6-hour storm event.

Refers to maximum design peak flow throughout all mine phases. Culvert designed
for this discharge value.
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TABLE 3.4-24
SCHOOL HOUSE CANYON REFUSE AREA

January 1995

SUMMARY OF CULVERT CAPACITY

REQUIRED
HEADWATER PEAK
CULVERT SIZE AND INLET OVER TOP™ DRAINAGE BASINS | FLOW
TYPE TYPE (FT) (EXHIBIT 3.4-2C) (CFS)
CGC-4 24" CMP improved 1.2 CGWS-D2B, D2C, 34.20
with 18" D2D, D2E
HDPE
Extension
(e) Measured from the top of the rectangular inlet opening
007/004 3.4-76
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TABLE 3.4-25

SCHOOL HOUSE CANYON REFUSE AREA
CULVERT SUMMARY

January 1995

PEAK PEAK REQUIRED
SIZE AND OUTLET FLOW®™ | VELOCITY"™ D,,
CULVERT TYPE SLOPEﬂL%) (CFS) (FPS) (IN)
CGC-4 24" CMP 60 34.20 53.4 24
with 18"
HDPE
Extension™ _
(e) See Appendix 3.4J for details.
fol Several boulders ranging in size from 2 feet to 4 feet in diameter.
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APPENDIX 3.4A
. GOLDER ASSOCIATES REPORT, "DESIGN OF A COAL REFUSE DISPOSAL

SYSTEM, PHASE II; DETAILED DESIGN, SCHOOL HOUSE CANYON
REFUSE DISPOSAL FACILITY", JANUARY 1978
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APPENDIX 3.4B

EXCERPTS CONCERNING REFUSE ENGINEERING CHARACTERISTICS TAKEN
FROM GOLDER ASSOCIATES REPORT ON "DESIGN OF A COAL REFUSE DISPOSAL
. SYSTEM, PHASE |, SITE FEASIBILITY STUDY",
SEPTEMBER 1977
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APPENDIX 3.4C
. HORROCKS AND CAROLLO ENGINEERS REPORT,

"SLOPE STABILITY ANALYSIS ON COAL REFUSE PILE AT CASTLE GATE
PREPARATION PLANT", MARCH 1983.
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APPENDIX 3.4D

DISTURBED AND UNDISTURBED AREA
. RUNOFF CALCULATIONS
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OPERATION PHASE
DIVERSION DITCH CALCULATIONS

January 1995
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APPENDIX 3.4F
. DIVERSION CULVERT CALCULATIONS
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APPENDIX 3.4G
AS-BUILT CALCULATIONS FOR POND 011
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APPENDIX 3.4H
AS-BUILT CALCULATIONS FOR PONDS 012A AND 012B
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APPENDIX 3.41
. AS-BUILT CALCULATIONS FOR POND 013
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. Chapter 3, Section 3.4 January 1995

SUPPLEMENT TO
APPENDIX 3.4J
DRAINAGE CONTROL DESIGN CALCULATIONS

FOR SCHOOL HOUSE CANYON REFUSE SITE DIVERSION STRUCTURES -
. CURRENT OPERATION, FINAL OPERATION, AND RECLAMATION PHASES
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APPENDIX 3.4K
SLOPE STABILITY ANALYSIS
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APPENDIX 3.4L

RECLAMATION HYDROLOGY STRUCTURES
. CALCULATIONS
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APPENDIX 3.4M

RECLAMATION SEDIMENT PONDS
. CALCULATIONS
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APPENDIX 3.4N

ALTERNATIVE SEDIMENT CONTROL MEASURES
. CALCULATIONS
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APPENDIX 3.40

AS-BUILT POND SURVEY AND
. CONSTRUCTION METHOD CERTIFICATIONS
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APPENDIX 3.4P-1

EMBANKMENT STABILITY ANALYSIS FOR POND 011
. COMPUTER OUTPUT
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APPENDIX 3.4P-2

EMBANKMENT STABILITY ANALYSIS FOR POND 012A
. - COMPUTER OUTPUT
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APPENDIX 3.4P-3

EMBANKMENT STABILITY ANALYSES FOR POND 012B
. COMPUTER OUTPUT
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REFUSE PILE PROFILE
FINAL RECLAMATION PHASE
CASTLE GATE COAL MINE
CARBON COUNTY, UTAH

A-A'
6650 1
TOP OF
REFUSE
&550 . 42%
~ TYPICAL TERRACE
k WIDTH = 40 FEET
E 8450 4 h
F —_EM%
i T 0%
o ——
o 368%
w es%o REFUSE
BOTTCM OF REFUSE
6250
6150 T - ¥ r T v v T T : v - .
Is] 100 200 300 400 500 800 TOOo 8BGO 00 1000 oo 200 1300 1400
NOTE: SEE EXHIBIT 3.4-3 FOR
HORIZONTAL DISTANCE { FEET ) PROFILE LOCATION.
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CASTLE GATE MINE
PREPARATION PLANT
RECLAMATION—FPHASE 1

55

A
45"
55"
ADJUST SILT FENCE SPACING

45°
[ ’)\g)
AND ORIENTATION SO THAT '

FENCE SEGMENTS ARE INSTALLED
PARALLEL TO CONTOURS WITH A
10" PROJECTED OVERLAP

NOT TO SCALE

FIGURE 3.4—2 TYPICAL SILT FENCE LAYOUT
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2661 Aen L v00/L00

08-v't

SEE EXHIBIT 3.4-2 FOR DITCH
AND BERM TREATMENT
LOCATIONS AND TABLE 3.4-2
FOR DITCH GEOMETRIES

FIGURE 3.4-3

PRIMARY ROAD P-I
TYPICAL SECTION

SURFACE TREATMENT - ASPHALT

MINIMUM SLOPE I" /10"

. CERTIFY THAT THESE DRAWINGS WERE PREPARED
UNDER MY SUPERVISION AND. ARE TRUE AND' CORRECT
TO THEBEST" OF MY KNOWLEDGE .

RICHARD. H.:ALTISON-RR.

- —— SEE EXHIBIT 3.4-2 FOR DITCH
= S
ATIONS A 34-
- MINIMUM WIDTH 20°

NOT TO SCALE

FOR DITCH GEOMETRIES

SEE TABLE 3.4-i18 FOR DESCRIPTION AND MAINTENANCE OF ROAD
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SEE EXHIBIT 3.4-2 FOR DITCH
AND BERM TREATMENT
LOCATIONS AND TABLE 3.4-2

' FOR DITCH GEOMETRIES

FIGURE 3.4-4

PRIMARY ROAD P-2
TYPICAL SECTION

SURFACE TREATMENT - ROCK

. CERTPY THAT THESE DRAWINGS WERE PREPARED

UNDER AY: SUPERVISION AND ARE. TRUE AND. CORRECT

TO g REST OF MY KNOWLEDGE —
NCHARD H. ALLISON, JR. |

MINIMUM SLOPE I* 10"

‘/- ' \ SEE EXHIBIT 3.4-2 FOR DITCH
_ AND BERM TREATMENT
LOCATIONS AND TABLE 3.4-2
-*— MINIMUM WIDTH 20° a— FOR DITCH GEOMETRIES

NOT TO SCALE

SEE TABLE 3.4-18 FOR DESCRIPTION AND MAINTENANCE OF ROAD
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FIGURE 3.4-5

PRIMARY ROAD P-3
TYPICAL SECTION

SURFACE TREATMENT - ROCK

' INIMUM SLOPE I" 10"
SEE EXHIBIT 3.4-2. FOR DITCH / M
AND BERM TREATMENT —a
LOCATIONS AND TABLE 3.4-2

NOT TO SCALE

SEE EXHIBIT 3.4-2 FOR DITCH
AND BERM TREATMENT '
LOCATIONS AND TABLE 3.4-2
FOR DITCH GEOMETRIES

SEE TABLE 3.4-i8 FOR DESCRIPTION AND MAINTENANCE OF ROAD
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——

FIGURE 3.4-6

ANCILLARY ROAD A-I
TYPICAL SECTION

SURFACE TREATMENT - ROCK

+ CERTFY THAT JMESE DRAWINGS WERE -PREPARED
URDER MY SLPERVISION AND ARE TRUE AND CORRECT

T0.THE BEST OF MY KNOWLEDGE |,

SEE EXHIBIT 3.4-2 FOR DITCH MINIMUM SLOPE I"'/I0°

AND BERM TREATMENT P —~—
LOCATIONS AND TABLE 3.4-2

FOR DITCH GEOMETRIES - NMUM WIDTH 15" S

NOT TO SCALE

SEE TABLE 3.4-18 FOR DESCRIPTION AND MAINTENANCE OF ROAD

RICHARD H. ALLISON. R.

SEE EXHIBIT 3.4-2 FOR DITCH
AND BERM TREATMENT
LOCATIONS AND TABLE 3.4-2
FOR DITCH GEOMETRIES




2661 ABW | $00/L00

v8-v't

FIGURE 3.4-7

ANCILLARY ROAD A-2
TYPICAL SECTION

SURFACE TREATMENT - ROCK

UNDER MY SUPERVISION AND AKE muz AND. coaazcr

 TO.THE BEST OF MY KNOWLEDCE .,

MINIMUM SLOPE 1" 10°
SEE EXHIBIT 3.4-2 FOR DITCH

AND BERM TREATMENT - ——a
LOCATIONS AND TABLE 3.4-2
FOR DITCH GEOMETRES - MINIMUM WIDTH 18" S

NOT TO SCALE

FICHARD H. ALLISON, JR.

SEE EXHIBIT 3.4-2 FOR DITCH
AND BERM TREATMENT
LOCATIONS AND TABLE 3.4-2
FOR DITCH GEOMETRIES

SEE TABLE 3.4-18 FOR DESCRIPTION AND MAINTENANCE OF ROAD

7
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FIGURE 3.4-8

ANCILLARY ROAD A-3
TYPICAL SECTION

SURFACE TREATMENT - ROCK

{
UN
10

MINIMUM SLOPE I" /10’
SEE EXHIBIT 3.4-2 FOR DITCH

_ AND BERM TREATMENT - - —
LOCATIONS AND TABLE 3.4-2

NOT TO SCALE

SEE TABLE 3.4-18 FOR DESCRIPTION AND MAINTENANCE OF ROAD

CERTIFY
DER

THE

THAT THESE DRAWINGS WERE. PREPARED

MY SUPERVISION AND ARE TRUE AMD CORRECY

BEST OF MY KNOWLEDGE -
RICHARE: 4. ALLISON. JR-

SEE EXHIBIT 3.4-2 FOR DITCH
AND BERM TREATMENT
LOCATIONS AND TABLE 3.4-2
FOR DITCH GEOMETRIES
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98-v'¢

SEE EXHIBIT 3.4-2. FOR DITCH
AND BERM TREATMENT
LOCATIONS AND TABLE 3.4-2

'FOR DITCH GEOMETRIES

~——

FIGURE 3.4-9

ANCILLARY ROAD A-4
TYPICAL SECTION

SURFACE TREATMENT - ROCK

. CERURY THAT JWESE DRAWANGS WERE -PREPARED
UNDER MY S{PERVISION AND ARE TRUE AND CORRECT
ﬂll!lﬂifiﬂﬂm -

S BICHIED 4. ALISON, R.

MINIMUM SLOPE I"10°

.
l‘—/ummuu WIDTH i2' \:|

NOT TO SCALE

SEE EXHIBIT 3.4-2 FOR DITCH
AND BERM TREATMENT
LOCATIONS AND TABLE 3.4-2
FOR DITCH GEOMETRIES

SEE TABLE 3.4-18 FOR DESCRIPTION AND MAINTENANCE OF ROAD
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REFUSE PILE CROSS-SECTION

B FINAL RECLAMATION PHASE B’
CASTLE GATE COAL MINE
CARBON COUNTY, UTAH
6550 4- 8-8' r 6550
6500 - - 6500
UNDISTURBED
E GROUND [
] ol
L™ w
r4 2z
2 6450 4 6450 2
S <
W
o /—csno-s CGRD—3A—\ o
6400 T + 6400
REFUSE
6350 + | + r . + 6350
0 100 200 300 400 500 600 700

NOTE: . SEE EXHIBIT 3.4-3
FOR CROSS-SECTION
LOCATION
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(LOWER) AND CGD-7 {LOWER} / CGRD-3A

FIGURE 3.4-12. DIVERSION TRANSITION BETWEEN GROUTED DITCH CGD-7
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APPENDIX 3.4A
GOLDER ASSOCIATES REPORT, "DESIGN OF A COAL REFUSE DISPOSAL

SYSTEM, PHASE II; DETAILED DESIGN, SCHOOL HOUSE CANYON
REFUSE DISPOSAL FACILITY", JANUARY 1978

007/004



o

Golder Associates
CONSULTING MINING AND GEQTECHNICAL ENGINEERS

REPORT TO
AMERICAN ELECTRIC POWER
SERVICE CORPORATION

ON THE '

DESIGN OF A COAL REFUSE DISPOSAL SYSTEM
PHASE II: DETAILED DESIGN

SCHOOLHEQOUSE CANYON
REFUSE DISPOSAL FACILITY

CASTLEGATE o | UTAH
Distribution:
.1 original,
1 copy = American Electric Power Service Corp.,
Eelper, Utah

1 copy - American Electric Power Service Corp ’
Lancaster, Ohio '

Golder Associates, Ltd

Vancouver. B.C.

2 copies - Golder Associates, Inc.
Kirkland, Washington

1 copy

Janunrf 1978 -2 _ §77212

GOLDER ASSOC!ATéS, INC.. 10628 NE 38th Place, Kirkland {Seartle), Washington 98033, US.A. = Phone (206) 227-0777, Telex 32.1014
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Golder Associates

CONSULTING MINING AND GEOTECHNICAL ENGINEERS

January 18, 1978

E/78/47
American Electric Power
Service Corporation
P.O. Box 629
Helper, Utah £4526
ATTN: MR. LEE MC CLOSKEY

SUBJECT: DESIGN OF COAL REFUSE DISPOSAL SYSTEM
PHASE II: DETAILED DESIGN
SCHOOLHOUSE CANYON REFUSE DUXP FACILITY -

Gentlemen:

Please find enclosed Golder Associates final Phase II
design report for the proposed Schoolhouse Canvon Refuse
Dump Facility. As previously agreed, we are forwarding an ‘:T
original version plus.a completed bound copy of the report =
herein. A further copy has been forwarded, as reques:ed, to
Lancaster, Onio.

We trust that this report (along with the Specifications
previously forwarded) is sufficiently comprehensive to adequately
describe the proposed scheme, and to permit extraction of the
required information for subaission to Governmental Ageacies,
as appropriate. We would appreciate receiving copies of any
such submissions for our files. TFor your reference, the agencies
which are considered to have some regulatory involvesent are
summarized in the attached table. Specific approval o com-
mence construetion bowever is not believed necessary so long
as the MES#: Diwtrict Manager has already been advised of the
AEPSC inteat to use Schoolhouse Canyon as a disposal facility.

Please feel free to contact either mysel? or Allen Gass
should you have any gquestiors or require any further 1hfo*~ -
tion or assistance.

In conclusion, I should like to add that we have ap-
preciated the opportunity afforcded us, in being invoived in

GOLD‘R ASSOC!ATES INGC. 10638 NE 28th Ptace, Kirkiand {Seattie), Washingtan 28033, US.A. — Phone (2258 8179777, Teten 32-1914

ATLANTA - CLuVER . VANCIUVER . CALGARY - TTAINTO + QTTAMA V40N D3N A0S AWD - WELESLONT - S* St~

_3-



Ry

American Electric Power
Service Corporation

January 18, 1978

Page Two

-—

the planning of your coal refuse disposzl scheme. Vie wish
you every success in commissioning the new mine, plant and
disposal facilities as expeditiously as possible.

Sincerely yours,

GOLDER ASS0CIATES, INC.

Graham A. Mathieson
Project Engineer

GAM:mm
77212
Attachment: Table of Governmental Regulating Authorities
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1.0 INTRODUCTION

1.1

1.2

1.3

1.4

on completion of the Phase I Siting Feasibility Study, Golder
Associates (GAI) was requested by American Electric Power
Service Corporation (AEPSC) to proceed with Phase II: the
detailed design of a coal refuse disposal facility to be
located in Schoolhouse Canyon, Castle Gate, Utah. During
this phase several visits were made to the site by GAI
engineers involved in the project: Messrs. Gass, Mathieson,
Bowen, Cross and Coddington. A presentation of preliminary
plans was also made by Mr. Mathieson at the ofices of the
State of Utah, Department of ﬁatural Resources, Division of

0il, Gas and Mining (DOGM) in Salt Lake City.

During the course (:;f Phase iI work Technical Specifications
were prepared and forwarded tb AEPSC on the recommended
refuse disposal equipment and on the proposed Refuse Haul
Road System, Diversion Ditch and Settling Pond. Additional
recompendations were made on improvements considered

necessary on the existing Barn Canyon Drainage Channel.

This report has been prepared in fulfillment of Golder

Associates’ Phase II work commitment. The purpose here is to

present plans of the proposed refuse pile development, and to

provide additional design support for the drawings and

specifications which have been previously fqrwarded.

The report is structured to firstly discuss in Section 3 the

ccd.chapter3/4
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impact of the recently published (December 1977) Surface
Mining Control and Reclamation (OSM) regulations.
Considerations relating to refuse disposal operations,
including dump design, equipment and costs, are then
presented in Section 4. Section 5 develops the necessary
hydrologic analysis in support of the Diversion Ditch and
Settling Pond Designs. Finally, a discussion is given in
Section 6 on the geotechnical considerations which have been
incorporated into the design, and which will influence refuse

disposal operations.

ced.chapter3/4
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2.0 SUMMARY

2.1

2.2

Design of the Schoolhouse Canyon refuse dump and its
associated structures has been based on accepted engineering
practices and complies with applicable State and Federal-
Requlations cited. Some uncertainty presently exists,
however, about the legality of refuse disposal within a
canyon site in the light of recent (December, 1977) Surface
Mining Control and Reclamation Regulations. Despite this
uncertainty, the design was campleted at the direction of
AEPSC to form a comprehensive design package on which to seek
government approval. The Division of 0il, Gas and Mining and

other State of Utah requlating authorities have given

‘conditional approval of the design concept, pending review of

the final plans and specifications.

The equipment selection and dump design along with the
construction and monitoring recommendations presented in this
report are predicated to a great extent on an assumption that
the combined plant refuse will be free-draining, and will
generally permit normal placement and compaction operations
leading to a stable refuse pile. This assumption was based
on a study of samples fabricated from the existing

- preparation plant refuse and the expectation that the refuse

will continue to be generally free of clayey materials. It
is recommended that-fucthes- laboratory testing.and,
geotechnical analysis be undertaken on a representative

ccd.chapter3/4

- 13 -



2.3

2.4

refuse sample once the new preparation plant is operating.
The results of this work, together with the operating
experience accumlated to date, will be used as the basis for
any required modification of placement procedures or dump

slope configurations.

Detailed design should be initiated on the thickener
underflow (plant filter cake under current plant design),
underground injection scheme which was conceptually
introduced in the GAI Phase I report. Successful
implementation of such a scheme would reduce refuse moisture
control problems in the dump, improve stability and lower

overall disposal costs.

The dump and settling pond construction should be inspected
by a qualified AEPSC geotechnical engineer or outside
consultant. Full-time supervision is recommended during the
Settling Pond Embankment Construction phase. After the

. operation commences, the refuse pile should also be inspected

2.5

periodically to review all monitoring data and to recommend

changes, if necessary, to placement procedures. Between
inspections, any unusual conditions which develop should be
commmicated to the inspecting engineer by the refuse system

operators.

The refuse pile as designed has an estimated capacity of 3
1/2 million tons, which corresponds to about 7 1/2 years' .

ccd.chapter3/4
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life at currently projected production rates. Depending on
dump stability considerations, and on the comparative
economic merit of switching disposal operations to alternate
sites {Barn or Royal Canyons), this life could be extended by
raising the elevation of the diversion ditch or by continued

dumping adjacent to it.

2.6 Estimated Capital Costs for the Refuse-Disposal Facility are

sumarized below:

Haul Road Construction $ 93,000
Diversion Ditch Construction $ 28,500
Settling Pond Construction $140,000
Barn Canyon Channel Improvements — allow $ 10,000
Add 20% Contingency 54,500
Sub-Total Construction $326,000
Other Costs _ '
Disposal Equipment (Incl. sales tax) $552,000
Golder Associates Fees $ 97,000
Total Estimate - Pre-operating
Expense for Refuse Disposal $975,000

2.7 Estimated unit operating costs range between $0.51 and $0.61
per ton of refuse disposed between the years 1978 and 1982
respectively. If the total pre-operating expense was to be
amortized over the 3.5 million ton dump capacity, the total
unit cost including depreciation is expected to range between
$0.79 and $0.90 per ton of refuse, This estimate ignores the
effect of taxes on capital inyested, an additional truck
purchase in 1979, and the remaining equipment;. life available
at the end of 7 1/2 years.

ced.chapter3/4
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3.0 LEGAL CONSIDERATIONS

3.1 MESA/EPA/Other Regulations

buring Phase I all applicable State and Federal regulations which
might affect the design and construction of the refuse pile were studied
and summarized in the Phase I report. The regulations reviewed at that
time included those published by EPA, MESA, the State of Utah Department
of Natural Resources and the Utah State Division of Health. This review
was supplemented by telephone discussions with MESA and EPA
representatives. The design of the Schoolhouse Canyon Refuse Disposal
Facility (including the associated Diversion Channel and Settling Pond)
was undertaken in conformance to these regulations.

3.2 Comments on the New OSM Regulations

The Surface Mining Control and Reclamation Act of 1977,

Pub. L.95-87, led to the creation of a new Office of Surface Mining
Control and Reclamation (OSM) within the Department of Interior, with
the responsibility of publishing proposed rules in relation to the
provisions of the act. These were promilgated on September 7, 1977, in
the !'ederal Register. The proposed rules covered both surface mines and
the surface impacts of underground mines.

In gemral the rules reflected and strengthened all of the
existing EPA standards with respect to mprotection of the hydrologic
system”, and also contained many additional requirements, including
those for reclamation. The most important of these was in section
715.15 wherein it was stated that: "waste material must not be disposed

of in valley or head-of-hollow fills". Clarification on this was sought

ccd. chapter3/4/2
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by telephone on September 21, 1977, from one of the authors of the
requlations, Mr. George Davis. He said that a scheme of the type
planned for AEPSC would be unacceptable under the regulations unless the
disposal area:

a. could be classified as other than a "valley"

or "head-of-hollow" f£ill;

b. was of a minor nature; or

c. did not involve preparation plant refuse.

The Schoolhouse Canyon Refuse Disposal Scheme meets none of these
conditions. The new rules were also discussed by telephone with EPA in
Denver, and with the Division of 0il, Gas and Mining, Department of
Natural Resou:ces, State of Utah (DOGM) .

AEPSC wi's advised of Golder Associates’ concern as to the poksible
prohibition of the Schoolhouse Canyon Dump Facility. GAI was ditected‘
by AEPSC to complete the design as soon as possible so as to provide a
bagis for govenment-approva]_.. 1t was also agreed that preliminary
comments should be sought from the [OGM who had issued the Braztah
mining permit, and who would ptobably be responsible to administer the
- final SMCR regulations.

Accordingly; GAI proceeded with the design and on November 21,
1977, GAI and AEPSC presented preliminary plans to representatives of
the State of Utah Divisions of Oil, Gas and Mining; Health; Solid waste
Management and Water Rights. In view of the favorable reaction
expressed by those in attendance at the meeting, the design continued,
assuming that the canyon disposal approach would be approved. It was
considered desirable that the final design should incorporate, where

possible, the proposed OSM final rules, as if they would become

ced.chapter3/4,/2
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mandatory. Subsequent written communications received from the above
listed Government Divisions have been forwarded with comments to AEPSC,
as attachments to the Technical Specifications,

On December 13, 1977, final OSM rules were published in a revised
format which segregated Surface from Underground Mining. Valley and
head-of-hollow waste fills remain prohibited in the rules relating to
surface mining, to which cross-reference is made in the rules dealing
with underground mines. ’

A lengthy preamble, to the new final rules in the Federal
Register, dealt with comments received from the public on the proposed
rules. It is understood from this discussion that "wastes" were
generally deleted from the final regulations because it was recognized
that the disposal of waste materials (éuch as preparation plant refuse)

is controlled separately under the MESA regulatory program. The initial
SMCR requlatory program is it now stands regulates only such refuse |
wastes, where they are used: in backfilling or grading of mined areas;
in impoundments; or in dam construction. The preamble states that
“Complete control over placement of . . . coal processing wastes
(etc). . . will not be addressed until the permanent regulatory program
with the exception that they are not allowed in valley or head-of-hollow
fills. . . This ptohib_ition is necessary to keep such materials out of
drainage channels., . . "

In a telephone conversation with Mr. Paul Reeves of OSM on Jamuary
9, 1978, GAI learned that in the initial requlatory program the
prohibition of wastes in valley or head-of-hollow £ills was intended .
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only to preclude the mixing of such wastes with spoil and overburden
from surface mines, and to regulate dams constructed of, or impounding,
waste materials. He said that the disposal of waste materials will
contime to be controlled under current State ar Federal (eg, MESA)
programs until the promulgation of a final OSM regulatory program.
Finally, with respect to a canyon refuse disposal scheme, he said that
disposal operations could commence if a State permit had been issued.
The operation would, however, be subject to OSM inspection for
compliance with the initial regulatory program. The company, if found
to be in "non-imminent hazard" violation of these standards, would be
given "a reasonable time of abatement" up to a maximm of 90 days.
bespite the above c@ents, strict adherence to the published OSX
rules leaves some uncertainty as to the legality of tl}e Schoolhouse
Scheme. It is probable, however, that, as long as one can demonstrate
adequate protection of the hydrologic system, then OSM should not be
concerned, leavihg the approval of the dump design to MESA. Since
existing MESA design requirements have been met, hopefully there should

not be any problems.

3.3 Applicable OSM Requlations (Dec. 13, 1977)

This section aims at briefly summarizing only those new OSM rules
which have been interpreted as affecting the design, construction and
operation of the refuse pile and its associated structures. The designs
previously forwarded and presented herein are believed to be in general
conformance with these OSM standards, to which all mining operations

" must camply by May 3,1978.
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The following points, in the order in which they appear in the

regulations, are considered to be the most important:

C.

puring reclamation operations, waste (i.e. refuse) materials
must be covered by a minimum gf four feet of "non-toxic®
material.

Valley or head-of-hollow fills must be placed on adequately
prepared sites, must utilize underdrains, must have slopes not
exceeding 2:1, and must be constructed in lifts of four feet
thickness or less. (Since "waste" materials are supposedly
prohibited in such fills, the applicability of these rules is
uncertain.)

!:ff.luent discharge limitations will be determined on a
case~by-case basis but, for precipitation events up to the'
10-year, 24-hour storm, the effluent must not exceed 45 my/1
Total Suspended Solids, 7 mg/1 Iron, 4 mg/l Manganese, and
must have a pH between 6.0 and 9.0.

Surface water must be comprehensively monitored in accordance

with an approved program.
‘piversion structures may be required by the regulatory

authority and, if these are of a permanent nature, they mst
be designed to safely pass the peak runoff from the 100-year
recurrence interval recipitation event.

Sediment control measures are mandatory and must be designed

to provide:
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- at least a 24-hour detention time;

- at least 1 sq. ft. of surface area/50 gallons/day inflow

from the 10-year, 24-hour p_recipitation event;

additional sediment storage volume equal to 0.2 acre-feet
for each acre of disturbed land within the upstream drainage
area (the proposed rules, however, required the pond to be
sized to have a capacity equal to the 10-year, 24-hour storm
runoff plus the sediment allowance - the above-stated
surface area provision wa substituted in the final rules);

a spillway system designed to safely discharge runoff from
the 100-year, 6-hour precipitation event if the pond
embankment exceeds 20 feet height or if the pond has a
storage volume of 20 acre-feet or more;

for the removal of sediment accumulation reaching 80% of the
design sediment storage allowance;

an embankment static safety factor of 1.5 for the normal
pond water level; |

a minimm embankment top width greater then (H+35)/5 where H

. is the upstream embankment height.

appropriate seepage control barriers;
construction supervision and certification by a registered

professional engineer;

- ultimate removal of the pond and subsequent return of the

ground surface to the approximate original contour, when

mining operations cease.
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g. Discharge structures from sedimentation ponds and diversion
structures must be controlled, where necessary, using
appropriate enerqgy dissipators to minimize erosion.

h. To avoid contamination of natural surface waters, waste
materials from coal preparatioh plants mast be buried or
otherwise treated no later than 90 days after the cessation of
filling in the disposal area.

i. Haul roads must be constructed in a manner which minimizes the
potential for additional contributions of suspended solids to

natural stream flow. These must be removed and regraded when
no longer required.

j. The overall sustained gradient on the haul roads must not

exceed 10%. The roads mst-prwida drainage ditches and other
structures 'capable of passing Vthe peak runoff from a l0-year,
24-hour precipitation event and must also be surfaced with a
durable, non—acid-forming material.

k. Topsoil must be removed from the areas to be dis.turbed by
surface operations and stockpiled for use in revegetation when
-guch areas are no longer required for mining operations.

1. | *A diverse, effective and permanent vegetative cover capable
of self-regeneration and plant succession, and adequate to
control soil erosion: must be established on all land
disturbed by mining opgrations.

m. Operator mst pay a reclamation fee of 15 cents for each ton

of underground coal produced.
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The proposed Schoolhouse Canyon Refuse Dump Facility Design and
the recommendations made within this report are intended to satisfy the
above rules, and all other applicable State and Federal regulations
cited to date. In.any event, a design basis is now complete, thus
paving the way of further refinement, government submigsions, permit

applications, and discussions, leading to final approval of the scheme.

3.4 Land

As shown on Figure 6-1(a) later in this report, the proposed
refuse dump is located almost entirely within a square area of State
Coal Surface Rights. The haul road system, diversion channel and
settling pond as proposed lie within Federal Fee Land boundaries. thus,
for the Schoolhouse Canyon Facility, lLand negotiations are not
necessary. The effect of the refuse pile being located on state land

may have some bearing on the channels necessary to obtain approval.

4.0 REFUSE DISPOSAL CONSIDERATIONS

4.1 General _

This section outlines those considerations involyed in the
transport. and placement of refuse, and in the design of the Schoolhouse
Canyon dump The criteria affecting the dump design are firstly

discussed, dump development plans and strategy are then presented,

followed by comments on disposal equipment. Finally an operating cost
budget is given. mft.her discussion on the geotechnical aspects of this

design, with particular reference to refuse drainage, is given in

Section 6.
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4.2 Refuse Dump Design

As discussed in the Phase I report, the only ptactiﬁal method of
dump development in canyons was considered to be one which involves
disposal of-refuse in level layers from the canyon mouth upwards. This
was to entail a system of dump face ramps which would be progressively
extended through time to grain elevation.

Following an AEPSC decision on October 31, 1977, to utilize a
single in-canyon settling pond (see section 5.4.4), design of the
Schoolhouse Canyon Refuse Dump Facility proceeded on the basis of a dump

toe in the Canyon bottom at 6220 elevation.

4.2.1 Dump Face Ramp System
For the design of the ramp system referred to in Phase I, the

following criteria were adopted:

a. Single truck roadway width (Minimm 20 feet), due to an
anticipated low traffic density.

b. Ramp gradient maxima of 10% and 8% on straights and curves
respectively, in response to a OSM requirement and truck
manufacturer’s recommendations.

c. '-Minimm centerline curve radius of 50 feet on switchbacks
(truck turning radiums: 30 feet).

d. Maximm inter-ramp slope angle on the dump face of 2:1 (MESA
limitation).

An initial design was developed using a ramp system which
compenced 5t the dump toe. However, due to the above restrictions, the
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nacrow éanyon width and the large area required by switchbacks, this
design resulted in an almost continuous series of switchbacks, a
correspondingly flat ov;rall dump face angle, and therefore a tonnage
capacity smaller than that which would otherwise be possible. Further
trial designs lead to a haul road system as presented in the
specifications and as shown on Figure 6-1{a). The proposed system
requires the construction of a main canyon haul road from the
preparation plant to a point, on the north canyon wall, 200 feet
upstream from the dump toe at elevation 6320. At this point sufficient
canyon width is available to reduce the mmmber of switchbacks, and
therefore to maintain a reasonable overall dump slope angle. A
temporary haul ramp is required to provide access for dumping of the
initial 100 vertical feet of refuse. This is discussed in section 4.3.

The switchback configuration is the critical factor in the
determination of the overall dump slope angle. Advantage has been taken
of this to design the ramp system with additional truck passing width,
while still maintaining a maximm inter—rasp dump face slope of 2:1. A
typical switchback design which demonstrates this concept is shown in
Figure 4-2(a). PFigure 4-2(b) gives the design ramp cross-section. The
ramp systemf initially designed to reach the 6560 elevation. However,
the minimﬁm design elevation for the diversion ditch of 6550 has been
used as a limit for the maximum pile capacity. Figure 6-2(A) of section
6 shows a longitudinal ‘section through the proposed refuse dump. The
overall dump face angle from toe to crest is 19.

ced.chapter3/4/2
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4.2.2 Dump Capacity

Subsequent to the design of the dump face ramp system, volumes

were determined at 20-ft. vertical intervals on the basis of the contour
overlay given in Figure 4-2(c). The dump tonnage capacity curve of
Figure 4-2(d) was obtained using a tonnage factor of 118 pounds/cubic .
foot for compacted refuse, and the production schedule of Table 4-2
(taken from the Phase I report).

The proposed dump has a capacity in the order of 3.5x106tons
when filled to the 6550 elevation. This corresponds to a life of
approximately 7 1/2 years. Depending on the stability of the dump and
on the economic merit of switching disposal operations to alternate
sites, this life could be extended by relocating the diversion ditch or
by continued dumping adjacent to it. As discussed in the Phase I -
report, however, hauling costs at this time would probably favor a_nother
gite such as Barn or Royal Canyon. Further analysis of these
possibilities should be undertaken in late 1978, such that early moves
could be initiated to overccme. existing constraints (land, powerlines)

and to design and construct other facilities (hydrologic st;ructure,

highway underpass to Royal Canyon, etc.).

4.3 Dump Development Strateqy

4.3.1 Yearly Dumping Plans
Figures 4-3(a) to 4-3(d) depict dump configurations corresponding

to the end of production years 1 (1978), 3 (1980), 5 (1982), and 7
(1984).
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A$ shown on the 1978 plan, the proposed dump involves the
construction of a Temporary Haul Ramp from the end of the main haul road
at 6320 elevation, dcwfx in to the canyon floor to reach the 6220 dusp
toe. buring the first year this ramp would be progressively covered.

In 1979 and thereafter, successive lifts would be placed and compacted

to integrate the ramp system into the dumpface as shown in the figures.
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TABLE 4-2

REFUSE PRODUCTION SCHEDULE

Est. Total Cum.
R.O.M. Clean Plant Breaker Coarse Fine Fllter Total Total
Year  Production Coal Refuse Refuse Refuse Refuse Refuse Refuse Refuse

1978 1,661 1,411 250 63 84 52 51 278 278
1979 2,079 11,765 314 78 106 66 64 349 627
1980 2,521 2,140 381 95 128 80 78 423 1,050
1981 2,890 2,454 436 109 147 91 89 484 1,534
1982 3,297 2,800 447 124 168 104 101 552 2,086
1983 3,439 2,920 519 130 175 108 106 576 2,662
1984 3,534 3,000 534 133 180 112 109 593 3,255
1990 : These annual tonnages 6,813
1995 ' 9,778
2000 ' remain the same until 2007. 12,743

2007 : 16,894

NOTES: 1. All figures in thousands of dry tons, except 'I’otql' and Cumilative Total Refu.
rigures, which are in thousands of wet tons.
2. Derivation of this data was discussed at length in Section 3 of Golder Asgociate

Phase I Report, "Site Suitability Study”.
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4.3.2 Operational Factors

Refuse will be hauled and end-dumped on the top of the dump in
piles spaced such that ‘the bulldozer could spread the material in lifts
of not more than two feet compacted thickness. In addition to
bulldozing refuse, the tractor would rip any frozen dump surfaces,
remove snow from the dump and generally prepare the surface prior to
spreading subsequent lifts. As shown on the figures, the bulldozer
would progressively extend the dump perimeter drainage ditches in the
colluvium walls adjacent to the dump. These would be connected to the
haul ramp drainage ditch at switchbacks to minimize the amount of dump
face erosion. At the end of each working day, the bulldozer would also
grade the dump surface to ensure good drainage in these perimeter dump
drains. : |

To satisfy legal and geotechnical requirements, all topsoil,
vegetation and other 6tganic material must be removed prior to forming
the refuse pile. Some of this unsuitable foundation material will be
removed ciuring the construction of the haul road system. However, it
is recommended that, as the dump deveiops, all such material (along
with some other "make-up" colluvial soils in the valley floo’r) is
loosened by the bulldozef, excavated by the 988 front-end loader, and
placed at the front of each lift at the dump outface, to facilitate
reclamation and to redce erosion. .'rhis materiai will also be
compacted to form a "s'in" or dump gsurface facade of about four to five
feet thickness, compri:ing reasonable vegetation - supporting soil.
Experiments should be -onducted to determine soil additive needs and to
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identify those plant species which would satisfy the long-term SMCR and

State requirements for revegetation.

4.4 Refuse Disposal Equipment

4.4.1 Comparison of Hauling Unit

Several types of refuse hauling units were considered during
Phase II. The following were regarded ag viable alternatives, and are
compared in table 4-4(a): |
a. End-cump off-highway trucks - 35 ton class such as the Cat
7698 and Wabco 35C units.
. b. Rubber-tired scrapers such as the Cat 631D, 37.5 ton unit.
c. A specifically designed coal refuse hauler — the MRS
1-110S/RH110, 50-ton unit. |

Despite its very low ground pressure, good maneuverability and
capability of spreading mterial in thin lifts, the MRS unit'is
currently operating at only one mine,. (AEPSC, Southern Apalachian Coal
Company). Although it has apparently performed well for the past 18
months, it has not been adequa!';ely field-proven and therefore is not
recommended for initial purchase. - Moreover, to ensure hauling
dependability, two 50-ton MRS units would be initially required and as
such would then provide excess hauling capacity, and would have a
considefably higher capital cost compared to end-dump trucks.

The apparent absence of clay minerals in the refuse suggests that
it should be free-draining once placed in the dump, and as such, the
end-cdump truck ground pressures would be tolerable. Refuse draining

| @
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characteristics, along with possible methods to expedite it, are
discussed in Section 6. _Consideration was giiren to a 4-ton, 4-wheel
drive truck of the International series to provide better insurance
against bogging down. However, these units are very expensive and
typically experience high operating costs. It was recomuended in the
Equipment Specifications that serious consideration should be given
initially to the possibility of renting tvo trucks. This would
provide, prior to a commitment to purchase, a probationary period to

evaluate the suitability of th;e trucks to actual operating conditions.
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MRS
Factor THUCKS SCRAPERS REFUSE HAULER
I. Typical Model Cat 7638, Waboo 35C Cat 631D MRS 1-1105/RH110
2. Dxive train 2 viheel 2 vheel 4 wheel
3. Ratad Payload 35 tons 37.5 tons 50 tons
4. Struck Capacity 22 cy 21 cy 2oy
5. rleld Proven Yes Yes No - 1 unit only
6. a. Tire Pootprint Pressure 75-80 psi 52-62 psi 45-57 psi '
b. Tire Flotation on Soft Ground Poor Very Good
7. a. GM: NP ratio 303-318 lhHP 36.4 1hmp 411 ihmp
b. Nw: Payload ratio 0.88:1 1.16:1 0.78:1
¢. Performance on adverse grades Good Reasonable Poor
d. Traction Reasonable Good : Very Good
8. Heated Body (freezing in winter) Yes No No
9. rines leakage Can be overcome with Yes, from scraper bowl Yes, probable
sideboards, tailgates.
10. Spreading Capability Poor - Auxiliary dozer Some - Auxiliary dozer Has spreader blade
required required and dozer blade
' attachment -
possible
elimination of
_ : A - amxiliary dozer.
11. Capital CostAmit 2 $147,000-$165,000 $249,500 E $260,500
12. Total New Tire Cost 3 $8,601-$10,836 $13,563 ' $20,808
13. Owning and Operating cost/hour 4 $45.18 $64.14 $62.62
14. Other Comsent Lower unit costs as Scrapper bowl can be  Unit designed for
haul increases. dropped for added refuse hauling and
braking safety. may prove a
_ good selection
lang temm.
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Prom calculations made on the basis of equ., and tire manufacturec’s data.

From quotations received from equipment distributors, FPB Helper, Utah, with certain
options, excluding sales tax.

From Jengsen Tire Co., Salt take City.

Prom Owning and Operating Cost Estimates made by GAI during Phases I ard II.
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md—cump trucks were considered a better choice than scrapers

because of: .

a. their exhaust-heated body,

b. the fact that high moisture content fines should be more
easily retained within the truck than vithin a scraper bowl,

¢. their lower capital cost,

d. their probable lower unit operating costs beyond year 1
compared to scrapers, and

e. the their suitability for longer hauls to alternate sites in ~
the future.

4.4.2 Truck Requirements

As a basis for required truck productivities, an estimated Daily
and Bourly Refuse Producticn Schedule hu been derived fom data
presented in the Phase I report and modified to reflect a five-day/week
rather than six-day/week breaker cperating schedule. This schedule is
included here as Table 4-4(b). |

Gradeability charts for the Cat 7698 and Wabco 35C trucks are
given in Appendix a. Neither truck is considered significantly better .
mechanically, operationally o:.cconan.i.t_:ally than the other. However,
for estimating purposes, the cat 769 gradesbility chart was used in
conjunction with Preparation Plant and B;eaker haul profiles in
analyses- of hauling productivities. These analyses are also given in
- Appendix A, for the first five yea:s'of operation. -

Due to an estimated low heap angle for the wet combined plant
cefuse, difficulties may be experienced in meintaining the 35-ton rated
truck payload, when hauling upgradc These problems, however, wrél
considered to be resolvable through sequential truck body modifications

ccd.chapter3/4/2
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. ‘TABLF b)
- ESTIMATED DAILY AND HOURL. @S PRODUCTICN SCHEDULE

BREAKER REFUSE PRODUCTION m.mmnmmat Hrs. of Daily

Pre. Plant Opsration Total
YEAR \ Required to Refuse
. Meet Production
Wet tons/hr 1 Wet tons/day 1  Wet tons/hr 2 Wet tonsAday 3 Production Wet tons/day
1978 12.4 260 150 963 7 1,223
1979 15.3 321 150 - 1,25 8 1,536
1960 18.6 39 150 1,413 10 1,864
1961 21.8 458 150 1,684 1 2,142
1982 24.3 510 150 : 1,921 13 2,431
1983 25.5 536 150 2,003 14 2,539
1964 26.1 548 150 2,065 u 2,613
Notes: 1. S0 weeks/year, 5 days/week, 3 shiftsAday, 7 hours/shift, i.e., 5,250 operating hours/year.

1. Based on
2. Based on 147 dry tons/hour fram flow sheet x moisture content (1.133) x plant ruming factor (90%}.
3. Based on 220 operating days/year. '
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as discussed in the Bguipment Specifications cover letter. For the

purpoﬁ of truck productivity analysis, therefore, the 35-ton rated .
payload was accepted.

A sunmary of utinted yearly truck productivities taken from .ﬂl
Appendix A results is given in Table 4-4(c). This data was combined
with the hourly production schedule data of Table 4~4(b), to estimate
the yearly truck requirements which are given in Table {-4(d).
Initially two trucks should meet the production demand, while beyond
1978 it is estimated that three units will be required.

On day shift in 1978 it is anticipated that two trucks would haul
from the 100-ton breaker, and 300-ton preparation plant refuse bins.

" they would start and end the shift with these bins empty. On average:
- the plan would require:

963 tons divided by 100 tons/truck hr., = 9.63 truck hours.

- the breaker would require:

260/3 tons divided by 80 tons/truck hr. = 1.08 truck hours :
-~ °  therefore, overall truck utilization on day shift =

truck rating hours 9.63 + 1.08
truck avaII'a'EIno hours = 2 trucks x 7.5 hrs. = 71%

On afterncon and night shifts only one truck would haul breaker

refuse as needed. On average on both shifts:

- the breaker would require:
: 260 x 2/3 tons divided by 80 tons/hr. = 2.17 truck hours
- therefore, overall truck utilization on afterncon and night
ghifts =
truck rati houu 2.17
ava rs-75Fl.x}Ltrucksxm'€s-7%

This schedule was assumed to estimate manpower needs and
operating costs. However, in the light of actual operating experience,
a better approach during 1978 might be to allow the breaker refuse to
overspill the bin for subsequent load-out with the 988 loader

ced.chapter3/4/2
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. {mmediately prior to, or on, the following day shift. This would
probably be cheaper, safer and eliminate the possible need for early
purchase of a dump light-plant. A further altermative would be to

increase the breaker refuse bin capacity. -

4.4.3 Support Equipment

4.4.3.1 Crawler Tractor

The estimated average daily refuse production is 2000 tons
for the first few years of operation. This is equivalent to about
1,480 LCY. Assuming that all dozer work would be done on day shift,
with an effective operating time of seven hours, the required Dozer
Productivity = 212 LCY/hour.

Considering the use of Caterpillar equipment and using an

. | *average” operator, a 45 min/hour .job efficiency, a straight blade and
level dozing with a 100 ft. puth, estimated productivities** are: 207
LCY¥/hour and 325 LCY/hour for D6S and D7S dozers respectively. A D6
would be barely adequate to meet productiop with no allowance for down
time. The purchase of a crawler tractor of at least 200 FWHP was
reconmended in the Equipment Specifications cover letter, after
consideration of these productivity estimates, and of the following
activities which will also be performed by the machine:

. s*Caterpillar Performance Handbook, Edition 8, Page 4-20,
Caterpillar Tractor Company.

ced.chapter3/4/2
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Round Trip

TABLE 4-4(c)

YEARLY TRUCK PRODUCTIVITY SUMMARY

Total Cycle  Average Productivity
Haul Distance Time Speed per Unit (Tons/
Year (feet) (minutes) (feet/min.) operating hour)
A. REFUSE FROM BREAKER
1978 8,680 19.7 590 80
1979 9,480 20.7 604 76
1980 - 10,180 21.8 606 72
1981 11,080 231.3 607 68
1982 . 11,580 24.0 609 66
B. REFUSE FROM PREPARATION PLANT
1978 5,670 15.7 530 100
1979 : 6,470 16.7 553 94
1980 . 7,170 17.8 560 88
1981 8,070 19.2 568 82
1982 ) 8,570 20.0 571 79
L TABLE 4-4(d) -
ESTIMATED AVERAGE
calculated Number of Trucks 'm-d
: ' E;“‘F“d on Average Pleet .
Year Breaker plant i
1978 0.16 1.50 2
1979 - 0.20 . 1.60 3
1980 0.26 1.70 3
1981 0.32 1.83 3
1982 0.37 1.90 3
ccd.chapter3/4/2
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a. Road construction

b. Vegetation removal and topsoil/colluvium dozing for dump
reclamation

¢. Dump perimeter drainage ditch develorment and maintenance

d. Possible assistance to bogged-down trucks

e. Road drainage ditch and diversion ditch maintenance

£, Dump surface snow removal and ripping

g. Possible towing of suitable compaction

The question of the need for a Low Ground Pressure (LGP)
dozer with side tracks was also considered. However, it is believed
that the dump will normally support the truck tire footprint pressure

of 75-80 psi, and therefore should also support approximately 8 1,2 pei
exerted by a D7 dozer with standard tracks.

4.4.3.2 Motor Patrol

The estimated daily refuse haulage is:
260 tons breaker Refuse @ 0,82 mile = 214 ton-mile
963 tons plant Refuse @ 0.54 mile = 517 ton-mile
"~ Total/day = T3 toraile |

A Cat 12G motor grader or equivalent should be capable of about 1000
ton-mile/hour and therefore the average daily usage on the refuse haul
road system should be less than one hour. It was recommended in the
equipment Specifications that AEPSC purchase a good used machine with
minimm 115 PWHP and a 12-foot moldboard. The grader would also be
used in the general plant area maintaining parking lots, ditches and

the raw coal haul road.

4.4.3.3 other Support Equipment
Water loss from trucks is at this time unpredictable.

However, since it might be sufficient to control dust, it was
recommended that AEPSC should not acquire a water truck until the need
for such a unit wvas definitely established.

ced.chapter3/4/2 s
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Although not cited during this study, dumplighting may be .
required under some Pederal or State regulation. Operaticnally, dump
lighting should not be necessary, however, until afterncon shift
operations increase in 1980.

It has been assumed that the Cat 988 front-—end ]oader
currently in use at the Hardscrabble Canyon Preparation Plart, would be
available for Schoolhouse Canyon refuse disposal operations. This
loader will be required for cleanup around the refuse bins and in
loading out topsoil/colluvium material for reclamation purposes as
di.scunéd above. |

Depending on the dump moisture conditions, and the
compaction achieved vith the dozer and haulage trucks, it may be
desirable to reduce the lift thickmu (tho dom wvill have the
necessary aﬁitional spreading capacity to do this). or perhaps
purchase a suitable sheepsfoot or vibratory compactor.

4.5 Manpower and Operating Cost Budget
Estimated hourly owning and operating costs for the Ss-tgx_cnd-

dump trucks, 200 EP dozer, and 135 EP Motor Patrol are given in Tables
4-5(a), 4-5(b) ad 4-5(c) respectively. FPor estimating purposes the
Cat 7698 truck has been used to develop these costs. Although '
dep:eciatim.hu been included to determine estimated hourly ownership
costs, oi:.‘l.y actual cstiuted cash opcrating costs have been used .t°‘ \
| derive the five-year disposal operations budget. _ ,

Tables 4-5(d), 4-5(e) and 4—5(!) contain nstintes of total
ynirly operating costs for the trucks, dozer and grader respectively.
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Truck productivities were taken from the analysis given in Appendix A.
Por labor costs, 250 days/year and $100/men day were used. It has also
been assumad that, on afternoccn and night shifts, the equipment
operators would be utilized arcund the plant for other productive work
when not hauling refuse. Alternatively, this refuse in the first few
years could be disposed of by overtime operators coomencing before the
reqular day shift,

A manpower sumary and overall operating cost budget ig given in
Table 4-5(g).
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TABLE 4-5(a)
4-~-16

HOURLY CWNING AND OPERATING COST ESTIMATE

 Machine Designation
DEPRECIATION VALUE

i.
2.

3.
4.
5.

Delivered Price (including attachments)

Less Tire Replacement Costs:
Front 18.00 x 25 =32 P.R. (2)
Drive 18.00 x 25 -32 P.R. (4)
Rear

Delivered Price Less Tires

Less Resale Value or Trade In

NET VALUE FOR DEPRECIATION

ORNING COSTS

6.

Depreciation: Net Depreciation Value

Depreciation Hours

VALUE 122901

BOURS

7.

Interest, Insurance, ';‘axes

Anmual Rates: Int 10% Ins 1% Taxes 1‘

Annual Use in Bours 1.814
Factor X Delivered Price (Item 1)
1000

.04 x 164,503
1

TOTAL BOURLY OWNING COST

OPERATING COST

8. Operating Labor Imlud.i.ng l'ringes

9.

10.
11.
12.
13,
14.
15.
16.
17.

BOURLY TRUCK OPERATING COST (EXCL.' DRIVE)

Repair Labor
Repair Parts
Fuel -
Lubricants

e Parts
Tires 2,500 Hr.
Qutside Repairs
Shop Costs
Special Items

mmymmopmm:cos'r

ced.chapter3/4/2
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TABLE 4-5(b)

4-17
HOURLY OWNING AND OPERATING COST ESTIMATE

Machine Degignation 200 HP DUMP
DEPRECIATION VALUE
1. Dellvered Price (including attachments) $132,000
2. Less Tire Replacement Costs:

Front

Drive

Rear
3, Delivered Price Lesg Tires 132,000
4, Less Resale Value or Trade In 31,000
5. NET VALUE FOR DEPRECIATION ’IGI,GUU
OWNING COSTS
®. Depreciation: Net Depreciation Value

Depreciation Hours

VALUE 101000 6.73
HOURS 15000 .
7. Interest, Insurance, Taxes '

Annual Rates: Int 10% Ins 1% Taxes 1%

Annual Use in Hours 950* :

Factor X Delivered Price (Item 1)

1000
0.75 x 132,000 9.98
10000

TOTAL HOURLY OWNING COST ' 16.63
*REFLECTS ONLY USE IN DOZING REFUSE
OPERATING COST
8. Operating Labor Including Fringes 12.50
9. Repair Labor 3.08
10. Repair Parts ~ 6.16

11. Fuel

12, Lubricants

13. Expendable Parts

15. Outside Repairs

3.23

“B1

: .50

14. Tires 2,500 Hr. T =0=
|

16. Shop Costs 3.08
5=

17. Special Items

HOURLY TRUCK OPERATING COST (EXCL. DRIVER) 16.86
TOTAL HOURLY OWNING AND OPERATING COST $ 45.99
ced.chapter3/4/2

=43~



TABLE ¢-5(c)
4-18

HOURLY ONNING AND OPERATING COST ESTIMATE

Machine Designation
DEPRECIATION VALUE
T. Dellivered Price (including attachments)
2. Less Tire Replacement Costs:
Pront 13.00 x 24 (10 PR)
prive 13.00 x 24 (10 PR)
Rear 13.00 x 24 (10 PR)
3. Delivered Price Less Tires
4. Less resale Value or Trade In
S. NAT VALUE FOR DEPRECIATION

CWRNING COSTS . ‘
6. Depreciation: Net chreciatim Value

Depreciation Hours

VALUE 48500 -
HOURS 17000
7. 1lnterest, Insurance, Taxes -
Annual Rates: Int 10% Ins 1% Taxes 1%
Ammual Use in Bours 321* .
Factor X Deiiveted Price (Item 1)
~{o00

.15 x 60,000
| —1000
TOTAL HOURLY OWNING COST

*POES NOT REPLECT USE FOR ANY OTHER PURPOSE '

THAN HAUL NOAD MAINTENANCE

OPERATING COST

8. Operating Labor Including Pringes
9. Repair Labor

10. Repair Parts

11. Fuel

12. Lubricants

13. Expendable Parts
14. Tires 2,500 Hr.
15. Outside Repairs
16. Shop Costs

17. Special Items

HOURLY TRUCK OPERATING COST (EXCL. DRI'VEI-_‘)

ccd.chapter3/4/2
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TOTAL HOURLY OWMINING AND OPERATING COST $ 33.43

. ccd.chapter3/4/2
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TABLE 4-5(d) -
YEARLY TRUCK OPERATING COST ESTIMATE

Truck Truck Total  Operating Truck Total  Cost/
Breaker Produc- Plant Produc~ Required Cost SCHEDULED DRIVERS Driver OQperating Ton
Refuse tivity Refuse tivity Truck Excluding Aft'n. Midnight cost Cost  Refuse
Wet Tons WI Hr. Wet tons WI/HL. Hours Driver shift shift  shift (S) ($)
1978 65,000 80 213,000 100 2,92 58,693 3 18 1/8 56,250 114,943 0.40
1979 80,000 76 269,000 94 3,9141 78,084 2 1/4 1/4 62,500 140,584 0.40
1960 98,000 72 325,000 88 5,054 100,827 2 1 1/4 81,250 182,077 0.43
1961 112,000 66 372,000 62 6,184 123,31 3 1 14 106,250 229,621 0.47
} .o .
1962 128,000 66 424,000 79 ° 7,306 145,755 3 2 13 0.51

-l

133,333

. 279,088




'b..S(e)

YEARLY DOZER OPERATING COGT ESTIMATE

Dozer QOperating Cost/
Total Produc-  Required Cost Labor Total Ton
Rafuse tivity Dozer Excluding  Sched. Oper. Cost Operating Refuse
Wet Tons WL Mr. Hours Operator  Dey Shift ($) ($) ($)
1978 218,000 440 632 . 10,656 12 12,500 23,156  0.08
1979 349,000 440 793 13,370 12 12,500 25,870°  0.07
1960 23,000 440 961 16,202 /4 18,750 34,952  0.08
1961 484,000 440 1,100 18,546 1 25,000 43,546  0.09 -
1962 552,000 440 1,25¢ - 2,142 1 25,000 46,142  0.08
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T E 4-5(f)
YEARLY MOTOR PA. . OPERATING COST ESTIMATE

Patrol Operating Cost/
Produc-  Required Cost Labor Total Ton
TonMi. tivity Patrol Excluding  Sched. Oper. Cost Operating  Refuse

Haulage  TM/HEL. Hours Qperator Day Shift (%) {$) ($)

1978 167,794 1,000 168 1,525 18 3,125 4,650 0.02
1979 23,632 1,000 237 2,152 18 3,125 5,277  0.02
1980 315,141 1,000 S 2,860 1/4 6,250 9,110 0.02
1981 401,799 1,000 402 3,650 1/4 6,250 9,900 0.02

1982 484,462 - 1,000 484 4,395 1/4 6,250 10,645 0.02




TABLE ‘—5(2)
MANPCHER SUMMARY AND OVERALL OPERATING OOST BUDGET
Total Nusber of Operator Oper. Bgpt. Total
Refuse Dey temoon t Labor Oper. Cost,/Ton
Production Bhift shift ghift Cost Cost Refuse
Wet Tons Men Men Men ($) ($) ($)
1978 218,000 258 18 18  TL,815 70,804 0.5
1999 M9,000 258 14 1A 18,125 93,606  0.49
1980 423,000 3 1 14 106,250 119,889  0.53
1961 484,000 4144 1 114 137,500 - 145,567  0.58
1982 552,000 -1/ 2 1/3 164,583 171,292 0.61

TOTAL 2,068,000 558,333 - 601,228 0.56
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5.0 HYDROLOGIC CONSIDERATICNS

. Bydrologic analysis in Phase II centered around two major
structures: 1) a diversion channel to intercept and divert runoff
above the refuse pile to Barn Canyon; and 2) a settling pond to receive
runoff from the disturbed area below the diversion channel. The
following discussion on hydrologic considerations deals with design
criteria and briefly discusses earlier studies of alternative sediment

control schemes.

5.1 Watershed Areas

The Schoolhouse Canyon watershed has a total area of 260 acres
and has been divided into four segments for hydrologic analyses. These
are shown in Figure S5-1(a) and are described below:

a. Undisturbed Area to Diversion Channel_: The watershed area

. above the diversion structure from which runoff will be

. diverted to Barn Canyon (193.acres). |

. b. Undisturbed Area to Pond: The watershed area which 1:  |
undisturbed by the refuse pile and associated cons_tructim
works and from which runoff will flow to the settling pond
(40 agru). | |

:c.- Disturbed Area to Pond: The watershed area which is

~ digturbed by the refuse pile and associated construction
vorks and from which runoff will £low to the settling pond
(23 acres). '

d. Haul Road Drainage: The watershed area from which runof£

will be intercepted by a dfaina:p ditch along the haul road
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(4 acres). This will not contribute to the settling pond
within Schoolhcuse Canyon, but rather will be treated in the
settling ponds adjacent to the plant.

The disturbed area includes the refuse pile plus associated areas
disturbed by the diversion channel, the haul road on the west side of
the ca;xym, and a drill site access road on the east side of the canyun
near the settling pond. The actual area of the refuse pile will
increase each year as shown in Pigure S5-1(b). However, for hydrologic
design purposes the saximm area to be disturbed by the refuse pile and
associated activities has been used,

A small additional area (3 acres) is shown in Figure 5-1(a),
which falls cutside of the Schoolhouse Canyon watershed but which will
contribute to runoff intercepted by the haul road ditch.

5.2 Precipitation Data

The available precipitation data ft& a qaging station at Price,
Utah (Utah State University, 1971) is given in Table 5-2(a). No gaging
stations are located nearer to the Castle Gate area. However, regional
precipitation data for 6-hour and 24-hour events is available and is
tabulated in Table 5-2(b) (NOAA Rainfall Frequency Atlas for Utah, ‘
1974). Generally the precipitation at the Price Station is about 94%
of that in the Castle Gate area; thus, the Price data was considered
applicable to the Schoohouse Canyon watershed vhen increased by about
6%.

ccd.chapter3/4/2

-52-




5.3 Diversion Channel

5.3.1 General

puring Phase I of this study, a diversion channel to Ketchum
Canyon on the Schoolhouse Canyon south wall had been considered. Early
in Phase II, however, it became apparent that a better alternative
‘wwld be the construction of a diversion channel on the north wall ot
Barn Canyon. The latter was expected to encounter more intact rock
cloge to the natural surface, offer less long-tem instability, and was
considerably shorter than the other scheme. A dozer trail was blazed
along the north wall and the design proceeded on the basis of a north
wall diversion channel.

It was not considered necessary to extend the north wall

diversion channel to intercept runoff from the south wall at this time

because the settling pond capacity as designed asets with current

federal regulations. However, this might be considered in the future
to avoid treatment of scme of the runoff from thc undisturbed lﬂ on
the south wall (40 acres). Once the pile reaches planned capacity,
another alternative might be to intercept scme of this south wall flow
in a lined channel which could be inexpensively constructed on the dump

| surface.

'5.3.2 Design Flow Rate

» The peak flow rate to be carried by the diversion channel has

| +Ref: TRICO International, Inc., 1976 Report for Master Drainage
Study for American Electric Power Service Corporation Coal Mining

Facilities Near Castle Gate, Utah.

ccd.chapter3/4/2
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been determined using the Rational Method, which is commonly used {n
small watersheds (less than five square miles) where no stream-qaging
data exists. Its use is described by many authors including gray

(1970).* In equatiocnal form:

wheQB = peak flow rate (cfs)
= runoff coefficient based on watershed characteristics
i = rainfall intensity (in/hr) of a storm whose duration is
equal to the time of concentration of the watershed
A = area of the watershed (acres)

The time of concentration is given empirically by:

where t = time of concentration (min)
L = maximm length of travel of water (ft)
S = slope, equal to H/L where H is the elevation difference
between the most remote point in the watershed and the
cutlet (ft)

For that portion of the Schoolhouse Canyon watershed above the
diversion point, the following parameters have been determined:

H = 1610 £t

L = 5000 ft

S = 0.32

t= 8.5 min

%= 0.65 /0i = 3.12 in/hr (Intensity of 8.5 min, 100 year storm)
A = 193 acres :

Qp- 391 cfs

TRICO :ntcmational, Inc. (1976)*** determined peak t’lcw rates in

sRef: Donald M. Grey, 1970, "Handbook on the Principles of
Hydrology."

s*Ref: TRICO International, Inc., 1976 Report for Master
Drainage Study for American Electric Power Service Corporation

Coal Mining Pacilities Near Castle Gate, Utah.
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Schoolhouse Canyon for 6~hour and 12-hour storms using the Soil
Conservation Service, "TR-20 Project Formulation" computer program,
‘and found that maximm flow resulted from the 100-year/24-hour storm.
Peak flow rates were calculated at a point in the upper reach of
Schoolhouse Camyon and at the outlet. The areas and corresponding
maximm peak flows at the two points from TRICO's calculations were as
follows:

Upper Reach: Area = 96 acres, Q = 200 cfs
Qutlet: Area = 250 acres, %- 500 cfs

Assuming that Qpis proportional to the area of the watershed
contributing to nunoff, a peak flow rate of approximately 400 cfs is
indicated for the area (193 acres) above the _diveuim point. ‘Ihis.
figure supports the 391 cfs calculated abavn by the Rational Method and
thus, 400 cfs wvas cdxsidnm a reasonable peak flow rate in the
diversion channel for a 100-year storm! |

5.3.3 Channel Dimensions

The dimensions of the diversion channel were determined by the
peak flow rate, the permissible side slopes on the channel banks, the
dmnnel gradient, and the size limitations presented by the excavation
equipment. The design flow rate of the diversion chervm} ves set av
400 cfs; channel benks can be encaveted at & 1/2:1 slope on the uphil}
and. & RN G doiehi 13 eidy of the chennedsseed the channgl
BottouMENE il 34 15< fovt Wiich is roughly e feet-wider than

The Manning equation describing flow in an open channel is:
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Qe 1.45.a (2 )% (5)12
n

vhere Q = flow rate (cfs)
= Manning coefficient
A = cross-secticnal area of.channel (ft
Ry= hydraulic radius (£t) equal to area d.widod by wetted
perimeter

8 = channel gradient
A Manning coefficient of N = 0.050 was considered reasonable for a
rough channel excavated in rock. The depth of flow was found from the
equation above using the peak flow rate, Manning coefficient, bottom
width of the channel, bank slopes, and the channel gradients.

| Approximate utilization of the dozer trail blazed for the

diversion channel necessitated a channel gradient varing from 4 percant
near the diversion structure to 1 percent near the cutlet in Barn
Canyon. Typical design cross sections for the channel are given in
Figure 5-3 for three channel slopes. .

Flow may be either subcritical or supercritical depending upon
the flow velocity and the channel dimensions. BSubcritical flow is
generally most desirable in open chamnels. An indication of the type
of flow is given by the Proude mumber:

FP=_V

&

where !' = Proude number
g = accsleration dunzto gravity (32 !t/uc )
A = channel area (ft")
b = channel width at water surface (ft)
V = velocity (ft/sec) for F > 1 flow is supercritical and for
P <1 flow is subcritical. Froude mmbers are also given
in rigure S5-3 for each channel cross section.

Due to the relatively steep grédient of 4% along the upper reach
of the channel, peak flow will probably be supercritical. This could

ced.chapter3/4,/2
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result in standing waves particularly at the curves and other
irreqularities in the channel. A two-foot freeboard has been added
over the entire length of the diversion channel to reduce the risk of
any overtopping due to such waves. As the channel slope decreases, the
water velocity will also decrease, resulting in a lower erosion
capacity. The flatter gradient of 1% through the ridge cut, as the

. channel enters Barn Canyon, should reduce the tendency for erosion on
the outer bank of the channel through the curve. Smaller gradients
also reduce the potential for supercritical flows and the resulting

standing wave problems.

5.3.4 Qutlet

The proposed diversion channel will discharge its flow into Barn
Canyon at the point where the channel daylights with the natural slope..
The water will flow down a small gully and enter the main channel ‘in
Barn Canyon. At present, no improvements are considered necessary in
this gqully or at is confluence with the main Barn Canyon floor. it
excessive erosion should occur, some channel protection may be
required. Such problems wi.li become more apparent after the divor_si_m
ditch is operating, at which time they can be handled appropriately.

Improvements to the existing Barn Canyon éhamel near the
preparation plant are .conz'-idered necessary to adequately contain the
combined storm runoff fron Barn and Schoolhouse (above the diversion

channel) Canyons. The sucgested improvements include:
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TABLE 5-2(a)

ESTIMATED RETURN PERICDS FOR SHORT

DURATION PRECIPITATION (INCHES) - PRICE, UTAH#*+

Return Duration
Period 5§ 10 1% 30 1 2 3 6 12 24
(yrs) Min Min Min Min Hr Hr Hr Hr Hr Hr
1 .08 .13 .17 .23 .29 .37 .44 .62 .18 .95
2 12 .18 .23 .32 .40 .49 .58 .80 1.00 1.20
5 A6 .25 .32 .44 .56 .68 .79 1.07 1.32 1.58
10 .20 .31 .39 .54 .68 .81 .94 1.25 1.53 1.82
25 24 .37 .47 .65 .82 .98 1.13 1.50 1.83 2.18
50 .28 .43 .54 .75 .95 1.12 1.29 1.71 2.08 2.47
100 .31 .49 .62 .85 1.08 1.27 1.45 1.91 2.32 2.74
TABLE »2(b)
PRECIPITATION FOR CASTLE GATE AREA##*
*h Storm Precip (in) Storm Precip (in)
2 yr-6 hr .92 2 yr-24 hr 1.30
S yr-6 hr 1,20 5 yr-24 hr 1.65
10 yr-6 hr 1.32 10 yr-24 hr 1.90
25 yr-6 hr “1.65 25 yr-24 hr 2.30
S0 yr-6 hr 1.85 50 yr-24 hr 2.70
100 yxr-6 hr 2.05 100 yr-24 hr 2.9(_)

*Ref: Utah State University, 1971, Department of Soils and

Bicaeteorology Bulletin No. 1.

s*Ref: National Oceanic and Atmospheric Administration, 1974,

NOAA Atlas 2, Vol. VI, Rainfall Frequency Maps of Utah.
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a. Construction of rip rapped berm along the top of the existing
. b. . Installation of an additional pipe arch under the road at the
b channel outlet to the Price River,
¢c. Erosion protection on the bank of the Price River opposite the
pipe arch outlets.

These improvements were discussed in a letter to AEPSC dated December
8, 1977.

5.4 Settling Pond

5.4.1 Design Volume

The design volume of the gettling pond was based on the runoff
resulting from a 10-year/24-hour storm as required by current federal
requlations. This runoff will occur on both disturbed and undisturbed
areas below the diversion (see figure 5-1(a)). An additional volume

: . allowance of 0.2_acra-—£e_e£ 15?: acre of _disturbed land has been made for

. | sediment which will be required by the new federal OSM regulations. No
sediment allowance has been made for the undisturbed land contributing
runoff to the pond based upon our understanding of the definition of
"disturbed land” in the OSM regulations. '

The 24-hour .st.om runoff has been estimated using the Soil
Conservation Setvice Curve Number Method described by Mockus (1972)%¢
Precipitation from the 10-&ur/24-h_our stom_(l.so inches) and a curve

sMockus, Victor, 1972, Bydrology, Section 4 of the N_ational
Engineering Handbook, Soil Conservation Service U.S. Departmetn
of Agriculture.
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mmber of 93, based upon the soil and vegetation conditions of the .

watershed, have been used in Figure 5-4(a) to find runoff. The runoff
from the design storm (1.23 inches) was multiplied by the area of the
watershed (63 acres) to‘yield the total volume of runoff to the
settling pond, equal to 6.5 acre-feet. An additional 4.6 acre-feet has
been allowed for sediment storage (.2 acre-feet/acre x 23 acres) and
thus a total required pond value at the final dump configuration of
11.1 acre-feet was determined.

According to the 1" to 50’ topography, a settling pond capacity
of 10.7 acre~feet is indicated up to the 6,205 spillway elevation (see
Table 5-4 belvcw). It is anticipated that clearing and grubbing
operations will result in a slight expansion of the pond capacity to
achieve the 11.1 acre-feet requirement. However, it should be noted
that this requirement is for the final dump configuration when the .

disturbed area will reach a mimn At the end of the first year, for
instance, the combined runoff/sediment reguiressnt has been estimated
at 8.6 acre—feet, vhich is adequately met by the proposed pond.
Morecver, the embankment crest as designeq is five feet above the
spillway elevation, and therefore additional short-term storage
capacity is provided. Settling pond values required for different 24-
hour stotiu__ are illustrated in Figure 5-4(b). It is apparent that the
proposed pond should easily contain runoff from a very large storm or
from several smaller storms occurring in close ucjmnco when the pond
is free of sediment load.
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TABLE 5—4

SETTLING POND CAPACITY

Incremental
Volume Cumlative
Elevation Area (Acres) (Acre-Feet) Volume (Acre—Feet) -

6175 0

6180 0.027 0.068 0.068
6185 0.167 0.485 0.553
6190 0.311 1.195 1.748
6195 - 0.480 1.978 3.726
6200 0.693 2.933 6.658
6205 0.916 4.023 10.681
6210 1.194 5.275 15.956

" An additional requirement of the latest OBM regulations (Decesber
' 13, 1977) is that "the sedimentation pond mist provide at least a 24~
hour detenticn time and a surfaéc‘areia of at least one square foot fot_
each 50 gallons per day of inflow for runoff entering the pond that
l:uu_lt: from a lo-yutfu-hour prec_ipitatién event.” Although this qale
was not considered in the design, the following calculations indicates
that the requirement is satisfied.
| - Pond Inflow for 10-year/24-hour storm

= 1.23 inches x 63 acres x 1 £t x 43,560 £s 2 x 7.48 gallons
o 17 ins acre t

= 2,100,000 gallons
- Pond Surfac§ area at discharge.
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» 0.916 acres x 43,560 ft2
acre

= 39.800 ft 2
- Surface Area./SO- gallons/day of inflow
=0.95 ft 2 =1

Appropriate dewatering schedules should permit the 24-hour d-etentim
time requirement to be eagily achieved. In the end however, it is the
effluent standard which must be met for all storms less than the
10-year/24~-hour event, despite the pond design quidelines and rules
discussed above. These effluent limitations which are given in Section
3.0, should be achievable with the proposed pond, and through
controlled dewatering practices.

5.4.2 Spillway _
The settling pond spillway has been designed as an emergency

étructufe to prevent overtopping of the pond embankment. Both
embankment abutments were considered as alternative spillway locations.
However, the south abutment was chosen because it provided a greater
spillway length, hence a flatter gtadient. and becauu of its better
overall rock quality. Both of these factors were considered important
from the standpoints of flow hydraulics and vehicular access to the
pond area via the charmel floor.

Utah requlations (Utah Division of Water Rights) stipulate a
spillvay capacity of 50 cfs per square mile of drainage area or about
20 cfs for the entire Schoolhouse Canyon watershed. Failure of the
diversion charmel, however, could result in a maximm of 500 cfs (400
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cfs from the area above diversion and 100 cfs from the area below) of
flow to the settling pond. Actual flows down the spillway will be
ssaller than these unless the pond is full (due to the dampening effect
of the pond on the peak flow).

The design capacity of the gpillway, assuming a S5-foot water
depth and a 15-foot channel width, is 520 cfs which is sufficient to
pass peak flows resulting from the unlikely situation of a full
settling pond and a failure of the diversion channel occurring
simultanecusly.

Water flowing down the spillway wil enter the existing 60-inch
culvert in Schoolhouse Canyon. A trash rack will be placed over the
inlet to prevent debris from plugging the inlet or entering the
culvert. This matter along with other aspects of the Settling Pond
Construction were discussed in the Technical Spociﬂqltions completed
in December, 1977. | |

5.4.3. Pond Maintenance and Dewatering

The new federal OSM regulations will require that sediment is
removed from the sedimentation pond when its volume accumulates to 80%
of the design allowance for sediment. On the basis of curtom;. -
information it is not possible to ;eliabiy estimate the rate at which
sediment will accumulate within the pond. Sediment removal, however,
should not be ﬁecessary for several years, and could then be |
accomplished simply through the use of small front-end loader and
-trﬁcks_ hauling out via the spillway floor during the summer months.

It has been estimated from permeability t;estlng- that seepago' into
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the pond walls, beneath and through the pond embankment may range from .
5,000 to 50,000 gallons/day. Irrespective of the initial seepage, the
pond can be expected to experience early siltation and in consequence
reduced seepage losses. At best, natural dewatering through
infiltration and evaporation is not expected to amount to more than a
few feet of water level dmp/mohth, and therczoro some other peans of
dewatering clarified water is considered necessary. Decant systen
were initially contemplated but because of the relatively small pord
size, coupled with problems in control of discharge during operation,
they were rejected. Pumping was considered a more flexible approach.
A suitable 100~-500 gpm centrifugal pump capable of handling dirty
water should be purchased or rented. This could be installed an a
simple float with the suction of the pump about a foot below the water
surface to allow for skimming of clear surface water, while preventing

cavitation. Alternatively the pump could be .muntnd on a small trailer
which could be lowered to the water surface down a dozer cut rail
extended from the spillway. Pump discharge would consist of rubber
hose, thence to plastic, steel, or alumimum pipe to the lip of the
spillway. A 3 to 5 inch line would be suitable depending on the pup
size used. _

In the long term, once the need for pumping has been established
with actual storm runoff and sedimentation rates, possible floéculating
additives, etc., a more permanent installation, perhaps involving an
electrically powered pump to avoid gasolim supply and reduce servicing
requirements, might be mtemiated.
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5.4.4 Altermative Sediment Control Schesss

. Early in Phase II it became evident from the proposed OSM
requlations, that a relatively large allowance for sediment would have
to be made in the settling pond total capacity. Therefore the
feagibility of a single in-canyon settling pond, as contemplated during
Phagse I, was in question and alternati;e schemes for handling sediment
control of runoff emanating from the refuse pile arsa were examined.
Three conceptural alternatives were studied economically, and were
discussed with AEP personnel on site. Briefly, these were:

Scheme A
Construction of a small settling pond within sd'mlnouse Canyon
with overflw channelled to supplenental storage capacity in an
. expanded plant. thickener pand

. - | Scheme B
' Construction of a single large settling pond within Schoolhouse
Canyon.

Scheme C

Direct entry of the disturbed area runoff into the existing 60—
_inch culvert system. The culvert discharge would then be |

intercepted at a point between the D&RG railroad tracks and the

Price River, thence chamnelled to t.he old existing settling ponds

to the south and treated the_re prior to final river discharge.

Although Scheme C was conceptually very ettractive. the problems
~associated with ﬂ:; proximity to the Price River, abtaining clearances
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from the railroad and possible construction difficulties were
considered by AEPSC to offer strong potential for delaying the project.
This approach was therefore rejected from further consideration.

Scheme A offered economic advantage over Scheme B primarily
because of its smaller embankment volume and because in Scheme B the
refuse pile had to be pushed fu;thet up=canyon, thus involving
additional haul road construction and marginally higher refuse disposal
costs. Despite the capital and operating costs savings attributable to
Scheme A, AEPSC preferred the Scheme B approach because it would be
self-contained, and would not involve the use of valuable real estate
or facilities in the preparation plant area. Thus, on Octcber 31,
Phage II proceeded on the basis of a single settling pond within
Schoolhouse Canyon and in consequence a refuse pile starting elevation
of 6,220 in the canyon floor.
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INCREASE IN REFUSE PILE

Figwe 5-1(2)
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Figure 5-4(b)
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6.0 GEOTECHNICAL CONSIDERATIONS

6..1 General

Following the decision to proceed with Phase II and prior to
preparing the final des-ign for a refuse disposal system in Schoolhouse
Canyon, it was necessary to carry out investigations of subsurface
conditions for the various components of the system. In addition, it
was necegsary to evaluate materials found in the area for construction
of the settling pond embankment. The investigations comprised
bulldozer cuts, test pits and borings. Based on the results of this
work, geotechnical design criteria were established for the diversion
of the upper Schoolhouse Canyon runoff to Barn Canyon, for the haul
road from the plant to the refuse dump, and for the settling pond
embankment/spillway system. An assessment of the refuse dump stability
was also made.

Geologically, the loer portion of Schoolhouse Canyon is cut into
the Blackhawk Unit of the Mesaverde Group of the Upper Cretaceocus. 'me
beds of the Blackhawk Unit consist of interbedded sandstones,
siltstones, shal_es and coal, with strata thicknesses qonerally‘ less
than 10 feet. The head of Schoolhouse Canyon is founded in the Castle
Gate Unit, which is a cliff-forming sandstons. Overlying the slopes
and floor of the canyon is a mixture of colluvial and alluvial soils
derived by weathering of the Blackhawk and Castle Gate Units. These
soils consist generally of cobbles and boulders inte_rspersed in a
matrix of sand and gravel with some silt and a trace of clay. The
colluvial slopes are generally in a marginally stable condition and _
slough under the influence of gravity, wind and water. Recently there

ced.chapter3/4,/2



ey

has been some disposal of construction debris and miscellanecus £ill in
Schoolhouse Canyon in the approximate areas shown on Pigure 6-1(a).

6.2 INVESTIGATIONS

6.2.1 Diversion to Barn Canyon

An exploratory dozer trail was tut near the alignment of the
proposed diversion ditch to Barn Canyon; the proposed ditch alignment
is shown on Figure 6-1(a). The trail was cut using a Komatsu D-155A
with a two-shank ripper. Along much of the trail it was possible to
cut into the hillside using the blade with only minor amount of
ripping. However, cutting through the divide between Schoolhouse and
Barn Canyons, ripping was required in sandstone, and it was found that
ripping became ineffective below a depth of 10 to 15 feet.

The cut made by the dozer was about 15 feet wide with cut slopes
ranging from 1:1 to nearly vertical with some overhangs. The upstream
end of the trail was cut predominantly through colluvium for a distance
of about 200 feet. For the next 600 feet, the cut slope was
predominantly rock with only a few feet of colluvium cover. The rock
consisted of beds of siltstone, shale and sandstone with a maximm bed
thickness in sandstone of about 10 feet. The trail then passed near
the base of a sandstone outcrop where the siltstone and shale beds had
thinned. This outcroup had some overhanging ledges and blocks over its
length of about 100 feet. Prom there on into the Barn Canyon drainage,
the cut was predominantly in siltstone and shale with thin sandstone

M‘.
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6.2.2 Refuse dump Foundations

Four test pits were excavated to determine the subsurface
conditions beneath the toe of the proposed refuse dump. These test
pits 4, 5, 6 and 10 were excavated using a Massey-Ferquson MF40 or John
Deere JD600 backhoe. Depending upon the setup position, the maximm
reach on these backhoes was between about 10 to 14 feet. The locations
of the test pits are shown on Figure 6-1(a).

The four pits were excavated in areas that contained some f£ill.
These fills contained coal, construction debris, soil and a sand/straw
mixture in a loose to compact relative density. Below this fill a
colluvial/alluvial soil was encountered in test pits 6 and 10. This
colluvial /alluvial soil comprised a brown coarse to fine gravel and
coarse to fine sand, trace silt, occasional to mmercus cobbles and
boulders with a compact to dense relative density. More of the
colluvial/alluvial soil was encountered in the test pits excavated in

the settling pond area. None of the test pits excavated encountered

bedrock or groundwater. Logs of the test pits are given in Appendix c.

6.2.3 Haul Road

An exploratory dozer trail, similar to the one cut for the
diversion ditch, was cut near the alignment of the proposed haul road.
Oonly minimal amounts of ripping were required and most of the cut was
easily made using only the blade of the Komatsu D-015SA.

The cut was oxcavated. along the slope between ﬁam and
Schoolhouse Canyons and then in Sd\oolhouse Canyon. Along the slaﬁo.'
between the two canyons the trail was cut in predominantly colluvium
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with some siltgtone, shale and thin sandstone beds. As the trail made
the turn into Schoolhouse Canyon, a greater portion of sandstone was
encountered with a reduction in thickness of colluvial cover. Prom this
point the trail approximately followed the dip of the beds to the floor
of the canyon. The actual haul road alignment will, however, enter the
canyon floor considerably upstream. This alignment will cross several
outcropping sandstone beds which are estimated to be about 10 feet
thick.

6.2.4 Settling Pond Foundations

Six test pits were excavated and five boreholes were drilled in
the settling pond area to provide conditions. The test pits were
excavated as discussed in section 6.2.2. They encountered
colluvial/alluvial soil except .Eor apéroximtcly two feet of £ill at the

surface in Test Pit 7. This fill consisted of the colluvial/alluvial
soil mixéd with a small amount of coal refuse.

The five boreholes were rotary drilled and cased through the
colluvium in the area of the proposed settling pond embankment. One
borehole was drilled in each abutment and three were located beneath the
embankment in the valley floor, as shown on Figure 6-1(b). The abutment
boreholes (Bl-C and B-3) stated in the fresh rock exposed in drilling
pads cut by a dozer. They were cored and logged continuously to a depth
of 125 feet. Pressure packer tests were run throughout their length.
Boreholes B-2, B~4 and B-5, located beneath the embankment, penetrated
the colluvium/alluvium and were cored at least 15 feet into sound rock.
Falling-head permeability tests were conducted in the overburden and
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pressure permeability tests were run in the rock. The Test Pits and
Records of Boreholes are given in Appendices C and D respectively.
Locations of the boreholes and test pits are shown on Figure 6-1(a).

The thickness of f£ill or colluvium/alluvium encountered in the
test pits and boreholes (except the abutment boreholes) ranged up to
about 40 feet.

The bedrock cored in the boreholes demonstrated little evidence of
deep weathering; however, at the rock surface there are some open
fractures. The rock encountered consisted of interbedded sandstone,
siltsones, shales, organic shales and coal. Of these, the sandstones
and siltstones are nﬁre competent and generally thicker bedded. Once
sandstone/siltstone stratum, encountered in Borehole B-3, was
approximately 37 £eef. thick.

ralling-head permeability tests-in the overh::dnn were run by
£illing the casing to the top and measuring the rate of fall of water in

the casing. The pressure packer tests were run by sealing off a section

‘of the borehole and injecting water at approximately 10, 20 and 30 psi.

Sections of approximately 5 or 10 feet were sealed off in these tests by
use of a single packer above t.ha bottam of the advancing borehole or by
a double pneumatic packer system. Results of the tests ace shown on the
Records of Boreholes in Appendix D. The permeabilities of the different

materials measured generally range from 10
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132_cto 10_,cm/sec in the rock abutments and from 10_,to 10
_gcw/sec in the colluvium in the valley floor.

6.__2.5 Settling Pond Embankment Materials

Three possibilities were considered as potential sources for
embankment borrow. The most obvicus source is from excavations for the
haul road and diversion ditch.

A second possible source is the General Coal Borrow Pit on the
west side of U.S. Highway 6/50 across fram Barn Canyon, which has been
used as & source of general f£ill for the preparation plant. The
material presently being used as a plant road base fill came from Corn
Borrow Pit. This is a third potential borrow source. |

These three materials were sampled ftm‘stock piles or test pits.
Rock lirgcr than about three inches i;n diamster were removed by hand in

the sampling process. The particle gradations and compaction
characteristics were determined in the laboratory and the results are
presented in Appendix B. The results indicate that materials from the
three potential sources are very similar in their engineering
cha?acteristics as discussed in Section 6.4.

6.3 REFUSE DUMP

6.3.1 General

This section presents geotechnical considerations relating to the
design and placement of the refuse dump. Of these perhaps the most
important are the engineering properties of the refuse material itself
as they affect its placement and the subsequent stability of the chmp.

ccd.chapter3/S
—76=



Because the preparation plant was not yet in operation, the properties
of the refuse could not be determined directly. Rather, as discussaed
below, it has been necessary to infer the character of the refuse from
projections by the preparation plant designers, and from a review of the
published properties of waste from their mines. It is considered that
the probable ranges in engineering properties of the refuse have been
determined within reasonable limits and the dump was designed
accordingly. It will be necessary during the first year of operation to
determine the characteristics of the refuse material as it is finally
produced and to revige both the design and placement procedures discussd
below. In the meantime, the intent has been during Phase II to develop
sufficiently flexible guidelines for placement to acccamodate a wide
range of material properties and placement conditioms. |

6.3.2 Engineering Properties of the mfuse

The engineering properties of refuse were studied and the results
presented in detail in the Phase I Report. From information supplied by
Dravo'Corpo:ation, the total refuse cutput is expected to be cmposcd of
the following: |

. Material = - Size Provortion of Total  Moisture Content
_ . (3 ?E weight) (¥ by weight)

Breaker Refuse 12" to 4" 25 5
Coarse Refuse 4" to 2" 35 5
Fine Refuse 172" to No. 28 20 8 .
' Mesh
Filter Cake Finer than No. 28 20 o 33
: Mesh
' TOTALS 100 ‘ 11
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Using refuse material obtained from the present preparation plant
in Bardscrabble Canyon, a sample having the above composition was
fabricated. At overall moisture contents of 11 percent, there was
considerable free water which appeared to drain readily from the sample.
Grading curves for the fabricated sample and its fines content are given
on Figure 6-3(a). Also shown in this Figure are compaction
characteristics of the sample, both with and without the fines (filter
cake). These results support the chservation of the free-draining
nature of the fabricated sample, because a reasonable degree of
compaction is achieved over a wide range of moisture contents. The
fines were determined to be non-plastic.

To the extent that the fabricated sample is representative of the
material which vill be delivered by the preparaticn plant, it is not
anticipated that there will be sericus problems of placement. Given its
free—draining characteristics, it is likely that there will be
appreciable loss of mistux_:e along the conveyor system, in the storage
bins and in the trucks before the material finally reaches the dusp.
These possibilities, together with the indicated compaction
dutactetistics, support the conclusion of relatively trouble-free
placement.,

The observed free-draining characteristics of the fabricated
sample are related to the low percentage of fines and the fact that the
fines (simulated filter cake) are also non-plastic. Because of the lack
of clayey materials associated with the coals at Castle Gate, it is not
anticipated that the preparation plant will actually produce a filter-
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cake of significant plasticity. In the event that this anticipation is

' not proven to be correct, difficulties such as those discussed below in

Section 6.3.2 could be experienced.

6.3.3 Experience at Other Mines

Recognizing the potential problems associated with combined refuse
drainage and placement, information was sought from MESA personnel who
were familiar with a variety of combined refuse operations across the
U.S. A visit was also made to such a plant operating at Centralia,
washington.

pifficulties which are being experienced by these operations are
sumarized below: |

a. Plant filtering efficiency and refuse draining characteristics
depend in part on the plasticity of the refuse and in part on
the plant flow gheet, ‘equipment and operating practices. ‘

b. Plant moisture control is always a problem.

c. Ccnbmed refuse operations suffet additional disposal

| difficulties during periods of heavy rain, snov and frost.

d. 'nmgmm mixing of the filter cake with the other refuse
streams seldom occurs. Due to plant process sequencing,
several truck-loads of unmixed filter cake per shift are éiten
placed, vhich typically produces soft, wet zones within the

e. Hauling mobility over these soft refuse zones is commonly
impaired, causing equipment to bog down.
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£. Refuse in storage bins over shutdown periocds often drys and
cakes and water has to be added to facilitate handling.

g. Combined refuse dump slopes typically appear stable at angles
ranging from 11 or less, to 20, depending in part on the
ability to control moisture. |

h. Difficulties are also often experienced in retaining refuse
within hauling units.

Many of the probleﬁs outlined above typically occur where refuse
clay content (plasticity) is high. It is clear that proper moisture
control in refuse placement will be critical to the success of the cump
design proposed, and may became extremely difficult to achieve when, and

if, mining occurs in high clay content zones.

6.3.4 Refuse Pile Design - Genefal

The refuse dump configuration, design criteria and slope
protection requirements are discussed in dctail-in Section 4.0. In
general, these requiremesnts were developed in respense to operational,
legal and surface runoff constraints rather than geotechnical
constraints. Provided the refuse can be adequately drained and
cmpacﬁod. the dump design presented in Section 4.0 is considered
suitable and should be stable. |

6.3.5 Removal of Unsuitable Foundation Material
As shown on Pigure 6-1(a) and discussed in Section 6.1, there are
areas of existing poor quality fill within the proposed dump limits.

These unsuitable materials should be excavated down to firm natural
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ground. The majority of this £ill will be removed during the
construction of the haul road system. Any other unsuitable material
encountered in the valléy floor as the waste pile is developed upwards
should algo be removed. In excavating the material, due care should
also be exercised s0 as not to produce any low-lying areas which could

trap water draining away from the recently placed refuse.

6.3.6 Dump Stability

rigure 6-3(b) gives a longitudinal section along the center of the
proposed f£inal dump configuration. The limit of £illing after one year
of operation is also indicated. The approximate gecmetry of the
proposed dump is as follows: :

| £nd of Ygar' 1 End of Year 7
Maximm Thickness : 85 ft. 200 ft.

Maximm Height (toe to crest) 125 ft. 330 ft.

Maximm Slope Angle o 26.5 (2:1) 26.5 (2:1) -

Average Slope Angle (toe to 26,5 (2:1) 19.0 (2.9:1)"
crest) '

The following table ‘shows the prodicﬁed factor of safety of the
dump for assumed strength parametecs given in Figure 6-3(c) and for
different slope drainage characteristics. ' |

FACTOR OF SAFETY

After Year 7
: ear 1 - Configuration .
Fully Drained 'SI% A o o
Max erred strength 1.5 Greater than 1.5
" Minimum inferred strength 1.25 Greater than 1.5
Partially Drained Slope , : I
Maximum inferred strength  Less than 1.0 1.0 .-
Minimm inferred strength Less than 1.0  Less than 1.0
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The analycis producing the above results was based on the data and
simplified procedures presented in the Phase I Report. A theoretically
rigorous stability analysis was considered inappropriate at this time,
since the errors induced by the uncertainty in refuse strength
parameters probably exceed the relatively minor errors induced by the
use of more simplified analyses. During the first year of operation,
observaticns of refuse placement and compaction behavior in conjunction
with laboratory tests on representative samples will enable the
stability of the dump to be more accurately evaluated. Based on these
evaluations, any necessary modifications to peres and overall cdump
configuration could be initiated. |

As shown in the above table, the dump in a fully drained condition
has an adequate factor of safety over the range of anticipated refuse .
strength parameters. However, even a modest build—uplot water within

the embankment has a severe effect on stability. Thus, it is essential
to maintain proper drainage of excess water contained in the fresh
refuse during placement, and through good control of surface runoff

water.

6.3.7 Control of Drainage

As 1ndicted above, the control of water and drainage within the
dump is critical to ensure stability. However, until the nature and
behavior of the refuse is actually established, it is impossible to
predict what control measures, if any, will be required. Therefore,
rather than specify such measures at this time it is reccmmended that
placement begin with the assumption that the refuse will be free-

' @

ccd.chapter3/S
82w



draining and readily compactable with only minimal control measures
being taken. Then, over the course of the early months of cperatiom,
the properties of the fefuse should be established and the need for
additional drainage control evaluated.

In particular, it is assumed that the alluvial and colluvial
material in the canyon will be sufficiently pervious to act as an
underdrain for the refuse. To promote drainage from the refuse to the
base of the dump, it is recommended that the coarse breaker refuse
segregated in each lift along the longitudinal axis of the Canyon, to
provide a central core of pervious m'terial- to which the refuse can
drain. This minimal measure could be accomplished without additional
cost to the disposal operation and would provide a degree of positive
control over the buildup __of wﬁtet within the dump mass. As placemsnt of
the dump procuds, water levels within the mass of the dump should bo
monitored as discussed belaw and the adequacy of the above procedure
evaluated. If additional drainage control measures are indicated, then
the internmal drain system may have to be ihcteaséd to include lateral
feeders to the centx:al. drain and possibly additional control measures at
the toe of the dump. Utilization of additional coarse colluvial
matcrial from the upstream canyon floor msy be required in this case to
supplement the supply of breaker refuse.

6.3.8 Construction Cd\side:atims

The general dump construction requirements are discussed in detail
in Section 4.0. The following factors relate to the geotechnical
aspeéts of the refuse dump development, refuse placement, drainage and
compaction: |
ced.chapter3/5
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C.

Although MESA requires that the left thickness not exceed two
feet, it may be advantagecus to reduce this to facilitate
drainage and improve compaction. This should be established

by trial and error early in the operation. -
New lifts should be placed cnly over refuse that has had time

to drain and hag been properly compacted to provide a stable

base for the new lift. The production schedule indicates that
beyond year 1, each lift should have scme 10 to 15 days to

drain prior to placement.of the next lift. Areas which resain
wet and soft should be allowed more time to dry and/or be
scarified and recompacted, if necessary.

The dump surface should always be graded to facilitate

drainage my from recently placed £ill toward surface .
drainage courses. 1t may be advantageous to bulldoze shallow
ditches at each lift elevation to improve surface drainage.

Care should be taken not to £ill over any frozen refuse which

has not been prqpe:ly drained and compacted.

Ttﬁck-loadl containing predominantly filter cake should be

spread out in a thin lift, and allowed sufficient time to dry,
- particularly during adverse weather.

It may often be necessary to place the refuse, allow time for
drying, and then to compact the lift.’

6.3.9 Slope Monitoring

Refuse dumps have been susceptible to some catastrophic failures

in the recent past. Many of these disasters were considered by .
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geotechnical engineers to be unnecessary, because it was felt that there
had been significant unheeded warning of imminent failure. It is there
fore considered prudent to install, maintain and cbeerve a systn-for
monitoring potential slope movements and groundwater levels in the _
Schoolhouse Canyon Refuse Dump.

Two telatively simple monitoring systems are considered
appropriate for the Schoolhouse Canyon Dump. These are surface
momments in conjunction with line stakes, and standpipe piezmters.‘
rigure 6-3(d) shows a conceptual plan view of the suggested monitoring
program. This program could be supplemented with more sophisticated
systems should signs of instability be noted. |

Progressive installation of a syiten of surface monuments in
conjunction with line stakes should provide both a qualitative and .
quantitative evaluation of sucface expressions of slope movement. This
displacement menitoring system would be developed as follows:

a. Installation of six instmnht stations set in rock (three

 either side of the &Ln) for survey triangulation of dunp face
momuments.. o

b.  Installation of a row of one-inch diamtor' pipe or rods (five
feet long driven three or four feet into the dump) placed at
25-foot centers approximately every 100 feet horizmt._al]_.y up
the face of the dump. These rods could be coated with_
‘jrridescent paint and would be placed initially in a straight
line, at as close to the same elevation as possible, and would
be roughly perpendicular to the centerline of the dump :‘.ace.
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The first row of rods should be placed within 50 feet of the
toe of the dump, when the dump had reached this correpsanding
elevation. These rod lines could be cbserved by cump
operation personnel to note curvature or offsets in the lines
indicating movement and potential instability.

c. On each of the above mentioned rod lines a concrete survey
monument would be placed approximately 100 feet cn each side
of the dump centerline. These monuments would permit
displacement measurement pericdically by triangulation from

the six survey stations.

Since it has been determined that groundwater can have a critical
effect on stability of the dump, a series of standpipi piezometers
should also be installed. These standpipes could be built into the dump
as it increased in height. They could be constructed of two-inch P
pipe with the lower ten-foot section slotted. Sections could be added
ag the dump was raised, taking due care to avoid refuse falling into, or
damaging, the pipe. At each location three standpipes should be
installed at different elevations. The bottom of the lowest standpipe
should be within five feet of the natural ground surface. The second
should be founded at about 1/3 of the ultimate dump height at that
location and the third at 2/3 of that height. A general layout
illustrating this proposed groundwater monitoring schﬁ is shown on
Figure 6-2(b). Water levels should be taken in all of the standpipe
piezometers whenever the dump face monuments are surveyed.

ccd.chapter3/5
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the results of the survey and piezcmeter data should be
continuously plotted and periodically analyzed by a qualified
gectechnical engineer familiar with the material properties, placement
techniques and stability of the refuse pile. Based oa this data
analysis, the overall stability of the dusp could be evaluated, Should

‘the data indicate excessive movement and/or excess pore pressure, it

would be necessary to alter the construction procedure. mdifications
might include flatter slopes, installation of underdraing, decreased
rate of dumping, and/or other procedures.

6.3.10 Final Comment

Based on the informatiocn available, it is believed that the

- proposed scheme should be operaticnally teuibic and stable provided it
is properly isplemented. However, in the unlikely event that‘ severe

refuse handling, placement and comactim problems are mcmmtotud.
following might be ccnsidered to permit continued operation:

a. Temporary flattening of cump face slope angle.
'b. Development of underdrains as discussed in section 6.3.7.

c. Simultaneous cump development in another canycn to increase
—ope:atiﬁul flexibility.

d. Artificial refuse stablization measures.

o'_. Underground disposal of thickener underflow fines as discussed
in the Phase I report. This approach" is strongly :ecouuﬂed
econcmically and geotechnically, irrespective of the outcome

ccd.dnpterB/S
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of combined refuse disposal operations.#»

6.4 Settling Pond Embankment

6.4.1 Location and Configuration

The proposed Settling Pond Embankment wu; located near the mouth
of Schoolhouse Canyon with the axis approximately on the N 511,000
coordinate line. This axis was designed to have a slight curvature
which is convex in the upstream direction so that the embankment will
tend to "spread” against the abutments when the pond is full of water.
It was designed on a circular arc of 450.0 foot radius with the center
at N 510,560.0 and E 2,178,730.0. The embankment has a proposed crest
width of 20 feet with a 0.5 foot camber at the center.  Both the
upstrean and down s£rean slopes were set at 3 horizontal to 1 vertical,
The mr. layout along with that of the ﬁ:ociatod spillway is
shown in Pigure 6-1(b).

6.4.2 Control of Seepage

The Settling Pond has been designed to retain water only long
enough to settle out undesirable suspended soli.ds; When the water has
sufficiently clarified, it will be pumped into the culvert system
beneath the plant and railroad for discharge into the Price River. A

portion of the water is expected to seep into the valley floor and into

##A recent paper by Jankovsky, "Disposal of Coal Refuse Slurry
Underground” (Mining Congress Journal, September 1977), may be of

interest.
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the enbunkmt. Thig water will be filtered by the ground before it
enters the Price River water regime. Due to this filtering action,
seepage below the Mnt was considered allowable as long as the
stability of the embankment was not affected.

Two seepage conditions which might affect stability need to be
considered. PFirst, seepage through the dam must be kept deep within the
embankment to improve stability and prevent breakout above the
downstream toe. Second, seepage below the dam and at the abutments must
be controlled to prevent piping failure. The use of a blanket drain and
relief wells at the toe and good seals at the abutments is intended to
provide the necessary control. Details of the esbankment drainage
control system are presented in Pigure 6-1(b).

It has been specified in the design documents that the abutments
" be prepared by excavating to sound rock from above the crest, while
maintaining a slight batt‘ar against which the eshankment can be
-colpacted. Overhanging or loose rock is to be removed by jackhammers or
light blasting. Hand scaling and cleaning by mesns of compressed air |
may be required in order to properly prepare the abutment surface for
placemt of the esbarkment. '

5 4.3 22_."_‘!
The spillny shoun in the SQttling Pond specifications has been

'duigmd to provide adoquate flow capacity and therefore to avoid over-
topping of the esbankment or spillway The spillwvay roquiru that the
slcpes be establishod eithe: in sound rock or be well rip-tappod The
spillway ditch side slopel :hould be cut at 1/2:1 in sound rock and cut
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in 1:1 in compacted fill where £ill and rip-rap are required. the
channel profile was designed to provide a stilling basin before water

enters the culvert system, and to allow access for maintenance and
pumping of the pond. -

6.4.4 Babankment Fill Materials

It was concluded that a homogeneous earth esbankment using well-
graded silty materials such as the colluvium found in the area would
provide the most economical section. As noted in Section 6.2.5, three
possible borrow socurces are: (1) excavated material from haul road and
diversion ditch; (2) material from General Coal Borrow Pit; and (3) road
Base material from the Corn Borrow Pit. "Ihen materials are similar,
‘and, therefore, due to the proximity and availability of the colluvium
in Schoolhouse Canyon it has been suggested that the colluvium should be
. utilized to the maximm extent possible, The gradation specification
for the blanket drain was based on the use of colluvium from Schoolhouse
Canyon. However, this blanket drain gradation should be suitable with
the other two materials mentioned.

'6.4.5 Embankment Stability
It is expected that the settling pond embaniment stability will be
governed largely by the condition of the contact area between the fill

and the abutments. wbrking room is limited and unless care is taken in
abutment preparation and thorough fill compaction in these zones,

uncontrolled seepage could occur, leading to piping failure.
Slope stability of the proposed embankment was also assessed in
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light of the strength properties obtained from the consolidated-drained
triaxial tests given in Appendix B. Given the flat slopes reccemended
for the embaniment, it is considered that the embankment will be stable
under all conditions of operation.

ced. chapter3/s
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6.5 Haul Road And Diversion Ditch

The haul road and diversion ditch have generally been designed to
be cut into rock. Inspection of the dozer trails and nearby cuts
suggested that very steep slopes can be stable for significant periods
of time. With the relatively flat-lying for sedimentary rocks found in
Schoolhouse Canyon, slopes carefully cut at 1/2:1 in sound rock should
be stable throughout the life of the facility. Overlying colluvial soil
and highly~fractured rock slopes, however, should be cut to 1 1/2:1 to
maintain stability.

To maintain a reasonably straight alignment and minimize the
volume of rock excavation, portions of the diversion ditch are likely to
be founded in soil. where this occurs, it will be necessary to over-
excavate and re—compact the soil to develop the stability required.
These low, well-compacted cuts should stand at 1:1 with enly routine
maintenance required.

The natural colluvial slopes in the canyon are at approximately
their maximm stable configuration. The addition of sidecast material
to these slopes will probably not permit large thicknesses of £ill at
the top of the slopes and will most likely result in the development of
a thin layer of sidecast material extending to the toe of the slope at

its angle of repose.

ccd.chapter3/S
~-92a




AAG/GAM:hd
$77212

Respectfully Sublmizted,
GOLDER ASSOCIATES, IxC.

A. A. Gass
Principal-in-Charge
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”
G. A. Mathieson
Project Engineer
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. Chapter 3, Section 3.4 February 1994
Castle Gate Mine

Preparation Plant

APPENDIX 3.4B

EXCERPTS CONCERNING REFUSE ENGINEERING CHARACTERISTICS TAKEN
FROM GOLDER ASSOCIATES REPORT ON "DESIGN OF A COAL REFUSE DISPOSAL
SYSTEM, PHASE |, SITE FEASIBILITY STUDY",

SEPTEMBER 1977
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APPENDIX 3.4B

Excerpts concerning refuse engineering characteristics taken from Golder
Associates Report on "Design of a Coal Refuse Disposal System, Phase I,

Site-Feasibility Study", September 1977.
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The canyon bottom increases from the canyon head to its mouth.
Near the mouth of some of the larger canyons, the overburden thickness
could exneed 50 to 60 feet, although 20-30 feet is probably more
representative for most of the canyon length.

The true groundwater table in the area is believed to correspond
roughly with the major streams and rivers. Thus the refuse piles will
be constructed well above the natural water table. Due to the near
horizontal bedding of the bedrock formations, some local perched water
table conditions may exist during spring snowmelt and after heavy
rainfall. These conditions may result in some seeps appearing on the

canyon walls.

5.3 Engineering Characteristics of Refuse Material

In crder to assess the stability of the proposed refuse pile and
evaluate the engineering behavior of the refuse, it is. necessary to
determine the engineering characteristics of the refuse material. The
important properties which might affect the results of this feasibility
study inc..ude gradation, moisture content, unit weight, compaction
character: stics, weathering characteristics, permeability, and strength.
It wis not. possible to obtain a representative sample of the proposed
refuse. Thus the discussion presented in this section and the stability
analysis presented in Section 5.4 is preliminary and may have to be
revised pending more information and testing.

A sample of the proposed refuse material was fabricated based on
information obtained from Dravo Corporation (plant designers) and

utilizing material obtained from a test trench in the current AEP refuse
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pile in Hardscrabble Canyon. Since the existing plant in Bardscrabble
ig different from the new plant, the sample was not representative of
the refuse material from the new plant. However, it was assumed for
this study that the mineral composition is similar with the primary
differences being gradation and moisture content. A total of four bag
samples were obtained from the test trench at depths up to 7 1/2 feet.
The samples were very similar as indicated by gradation tests results
shown in Appendix B. The samples were sieved and mixed together in the
proportions necessary to fabricate two samples representing the
following anticipated gradation:

Refuse with Filter Cake:

wWater

Source Size Percenta Content
Breaker Refuse 12" to 4" 25% 5%
Coarse Refuse 4"tol2 " 35% 5%

Fine Refuse 1,2" to No. 28 Mesh 20% 8.5%
Filter Cake - No. 28 Mesh to 0 22% 33%

Refuse Without Filter Cake:

Water

Source Size Percentage Content
Breaker Retuse 12" to 4" 31% 5%
Coarse Refuse 4" to 12" 43% 5%

Fine Refuse 1/2" to No. 28 Mesh 26% 8.5%

This information was obtained verbally form Mr. Ed Seolnick of Dravo
Co. and f:ém Dravo Drawing "Material Flowsheet - Coal‘Px:epa:agilénvrlant,
Castle Gate, Utah". ' .

A limited laboratory testing program was performed on the two
fabricated refuse samples. These tests included sieve tests, hydrometer
tests, Atterberg Limits, specific gravity tests, weathering tests, and

compaction tests. Results are presented in detail in Appendix B and can

"

be summarized as follows:
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a. Gradation (See Figure B-24, Appendix B): .
With Filter Cake - gravel with cobbles and silty sand.

Without Filter Cake - gravel with cobbles and about 10% coarse
sand.,

b. Moisture (based on Dravo data):
With Filter Cake - 143%
Without Filter Cake 5%

c. Plasticity (of fines): Non-plastic.

d. Specific Gravity (overall): estimated about 2.2

e. Compaction (see Figures B-2.5 and B-2.6, Appendix B):
With Filter Cake - 107 pcf @ 10.5%.
Without Filter Cake - 104 pcf @ 12%.

f. Weathering: Randomly chosen rock fragments exhibited wide
range of sensitivity to weathering. Some fragments showed no
signs of degradation even after 4 wetting and drying cycles.
Other samples decomposed rapidly. However, none of the
samples exhibited any plasticity but appeared to weather to
silt.

Due to the preliminary nature of this study, and the lack of a

reliable representative sémple, no strength tests were performed.
Rather the strength behavior of the proposed refuse material was
estimated based on its anticipated composition and on published strength
data on similar materials. The literature reviewed and the pertinent
information abstracted is sumsarized in Appendix B. In general, the
strength behavior of coal refuse is not well understood. There appears
to be no reliable correlation between strength and other refuse
characteristics. In addition, the data Eeported in the literature
exhibits a wide range of strength values. However, it is congidered
that the strength behavior of the proposed refuse, assuming placement
and compaction in two-foot lifts with adequate drainage of excess

moisture, can be approximaf:ed as follows:

ccé.chapter3,/6



The refuse is a cohesionless material with a probable friction
angle between 32 to 38 degrees at low stresses.

With increasing confiring stress, the friction angle
decreases. Thus the strength envelope becomes curved at high
stresses and exhibits apparent cohesion. This behavior is not
unique to coal refuse and is a property of most coarse-grained
materials.

Based on published information relating the decrease in the
friction angle to the confining pressure, in conjunction with
the strength data on coal refuse, Figure 5.1 was constructed.
This figure represents the most reasonable estimate of the
probable maximum and minimum strength eavelope for the refuse.
The procedure and assumptions used to develop these curves are
discussed in Appendix B.

‘Consideration was given to the effect an the strength of

separating the filter cake material. It is believed that the
sane degree of compaction, both types of refuse probably have
very similar strength ptopert_iés. In fact, the refuse with

the filter cake may even be superior since it would be more

- mﬁformiy graded. The most significant difference results

from a higher molsture content of refuse containing the fxlter

cake. However, as discussed belaw, even with the high

cc6.chapter3/6



.‘ : N ppp—— ‘ ’ et am e it OB G .-——-'

 RESULTS OF SIABILITY ANALYSIS 1.que 501

¥$ 30 #5al3 FEGI3HS

F$% F30023 S0 FSuS FSadd

) \ 000, \
\ . l l ' \ \
y ‘ ! = o s Lty vana 4 Stepe | e acn = Patteally Qumngd Siep
l : ——— Demined Stope : eool. { ‘
1 | \ ‘ ' l
‘ ' ! - |
\ - \ | o .
SRR SR ,!
\ i i .2 \ \ . !
[ . l: . \ s . !
' s ' \ l ' l.
i .
| . | ; | - ®
| P SRR o
I' i ) ' I = | ; l I ‘ :
' . I l.-. 1 | | ‘ A ] [ | ‘ ! l i lli |
w 13 FEY 3% w [1] 0 [1 - » 40
Allsmsbis Stape Angle -Degans Allgnstls Slapt Angle - Pegans
f e 314 un-yn.n Def EHHLD STHINGIN vALLA S . . Frguee 310 MINSIUM ul_l'&ul.ll!t’smtncm M s

PO e PR A L ]

Parnatng it =l Vions

Weter Tole

ot lugs wates B B aree Ba- g
setead tor of sispe )

”\ l 2 .Ii‘ “ ] 11 e b e '."
Tl %@w o

Goldat Agsatraten

i




moisture content, it is believed that the refuse including the
filter cake can be suitably placed and compacted. Thus, based
on the limited available information, it is not feasible to

- delineate a meaningful strength difference between the refuse
material with or without the filter cake material. This
preliminary conclusion may later be revised pending more

information and testing.

The in-place density and final moisture content of the refuse pile
will have a significant effect on its strength behavior. Assuming the
refuse is placed in two-foot lifts and lightly compacted with dozers or
scrapers, the final density and moisture content will be determined by
the compaction characteristics of the refuse, the initial moisture
content, the permeability of the refuse, surface drainage conditions,
weathering, and rate of fill placht. Refuse containing the filter
cake, which has an anticipated initial moisture content of scme 14%, is
potentially a much more difficult material to place and properly
compact. However, the results of the compaction tests indicate that the
refuse can be effectively compacted over a wide range of moisture
conditions. Even at 14% moisture, which is practic#lly at saturation,
the material was compacted to about 96% of maximm density.

The anticipate_d rate of £ill placement will probably be less than
one lift per day (assuming a two-lift and a total of about 1,600 tons
placed per day). In addition, the initial pemeabili.ty of uncompacted
£111 is expected to be quite high and should allow rapid drainage of
excess water (permeability after compaction and weathering will probably
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be much lower). Considerable drainage of excess water may also occur in
the refuse storage bin and in the trucks or scrapers en route to the
refuse pile. This high permeability to conjunction with the slow
filling rate and generally arid climate could result in considerable
drying of each lift. Therefore, based on the information available, the
refuse material even with the filter cake can probably be adequately
compacted. Adverse conditions such as heavy rain, snow melt or extended
frost may occasionally make proper placement of the refuse, especially
with the filter cake, difficult. However, through proper construction
procedures, it is believed that these problems could be overcome. These
procedures might include grading the £ill for optimum surface drainage,
ripping and recompacting frozen layers, using thinner lifts, a greater
compacting effort, and/or other appropriate procedures. '
Consideration was also given to potential weathering effects. The
results of the weathering tests indicated that scme of the refuse
material is very susceptible to weathering and decomposition. However,
as reported by Thomson and !iodin (1972), after an initial quick physical
degradation, probaly due -to the compaction equipment, veiy little, if
any, further breakdown appears to occur below a depth of a few feet.
This was evident in the test trench in the existing refuse pile at
Bardscrabble Canyon. Although some breakdown and weathering had
occurred here, especially at the top of each two-foot 1ift, there was no
evidence of excessive decomposition, or of increased degradation with
“£ill depth and age. In addition, weathering products appear to comprise

a non-plastic silt rather than a plastic clay found in some of the
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bentonitic shales in Utah. 1In conclusion, it does not appear that
weathering will have a significantly adverse impact on the refuse pile.

The final permeability of the refuse is also a concern. Due to
compaction, mechanical ﬁeakdown and weathering, the fill will tend to
form a zone of lower permeability at the top of each £ill lift. This
could result in local perched water conditions after heavy rainfalls or
during spring snow melt. However, lack of information precludes
conclusive comment in this regard.

5.4 Stability Analysis

The allowable refuse pile slope angle and corresponding height are
important constraints on canyon disposal schemes. These constraints may
significantly affect the total refuse volume capacity of a canyon, the
geametry of the refuse pile, and the cost of refuse disppéal. The
impact of these constraints are discussed in detail in Section 7.0.

As discussed in Section 4.2, MESA does not regulate dump height
nor the dump factor of safety, provided the refuse is placed in two-foot
lifts and has no slopes exceeding 2 horizontal to 1 vertical. Should
any slope exceed 2:1, then MESA requires a m.inimm- factor of safety of
1.5 for the overall refuse pile. In general, for the disposal schemes
considered in this study, the ideal slope would have an overall slope
angle of about 2:1 but would locally exceed 2:1 between haul road ramps.
Thus, one of the primary purposes of the stability analysis in this
phase of the study was to assess the feasibility of locally exceeding
2:1 slopes while maintaining an overall factor of safety in excess of
1.5.‘ Naturally, regardless of MESA requirements, the refuse pile must

cc6.chapter3/6



be properly designed and have an acceptable factor of safety (although
it need not be as high as 1.5 if the MESA 2:1 slope requirements are
satisfied).

For this sitting feasibility phase (Phase I), a rigorous stability
analysis of all the refuse schemes would be inappropriate and
unwarranted. Rather, the stability analysis performed was a non-
rigorous evaluation which could be equally applied to all canyons.
During Phase II design a rigorous stability analysis may have to be
performed on specific disposal schemes. Details of the non-rigorous
analysis conducted to date are discussed in Appendix B.

The results of the preliminary slope stability analysis are shown
on Figure 5.1. These plots show the relationship between the allowable
average slope angle and the allowable refuse height fér different
factors of safety and different assuﬁ:ed strength characteristics..
Figure 5.1A is based on a fully drained slope vwhile Figure 5.1B is based
on a partially drained slope. From these curves it is obviou# that
proper drainaée of the refuse pile is very important. Even a slight
build-up of seepage pressures could have a 'very adverse effect on the
stability of the refuse pile. Also, in order to exceed 2:1 on inter-
ramp slopes, it may be necessary to flatten the overall slope to less
than 2:1. Based on the maximm probable refuse strength values and a
drained slope, refuse piles in excess of about 300 feet would have to be
flattened to less than 2:1 overall, in order to meet the MESA factor of
safety requirement. Based on the minimum probable strength values, the
'ove.rall slope would have to be flattened to less than about 22 degrees
to justify steep inter-ramp slopes.
ccb.chapter3/6
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. §.5 Other Geotechnical Considerations

Some preliminary consideration was given to placing the refuse in

the flats in the gentle sloping areas south of Kenilworth and west of

Helper as shown on Figure 3.2.

cc6.chapter3/6
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SECTION I

At the request of érice River Coal Company, 1 reviewed the report
prepared by Golder Associates dated January 18, 1978, regarding the -
design of the coal refuse disposal system, including the detailed design
of the Schoolhouse Canyon Refuse Dump facility. In particular, I have
reviewed the gemet-r:ic. considerations for the dump site, the material

considerations, and comments relating to construction contained in said

report.
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SECTION II

CONSTRUCTION RECORDS

on January 28, 1983, I visited the site in conjunction with Rob
Wiley, Envircnmental Engineer, and Frank Pero, of the Price River Coal
Company, and reviewed in detail the provisions taken at the site during
construction in accordance with the previcusly mentioned "Golder
Report”. 1 also reviewéd with Mr. Pero (who was present during the
construction), the construction records including construction pictures
which enabled me to determine that the dump site was constructed in
basic accordance with the plans to its present state.

In particular, large sandstone rocks from the diversion channel
construction were bladed to the bottom of the existing canyon to provide
for the draining of seepage waters from the refuse material.
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SECTION III

MATERIAL TESTING

while at the site, using a Troxler 3411.5 nuclear dex:;sity qauge, I
determined the in-place density of the refuse material. I also obtained
moisture density samples and samples of the refuse material, which I
returned to the lab for additional testing. The results of these in-
place determinations (attached in the Appendix) indicate that the

average in-place density of the material varied from 84% to 110% of the

laboratory cbtained T-99 standard proctor.

when the coal refuse is thoroughly mixed and remolded the T-99
Proctor valve increases significantly due to additional breakdown of the
"bedrock” characteristics of the material (see "Canosiﬁé Coal Refuse
Pile" T-99 Standérd Proctor in Apperilix). I submitted a sample of the
refuse material to Chen and Associates, a consulting soil and foundation
engineering firm, to determine the relationship of the loading to the
shear stress, and to determine the internal cohesion. These results are
included in the Appendix. The material gradation results are also
included in the Appendix. The gradation results indicate that the
material is free draining, nonplastic, and falls within the gradation
bands contained in the "Goldner Report”.
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SECTION IV

OCCURRENCE OF GROUND WATER AND PCRE PRESSURE BUILDUP

The results of the gradation analysis indica—t.e that the material
is free draining. This was further cbserved at the site through
reviewing the existing material in place and by analyzing the records
kept on the ground water observation pipes in the refuse pile. The data
(summarized) for the ground water cbservation records is contained in
the Appendix.

Basically the records confirm that the material is free draining
and no pore pressure build up is occurring. The maximum recorded depth
of water (6’) occurred during the wet por.tion of an above normal

precipitation y';at .
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SECTION V

FACTOR OF SAFETY

A compure model was constructed to mglyze the stability of the
refuse pile, and the following conditions were assumed.

1. Ground Water at six. feet (the highest level recorded to date).

2. In-place densities of 90 pounds per cubic foot.

3. Geometric configuration to conform to the proposed site when
completed.

A computer simulation was then applied to this situatien to
determine various failure planes. The "Method of Slices" is the basis
for the modified Bishop method computer program. Various failure planes
were investigated to determine a minimum factor of safety. The results
of these computer runs and a copy of thé computer listing is attached in
the Appendix. The results of these computer simulations indicate that
the minimum static factor of safety is 4.6, and the minimm factor of

safety with a .1 g earthquake loading is 2.6.
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SECTION VI

CONCLUSIONS
In conclusion the coal refuse dispO;;l pile as now existing is:
1. Free draining.
2. The maximm water depth measured by monitoring has been six
feet, and this occurred during an abnormal wet period of time.
The monitoring wells show several inches of water or less
during most of the year.
3. No movement of the refuse pile has been detected. _
4. There is no water pore pressure buildup in the refuse pilg.
5. The computer simulation on failure planes indicates thatléha
factor of safety is at léast 2.6 with a .1 g eattl'nqv.nke- _ : .
loading. -
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CASTLE GATE COAL COMPANY
SCHOOLHOUSE CANYON REFUSE DUNP
GROUNDWATER PIEZOMETER DATA SUMMARY

Date OBSERVATION STATION NUMBER —
$10 $11 $12 $13 $14
10-21-80 T D T T T
11-04-80 T T T 1" T
12-02-80 T T T 2" T
1-06-81 T D T 1" T
2-02-81 T T T 1" T
3-03-81 D p T T T
4-08-81 1" T 1" 2" T
5-06—-81 T D T 1" T
6-02-81 D D D D D
7-07-81 D D D D D
8-13-81 D D T T D
8-08-81 D D T T D
9-08-81 D D T T D
10-08-81 T T 1" 2" T
11-09-81 D D D T D
12-10-81 T T D T T
1-13-82 D D T 2" 1 .
2-11-82 D D T 8" D
2-25-82 D D T 1’ T
3-03-82 D D 2" 3 D
3-12-82 D D 18" 5¢ D
3-18-82 D D 2! 6’ T
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PRICE RIVER COAL COMPANY INTER-OFFICE

. MEMORANDUM
R. L. Niley DATE: 1-11-83
EROM: F. L. Pero ’ c.e.:
sussecT:  Refuse Pile Construction

Construction of this facility was begun in 1978 and completed in 197S.
During this time close communication with the State Engineer's Office was
maintained and the site was visited several times by representatives of
that office.

The primary concerns of the regulators were the competency of the pond
embankment and drainage of the pile itself. In an effort to allay these
fears, the pond embankment was constructed with engineered backfill and tight
contruction specifications were maintained. .

The rock underdrain was constructed using material excavated from the
diversion structure. The diversion was cut entirely ia rock and runs parallel
to the canyon floor for most of {ts length. The blasted rock was dozed into 2

‘blanket at least & ft. thick and is uniformly mixed rock ranging in size up
to about 4 ft. There are larger pieces, but these occur .only randomly. No
less than 60% of the material is in the 2 ft. minus range, 25% {s 2 ft. to
3 ft. range, 10% is 3 ft. to 4 ft. and no more than 5% is larger than about
5 ft. diaseter. Also, a crushed rock underdrain was installed between the toe
of the pond embankment and the trash rack inlet on the pond overflow ditch.
This was designed to collect any ground water which might collect either at
the abutments or beneath the pond embankment. o

As mentioned before, very tight controls were exercised during the
construction of this faility. This consisted partly of very comprehensive
soil and compaction testing. Nuclear density tests.were performed on every
6" compacted 1ift throughout the embankment height, with no less than 3 tests
taken at random locations on every lift. Laboratory series tests were
conducted several times during the construction to ensure that the correct
proctor information was being used to determine in-place density. Copies
of all test results were furnished to the State Engineer's Office.

rank L. Pero
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Project No. ‘ Station or Plt Locatlon
s:mpu Noo L (ceh) ZLfuse 424 Requisted by Lee Wimmer
AS RECEIVED GRADATION -
Weight Percent Percent ' T
scSriez.!n (u? Raetecined | Passing SPECS.
3.
v
oh | ee | 6. ‘735 |
' 132.b 5.k ﬂ .
34" tho | 32 H
12’ et .0 ?5 9 ﬂ
=EETIRRIENEA
t“ a5 | 2.0 .| 526 |
k’lt
oy C
Total WX
Ory
WASHED GRADATION AFTER CRUSHING
(2500 GM. DRY SAMPLE) .
s n Wemght Percent Percert Total % | .
Scl:z‘: R:mined Reteined |- Passing Possing SPECS MOISTURE OETERMINATION
x8 RELE
Contginer & We! -
# 10 _ Soil Weight (gm.) 109,11
_ Contginer & Dry
#18 Y| 25y 342 Soil weight (¢m)]| ¥ 07
& 20 * H20 Loss ‘f,lé-
#30 | ¥ | &9 | 237 % Moswre | P49
AASHO
#4140 Classification
Fﬂ’-
"0 s | 6.0 | 193
et ko] %0 | 1.9 |
e20 | 3| 1L | I.? A-2-6 ()
- v Wt before washing e |
i "3‘)9 ”' ?' 0‘ ¢ wt after washing ZUEE
f e v wse Yamr:en 2 8 272N -y [ T T Y - - e
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. SLOPE STARILITY ANALYSIS - e

for

PRICE RIVER COAL - SLOPE STABILITY

-
- s
S S — - -
-
Yol

o .g'j;_"“.“*::'*:“f;"' T " "BATR FILE: °*PRSLOP" ~—~ 7 -
Ll .i-— PROJECT MUMBER: 8381-28e - - - .
- e by BMP ..



WATER UNIT WEICHTS

. FCIN{  X=0KD Y-0RD
! 8.0  6220.00
2 1270.00  ¢220.00
3 1%520.88  6340.00
4 1579.00  §340.00 .
S 1649.80 6380.00
6 1720.08  6380.00
?  1790.e@ 6420.80 - _
8 186e.00 6420.00 . ! -
9 1970.0@ -.6489.88 . =
10 2040.00 -6480.00
11 2150.80 :6540:00.°
12 2210.00 - 6540.08"
13 2225.e0 §550.00
14 3ese.e@  6550.00
15  3190.80  6360.09
16 21%@.00  €3%0.00
17  3108.88  6€352.00
LINE  LEFT RIGHT  soOIL
1 13 14 1
2 ! 2 2
3 2 16 2
4 16 1? 2
soIL UNIT WEIGHT" COHESION . SATURATED
1 98 8ee 31 NO
. 2 9@ 8o -3 YES
CIRCLE X-ORD  Y-ORD RABIUS FACTOR OF SAFETY -
1280.8  6322.0  180.0 98.39
SLICE MEICHT  INCUINATION COHESION WIDTH  EFF WE{CHT
1 16.5 2.9 800 1.9 T s.e
2 4.8 4.0 8o 1.9 13,7
3 6€.9 S.1 .800 1.9 20.5
4 . 82.8 6.2 80 1.9 25.4
s 92.% 7.3 880 1.9 28.4
6 95.9 8.4 8ee- 1.9 29.4
? 93.@ 9.5 820 1.9 28.5
8 - 83.8 1.6 gee 1.9 2s.?
9 - 65.0 11.7 8ae 1.9 20.9
19 " 45.8 12.8 gee 1.9 14.0
1 16.9 13.9 see 1.9 5.2
ITERATION INITIAL CALCULATED
1 1.0000 90.5289
2 90.5289 98.3824
3 98,3824 98.3901
4 98.3901 98.3901

FRACTOR OF SAFETY=

cl. 40

98.39 AT Xe 1200 Y= 6322 R=

100

31
31

.3
- 31
~ 31

3
31

- 31

31

X
1285.1
1287.8
1288.3
12%0.7
1292.6

T 1294.9

1296.4
1298.3
1300,2
1382.1
1304.0



WATER UNIT WEIGHMTSs g2.40

FUINT X=-0RY Y=-0RD
1 8. 00 6220,.00
2 1270.080 62209.08
3 1320.09 €340.00
4 1370.00 €340.00
- 1640.09 6380.00
6 1720.69 €380.080
? 1790.8¢ 6420.00 ‘
8 l8¢a.e0 6420.00 -
9 1970.00 6482.00 : - :

18 20409.00 64808.900
1! 21%0.00 6540.00
12 2218,00 6340.09
13 22235.00 6350.09d
14 3050.08 6350.00
13 3109.00 6560.00
16 21350.00 6378.00
17 3100.00 6330.00

LINE LEFT RIGHT SOIL

1 13 14 1
2 t 2 2
3 2 16 2
‘ 16 17 2
SOIL UNIT WEIGHT - COMESION ‘@ SATURATED
1 % - soo 31 NO

2 %0 . 800 31 YES
CIRCLE X-ORD  Y-ORD RADIUS FACTOR OF SAFETY

1300.9 €320.90 180.9 12.99 (
SLICE WEIGHT  INCLINATION COHESION HIDTH EFF HEIGHT - @ X
1 494.3 -8.9 800 s.9 151.6 31 1284.5
2 1342.% -S,5 goe s.9 11,7 31 1290.4
3 ' 2006.8 -2.2 . 889 5.9 615.¢ 31 1296.2
4 2489.4¢ 1.2 goe 5.9 763.4 31 1302.1
s 2790.5 4.6 800 $.9 - °  855.7 31 1308.9
6 . 2908.% 7.9 - 808 - 8,9 891.9 31 1313.8
7 2839.8 11.4 - gce .5.9 $70.9 31 1319.7
8 2578.6 14.8 © 200 5.9 790.8 - 31 1325.5
9 . 2116.7  -18.3 gee 5.9 €49.1 31 1331.4
10 1442.8 21.9 1T 5.9 2.5 ' 31 1337.3
ITERATION INITIRL . . CALCULATED
1 1.8000 : 19.26%8
2 10.2658 10.9826
3 10.9826 ‘ 19,9888
4 10.9388 10.9889

FACTOR OF SAFETY= 10.99 AT X= 1300 Ys 6320 R= 100
EARTHQUARKE= .10

L. Y



®
C

WARTER I T WEIGHY

POINT X=-QRD
1 0.00
2 1279.00
3 1520.09
4 1570.090
) 1649.089
6 1720.060
7 179¢,00
8 1860.090
9 . 1979.99
19 2040.080
11 2138.00
12 2219.00
13 2225.89
14 3958.00
13 3i180.00
16 2159,.90
17 J100.00

LINE LEFT

1 13

2 1

3 2

‘ 16
soIL UNIT W
1 ' 9
2 o 9

CIRCLE X~ORD
1415.0

SLICE WEIGHT

152.8
415.6
621.6
?70.8
862.9
897.3
873.2
789.4
644.3
436.1
162.3

[ i )
= OV NANSLEWN -

ITERATION

o D Mo

FRCTOR OF SAFETY=

EARTHQUAKE= .10

n gl. 40

Y=0RD
§220.00
€220.00
€340.00
6340.00
€380.080
6380.00
6420.00
6422.00
6480.00
6482.98
6548.00
6540.00
€550.00
6552.00
6560.089
€350.880
6350.00

RIGHT
14
2
16
1?

EIGHT

6340.0

IRCLINRTION  COHESI

-3.2

INITIAL

1.0000
21.1983
22.8931

. SATURATED

NO
YES

EFF WEIGHT

SOIL
1
2
2
2
COMESION ’
800 31
800 3t
Y-ORD ° RADIUS FACTOR OF SAFETY
100.9 22.99 :
ON  WIDTH
gee 4.9
809 4.0
. 800 4.0
800 " 4.8
8ea 4.0
8ee 4.0
8oa . 4.0
800 6.0
geo 4.0
-{:1-] 4.0
geo 4.8
CALCULATED
21.1985
22.8931
22,9003
22.9003

22.96003

22.9@ AT X= 14135 Y= €348 R= 100

45.8
12?.‘
190.6
236. 4
264.6
275.2

267.8 .
242.1

197.6
133.7
49.8

X
1489.4
1413.3
1417.3
1421.3
1425.3
1429.3

1433.2

1437.2
1441.2
1445.2
1449,2



WATER UHIT WEIGHTS g2, 4Q

PUINT X=-0RD Y=QRrRD
t 9.00 6230.89
2 1270.99 6229.09
3 1520.09 6340Q.00
4 1570.00 6348.00
S 16€40.00 6380.80
6
’
8
9

1720.00 6380.00
1799.080 6420.00
1860.089 6420,00
1979.929 6480,99
Y- 2940.00 6480.09
11 2150.89 €540.09
12 2210.00 63408.00
13 2225.900 €55e.00
14 3es50.00 6550.00
135 3100.00 636a,089
16 2158.989 6350.00
1? 3100.00 6€3308.00

LINE LEFT RICHT SO1IL

1 13 14 1
2 1 2 2
3 2 18 2
4 16 17 2
SOIL UNIT WEIGHT COHESION ’ SATURATED
1 ' 9@ . 8ee 31 NO
2 - %% soe 31 YES
CIRCLE X=0RD Y-ORD RADIUS -FACTOR OF SAFETY -
1286.0 6372.90 159.9 28.42 '
SLICE WEIGHT INCLINATION COHESION WIDTH EFF MEICHT ¢ X
1 133. 4 -1 -1-1-) 4.4 42.9 = 31 1283.8
2 382.9 1.6 gsae 4.4 111.3 - 31 129e0.2
3 S542.7 3.3 . 800 4.4 166.4 31 1294.5
4 672.6 4.9 goe 4,4 206.3 al 129e.9
.3 752.2 6.6 sea 4.4 230.7- 31 1383.3
B 781.1 8.3 gee 4,4 . 239.5 31! 13872.6
Y A 758.7 10.0 goe 4.4 232.7 3 1312.9
.8 684.4 11.7 goa 4.4 9.9 | 31 1316.4 -
9 537.1 13.4 1-1-1-) 4.4 ive.8 31 1320.7
19 375.8 15.1 gae 4.4 115.3 31 1323.1
11 139.4 16.8 809 4.4 42.7 31 1329.4
ITERATION INITIAL CALCULATED
1 1.0000 26.2362
2 26.2362 29.4098
3 28.4098 . 28.4172 '
4 28.4172 28.4172

FACTOR OF SAFETY= 28,42 AT X= 1288 Y= €372 R= 139
EARTHQUAKE= .10

~28-



HATER Qult WEIGHTe g2 49

FOINRTY X-0RD Y-QRD
1 ©.09 $220.00
- 1270.0 6220.00
3 1520.00 6342.00
4 1370.00 6340, 00
-] 1640.00 6380.00
6
?
8
9

!

1720.00 6380.00
179e.00 6420,00
1860.00 6420.00
1970, 09 6480.00
18 20402.00 6480.00 -
11 2150,00 6340,00
12 2210.00 6549.00
13 222%.00 €550.00 .
14 3050.00 €330.00
15 3100.00 €3560.08
16 2150.00 6350.00
1? 3100.00 6359.00

LINE LEFT RIGHT SOQIL

1 13 14 1
2 1 2 2
3 2 16 2
4 16 1?7 2
SOIL UNIT WEIGHT COMESION . @ SATURRTED
1 90 . 8oeo 31 RO
2 980 : 8e9 31 YES
- CIRCLE X=0RD Y=0RD RADIUS FACTOR OF SAFETY
1367.0 €3358.9 15e.9 2.60
SLICE WEIGHT INCLINATION COHESION HIDTH EFF MEIGHT # X
! 99135.2 -28.1 . 8es 17.4 3040.7 31 129¢6.5
-3 26369.4 =-20.8 8oe 17.4 8886.6 31 1313.9
3 38993.4 -13.8 . 809 17.4 11931.8 31 1331.4
4 47950.4 -7.0 gee 17.4 14704.8 31 1348.8
. 3 53726.9 -.3 8ee 17.4 16476.3 B} 1366.3
0 6 96307.8 6.4 gee 17.4 17267.6 31 1383.7
? 85630.7 13.2 8o 17.4 - 17060.1 31 1481.2
8 S1488.2 - 20,2 8ee 17.4 15789.? 31 1418.6
9 43472.9 27.5 8see 17.4 13331.7 31 1436.1
10 30857.9 33.3 =11 - 17.4 9463.1 31 1452.5
11 12294.6 44.0 8ee 17.4 3779.3 31 14790.9
ITERATION INITIAL CALCULRTED
1 1.0000 : ‘2.35673
2 2.5673 . 2.397¢6
3 2.397¢ i 2.9982
FRCTOR OF SAFETY= 2.6 AT X= 1367 Y= 6350 R 1%

EARTHQURKE= .19



HaTEF UNIT WEICHTe to. A9

FQINT A=QkD Y=-ORS
0.00 6220.00
1270.900 6220, 00
1520.009 6340, 00
1S70.00 6342.00
l1642.00 6§380.08@
1720.09 63580.00
1790, 00 6420.00
1860, 20 6420.00
1970,00 6480.00
2040.00 6480, 00 -
11 2150, 00 63402, 00
12 2218.00 €540.00 .
13 2225.090 6550.00
14 3059.99 6550.080
13 3100.00 €360.08
16 2150.00 6350.00
1? 3100.00 6350.00

-
DOVOVNAWNE LN —

LINE LEFT RIGHT SOIL

1 13 14 {
2 1 2 2
3 2 16 2
4 16 1? 2
soIL UNIT WEIGHT . COHESION ' SATURATED -
1 90 8sae 31 NO
2 98 gsoe 31 YES
- CIRCLE X=-0RD Y=ORD RADIUS FACTOR OF SAFETY
1372.0 6382.9 150.0 12.39
SLIC WEIGHT INCLINATION COHESION WIDTH EFF WEIGCHT s X
1 478.8 @ =4.6 : 8ae 6.7 146.8 31 1399.9
2 1302.2 -2.1 899 6.7 399.4 31 1366.8
3 1947.8 .3 . 800 6.7 397.3 3 1373.3
4 2415,7 3.0 goe 6.7 ?40.3 31 1379.9
S 27035.4 S.6 8de ‘6.7 829.7 31 1386.6 .
6 2813.0 8.1 seo 6.7 863.3 31 . 1393.2
7. 2741.6 19.7 soe 6.7 840.7 31 1399.9
8 . 2480,9  13.3 gee 6.7 760.8 31 1486.8
4 2027.6 16.0 - 809@ 6.7 621.8 < 31 1413.2
i@ 1374.4 . 18.¢ 809 6.7 421.5 31 1419.9
9 I 312.6 © 21.3 goe 6.7 137.2 31 1426.6
ITERATION INITIAL . CRLCULATED
1 1.6000 11.7019
2 11.7819 12.35822
3 12.95822 12.5888
4 12.3888 12.3889

FACTOR OF SAFETY= 12.59 AT X= 1372 Y= €382 R 150
EARTHQURKE= 3¢ :

3.4C-xxix

Y.



WHTEF UNIT MEIGHTE 2. 40

POINT  X-ORD Y-QRD
1 0.00 €220.00
. 2 127e.00  €200.00
3 1%529.00 6349.00
4  1570.00 63490.00
S  1649.00 6380.99
é 1720.00  €380.00
7 1799.00 6420.09
8 1868.00 6420.00
9 1978.80 6488.80 _
10 2048.00 €480@.00
11 2156.00 6540.900
12 2219.00 6540.80
13 222%.88 6550.00
14 3050.08 €35508.00
IS 3100.08 6360.00
16 21S8.00 6350.00
17 3190.08 €350.00
LINE LEFT  RIGHT SOIL
1 13 14 1
2 1 2 2
3 2 16 2
4 16 17 2
SOIL UNIT WEIGHT COHESION ’ SATURATED
1 90 800 31 NO
2 90 g0 3 YES
CIRCLE X-ORD v-O0RD RADIUS FACTOR OF SAFETY
1338.98 6$412.0 200.90 3.78
SLICE WEIGHT INCLINATION  COHESION  MWIDTH = EFF WEICHT o X
1 4446. 4 -14.4 g0 15.2 1363.6 31 128e.3
C 2 12036.6 -9.9 gseo 15.2 3691.2 31 1295.5
3 17957.9 -5.5 . 800 15.2 $507.1 - 31 13te.8
4 22262.1 -1.1 gee 15.2 6827.1 31 1326.9
S 24970.8 3.2 gsee 15.2 7657.7 .31 1341.2
-6 - 26877.4 7.6 see 15.2 7997.1 31 13%6.9%
? 25546.2 12.0 gee 15.2 7834.2 o3t 1371.7
-8 23309.8 16.6 geo 15.2 7148.3 31 1387.8
-9 19261.6 21.2 gee 15.2 5906.9 31 1402.2
10 13244,.6 . 25.9 gee 15.2 4061.7 31 1412.4
11 $030.3 30.9 goe 15.2 1542.6 31 1432.7
ITERATION INITIAL CALCULATED
1 1.0000 3.6088
2 3.6088 3.7789
3 3.7789 3.782?7
FACTOR OF SAFETY= 3.78 AT X= 1330 Y= §412 R= 200

EARTHQUAKE= .10



o

WATER UNIT WEIGHT= 62.40

PUINT  X-ORD Y-0RD
1 0.00 6220.00
2  1270.00 6220.00
3 1320.00 6340.80
4  1570.00 6340.09
S 1649.00 6380.00
€ 1720.08 6£380.00
7 1790.08 6420.00
8 1860.08 6420.00 .
9 1970.09 64380.00 - L e

19 2840.00 6489.00 _ .ot
11 2150.00 6540.00 <

12 2210.00 6340.00

13 2223.09 6358.08

14 J30356.00 6€550.00

13 3108.09 6360.08

16 21350,.90 6338.00

1?7 3109.00 €350.90

LINE LEFT RIGHT SQIL

) 13 14 1
2 1 2 2
2 2 16 2
4 16 17 2
sotL UNIT WEIGHT COHESION s ' SATURATED
1 %0 800 31 NO
2 % 800 31 YES
CIRCLE X=-ORD  Y-ORD RADIUS FACTOR OF SAFETY - . S
1337.0  6428.8  200.8 = 14.32 o .
SLICE WEICHT INCLINATION COHESION - WIDTH  EFF MEICHT @ - X
1 447.9 -2.1 8ee 2.2 - 137.4 31 1329.7
2 1218.6 -.0 2800 7.2 273.7 31 1336.9
3 1822. 6 2.9 . 880 7.2 SS8.9 31 1344.1
4 2289.7 4.1 800 7.2. 693.9 31 1351.3
s 2528.9 6.2 . se0 7.2 775.8 31 1358.5
6 2628.5 - 8.2 ‘ gee@. 7.2.. 806.1. - 31 1365.6
? 25%6. 1 10.3 800 - 7.2 783.9. 31 1372.8
e 2308. 8 12.4 gee 7.2 708.9 31 1380.0
9 1882.6 14.5 800 2.2  ®77.3 31  1387.2
10 1272.6  16.7 800 7.2 398.3 . .31  1394.4 .
11 473.8 19.8 800 7.2 148.1 - 31  1401.5
ITERATION INITIAL CALCULATED
1 1.8000 13.2787
2 13,2787 14,3187
3 14.3157 14,2226
4 14,3226 14.3227

FACTOR OF SHFéTYI '14.52 AT X= 1337 Y= 6428 R= 200
EARTHQUAKE= .10 '

3.4C-xxi
-32=-



WRTER UNIT WEIGHTE &2 40

FOIWY

VOO AWM~

18
11
12
13
14
13
16
1?7

$OIL
1
2

X-QRD

e.80
127e.00
1320, 00
1570.00
1640,.00
1720.00
1790.00
1660,00
1970,00
2042, 09
2150.008
2210,00
222%.00
3050, 00
2100.00
215,00
31008.00

LINE LEFT

CIRCLE

SLICE

POy |
OO WBNAUALWN-

1 13
2 1
3 )
4 16
UNIT W

9
9

X-ORD
1272.9

HEIGHT

62.6
179.2
254.3
314,7
351.5
364.3
3353.2
317.8
257.9
173.3

€4.1

ITERATION

S WN re

FACTOR OF SAFETY=
EARTHQUAKEs .10

SATURATED

HO
YES

EFF WEIGHT

Y-ORD
6220.00
€220.00
6340.00
6340.00
6380.00
6380.00
6420.00
6420,00
6480, 00
6480.00
6548,00
6540.00
6550.80
65%0.00
€560.08
63509.00
€350.00
RIGHT SOIL
14 1
2 2
16 2
17 2
EIGHT COHESION s
e 800 31
@ see 31
Y-ORD RADIUS FACTOR OF SAFETY
6472.8 250.0 55.12
INCLINATION COMESION WIDTH
3.7 see 4.0
4,7 gee 4.0
S.6 . 800 4.0
6.5 seo 4.0
7.4 800 4.0
8.4 800 4.0
9.3 s00 4.0
10.2 sae 6.0
11.2 800 4.0
12.1 80 4.0
13.1 808 4.9
INITIAL CALCULATED
1.0000 $0.736S
50.7365 SS.1092
$S.1092 $5.1169
$S.1169 $S.1169

SS.12 AT Xs 1272 Y= 6472 R= 230

18.2
52.2
?8.0
96.3
107.8

111.7

188.3
97.4
?9.1
S3.2
19.7

X
1288.3
1292.3
1296.3
1300.4
1304, 4
1388.4
1312.4
1316.4
1320, 4
1324.4
1328.9



pRr— - i

e - . R L e mmA - b L e— o e

WRTER UNIT WE[CHT= 62,49

POINT  Xx-ORD Y=ORD , o
! 0.00 6220.00 _ R
2 1270.00 €220.00 " SR
3 1520.00 €340.00
4 1373.00 6€340.00 ' -
S 1640.00 £389.00 - ST
6 1720.00 €389.00 S
7 1790.80 6420.00 - S
8 1868.00 6420.00 S ‘
9 1970.0¢ 480,00 e T

10 2040.09 6480.00
11 215@.00 6€340.00
12 2210.09 6549.00
13 2225.09 €3550.00
14 39350, 00 6339.089
13 3100.99 6560.00
1é 2130.00 6€350.09
1? 3100.00 6350.00

LINE LEFT RICHT SOIL

t 13 14 1
2 1 2 2
3 2 16 2
4 16 1? 2
soIL UNIT WEIGHT COHESION ’ SATURATED
1 90 ' gee 31 NO
2 9@ Gl L) 31 YES
CIRCLE  X=-0RD Y-QRD RADIUS FACTOR OF SAFETY -~ -~ ~ .
1384.0 6478.0 2%50.0 7.91
SLICE  WEIGHT ° INCLINATION - COMESION MIDTH EFF WEIGHT ’ B
1 13a7.1 4.5 800 11,0 400.8 3t 128¢,2
2 3555.8 ~2.9 © gee 11,0 1090.2 31 1295.3 -
3 5317.3 .S . 880 11.8 1630.6 31  1306.3
4 6594.8 3.1 goe 11.9 2022.4 31. 1317.3 -
] 7388.4 s.6 gee 11.0 : R264.9 31 - 1328.4
€ 7684.3 8.1 gee 11.8 2386.5 31 1339.4-
? 7483.% 18.? ges - ‘11.9 2294.9 31 13%0.5 .
8 6?71.7 13.3 goo 11.9 2076.6 . 31 1361.3
9 $533.8 . 15.9 ge@ - 11.0 1597.8 - -'31  1372.%°
10 37%08.8 18.6 " @9 ©11.8 - 1156.3 = 31 1383.6.
11 '1398.6 21.3 80d 11.0 428.9 31 . 1394.6°
ITERATION INITIAL CALCULATED
1 1.9000 ' 7.38280
2 7.3820 7.903S
3 7.903S - 7.9097
4 7.9097 7.90%¢
FACTOR OF SAFETY= 7.91 AT X= 1304 Y= 6470 Re 250

EARTHQUAKE= - ,1@

=34~

3.4C-xaxiii



WATER UN|T WMEIGHMTa oJ.40

POINT

SOIL
1
2

X=0RD
0.69
1270.09
1520.80
1570.00
1640.00
1720.09
1799.09
1868.00
1970.09
2040.00
2158.089
2210.00
2225.090
3050.00
3108.00
2150.098
3108.09

LINE LEFT

CIRCLE

SLICE

“OVRONOWUYLAEWN-

e b

1 13
2 1
3 2
4 16
UNIT W

9
9

X~ORD
1288.0

WEIGHT
16.3
44,8
66.9
82.8
92.5
95.9
93.0
83.8
68.8
45.8
16.9

ITERATION

1
2
3
4

FACTOR OF SAFETY=s
EARTHQUAKE= 6.09

SATURATED
NO
YES

EFF MEIGHT

s'a
13.7
20.5
25. 4
268.4
29.4
28.93
23.7
20.9
14,0
S.2

Y~O0RD
6220.00
$€220,00
6340.00
6340,00
6380.00
6380.00
6420.00.
€420.00
6480.00
6480.00
6540.00
€340.00
6550.89
6550.99
6560.80
6358.00
6350.00
RIGHT  SOIL
14 1
2 2
16 2
17 2
EIGHT COHESION .
° 800 31
) 800 3t
Y-ORD RADIUS FACTOR OF SAFETY
6322.0 100.9 165.20
INCLINATION .GOHESION  MIDTH
2.9 gee 1.9
4.0 800 1.9
S.1 . 800 1.9
6.2 80e 1.9
7.3 goe 1.9
8. 4. 800 1.9
9.5 ees 1.9
18.6 see 1.9
11.7 820 1.9
12.8 ses 1.9
13.9 see 1.9
INITIAL CALCULATED
1.0000 151,943
151, 9433 . 165.198%
165.1905 165.1982
165. 1982 165.1983

165.20 AT X= 1280 Y= ‘522 Rs 100

X
12835.1
1287.9
1288.8
1298.7
129%92.6
1294.93
1296.4
1298.3
13@0.2
1302.1
1394.0.



WATER UNIT WEICHT® ©2.49

PGINT  X-0RD Y-O0RD
0.00  6220.00 s

1279.00  6220.00 ‘ : oo

1520.80  6348.00 Lo

1579.20  6340.00

1649.90  6380.00 : :

1720.80  6388.00 . Lo d

1790.00  420.98

1860.890  6428.99 , : S .

1979.80  6480.00 o

2049.00 6489.00 : _ LT

2150.80 6548.00

2210.90 63540.09

2225.80 6550.00

3050.80 6550.00

3100.20 6562.90

2152.00 6350.00

3100.00 6350.00

b e e e bt b e pa
‘\IO\“&UN"OUOQQU&UM.-

LINE LEFT RIGHT solIL

1 - 13 14 1
2 1 2 2
3 -4 18 2
4 16 17 ]
SOIL UNIT WEIGHT COHESION . o SATURATED
1 99 8ae 31 NO
2 %0 ses 31 YES
CIRCLE X=-0RD Y=-0RD  RADIUS FACTOR OF SAFETY T ST ’
1309,8 £320.8 iea,0 18.63 C I T .
SLICE WEIGHT INCLINATION COHESION ° HIDTH €FF WEIGHT # R .
1 494.3 -8.9 800 3.9 - 151.6 a1 1284.5
2 1342.5 -3.9 829 3.9 .- 411,77 3t 12908.4
3 2006.8 -2.2 . 809 S.9 615.4 31 1296.2
4 2489.4 1.2 828 - 3.9 763.4 31 13082.1
S 2790.5 4.6 sae . - 5.9 858.7 - - 31 13¢8.0
7 2839.0 11.4" 1.1 - 8.9 - 879.9 317, 1319.7
8 2578.6 14.8 800 5.9 7%0.8 31 . 1325.5
9 - 2116.7 18.3 8a9 8.9 64%9:1 - 31 1331.4
19 1442.8 21.9 8083 S.9 442,85 - .31 1337.3 "
11 S41.7 °  25.6 809 9.9 166.1 31 1343.1
ITERATION INITIAL CALCULATED -
"1 1.0000 17.3680
2 17.36809 18.6469
3 18.6469 18.6336
4 18.633¢ 18.63536 )

FACTOR OF SAFETY= 18.65 AT X= 1388 Y= €320 R= 100
EARTHQUAKE= @.00 ) '




WATER UNIT WETGRT

POIMT X-0RD
! e.00
- 1270.00
3 1520.09
4 1570. 89
S 1648.00
6 1720.08
? 1790.00
8 1868.09
9 197¢.00
19 2040.00
11 21598.900
12 2210.09
13 2225.00
14 Jose.ee
13 3100.00
16 2150.00
1? 3108.00

LINE LEFY

1 13
2 1
3 2
‘ 16
SoIL UNIT W
1 )
2 9

CIRCLE  X-ORD
1415.0

SLICE  MEIGHT

152.8
415.6
621.6
770.8
862.9
897.3
873.2
789. 4
644.3
436.1
162.3

~OWONONEWN -

o pus

ITERATION

SWN»-

FACTOR OF SAFETYs=s
EARTHQUAKE= 0,09

¢ g4

v-0QRD
6220.00
6220.00
6340.00
6340.00
6180,00
6380.900
6420,080 .
6428.00
6480.09
6488, 900
6540.00
6540.00
6330.00
6s53e.00

6560.09

6330.00
6350.89

RIGHT
14
2
16
1?

EIGHT
o
e

COHESION
gae
11}

#
31
31

SATURATED

Y=0RD RADIUS FACTOR OF SAFETY

6340.0  100.0 38.62
INCLINATION COHESION  WIDTH
-3.2 8o 4.0
-1.0 o0 .0
1.3 . 8ee “.0
3.6 eeeo 4.0
5.9 800 4.9
8.2 L 4.9
1 10.5 800 4.9
12.8 see 4.9
15.2 gee 4.0
17.6 gee 4.0
20.0 gsee 4.0
INITIAL CALCULATED
1.0000 35.6891
35.6891 38.6083
38.6083 38.6157
38.6157 38.6157

38.62 AT X= 1415 Y= 6340 R=

3.4C-xxxvi

-37=-

NO
YES

EFF HEIGHT

109

“.s
127.4
190.6
236.4
264.6
275.2
267.8
242.1
197.6
133.7

49.8

 J

at
31
31
3t
31
31
a1
31
a1

"3

31

X
1429.4
1413.2
1417.3
1421.3
1425.3
1429.3
1433.2
1437.2
1441,2
1445.2
1449.2



HRTEF UHIT WEICHTe 2,40

POINT  x-0RD Y=0RD
8.900 ¢220.00

1279.98  6220.00 ‘ -

1520.00 6349.00 : ' .
1570.00  6340.00 -
1640.00 6380.00
1720.00 6286.60
1790.80 6420.900
1868.08 ¢420.00
1970.00 6480,00
2040.90 6480.00
2150.090 6540.00
2218.00 €340.00
2225.99 65%50.00
14 3030.98 65%0.00
15  3100.80 63560.00
16 21%2.00 63%50.00
17  3100.00 6€358.89

e

"o e pe
“N"‘QUO\I'\“‘“N

LINE LEFT RIGHT SQIL

1 13 14 1
2 1 2 2
3 2 16 2
4 16 17 2
soIL UNIT WEIGHT 'COHES 10N ® - SATURATED -
1 99 8ae 31 NO
2 99 ged . 31 YES
CIRCLE X=ORD  Y-ORD RADIUS FACTOR OF SAFETY R
1286.0  6372.¢  150.9 47.81 . .o :
SLICE  WEIGHT INCLINARTION COHESION.- - MWIDTH - EFF. MEIGHT @ %
1 133.4 -1 888 - 4.4 40.9 31 128s.8
2 362.9 1.6 8ea . .4 111.3 31 1290.2
3 542.7 3.3 . 8ea 4.4 166.4 31 . 1294.6
‘ 672.6 4.9 . 890 4.4 206.3 31 1298.9
s 752.2 6.6 sea : 4.4 2308.7 31 1303.3
6 781.1 8.3 808 4.4 239.5 ‘31 1307.6
? 758.2 10.8 829 4.4 232.7 31 1312.8
8 684.4 11.? see 44 209.9 - 31 1316.4°
9 $57.1 13.4 soe 4.4 170.8 - 31 1320.7
18 375.8 1.1 . 809 4od 115.3 31 1328.1
11 139.4 16.8 8es - 4.4 42.7 3t 1329.4
ITERATION INITIAL CALCULATED
T 1.0008 44,0878
2 44,0878 47.8061
3 47.8061 47.8136
4 47.8136 47.8136

-FACTOR OF SAFETY=s 47.81 AT X= 1286 Y= €372 R» 138
EARTHQUARKE= ¢,00




WATEF UN]T WEIGH

POINT X-GRD

$.00
1278.00
1520.00
1570.00
1644.00
1720.00
1799.00
1860, 00
1978.00
19 2049.00

VWU E LA

1! 2152.689
12 2210,00
13 22235.080
14 30508.00
135 3100.00
16 2138.90
1? 31e0.00
LINE LEF
1 13
2 |
3 2
4 16
SOIL UNIT
1
2

CIRCLE  X-ORD

1367.0

SLICE  MWEIGHT
9915.2
26369.4
38905.4
47950.4
S3726.9
56387.9

1 99630.7
S51488.2
43472.9
30837.9
12294.6

T DBOVONANELN -

—_ s

ITERATION
1
-4
3

FACTOR QF SAFETY=

Te ga.40

T=9R D
€220.90
6220.00
6340.00
6340.00
6€380.00
6380.00
6420.00
6420.900
6480.00
6480, 00
6540.00
6340,00
6559, 00
6550. 00
6560.00
6350. 080
63%0. 00

T RIGHT
14
2
16
1?7

HEIGHT

90
99

.63308.0

INCLINATION  COMES!

-29.1
-20.8
~13.8
-?-0
-3
6.4
13.2
20.2

. 27.9%
33.3
44,9

INITIAL
1.0000

SATURA
NO
YES

EFF WEIGHT

H
1
1
1
1
1
i

SOIL
1
2
2
2
COMESION .
gee 31
808 3
¥Y-O0RD RADIUS FRCTOR OF SAFETY
150.9 4.60 -
ON WIDTH
see 17. 4
gee 17.4
. 900 12. 4
800 17,4
800 17.4
800 17. 4
800 17. 4
8e0 17.4
geo 17.4
geo 17.4
800 17. 4
CALCULATED
4.4918
4.5940

4.4918
4.5940

EARTHQUAKE= ©.080

4.3937

3.“}xxndii

4.60 AT X= 1367 Y= €350 R= 130

TED

3040,7
8986.6
1931.9
47904,.8
6476.3
7267.6
706e.1
5789.7
3331.?
9463,1
3770.3

X
1296.5
1313.9
1331.4
1348.8
1366.3
1383.7
1401,2
1418.6
1436. 1
1453.5
1470.9



HRTER UNIT WEIGCHT® €2.49

POINHT X=-0RL Y=0RD
1 .66 ¢220.00
2 1270.60  €220.00 )
3 1%20.00 €240.00 : .
4 1570.00 6349.60 .
S 1640.00 ¢€380.00
6 1720.80 €380.00
7 1790.900 6420.¢0
8 1860.090 6420.80 '
9 1970.80 6480.00 : . . St

10 2040.00 64808.00
11 21350,.00 63408.00
12 2210.00 6549.00
13 222%.00 65350.09
14 3058.00 6550.00
135 3100.00 65608.00
16 21%9.00 63523.00
1? 3l00.00 €358.90

LINE LEFT RIGHT SolL

1 13 14 1
2 1 2 2
3 Q 16 2
4 16 17 2
S$CIL . UNIT WEIGHT COHESION . o SATURATED
1 9@ : g8@eQ b 31 NQ
2 90 809 3 YES
CIRCLE X-QRD Y-ORD RADIUS FACTOR OF SAFETY ] o
SLICE WEIGHT INCLINATION COHESION HIDTH EFF WEIGHT s’ - X
1 4446. 4 =-14.4 -1 15.2 1363.6 31 1280.3
2 12036.6 -9.9 g80e 13.2 3691.2 31 12935.3
3 17957.9 =35.3 . 809 15.2 ssez.1 31 13108.3
4 22262.1 =-1.1 8aa 15.2 6827.1 31 1326.9
S 24970.8 3.2 8o 15.2 7657.7 31 1341.2
6 26077.4 7.6 898 15.2 7997.1 34 13356.5
4 23346,2 12.0 - 890 - 15.2 7834.2 31 1371.7
8 23309.8 16.6 gee 15.2 7148.3 31 1387.9
9 19261.6 . 21.2 . 8ae 15.2 5906.9 31 1402.2
18 . 13244.6 23.9 . 809 15.2 4061.7 31 1417.4
11 S839.3 °  30.9 8949 15.2 1542.6 31 1432.7
ITERATION INITIAL CALCULATED
" 1.0088 . 6.1468
2 6.1468 6.4977
3 6.4977 ' 6.5028
FRCTOR OF SAFETY= 6.30 AT X» 1330 Y= 6412 R= 200

EARTHQUAKE= @.00

3.4C-xxdx

—AN_



uuTEF UNLT WMETGCH

FOINT ~=QRD
0.00
1279. 00
13520.08
1370.00
1640.08
1720, 00

- 1790. 00
1868.00
1970.00
10 2840, 00
11 2150,.00
12 2218.00
13 2225.00
14 38350.08
15 J100,00
16 21%50.00
1?7 31900,.00

DWWV A W

LINE LEF

b 13

2 1

3 2

4 16

SOIL UNIT
1
2

CIRCLE  X=-ORD
1337.0

SLICE WEIGHT

447.9
1218.6
1822.6
22%9.7
2528.9
2628.3
23%6.1
23es.8
1882. 6
1272.6
473.0

=~ DOVONAASLWLDN -

> e

ITERATION

&N

FACTOR OF SAFETY=

Te ¢5.49

SATURRTED

NO
YES

EFF WEIGHT

Y-0RD
6220.00
6220.00
6340.00
€340.00
€380.00
6380.00 -
6420.00
6420.00
6480.00
6480.900
6540.00
6542, 00
6550.00
6553.00
6560.00
6330.00
6330.00
T  RICHYT  SOIL
14 1
2 2
16 2
1? 2
MEIGHT COHESION P
90 800 31
% 8a0 31
Y-ORD RADIUS FACTOR OF SAFETY
6428.0  200.9 24.16
INCLINATION COHESION WIDTH
-2.1 gee 7.2
-.0 800 7.2
2.9 ., 808 ?2.2
4.1 8ee 7.2
6.2 800 7.2
8.2 800 7.2
1.3 890 C 7.2
12.4 soe 7.2
14.5 800 7.2
16,7 809 7.2
18.8 gee 7.2
INITIAL CALCULATED
1.0000 22.3308
22.3388 24,1488
24,1488 24.1561
24.1561 24.1361

EARTHQUAKE= ©.00

3.4C-xL

24.16 AT X= 1337 Y= G428 R= 200

137.4
373.7
558.9

693,90

??3.5
886.1
783.9
?08.0
377.3
3%0.3
1435.1

%
132%.7
133€.9
1344,
1351.3
1358.93
13685.,6
1372.8
1380.9
1387.2
1394. 4
1481.5



WATER UNIT WEICHT® €2.49

POINT X-0RD

-
DDONAULE W -

11
12
13
14
13
16
17

SOIL
{
2

9.00
12709.09
1520.00
157¢.00
1640.00
1729.e9
1790.00
18609.00
1970.09
2040,.00
2150.00
2219.00
2223.09
30350,00
3100.00
21508.00
31008.09

LINE LE
1

LR

1

UNIT

CIRCLE X=0RD

1272.0

 SLICE  WEIGHT

OV NRNMR A WN

e pm

62.6
178.2
254,.3
34,7

331.%5

364.3

353.2

317.8
257.9

173.8

64.1

ITERARTION

FRACTOR OF SAFETY=

1
2
3
4

SATURATED
NO
YES

EFF MEIGHT
19.2
52.2
78.@

© 96,8
187.8
111,7
188.3

97.4
©?79.1
$3.2
19.7

Y-0RD
€228, 00
6220.00
€349.90
6€340,00
6380.080
€380.00
6420.00
6429.09
6480,.00
6480, 00
63549.00
6548, 00
6%50.09 .
6550.09
6550.09
€350.00
63508.00
FT  RICHT SOIL
3 14 1
] 2 2
2 16 2
6 1? 2
WEIGHT COHESION P
90 800 31
99 800 31
Y=0RD RADIUS FRCTOR OF SAFETY
6472.8 2%50.0 92,53 :
INCLINATION COMESION WIDTH
3.7 800 4.9
4,7 LT 4.0
5.6 . 800 4.9
6.5 geo 4.0
?." 893 = 4-0
8.4 800 4.0
"9,3 800 4.0
10.2 800 4.9
11.2 880 4.0
12.1 808 4.0
T 13.1 800 4.0
INITIAL CALCULATED
1.8000 8S.1348
85.1348 92.537¢
92.%376 92,5454
92,5454 92.54%54

EARTHQUAKE= @.00

3.4C-x1i

-

92.55 AT X= 1272 Y= §472 R= 250

X
1288.3
1292.3
1296,3
1300, 4
1304.4
1388..4

1312.4 .

1316.4
1320.4
1324.4
1328.5




Wi

Fulnut

WS LP) —

S s gt P e pa e
e NN —-

[
~

~=0fD
a.\
1270.00
1320.00
1570.09
1640, 09
1720.08
1790.09
1860.089
1979.00
2040.00
2150.90
2210.00
2225.08
J305e.00
3100.00
2158.08
3100.089

LINE LEF

SOIL
i
2

CIRCLE

SLICE

“~DVDONAUEWN -

n s

! 13
2 !
3 2
4 16

UNIT

X=0RD
1304. 0

HEIGHT
1307.1
35335.0
$317.3
6594.8
7383.4
7684,3
7483.3
6771.7
3333.89
37358.89
1398.¢

ITERATION

&GN -

FACTOR OF SAFETY=s .
ERRTHOUAKE =

Vet o Melumle ¢o,40

Y-CPD
©cc,. 00
$220.00
340,080
63408, 00
€380.80
€380, 00
6429.00
6428.00
6489.00
§4806.00
6%5490,00
63540.90
6550.00
6350.00
6560.00
63%50,00
£3%0.00

T RIGHT
14
2
16
17

WEIGHT
99
90

Y-0RD RADIUS FACTOR OF SAFETY
2%0.0

6470.90

INCLINARTION

13.3833
13.3903

COHESION

’
31
3

13.39

COHESION WIDTM

11.0
11.0
11.0
11.9

11.0

11.0
11.0
11.9
11.0
11.8
11.0

CALCULATED

12.4399
13.3838
13,3902
13.3903

3.4C-xLii

FeE_Y

SATURATED

NO
YES

EFF WEIGHT
4009.8
1090.2
1630.6
2022.4
2264.9
23%6.5
2294.9
2076.6
1697.0
1130.3
428.9

13.39 AT X= 1304 Y= 6470 R= 250

#

31
31
3
31
31
3
31
31
31
31
31

X
1284.,2
1295.3
1306.3
1317.3
1328.4
1339.4

1358.5 °

1361.3
1372.%
1383.6
1394.56
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DATA FILE

5000
j010
5040
S0%9
SQé0
sove
So8o

DATA
DATA
DATA
DATA
DATA
DATA
BATA

LY . . [y -
P R e L Wk g— e g v b —_— . - - . —— —*ﬁi*-_‘ -
.

‘PRSLOP’ \

' . { ‘ .
:RégE RIVER COAL - SLOPE srauurv | FILE “PRSLOP® .

4,.1 )
17,0,6220, 1270, 6220, 1520, 6340, 1570, 6340, 1640, 6380, 1729, 6339,

1799

1860, 6420, 1970, 6480, 2040, 6430, 2136,6340,2210,6540,2225, 6350, 3050, g;‘g
3100,6569,2150, 6350, 3100, 6359 N
4,13,14,1,1,2,2,2,16,2, 16, 17, 2 .

2,90,800,31,1,90,800,31,0

ST 3.4e48vid



“3L0Pe- o

A slope stability program utiliZing the sr1uplified or “acditied
Bishop® method.

The program was written by John P. Cross, P.E., Processing Manajer
of 8§13 Consultants, Northbrook, Il1limors. This program was printed in the
Cerober 1982 issue of “CIVIL ENGINEERING. ™

This version was copied from "CIVIL ENGINEERINC® and edited for the
Hewlett=-Packard 9845 desk-top computer by Horrocks Engineers in March
1983, The forsat for the input and the output wvas changed from the
original version, however, the program itself wvas not changed.

HORROCKS ENGINEERS

OHE MEST MAIN STREET
AMERICAN FORK, UTAH 83003
TELEPHONE (801)756~7628

42 OPTION BASE 1
4 OVERLAP

46 PRINTER IS 16

48 PRINT *SLOPE STABILITY ANALYSIS®

50 DIM PC%O,2),L(50,3),82¢S,4),R(50),F(50,7),2(50,4), Hs:eOJ Sbitsca:1)>[3)

S2 INTEGER Logo(Z)

S4 Sbits(1)=" NO"

56 Shbit$C@)"YES®

S8 S9=10 : .

60 J6=0

62 OUTPUT S;°R"

64 ENTER S;M,D,Times

66 DatessYALS(MIL"/*LVALS(D)&"*/83°

68 PRINTER 1S ©

7 PRINT *°,LINC4),TABC8O~LEN(Dates));Dates, LIN(O)'

72 GOSUS Logo ! PRINT MORROCKS ENGINEERS’ LO

74 PRINT LINCS),TAB(28),3LOFE STRBILITY BHHLYSI *,LINC2), TAB(38), "for",LINC2

*ss INPUT OF PROCRAM VARIABLES e#s

g1 INPUT *ENTER THE DATA FILE NAME",Files

I INPUT "ENTER THE PROJECT NUMEBER",Pns$ -
82 INPUT "ENTER THE USER’S INITIALS®",Users

136 LINK Files, 5000

196 READ HWE

191 PRINT TABCAO-LEN(HE)/72);HS

1495 PRINT LINC36),TABC(38),"DATA FILE: °"LCHRS(34)LFilesSLCHRS$(34) ,LIN(L)
208 PRINT TRB(25),"PROJECT NUMEBER: "uPns$,LINC(1)

ot PRINT TAB(37),"by: "tUsers

203 PRINTER 1S 16

216 REARD S0

211 IF $6=0 THEN 270

239 READ S&

50 RERD 37

a REARD WO

big T READ Et

kI N) FERD F1

RSB FRINTER 1S 16

18 FRINT =“FOINT X=QRD Y+QRD" -
L0 FOR 1=} TO P ‘e

241 FEINT SPR72Y,1; 3.4C-xlriii

-

P



-

35S IMACE 3¢, 2-7D. 3D, 25,

359 READ PCI,1)>,PCl, 2} .

371 PRINT USING 332;PCI,1),PC1,2)

380  NEXT 1|

460 REARD L1 .

481  PRINT LINC1), *LINE FROM 10 SOIL BENEATH®
482  IMACE 3X,2¢4D,3X),2X,2D ~

418  FOR I=1 TO L1 :

421 PRINT I3
448 READ LCI,1),L¢I1,2),LC0,3)

489 PRINT USING 402; L(t 1), L<t 2),L¢1,3)

490  NEXT I .

$18 © READ SI -
$11  PRINT LINC1),°SOIL: UNIT WEICHT COHESION "LCHREC(210)4°
$12  IMAGE 3X,4D.DD,2X,9D,3X, 3D, 3%, 34 : -

$20 FOR I=1 TO SI

s3i PRINT I;

559 READ $2<¢I,1>,52(1,2),%2¢1,3),82¢1,4)

610 PRINT ustG 512 sz<x 1), szc: 2y, szcx 3, Sbltscs2<1 4))
6280  NEXT !

ess CIRCLE DEFINITION ###

640 Fo=9

641 PRINTER 1S 16

6359 PRINT “CIRCLE DEFINITION®

653' INPUT "ENTER THE X-ORD, Y-ORD, AND RADIUS OF THE FAIL SURFRCE

XY, R

83 CHECK TO SEE IF CIRCLE EXCEEDS TOP LINE END POINTS aas

738 Ui=pl

749 FOR 122 TO P1

738 IF <P, 1)<P(I 1,1 RHD (Ul=P1) THEN 770
768 GOTOo ?89 .- . :

77 Ul=l~-}

789 NEXT I

799 J12R#R~(P(1,2)=Y)~2

g8ee J2sR¥R=-(PCUL, 2)=Y)~2

gla IF Ji1<=@ THEN 838

828  IF (J150) AND <P(1,1)>X-SQRCJ1)> THEN 868
83e IF J2<=@ THEN 858

8480 IF <J2>@) AND (P(Ul 1)(XOSOR(J2)) THEN 869
§83@ GOTO 88@

862 - DISP “CIRCLE EXCEEDS TOP LINE END POINTS";
878 GOTO 4389

¢+ DEFINE INTERSECTION OF CIRCLE HWITH LINES #2#

g9e FOR I={ TO L1

900 X1sPCLCI,12,1)

910 Y1sPCLCI,1),2)

920 X2=PCLCT, 2, 1)

930 Y2=PCLCL,2),2)

940 IF X2=X1 THEN 9€0

$sQ COTO 976

959 $=9.99€10

%76 IF X2¢>X1 THEN ‘990 .
$80 COTO 1000 :

990 SE(Y2-Y1),¢{X2-X1)

1606 [F ABSCSI<1.0E-S THEN 1150 g 4c1ay

SATURATION®

FORMAT X,Y,




1010
1ege
pold
10480
1039
1063
g
iege
1290
1190
1119
1120
1139
1142
1150
1169
1170
1180
1199
1298
1210
1229
1239
1240
1259
1269
12790
1288
1299
1300
1310
1320
1330
1340
1350
1360
1370
13e9
1390
1429
1410
1420
1430
1440
1430
1460
1470
148@
1490
1500
1518
1520
13530
1540
1330
13560
1570
1580
13590
1609
1610
1620
1630
1649
1630
1€60

17

c:-xt-\'x-‘s
nia) oS
(o L -C'/s 2-x/s—'~w
CanCl1~2-28XeC oX"2+Y2=R2
C3aCI~2-40C2e(C4
1F CS<0 THEM 1080°
GOTO 1999
2¢I,1)=08
1F CS<8 THEN 1630
01e¢-=CIA+SARCCEIIZ(2¢C2)
G2e(=CI-SQAR(CS)I7(2+C2)
Q3=Q1-,8+C1
Q4=Q2/5+C1 -
GOTO 12480
CSuR~2=(Y=Y1)~2
IF CS5¢8 THEN 1180
GDTO 119¢@
2(l, 1>
IF CS<@ THEM 1630
Q3=X+SQARCCI)
Q4a%-SAR(CI)
Qi=Y}
Q2=Y1}
Ji=9
J2=4
IF CABS(SY¢m9,99E9) AND (Q3>sX1) AND (QI<(=X2)> THEN 1283
CoTO 129%Q
Ji=1
IF CABS(S)<¢=9,99E9) RND (O4>le) AND (04(-!2) THEN 1310
GOT0 1320
J2=1
IF ¢S<=9.99E9) HND €Q1)=Y2) AND. (010?1) THEN 1340
GoT0 1350
Jisg
IF-¢(5<=9.99E9) AND (ﬂ:)-YZ) HNB (02(-?1) THtN 137O
GOT0 1380
Je=1
1F (S$>9.99E% an (Q1>=¥1) AND (Qi<{=Y2) THEN 1400
GOTO 1410 .
Jis}
IF ($>9.99E9) AND (QZ)-YU AND <na<-vz> THEH 1430
COTO 1440 - & C
Jisl - S R
2¢1,1)u]1¢)2 . I S
1F Ji=1 THEN 1470 _
COTO 1480 o . L:
2¢1,2>=63 _ o
IF Iisi THEM 13500 e
GOYO 1510
2¢1,3)=Q}
IF (J1=@)> AND (J2=1) THEN 1530
GOTO 1540
2(1,2)=Q4
IF ¢J1=0) AND (J2=1) THEN 1360
GOTO 1579
2¢1,3>=02 )
IF ¢Ji=1> AND <(J2=1) THEN 13590
GOTO 1689
2¢1,4>=Q4
IF (Jim1) AND (J2=1) THEM 1620
COTO 1£30
2¢1,3>=Q2
HEXT 1
X4n@
X%=9,99E20
11s} :
FOR I=1 TO LI : 3.4C-

-



14350 IF Zvl,1s.81 THEN [T90

1539 GOTO 1710
1790 hOl1)e201, 20

1710 1F 2¢1,1)>e1 THEN 1730

1720 COTO 1740

1730 Ite=]1eg

1740 IF 2¢1,1)=2 THEN 176 .

1750 GOTO 1770

1760 ACI1)e2¢1,4)

1770 IF 2¢1,1)>82 THEN 1790

1780 GOTO 1800 .
1790 ST ERY .

1809 NEXT I

1818 IF Jl=1 THEN 1830

1820 CGOTO 18490 .
1838 PRINT “CIRCLE DOES NOT !HTERSECT SLOPE® .

1848 [IF I1=] THEN 43890 .

sse SET UP SLICE ARRAY s#e

1860 FOR I=1 70 1l-1

1878 IF ACI)>X4 THEN 1898

1889 GOTO 1900

1898 X4=A 1)

199 IF ACIXKS THEH 1920

1910 COTO 1938

1929 X3=A(1)

1939 HNEXT [

1940, FOR'I=1 TO P1

1959 IF (PCI,1)<{%4)> AND (P(!, l))XSI THEN 1970
1969 CoTo 1939

1978 ACI1d=P(CI, 1)

1989 IF (PCI,1)<X4> RND (P(1,1)>>X3> THEN 2000
1999 - GOTO 2010

20Q9 [i=l1+]
2919 NEXT 1!
2020 Il=It-1 .

2838 FOR I=! TO It
2049 FOR J=1 TO I1~-1

28380 IF R(IJ+1D5ACT) THEN 2090
2960 J1isACT+1)

2079 ACJ+1)>=A(T)

208@ R(IO=JY

2090 NEXT J

2198 NEXT I

2118 Utwo

2120 FOR Is1 TO Il~}

2130 IF ACIDCACI+1)> THEN 2150
2140 GOTO 2160

21%2 UlsUle+l

2168 IF RCIDCACI+1) THEN 2189
2170 GOTO 2190

2180 ACULDI=ACT)

21990 MEXT I

2200 Ul=ayist

2219 RL{ULY=ACIL)

2220 1wy

_#s+ DEFINE SULICE BOUNDARIES w#e#
2240 CQI®ACI1)=ACL) .
2250 Q2=Q1-§9 3.4C-Li
259 U=y



car®t FOR e TO o Wim)
PRI Qlep(le]l =R )
PC i VAR [HT(QI Q2 e}
<300 Ci=@l Q4

2319 C2%AC])

2320 FOR Jesl TO Q4

2339 IF J<(Q4 THEN 2330
2340 COTO 23680

233580 Ii=]1+}

2360 IF J<Q4 THEN 2398
2379 COTQ 2390

2380 R(I1)=l2+C)

2330 IF JCQ4 THEN 2410 -
2400 GOTO 2420

2410 C2=C2+C1

2420 NEXT J

2438 NExT 1

2449 FOR 1=f TO 1
2430 FOR J=1 TO It-1

2460 IF ACJ+1)>A¢I) THEN 2%@8
2470 Ji=ACT+1) '

2480 ACJ+1)=ACD)

2490 [ TORERE

Fa-1:1:] MEXT J

2518 NEXT 1

#8484 DEFINE SOIL PARAMETERS FOR EACH SLICE wee

23390 Fisli~-1

2549 FOR I=1 7O F12

2339 FClL,d=ACI+1)=-ACTI)

2360 X6=F(1,4)

2570 Fc1, 7)-(&(!*1)48(1))/2

2589 '-X3IF(! ”

239%e vx-v-snaca-z-cn<x>-x>-2>
26ae Y2sY=SQR(R~2=CACI+1)I=X)~2)
2610 AS=ATNCABS(Y2~-Y1)/F(I, 4))
2620 IF Y2<Y1 THEN 2640 - AP
2630 GOTO 2635@ B
2649 AS=-A3

2639  F(1,2)=ARS

2660 IF ﬂS'O THEN 2688

2679 GOT0 2690 |

2689 F(1,2)=1,0E=-S : ~
2690 Y3sY-SQRCRA2-(X3=X)~2) ~ '
27ee [4a8

2718 FOR J=1 TO L}

2720 LS=L¢J, 1)
27360 LésLCT,2)

2740 IF CPCLS,2)<sY3) AND CPCLE,2)¢sY3) THEN 2848

27%0 IF CPCLS, 1)<X3> AND ¢PCLE, 1)<X3) THEN 2840

2760 IF CPCLS,155X3) AND CPCL6,1))X3) THEN 2849

2770 YE=P (LS, 2)+CPCLS, 2)=PCLE, 2>>/(P(LS 15=PCLE, 15D #<XI-PCLS, 1))
2780 IF Y6<=Y3 THEN 2840

27¢0 ‘l4ml4+l

26800 2014,15=Y6 _ - L

2610 2014,2)8L¢J,3)

2620 u=0 .

2830 g0

2848 NEXT J

2250 IF l4=1 THEN 2970

2660 FOR Jei TO 14 : .

2870 FOR Ji=) TO 14-1 : -

2880 IF 2¢J1,1)>a2¢J1e1,1)> THEN 2%%9 3.4C-Lii

2RE0 LS=2¢J1, 1)

P



PR TR
e B\
“920
2930
2940
2950
2960
2970
2980
2990
2000
310
3829
3830
30409
30350
3060
38r9
3088
3090
3100
3112
3120
3132
3140
31%0
31883
B irg-)
3180
3190
3200
3210
3229
3221
3236
3242
32¢9

3229
32%60
3308
3320
3349
3339
3360
3361
3378
33849
3390
3409
3410
3429
3430
3440
3450
3460
3479
3484
3499
3Se0
2510
3529
3530
<40
3550
J-&'}E‘
3]

LessvJtt, 4
Er R G D Bl G B I U B
2¢J1,2)82(J1+],2)
2¢J1e1,1)>uLS
2(J1+1,2)al6
HEXT J1
HEXT J
Idamf4+]
2(14,1)n¥3
FOR Ji=i TO l4-}
IF (I=1) AND <Jl=1) RAND (Xx3>=5€) THEN 3629

GOTO 3030 _ .
I6=Sa-Y1 -

IF C(I=F1) AND CJ1=1) AND (X3>e$6) AND (X3<=$?)  THEN 3050
COTO 3068

J6esa-Y2

Walde(ZCJ1,13=2¢T1+1, !))GXGQSZ(Z(JI 2),1)
IF ¢2¢Jt, 1)(39) AND (X3>=88)> AND (XS(-S?) THEN 3890
CarTo 3196
Nale(SO-2¢21,1))eX64Ud .
1F s2¢2¢J1, 2) 4)5.95 THEN 3129
GOTO 3130
E4=52¢2¢J1,2), 1O
IF $2¢2¢J1,2),43<.95 THEN 31%8
GOTO 3160
E4m52(¢2¢J1,2),1)>~4HA
E-Et(Z(Jl,l)-Z(Jl*l,l))iX6!E4
NEXT J1
FCI, 1) =W
FCl,S5)=E
F¢l, 3)=52(2¢14=1,2),2> -
F¢l, G)lZiPIi(SZ(Z(I4-1 2),3),369)
NEXT I
NORMAL
IF F9=8 THEN 3360
PRINT USING 325@;CHR$(210) .
IMAGE *"SLICE WEIGHT INCLINATION COHESION WIDTH EFF WEIGHT *A
%X .
C=368/¢2sP]) .
FOR I=1 TO F1I
PRINT USING 3320;1, FCI,1),FC1,2>+0, F¢l1,3, F(I 4, F(I 5) F(I 6)s0, F(! 7
IMARCE 3D 18D.D,7D. D 123 9D D, IID n,?Dd, ?D
NEXT 1
PRINT
Dag .
PRINTER IS ©
FOR I={ TO F1{
DeD+F (I, 1)#SINCABS(F(I, 2IIX8(FLI, 2)/HSS<F(I 2)))
D-D*EIOF(I l)iCOS(RBS(F(I 2
NEXT 1
IF I6>2@ THEN 3430
GOTO 3448
I7=HO* 52163 (R=16/3)7¢24R)
IF 16>9 THEN 3460
GOTO 3470
D=D-SCNC(D)#1?7 )
IF C18>@) AND (F9=1) THEN 3490
COTQ 3518
PRINT USING 3S589:1?
IMAGE “DRIVING FORCE COUNTER BALANCE OF',!OD 2D
IF Jé>@ THEN 3530
COTO 3549
17=U04J6eJE#CR~JE/3)7C2%R)
IF J&>@ THEN 3580 -
GOTO 3579
D=DeSCHCDY#17 .
IF CJ£X3) AND (F%=1) THEN L% 15 3.4C-Liii

_54-




LA
teLy

.-
-]

Wl Je
FEIuY oSy SeQu:lr
[MAGE “DF Ity FOFCE INCFERSE GF =, 100, L

teve |TERATIVE SOLUTION FOR FACTOR OF SRFETY #ee

3629
3639
3640
3639
3560
3674
3680
3699
370
3710
3720
3730
3740
3750
3760
3?78
378e
379@
3800
36810
3829
38390
3840
3859
3860
3870
3889
3890

3see !

3901
3902
3963

39084

39e3
310
39280
3939
3948
3959

3951

3968
3961
3970
39%e@
3991
4930
40498
4841
4050
4060
4070
4671
4080
49%0
4109
4110
4128
4130
41480

Fou}

Ras=d

16=@

FOR =1 TO F!
Ri=sF(1,3)¢FCl,R)+F(L, SIeTANCF(I,6))
RZ-l/COS(HBS(F(l 2)))
R3I=1+TRAMC(F (] G)DOTRN(F(X,z))/FO
RQ-R4¢R16<R2/R3)

NEXT 1

FarR4/D

16=16+1

IF F9=1 THEN 3750

GOTO 3820

1F 16=3 THEN 3770

COT0 3800

PRINT

PRINT USING 3790

IRAGE *ITERATION=, 11X, "INITIAL", 10X, "CALCULATED"

PRINT USING 3810;16,F0,F2

IMAGE 3%X,3D,13X,3D.4D,12X,3D.4D

IF 16>10 THEN 3848

COTO 3850

PRINT *"NILL NOT CLOSE‘

IF 16>10 THEN 39790

IF R!S(ﬂ)S(FG)-ﬂ!S(FZ))( @8S THEN 3%80
FouARS(CF2)

Ra=@

GOT0 3630

IF NOT F9 THEN
PRINTER IS 16

ELSE
PRINTER 1S @

END IF

PRINT

PRINT USING 3939;F2,X,Y,R

IMACE “FACTOR OF SAFETY= *,5D.2D,° AT X= *,4D," Y= *,4D, * R= *,4D

PRINT USING 3950;E!Q
IMAGE "EARTHQUAKEs *,2D.2D
IF F9 THEN 4380
PRINT
ﬁ"ll
INPUT "DO YOU HISH A FORMAL PRINTOUT (Y/N)",As
IF UPCSC(AS(1,11)="N" THEN 4320
PRINTER IS @
IMAGE @“HWATER UNIT WEIGHT=",3D, ZD
PRINT USING 4@3Q;u0
IF S8 THEN
PRINT

INAGE “SUBMERCGENCE AT *3D.2D," FROM *,3D.1D,"

PRINT USING 4060;50,%56,57
END IF °
PRIMT .
PRINT = POINT ¥=-0RD Y=-QRD*"
IMAGE 4D,7D.2D,2D.20
FOR I=) TO PI .
PRINT USING 4190;1,PCI, 1), ch 2
HEXT 1 3.4C-Liv
FRINT
-l

TO

*,3D.10



e
PR
41380
419%Q
4204
4219
ED"

402

4230
4240
4230
4260
42790
4239
4298
4300
4310
4311
4329
4340
4350
4370
4371
4329
4400
4431
4418
4520
4538
45409
4%%@
4560
4370
4389
439
4800
48190
4820
4830
4540
46350
4860
4670
45630
4590
4780
4710
4729
4739

4749

4")'

-

4709
4770
41730
4790
4309
4219
422G
4330

Coa ot Vite [ Y [ O TR R ER
RIS K (N

Fab 1=l T LY '
FRINT USING 4160;1,L¢1, 1y, L(l,u Lel, 3- . . .
HEXT | ' .
PRINT T :
FRINT =S01IL UNIT WEIGHT COMESION “LCHRE(219)>L" SATUEA

IMACE 30,1%D,17D,9D,7X, 3R
FOR =1 TO S1
PRINT USING 4220;1,52¢I,1),82¢1, 2),82¢1,3),8bit$¢S2¢1,4)) -

NEXT | : .
PRINT - . - e .

PRINT "CIRCLE X-0RD Y~ORD ' "RADIUS FACTOR OF SAFETY*
IMACE 120.D,7D.D,?D.D,8D.2D . :

PRINT USING 4289;X,Y,R,F2

PRINT

PRINT

F‘s...

INPUT *DO0 YOU WISH A DIARGNOSTIC RUN CYsN)*, RS

IF UPCS(ARS(1,1))="N" THEN 4370

F9ow=i

IF UPCSCASCL,12)<>“N" THEN 720

R’--I

INPUT *DO YOU WANT TO CONTINUE CY’NY=~, A% . -
IF UPCS(ASC1,132¢>"N" THEN €20

DIsp * FIHI°HED .

STOP ' :
Logo:PLOTTER IS 13, "GRAPHICS®

GRAPHICS

SCALE 9,559,8,454 o
LORG 2 | e -
FOR I=8 TO S - |

Logedl)w=217%
Logo(2)=-43%52
R=4%4=-]
GLOAD Logo(#),a,R
NEXT 1
FOR [=6 TO 14 .
Logo(1)==2115
Logo(2)=-43%52
R=4%54=1]
GLOAD Logec(#),8,R
NEXT 1
FOR =15 TO 21 , .
Lego(ld==217% .
Logo(rn-43%2 ~ o
R=4S4-1 ’ o _
GCLOAD Logo(#), 9 R -
NEXT 1] .
C512E 15/4,54,9-15
MOYE 27,4%0 P
LABEL “HORROCX3" . ,
MOVE 27,437
CSIZE 15/4.54,8-15 o N
LABEL "ENGINEERS3" y S _
DUMP CRAPHICS 439,454
CCLEAR
EXIT GRAPHICS

RETURN S ' ' IR .

3.4C-v

=56~
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Slope stanility program

JOMNM P, CROSS, 1€, M. ASCE
Oata Procniw Manaoe

Prowct Engrerey

STS Comairvds

Foa mammai or man-made slopes, the
index of stability with respect to a sud-
den failure is known as the salety factor
of the slope. The salety factor moy be
defined as the ratio of the potential
rammg forees to the drive forces tend-
ing 10 cuse movement. A slope on the
verge of [ailure would have a safety fac-
tor of 1.0. The analysis of slope stability
is, therefore, the analytical proc:durt
of determining the most critical,
the lowent, factor ol' salety of gmm cr
propased slope. |

Manual mc.tbods of slopc stability
analytis were d:vdope-l prior to the

advent of the. electronic computer.

These approaches resulied in high anal-
ysis costs and conservative slope config.
wrations. cheunvc calculations lended
themselves 157 eumpuuriud methods

and numerous programs exist that bave -

been . wrilten {or large computer sys-
tems to p:rform slope stability analysis
aceording to rnumbcr of theomicu
methods. .

Ths amplnﬁed or modified Buhap
method is reasonably aceurate for most
purposas where the slope under analysis
<an be anumed to fail along a circular
failure mfan.r The factor of nfety -]
defined ‘a2’ the: ratio of the resisting
momients to drmng moments around
the center of the failure are. Initially, s

cross-section’ of the slops is drawn
detailing soil mna and piczometric
surfaces, A ceater pomt is then chosen
from which an’arc is taken through the
croas-secuion. Thn ‘are represents the
failure surface:under evaluatiea. This
failure zone is broken down into a series
of slices which aan be individually eval-
usted for their weight and strength
characteristics.” An illustration of a
slope cross-seetion being defined by a
series of slicea is shown in Figure 1.

The forces acting on each slice are
illustrated in Figure 1, where AX'is the
widih of the slice, WV is the weight of
the slice, T is the forge acting along the
failure surface at the bottom of the
slice, N is the efTective furee acting noe-
mally to the base of the slicc and @ is
the inclination of the lailure surface
slice bawe. The factor of salety is
defined as:

Q3GN-055/82/0010-007 17501 00

sCAX +RNund st
I+ tandbtyn ®
Fe F
X Wiin @

Where C is the cohesion, & is the Iric-
tion angle and the summation occurs
over each slice of the failure zone. As
the factor of safety, F, occurs on both
sides of the equation. An interactive
solution where F i3 initially estimated
and then back substituted until the cal-
¢ulated F and atimated F close within
a specified tolcrance.

The equatinn can be modified tn han.
dle two 3dditi-.nal eoaditions by adlding
additional factors to the term defining
the driving foree. These two conditions
are standing pools, i.c., submergence of
a portion of the slope, and earthquake
loading. For submergence, the weght
of water acting above the slice is added
1o the weight of the slice itsell. The
wtal driving fores it increased or de.

ch 1 ’Mlﬁdlﬂhﬂ“ﬂ Ll Kroe
SChrvy UDON ) ECR Sre PRIy

creased by the weight of water above o
below Lhe exit of the lailure surfacs
from the slope The second condition of
carthquake laading can be handied by
increasing the driving force caloulated
for each slice by EWem8, where E is
the carthguake luading factor. Similar

ly the resinting farss is decrersd by R
ducrease in the normal force dye to the
earthquake leading.

Following the calculation of xhe safe-
ty facior for this arc, the genter or
radius of the arc is modified to peneraie
& new failure surface. The previousiy
mentioned procedere is again followed
with a new facior of mafety being deter-
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mingd. This entire sequence is repeated
until the failure surface for the mini-
mum factar of salety is determined,
The program included in this article
follows the same general procedure as
previously defined. The program can be
broxen duwn into nine segments. Lines
1Q0-620 are input rowtines fur the entry
of data defining the cross-section, lines
630-710 define the cirele that will gen-

72 Civd Engiﬂeq:rng-hSCE

Qetobor 1922

erate the failure surface, lines 720-560
perform a verification that the {ailuce
arc falls fully within the eross-section
and lines 850-1540 define the intersee-

Aion points between the line segments

and the failure arc. The slies array is
st up between line 1850 and 2220,
with slice boundaries defined in lines
2210-2510. Lines 2520-3600 include
the definition of the sail parimeters for

3.4C-Lvii
_58-

each slice and the actual jterative soly-
tion for -the factor of safety occurs
bztween lines 3610 and 3950. The
remaimder of the prograum is the formal
outnut of the results. -~

The program includes a diagnosiic
prints-out where a1l the slice parameter
exn be displaysd for any given [ailur:
surface. As currently configured the
program can bandle medzis including
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow
Worksheet Name: CASTLE GATE MINE

Comment: FLOW FROM FACE Of REFUSE WITHIN CGWS-D2F
Solve For Depth

Given Input Data:

Bottom Width..... 25.00 ft

Left Side Slope.. 3.00:1 (H:V)
Right Side Slope. 3.00:1 (H:V)
Manning’s n...... 0.030
Channel Slope.... 0.3300 ft/ft
Discharge........ 0.72 cfs

Computed Results:

Depth....c.cn0u0e 0.02 £t

VeloCityeeeeeanna 1.80 fps

Flow Area........ 0.40 sf

Flow Top Width... 25.10 £t

Wetted Perimeter. 25.10 ft

Critical Depth... 0.03 ft

Critical Slope... 0.0425 ft/ft

Froude Number.... 2.51 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: CASTLE GATE MINE
Comment: FLOW FROM FACE OF REFUSE WITHIN CGWS-D2F
Solve For Depth

Given Input Data:

Bottom Width..... 35.00 £t

Left side Slope.. 3.00:1 (H:V)
Right Side Slope. 3.00:1 (H:V)
Manning’s n...... 0.030
Channel Slope.... 0.4500 ft/ft
Discharge........ 0.72 cfs

Computed Results:

Depth...oevvennen 0.01 £t

Velocity..vennoss 1.73 fps

Flow Area........ 0.42 sf

Flow Top Width... 35.07 ft

Wetted Perimeter. 35.08 £t

Critical Depth... 0.02 ft

Critical Slope... 0.0458 ft/ft

Froude Number.... 2.80 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c) 1990 _
Haestad Methods, Inc. * 37 Brookside R4 * Waterbury, Ct 06708 .




EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR:

CGWS-U3A
STORM : WATERSHED :
Dist.=8CsS Type ‘b’ - 6 Hr Area = 1027.10 acres
Depth = 1.40 inches CN = 75.00
Duration = 6.00 hrs Time conc.= 0.710 hrs
QUTPUT SUMMARY
Runoff depth 0.13224 inches
Initial abstr 0.66667 inches
Peak flow = 42.46 cfs ( 0.04100 1iph )
at time 3.692 hrs . :
INPUT FOR: CGWS-U3B
STORM : o : WATERSHED @ )
. Dist.=SCS Type ‘b’ - 6 Hr Area = 172.90 acres
Depth = 1.40 : inches -CN = 75.00 . -
- .Duration = 6.00 -hrs Time conc.= 0.386 _ hrs
OUTPUT SUMMARY e 4.
Runoff depth - . 0.13224 inches
Initial abstr 0.66667  inches
Peak flow = -

hrs

7.44 ‘cfs ( 0.04267 iph)
at time 3.603 -
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EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-U4

L dafe . S S S S S T T S S S — - Sy T W T W Y TR G WP I W D S A N

STORM : WATERSHED :

Dist.=SCS Type ‘b’ - 6 Hr Area = 6.78 acres

Depth = 1.40 inches CN = 78.00

Duration = 6.00 hrs Time conc.= 0.085 hrs
OUTPUT SUMMARY

Runoff depth 0.19110 - inches

Initial abstr 0.56410 “inches - '

Peak flow = 0.96 cfs ( 0.14100 iph)

at time 2.527 hrs

INﬁUT\ESR: CGWS-U5

STO

Dist.=scS
Depth = 1.4
Duration = 6.0

e ‘b’ - 6 Hr
inches

WATERSHED :
Area = '

.03 acres
.oo - "”

conc.= "0.098 . hrs

0.29260 inches

0.43902 inches

1.78 cfs (
hrs

at time 2.52

0.251

iph )




EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR:

CGWS-Us
STORM WATERSHED :
Dist.=S8CS Type ‘b’ - 6 Hr Area = 52.11 acres
Depth = 1.40 inches CN = 78.00
Duration = 6.00 hrs

Time conc.= 0.181 hrs

.~ OUTPUT SUMMARY

- U S ol T I A T T e el SN A I A S A S S -

Runoff depth 10.19110 inches T

Initial abstr 0.56410 inches -

Peak flow = 5.83 cfs ' ( 0.11093 iph )
at time 2.582 hrs '

INPUT FOR: CGWS-U7

STORM : WATERSHED :

Dist.=SCS Type ‘b’ - 6 Hr Area = 5.96 acres

Depth = 1.40 inches CN = 82.00

Duration = 6.00 hrs Time conc.= 0.108 hrs
OUTPUT SUMMARY

Runoff depth 0.29260 inches

Initial abstr 0.43902 inches

Peak flow = 1.48 cfs ( 0.24603 iph )

at time 2.534 hrs
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EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS-CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-U8

STORM : WATERSHED :

bist.=S8Cs Type ‘b’ - 6 Hr Area = 20.59
Depth = 1.40 inches CN = 78.00

Duration = 6.00 hrs Time conc.= 0.137 hrs

acres

OUTPUT SUMMARY

Runoff depth 0.19110 - inches
Initial abstr 0.56410  inches

Peak flow = 2.57 "cfs  ( 0.12398 iph ) .
at time 2.557 . hrs




HYDROGRAPH GENERATION PROGRAM OUTPUT

. EARTHFAX ENGINEERING, INC.
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS~D1(A&B)

STORM : WATERSHED :
Dist.=SCS Type ‘b’ - 6 Hr Area = 12.60 acres
Depth = 1.40 inches CN = 90.00
Duration = 6.00 hrs Time conc.= 0.162 hrs

OUTPUT SUMMARY

Runoff depth 0.60604 inches
Initial abstr 0.22222 inches ) .
Peak flow = 6.83 cfs ( 0.53720 iph )




EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM QUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

OR: CGWS-D2F

STO WATERSHED
Dist.=8Cs

Depth = 1.4
Duration = &§.

3.38 acres
85.00

conc.= 0.046 hrs

OUTPUT SUMMARY

T s sl T e T T T . - ——

Runoff dep
Initial

0.38991 inc
str 0.35294 - inches
1.29 cfs (

7768 iph )

INPUT FOR: CGWS-D2G

STORM : WATERSHED :
Dist.=SCS Type ‘b’ - 6 Hr Area = 2.26 acres
Depth = 1,40 inches CN = 82.00
Duration = 6.00 hrs Time conc.= 0.081 hrs

OUTPUT SUMMARY

Runoff depth 0.29260 inches
Initial abstr 0.43902 inches
Peak flow = 0.59 cfs ( 0.25838 iph )

at time 2.516 hrs




EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-D3 (A&B)

A — T T T T T T TS Y I T S T W T S I SEP S — —

STORM : WATERSHED :
Dist.=SCS Type ‘b’ - 6 Hr Area = 14.48 acres
Depth = 1.40 inches CN = 90.00
Duration = 6.00 hrs Time conc.= 0.142 hrs
QUTPUT SUMMARY
Runoff depth 0.60604  inches _
Initial abstr 0.22222 inches
Peak flow = 7.98 cfs ( 0.54665 .iph )
at time 2.518 hrs -

-

INPUT FOR: CGWS-D4 (A&B)

STORM : WATERSHED :

Dist.=SCS Type ‘b’ - 6 Hr Area = 14.73  acres
Depth = 1.40 inches CN = 90.00
Duration = 6.00 hrs Time conc.= 0.217 hrs

QUTPUT SUMMARY

Runoff depth . 0.60604 inches

Initial abstr 0.22222 inches

Peak flow = 7.59 cts ( 0.51109 iph )

at tinme 2.546 hrs

Ol



EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS=-pS

STORM : WATERSHED :
Dist.=SCS Type ‘b’ - 6 Hr Area = 1.56 acres
Depth = 1.40 inches CN = 85.00

Duration = 6.00 hrs

Time conc.= 0.038 hrs

OUTPUT SUMMARY

Runoff depth ~ 0.38991  inches -
Initial abstr 0.35294 inches -
Peak flow = 0.60 cfs ( 0.38201 iph)

at time 1 2.503 hrs

vt

e oedame b




EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CASTLE GATE SCHOOL HOUSE REFUSE AREA (GENERIC DITCH)

STORM : WATERSHED :
Dist.=SCS Type ‘b’ - 6 Hr Area = 1.67 acres
Depth = 2.10 inches
Duration =

CN = 90.00
6.00 hrs

Time conc.= 0.027 hrs

OUTPUT SUMMARY

Runoff depth 1.17972 inches

Initial abstr 0.22222 inches

Peak flow = 1.90 cfs ( 1.12712 iph )
at time 2.502 hrs : -
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Table 3.4 Permissible Velacities for Vegetated Channels.*

Permissible Velocity, fps

Erosion Resistant Soils Easily Eroded Soils
(% Slope) (% Slope)
Cover 0-5 5-10 Over 10 0-5 5-10 Qver 10

Bermuda grass 8 7 6 6 5 4
Buffalo grass
Kentucky bluegrass
Smoath brome 7 6 5 5 4 3
Blue grama
Tall fescue
Lespedeza sericea
Weeping lovegrass )
Kudzu 3.5 NRt NR 2.5 NR NR
Alfalfa
Crabgrass
Grass mixture 5 4 NR 4 3 NR
Annuals fox.'

temporary protection 35 NR NR i 2.5 NR NR

* After Ree (1949),
_1' Not recommended.
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Trapezoidal Channel Analysis & Design
. ' Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-1 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 2.00 ft
Left Side Slope.. 1.00:1 (H:V)
Right Side Slope. 1.00:1 (H:V)
Manning’s n...... 0.035 ‘A slof%
Channel Slope.... 0.0200 ft/ft — M
Discharge....... . 0.95 cfs
Computed Results: .C Ao oA
_ lows de

Depth...ccvveess 0.22 £t M l P
Velocity...counes 1.95 fps
Flow Area....ssss 0.49 st
Flow Top Width... 2.44 ft
Wetted Perimeter. 2.62 ft
Critical Depth... 0.19 ft -
Critical Slope... 0.0350 ft/ft :

. Froude Number.... 0.77 (flow is Subcritical)

Open Channel Flow Module, Version 3.2 (c) 1990 '
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708



Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-1 max. slope
Solve For Depth

Given Input Data:

Bottom Width..... 2.00 £t
Left Side Slope.. 1.00:1 (H:V)
Right Side Slope. 1.00:1 (H:V)
Manning’s n...... 0.035 Slo
Channel Slope.... 0.1000 ft/er — H&¥ [
Discharge....... . 0.95 cfs

Computed Results:
Depth.....III'... 0.14 ft N
Velocity......... 3.29 fps — MO \/e|OQ"‘j
Flow Area........ 0.29 st
Flow Top Width... 2.27 £t
Wetted Perimeter. 2.38 ft _
Critical Depth... 0.19 £t - T R
Critical Slope... 0.0350 ft/ft '
Froude Number.... 1.62 (flow is Supercritlcal)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-2 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 1.00 £t
Left Side Slope.. 1.50:1 (H:V)
Right Side Slope. 1.50:1 (H:V)
Manning’'s Nesse.. 0.035 ,
Channel Slope.... 0.0700 ft/ft — Min SO
Discharge..... von 0.36 cfs
Computed Results:
DEPtN. s nrensnn. 0.12 £t — May Llow deptn
Velocity.ccvnnnen 2.45 fps
Flow Are@...seees 0.15 st
Flow Top Width... 1.37 £t
Wetted Perimeter. 1.45 ft
Critical Depth... 0.15 ft
Critical Slope... 0.0387 ft/ft
Froude Number.... 1.32 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c¢) 1990
Haestad Methods, Inc. # 37 Brookside Rd * Waterbury, Ct 06708




Trapezoidal Channel Analysis & Design
Open Channel - Uniform f£low

. Worksheet Name: Prep Plant Area
Comment: CGD-2 max. slope
Solve For Depth

Given Input Data:

Bottom Width..... 1.00 ft

Left Side Slope.. 1.50:1 (H:V)

Right Side Slope. 1.50:1 (H:V)

Manning’'s Neeesss 0.035

Channel Slope.... 0.1000 f£t/ft — Mox Slof&
Discharge..... . 0.36 cfs

Computed Results:

Depth..... saseass 0.11 ft Y )
VeloCityeeeeeaons 2.76 fps — MaX €‘°u+'j
Flow Area...eevee 0.13 sf ‘

Flow Top Width... 1.34 ft

Wetted Perimeter. 1,40 ft

Critical Depth... 0.15 ft

Critical Slope... 0.0387 ft/ft

Froude Number.... 1.55 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd # Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

. Worksheet Name: Prep Plant Area
Comment: CGD-3 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 10.00 £t

Left Side Slope.. 0.75:1 (H:V)

Right Side Slope. 0.75:1 (H:V)

Manning’'s Necesas 0.040

Channel Slope.... 0.0600 ft/ft —— Min SoPZ

Discharge..sseeecss 49.90 cfs
Computed Results:

Deptheceeceoncens 0.71 ft — Hox Clowo> depthn
VeloCity.eeasennne 6.70 fps

Flow Ar€a8.cecesee 7.44 sf

Flow Top Width... 11.06 ft

Wetted Perimeter. 11.77 £t

Critical Depth... 0.90 ft

Critical Slope... 0.0273 ft/ft

Froude Number.... 1.44 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c¢) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708



Trapezoldal Channel Analysis & Design
Open Channel - Uniform flow
Worksheet Name: Prep Plant Area
Comment: CGD-3 max. slope
Solve For Depth
Given Input Data:

Bottom Width..... 10.00 ft

Left Side Slope.. 0.75:1 (H:V)

Right Side Slope. 0.75:1 (H:V)

Manning’'s n...... 0.040

Channel Slope.... 0.1000 ft/ft — Mox Slope
Discharge...ceese 49.90 cfs

Computed Results:

Depth.cccveenn.. . 0.61 ft .
VElOCity......... . 7-88 fpS—-""" HO“\‘ \/e‘oaw
Flow Area........ 6.33 st

Flow Top Width... 10.91 ft
Wetted Perimeter. 11.51 £t

Critical Depth... 0.90 ft
Critical Slope... - 0.0273 ft/ft
Froude Number.... 1.82 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c) 1990 .-

Haestad Methods, Inc. * 37 Brookside Rd # Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-4 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 1.00 £t
Left Side Slope.. 1.00:1 (H:V)
Right Side Slope. 1.00:1 (H:V)
Manning’s n...... 0.035
Channel Slope.... 0.0200 ft/ft
Discharge........ 0.96 cfs

Computed Results:
Depth........ coas 0.33
VelocitY.eeenenss 2.22 fps
Flow Area....sess 0.43 sf
Flow Top Width... 1.65 £t
Wetted Perimeter, 1.92 ft
Critical Depth... 0.28 ft
Critical Slope... 0.0351 ft/ft '
Froude Number.... 0.76 (flow is Subcritical)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, C

fr — MOH deptn

ML SO

t 06708



Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-4 max. slope
Solve For Depth

Given Input Data:

Bottom wWidth..... 1.00 £t

Left Side Slope.. 1.00:1 (H:V)

Right Side Slope. 1.00:1 (H:V)

Manning’s n...... 0.035

Channel Slope.... 0.0650 £t/et — Mox Slof
Discharge........ 0.96 cfs

Computed Results:

Deptheeeeannsenns 0.23 ft .
Velocity...cevunn 3.36 fps — MHoOX UCkKkhkf
Flow Area....s... 0.29 st :
Flow Top Width... 1.46 ft

Wetted Perimeter. 1.66 ft [
Critical Depth... . 0.28 ft . _ j
Critical Slope... .  0.0351 ft/ft 2
Froude Number.... "1.34 (flow is Supercritical)

T -"‘

Open Channel Flow Module, Version 3.2 (c) 1990 - :
Haestad Methods, Inc., * 37 Brookside Rd * Waterbury, Ct 06708 ‘ .
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Trapezoidal Channel Analysis & Design
\\\ Open Channel - Uniform flow

\
N

Worksheet Name: Prep Plant Area k

Comment: CGD-5\min. slope
Solve For Depth
Given Input Data:

Bottom Width..\..
Left Side Slope.
Right Side Slope.
Manning’s n...... . .
Channel Slope.... .0200/%t/£t — HI!
Discharge........

Computed Results:

DEPtH. e venernnnn. Nee - Mox dert™

Velocity.eeeoennn
Flow Area.....
Flow Top Wid

Critical
Froude

0.0350 f£t/ft -
er.... 0.77 (flow is Rubcritical)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 .
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Trapezoidal Channel Analysis & Design
. Open Channel - Uniform flow

Worksheet Naqsi Prep Plant Area

Comnment: CGD-5

Solve For Depth

Given Input Data:

Bottom Width...
Left Side Slope..
Right Side Slope.
Manning’s n......
Channel Slope....
Discharge...... ..

5.00 ft
1.00:1 (H:W
1.00:1 (Hs

A7)
0.040 Siof
0.0BOoé/ft — Mo
44/Efs

Computed Results:

Depth.coecceansen
VeloCity.eveneeany
Flow AYead..eee.ase
Flow Top Width?..
Wetted Periméter.

Critical Depth... 0.40 ft
. Critical Slope... 0.0350 £t/ft
Froude Number.... 0.93 (flow is Subgritical)

\

AN

Open Channel Flow Module, Version 3.2 (¢) 1990
Haestad Methods, Inc. * 37 Broockside Rd * Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
' Open Channel - Uniform flow
Worksheet Name: Prep Plant Area
Comment: CGD-8 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 2.00 ft

Left Side Slope.. 1.00:1 (H:V)

Right Side Slope. 1.00:1 (H:V)

Manning’s n...... 0.040 pMin - 5“#
Channel Slope.... 0.0100 ft/ft —
Discharge........ 31.80 cfs

Computed Results:

¢ fow depth

Depth........ e v 2.04 ft —
Velocity.eeeoonos 3.86 fps

Flow Area..ccces. 8.23 st

Flow Top Width... 6.08 ft

Wetted Perimeter. 7.77 £t

Critical Depth... 1.53 £t

Critical Slope... 0.0307 ft/ft

Froude Number.... 0.58 (flow is Suberitical)

Open Channel Flow Module, Version 3.2 (c¢) 1990 _
Haestad Methods, Inc.,* 37 Brookside Rd * Waterbury, Ct 06708



Trapezoidal Channel

1%

Analysis & Design

Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-8 max. slope

Solve For Depth

Given Input Data:

Bottom Width.....
Left Side Slope..
Right Side Slope.
Manning’s n......
Channel Slope....
Discharge..... oo 3

HOOHHKN

Computed Results:

.00 ft

.00:1 (H:V)

.00:1 (H:V)

. 040 <o
.1000 ft/ft .~ MOX * P&
.80 cfs

Depth..iaceeeeann 1.12 ft ,
Vell’ocity. ..... cos 9.06 fps — H&\l . Vdoc"#’a'
Flow Ared........ 3.51 sf -
Flow Top Width... 4.25 ft .

Wetted Perimeter. 5.18 ft

Critical Depth... 1.53 £t

Critical Slope... 0.0307 ft/ft

Froude Number.... 1.76 (flow is Supercritical) -

Open Channel Flow Hodule, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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‘Trapezoidal channel Analysis & Design
Open Channel -~ Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-9 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 1.50 ft
Left Side Slope.. 1.00:1 (H:V)
Right Side Slope. 1.00:1 (H:V)
Manning’s n...... 0.030 N
Channel Slope.... 0.0100 ft/ft — HiN: Slope-
Discharge........ 0.60 cfs
Computed Results:
Depth....... 0.22 £t — Hox flow deptin
Velocity..... coue 1.57 £ps
Flow Area....... . 0.38 sf
Flow Top Width... 1.94 ft
Wetted Perimeter. 2.13 £t
Critical Depth... 0.16 ft
Critical Slope... 0.0272 ft/ft
Froude Number.... 0.63 (flow is Subcritical)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 . .
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Trapezoidal Channel Analysis & Design
. : Open Channel - Uniform flow
Worksheet Name: Prep Plant Area
Comment: CGD-% mex. slope
Solve For Depth

Given Input Data:

Bottom Width..... 1.50 ft

Left Side Slope.. 1.00:1 (H:V)

Right Side Slope. 1.00:1 (H:V)

Manning’s n...... 0.030 MA¥,‘aoP¢—
Channel Slope.... 0.0920 ft/ft —
Discharge........ 0.60 cfs

Computed Results:

Depth..cccccceene 0.11 ft .
Velocity.eeeeanas 3.26 fps — HOX \ﬁdcxu+%}—
Flow Area....cc.. 0.18 sf

Flow Top Width... 1.73 ft

Wetted Perimeter. 1.82 ft

Critical Depth... 0.16 ft

Critical Slope... 0.0272 ft/ft

Froude Number.... 1.76 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
. Open Channel - Uniform flow
Worksheet Name: Prep Plant Area
Comment: CGD-10 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 2.00 ft

Left Side Slope.. 1.50:1 (H:V)

Right Side Slope. 1.50:1 (H:V)

Manning’s n...... 0.030

Channel Slope....  0.0300 ££/ft — M Slop%
Discharge........ 7.31 cfs

Computed Results:

Depth.eveesnn 0.56 ft — Hin. deptin
VeloCitYeeeeeennn 4.62 fps

Flow Area........ 1.58 st

Flow Top Width... 3.67 ft

Wetted Perimeter. 4.01 ft

Critical Depth... 0.63 ft

Critical Slope... 0.0190 ft/ft

Froude Number.... . 1.24 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c¢) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-~10 max, slope
Solve For Depth

Given Input Data:

Bottom Width..... 2.00 ft
Left Side Slope.. 1.50:1 (H:V)
Right Side Slope. 1.50:1 (H:V) -
Manning’s n...... 0.030 - Slo
Channel Slope.... 0.0500 ft/ft — HoX P&
Discharge........ 7.31 cfs

Computed Results:
DEPtho.o nnnnnn *aa 0.48 ft : y
Velocity...... cee 5.53 fps — Mo¥¢ VEJOCA+%Y
Flow Area..... cee 1.32 st
Flow Top Width... 3.45 ft
Wetted Perimeter. 3.75 £t
Critical Depth... 0.63 ft’
Critical Slope... 0.0190 ft/ft
Froude Number....: 1.58 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c) 1990 o
Haestad Methods, Inc. * 37 Brookside'Rd * Waterbury, ct 05708 .
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow
Worksheet Name: Prep Plant Area
Comment: CGD-11 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 3.00 ft

Left Side Slope.. 1.00:1 (H:V) o,(;Q.

Right Side Slope. 1.00:1 (H:V) Pl

Manning’s n...... 0.035 - e~

Channel Slope.... 0.1250 ft/ft

Discharge....... . 2.57 cfs defrk'
Computed Results: %1603

MO¥

Depth...... 0.18 ft = ~reloct

VeloCitye seeenuss 4.48 fps — MO¥ gt

Flow Area..veeees 0.57 st

Flow Top Width... 3.36 ft

Wetted Perimeter. 3.51 ft

Critical Depth... 0.27 ft

Critical Slope... 0.0307 ft/ft

Froude Number.... 1.91 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 .
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-12 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 0.00 £t

Left Side Slope.. 1.50:1 (H:V)

Right Side Slope. 1.50:1 (H:V) . %wpﬁJ
Manning’s n...... 0.035 Puwb
Channel Slope.... 0.0130 ft/ft -
Discharge..... .o 7.98 cfs

Computed Results:

Depth....... 1.29 f£ — MoX b@"WW

VeloCity.cenrnene 3.20 fps -

Flow Area....soses 2.50 sf

Flow Top Width... 3.87 ft

Wetted Perimeter. 4.65 ft ;
Critical Depth... 1.12 ft .
Critical Slope... 0.0277 ft/ft

Froude Number.... 0.70 (flow is Subcritical)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708




Trapezoidal Channel Analysis & Design
. : Open Channel - Uniform flow
‘Worksheet Name: Prep Plant Area
Comment: CGD-1Z max. slope
Solve For Depth

Given Input Data:

Bottom Width..... 0.00 ft
Left side Slope.. 1.50:1 (H:V)
Right Side Slope. 1.50:1 (H:V) Slof*
Manning’s n...... 0.035 MOt
Channel Slope.... 0.0260 ft/ft
Discharge........ 7.98 cfs

Computed Results:
Depth..ceeeecnans 1.13 ft TE}
VeloCity..eee.n.. 4.15 fps — HO G
Flow Area...... .e 1.92 sf
Flow Top Width... 3.40 ft
Wetted Perimeter. 4.08 ft
Critical Depth... 1.12 ft
Critical Slope... 0.0277 ft/ft
Froude Number.... 0.97 (flow is Subcritical)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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‘Trapezoidal Channel Analysis & Design
. Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-13 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 0.00 ft
Left Side Slope.. 1.50:1 (H:V)
Right Side Slope. 1.50:1 (H:V)
Manning’s N...e.. 0.035 Min slopl-
Channel Slope.... 0.0140 ft/ft —
Discharge..... e 7.59 cfs
Computed Results: i

Depth....... 1.25 £t — Mox. Sef
Velocity...... oo 3.25 fps
Flow Area....... 2.34 st
Flow Top Width... 3.75 ft
Wetted Perimeter. 4.50 ft : i
Critical Depth... 1.10 ft : -

. Critical Slope... -  0.0279 ft/ft ..
Froude Number.... . 0.72 (flow is Subcritical)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, ct 06708



Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-13 max. slope
Solve For Depth

Given Input Data:

Bottom Width..... 0.00 £t

Left Side Slope.. 1.50:1 (H:V)

Right Side Slope. 1.50:1 (H:V)

Manning’s n...... 0.035 Sl
Channel Slope.... 0.0300 £t/ee — MOY. Slof%
Discharge........ 7.59 cfs

Computed Results:

Depth......... o 1.08 ft )
VeloCityeeesenns. 4.32 fps — HOX Veloutde
Flow Area....... 1.76 st _

Flow Top Width... 3.25 £t

Wetted Perimeter. 3,90 £t

Critical Depth... 1.10 ft .
Critical Slope... 0.0279 ft/ft

Froude Number.... 1.03 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (¢) 1990 T _
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 .
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-14 ave. slope
Solve For Depth

Given Input Data:

Bottom wWidth..... 1.00 £t
Left Side Slope.. 1.50:1 (H:V)
Right Side Slope. 1.50:1 (H:V)
Manning’s n...... 0.030 .
Channel Slope.... 0.0100 ft/ft — Min (MBG¥ Slopt
Discharge..... v oo 3.41 cfs
Computed Results:
Depth...... 0.65 £ — HoX def locd
Velocity.eivoesns 2.63 fps — Mox Vé {13’
Flow Area........ 1.30 st
Flow Top Width... 2.96 ft
Wetted Perimeter. 3.36 £t
Critical Depth... 0.54 ft
Critical Slope... 0.0213 ft/ft .
Froude Number.... 0.70 (flow is Subcritical)

Open Channel Flow Module, Version 3.2 (¢) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-15 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 1.00 ft

Left Side Slope.. 1.50:1 (H:V)

Right Side Slope. 1.50:1 (H:V) .

Manning’s n...... 0.030 .

Channel Slope.... 0.0100 ft/ft — Hin Sloft
Discharge........ 3.42 cfs

Computed Results:
Deptho.-.o.c---o- 0.66 ft-""H-ov¥ dep \

VeloCity.oeeoeens 2.63 fps-

Flow Area........ 1.30 sf

Flow Top Width... 2.97 ft

Wetted Perimeter. 3.36 £t

Critical Depth... 0.54 ft

Critical Slope... 0.0213 ft/ft

Froude Number.... 0.70 (flow is Subcritical)

Open Channel Flow Module, Version 3.2 (¢) 1990
Haestad Methods, Inc. * 37 Brookside R4 * Waterbury, Ct 06708 .



Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-15 max. slope
Solve For Depth

Given Input Data:

Bottom Width..... 1.00 £t

Left Side Slope.. 1.50:1 (H:V)

Right sSide Slope. 1.50:1 (H:V) ‘
Manning’s n...... 0.030 HAGX Slo P&
Channel Slope.... 0.0300 ft/ft —
Discharge........ 3.42 cfs

Computed Results:

Depth..... sesnsen 0.50 £t '
Velocity..oveeuns 3.94 fps — MoX UflOlej
Flow Area........ 0.87 st

Flow Top Width... 2.49 ft

Wetted Perimeter. 2.79 ft

Critical Depth... 0.54 ft

Critical Slope... 0.0213 ft/ft

Froude Number.... 1.18 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c¢) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD~16 min. slope
Solve For Depth

Given Input Data:

Bottom width..... 0.00 ft

Left Side Slope.. 1.50:1 (H:V)

Right Side Slope. 1.50:1 (H:V)

Manning’s N...... 0.035 .

Channel Slope.... 0.0700 ft/ft — HOPL
Discharge....se.. 1.78 cfs

Computed Results:

Depthescvene.. 0.54 £t — Moo¢ daptn
Velocity..... vess 4.13 fps

Flow Area....vv.. 0.43 st

Flow Top Width... 1.61 ft

Wetted Perimeter. 1.93 ft

Critical Depth... 0.61 £t

Critical Slope... 0.0338 ft/ft

Froude Number.... 1.41 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c¢) 1990 \
Haestad Methods, Inc. * 37 Brookside R4 * Waterbury, Ct 06708



Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow
Worksheet Name: Prep Plant Area
Comment: CGD-16 max. slope
Solve For Depth

Given Input Data:

Bottom Width..... 0.00 £t

Left Side Slope.. 1.50:1 (H:V)

Right side Slope. 1.50:1 (H:V)

Manning’s n...... 0.035 " Slof%
Channel Slope.... 0.1000 ft/ft — H
Discharge........ 1.78 cfs

Computed Results:

DEPth.evevuvennes 0.50 ft W
VeloCity..eeror.. 4.72 fps — HoX \)elouhg,
Flow Area....cces 0.38

Flow Top Width... 1.50 ft

Wetted Perimeter. 1.81 £t

Critical Depth... 0.61 ft

Critical Slope... 0.0338 ft/ft

Froude Number.... - 1.66 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c) 1990 : '
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 .
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Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

'Worksheet Name: Prep Plant Area
Comment: CGD-17 min. slope
Solve For Depth

Given Input Data:

Bottom Width..... 0.00 ft
Left Side Slope.. 1.50:1 (H:V)
Right Side Slope. 1.50:1 (H:V)
Manning’s n...... 0.030
Channel Slope.... 0.0670 ft/ft — VL 610{3}'
Discharge........ 3.80 cfs o
Computed Results:
Depth..ceee... 0.68 tt — Max. dept]
Velocityeeeeoaons 5.51 fps
Flow Area.....se. 0.69 sf
Flow Top Width... 2.03 ft
Wetted Perimeter. 2.44 £t
Critical Depth... 0.83 ft
Critical Slope... 0.0225 ft/ft
Froude Number.... 1.67 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (¢) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 .



Trapezoidal Channel Analysis & Design
. - Open Channel - Uniform flow

Worksheet Name: Prep Plant Area
Comment: CGD-17 max. slope
Solve For Depth

Given Input Data:

Bottom Width..... 0.00 ft

Left side Slope.. 1.50:1 (H:V)

Right Side Slope. 1.50:1 (H:V)

Manning’s n...... 0.030 ‘4a¥._qnoﬂﬂ-
Channel Slope.... 0.100Q ft/ft —
Discharge........ 3.80 cfs

Computed Results:

Depth..icueennoees 0.63 ft ’
VeloCitys.eesusns 6.41 fps — MaY- ’U"'wc'd'ﬂ
Flow Area...eeo.. 0.59 sf
Flow Top Width... 1.89 ft
Wetted Perimeter. 2.27 ft
Critical Depth... 0.83 ft

. Critical Slope... 0.0225 ft/ft

Froude Number.... 2.01 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside R4 * Waterbury, Ct 06708
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Triangular Channel Analysis & Design
. : Open Channel - Uniform flow
Worksheet Name: REFUSE AREA
Comment: GENERIC ROAD SIDE DITCH
Solve For Depth

Given Input Data:

Left Side Slope.. 3.00:1 (H:V)
Right Side Slope. 3.00:1 (H:V)
Manning’s n...... 0.030
channel Slope.... 0.1100 ft/ft & W
Discharge..... ‘e 1.90 cfs

Computed Results: ‘
Depthesececanvens 0.36 £t
Velocity.cevvunns 5.01 fps
Flow Area........ 0.38 sf
Flow Top Width... 2.13 ft
Wetted Perimeter. 2.25 ft
Critical Depth... 0.48 ft
Critical Slope... 0.0227 ft/ft
Froude Number.... 2.10 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c¢) 1990
Haestad Methods, Inc.,* 37 Brookside Rd * Waterbury, Ct 06708



Triangular Channel Analysis & Design
Open Channel -~ Uniform flow
Worksheet Name: REFUSE AREA
Comment: GENERIC ROAD SIDE DITCH
Solve For Depth

Given Input Data:

Left Side Slope.. 3.00:1 (H:V)
Right Side Slope. 3.00:1 (H:V)
Manning’s n...... 0.030
Channel Slope.... 0.0600 ft/ft <«— M-
Discharge........ 1.90 cfs
Computed Results:
Depth.ivieceerencen 0.40 ft
VeloCityeernroons 3.99 fps
Flow Area........ 0.48 sf
Flow Top Width... 2.39 ft
Wetted Perimeter. 2.52 ft
Critical Depth... 0.48 ft
Critical Slope... 0.0227 ft/ft
Froude Number.... 1.58 (flow is Supercritical) .

Open Channel Flow Module, Version 3.2 (¢c) 1990 _ )
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM QUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-D2F - FACE OF REFUSE PILE ONLY
STORM :

: WATERSHED :

Dist.=8CS Type ‘b’ - 6 Hr Area = 0.92 acres

Depth = 2.00 inches CN = 85.00

Duration = 6.00 hrs Time conc.= 0.042 hrs
QUTPUT SUMMARY -

Runoff depth 0.79513 inches

Initial abstr 0.35294 inches

Peak flow = 0.72 -cfs ( 0.77889 iph )

at time 2.503 hrs
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EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM QUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CGWS-Ul

Al Al e e D e AR Nl ikl e e S S T A T N S ————— . ——— - A S W I T S A A S " o —— A i w— " —

STORM : WATERSHED :
Dist.=SCS Type ‘b’ - 6 Hr Area = 7.05 acres
Depth = 1.40 inches CN = 78.00
Duration = 6.00 hrs Time conc.= 0.106 hrs

OUTPUT SUMMARY

Runoff depth 0.19110 inches
Initial abstr 0.56410 inches
Peak flow = 0.95 cfs ( 0.13341 iph )

at time 2.530 hrs

INPUT FOR: CGWS-U2

STORM : WATERSHED :
Dist.=S8SCS Type ‘b’ =~ 6 Hr Area = 2.38 acres
Depth = 1.40 inches CN = 78.00
Duration = 6.00 hrs Time conc.= 0.066 hrs

— -

————— —

OUTPUT SUMMARY

Runoff depth 0.19110 inches
Initial abstr 0.56410 inches :
Peak flow = 0.36 cfs ( 0.14856 iph )

at time 2.517 hrs
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February 1994

. Chapter 3, Section 3.4
Castle Gate Mine

Preparation Plant

APPENDIX 3.4F
DIVERSION CULVERT CALCULATIONS
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Table 3.4 Permissible Velocities for Vegetated Channels.*

Permissible Velocity, fps

Erosion Resistant Soils Easily Eroded Soils
(% Slope) (% Slope)
Cover Q-5 5-10  Qver 10 0-5 5-10 Qver 10

Bermuda grass 8 7 6 6 5 4
Buffalo grass
Kentucky bluegrass
Smooth brome 7 6 5 5 4 3
Blue grama
Tall fescue
Lespedeza sericea
Weeping lovegrass
Kudzu 3.5 NRt NR 25 NR NR
Alfalfa . .
Crabgrass
Grass mixture 5 4 NR 4 3 NR
Annuals l'ox; :

temporary protection 3.5 NR NR 25 NR NR
* After Ree (1949). !

t Not recommended.
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- Circular Channel Analysis & Design
Solved with Manning’s Equation

Open Channel - Uniform flow

Worksheet Name: Prep Plant Culverts
Comment: CGC-1
Solve For Actual Depth

Given Input Data:

Diameter.......... 1.50 ft
Slope..ccecncnne oo 0.0100 ft/ft
Manning’s n....... 0.024
Discharge......... 0.95 cfs
Computed Results:
Depth.ceeeneecns .o 0.41 ft
VeloCity..ceveenns 2.39 fps
Flow Area.....ee.. 0.40 sf
Critical Depth.... 0.36 ft
Critical slope.... 0.0168 ft/ft
Percent Full...... 27.64 %
Full Capacity..... 5.69 cfs
QMAX @.94D.vcecenn 6.12 cfs i
. Froude Number..... 0.77 (flow is Subcritical)

V= 2.%9 l)+[5 No Q\'pmp Qc%u\\“o‘ -

Open Channel Flow Module, Version 3.2 (c) 1990 S
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708



Circular Channel Analysis & Design
Solved with Manning’s Equation

Open Channel - Uniform flow

Worksheet Name: Prep Plant Culverts

Comment: CGC-2

Solve For Actual Depth owﬂ'*zzﬁkﬁ
. \)C\ 0( 0
Given Input Data: xvyj' A h}%&
Diameter........ .o 7.00 ft RS
S1ODP@. s e vevnnnnnas 0.0500 ft/tt Line MR S
Manning’s n....... 0.024 " \z\e R
Discharge......... 28.25 cfs 44 v o
! A
Computed Results: \&
Depth.....u.... oo 0.91 ft 6‘”@"
Velocity..i.eeveuae 9.54 fps
Flow Area...sceees 2,96 st
Critical Depth.... 1.34 ft
Critical Slope.... 0.0103 ft/ft
Percent Full...... 13.06 % '
Full Capacity..... 773.76 cfs :
QMAX €.94D........ 832.33 cfs
Froude Number..... 2.12 (flow is Supercritical)

ASume 121 boHom. Slope -
Dg, = 0.l H’ = " inches

_____._#___..——__—__.

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708 I



. Circular Channel Analysis & Design
4 Solved with Manning’s Equation

Open Channel - Uniform flow

Worksheet Name: Prep Plant Culverts
Comment: CGC-3
Solve For Actual Depth

Given Input Data:

Diameter.......... 2.00 £t
SlOpe.csrsnrsncnss 0.0400 ft/ft
Manning’s n..... .o 0.024
Discharge...... .o 0.96 cfs
Computed Results:
Depth.ceecesennane 0.27 £t
Velocity.ceeons coe 3.78 fps
Flow Area....seee. 0.25 sf
Critical Depth.... 0.34 £t
Critical Slope.... 0.0160 ft/ft
Percent Full...... 13.51 %
Full cCapacity..... 24.51 cfs
. QMAX @.94D..cvveee 26.36 cfs
Froude Number..... 1.55 (flow is Supercritlcal)

wme 1271 ol Slope -
b = 0.1 \Jl—— = Imdn

[T

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708



Circular Channel Analysis & Design
Solved with Manning’s Equation

Open Channel - Uniform flow

Worksheet Name: Prep Plant Culverts
Comment: CGC-5
Solve For Actual Depth

Given Input Data:

Diameter....... vos 5.00 £t
SloP@..ereicisnnns 0.1000 ft/ft
Manning’s n....... 0.024
Discharge......... 33.58 cfs
Computed Results:
Depth....... cecane 0.93 ft
VeloCity.eeeeeannn ~ 13.37 fps
Flow Area...... .. 2.51 sf
Critical Depth.... 1.61 ft
Critical Slope.... 0.0112 ft/ft
Percent Full...... 18.56 % . :
Full Capacity..... 446.11 cfs '
QMAX @.94D....... . 479.89 cfs .
Froude Number..... 2.93 (flow is Supercritical)

Uypume 1 Fope br i P 9'2""3
Do = 125" = 15 nches

—

Open Channel Flow Module, Version 3.2 (¢) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, ct 06708




. - Circular Channel Analysis & Design
Solved with Manning’s Equation

Open channel - Uniform flow

Worksheet Name: Prep Plant Culverts
Comment: CGC-6
Solve For Actual Depth

Given Input Data:

Diameter.......... 1.00 £t
SlopE@.iccccsnassans 0.0400 ft/ft
Manning’s n....... 0.024
Discharge....... .o 0.60 cfs
Computed Results:

Depth............. 0.27 ft ,
Velocity.oeevnannn 3.57 fps
Flow Area......... 0.17 st
Critical Depth.... 0.32 ft
Critical Slope.... 0.0191 ft/ft
Percent Full...... 26.65 %
Full Capacity..... 3.86 cfs

. QMAX @.94D.ccceens 4,15 cfs
Froude Number..... 1.44 (flow is Supercritical)

oume 2= 1 polpn Slolq ’Qf' calcs -
D = 61" = | ch

0pen Channel Flow Module, Version 3.2 (¢) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708



Rectangular Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: Prep Plant Culverts

Comment: CGC-8
Solve For Depth

Given Input Data:

Bottom Width..... 10.00 £t
Manning’s n...... 0.024
Channel Slope.... 0.0100 ft/ft
Discharge....... . 9.88 cfs
Computed Results:
Depthl... IIIII .8 0’34 ft
Velocity.eoeeoeone 2.89 fps
Flow Area........ 3.41 st
Flow Top Width... 10.00 £t
Wetted Perimeter. 10.68 ft
Critical Depth... 0.31 ft
Critical Slope... 0.0134 ft/ft _ o
Froude Number.... 0.87 (flow is Subecritical) -

N

it elechy Al.ow (£ 385) o

Yip(‘a.p DA

Open Channel Flow Module, Version 3.2 (c) 1990

Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708
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