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15.0 COAL PREPARATION PLANT

15,1 Introduction and Summary

Chapter 15.0 discusses the coal preparation plant proposed to be constructed
at the Emery Mine. The plant will consist of raw coal washing and

crushing facilities and a waste (refuse) disposal system. Coal for the
plant will be supplied by the existing Emery Mine operations. The plant

is designed to process 700 tons of coal per hour which will accomodate

mine expansion; the improved coal quality will allow Consol to meet
existing contractual requirements and expand its markets.

The existing Emery Mine facilities are Tocated in a canyon formed at the
confluence of Quitchupah Creek and Christiansen Wash. The mine office
is located approximately 2 miles east of Highway 10 and 6 miles north of
U. S. Interstate 70. The primary mine portal enters the coal seam at
the bottom of the canyon and angles down-dip toward the northwest. Coal
is hauled away from the mine mine via 40-ton highway trucks.

The proposed preparation plant will be located above the canyon wall
north of the existing facilities. The mine electrical substation and
water tank are presently located near the proposed site. Two roads will
access the plant: the coal haulage road will be the primary route for
exporting coal from the plant; a smaller road will provide employee
access. Best available control technology will be used to control
fugitive dust emissions from the plant and associated facilities.

Coal processing wastes (refuse) will be deposited at a site located
outside of the canyon, west of the existing facilities. The site, which
is located south of Quitchupah Creek, will be accessed by the refuse
haulage road. Coarse refuse will be hauled to the disposal site by pan-
type scrapers where it will be compacted in the fill area. The slurry
refuse will be delivered to the impoundment site by a pipeline. Clean
water will be recovered from the slurry pond and the existing mine
discharge sediment pond and returned to the plant for reuse.

It is assumed that the preparation plant will remain operating throughout
the lTife of the Emery Mine which is projected to continue until 2010.

When the plant is no longer needed, the facilities will be dismantled

and removed. The affected areas will then be reclaimed to provide the

same land uses that existed before disturbance. The refuse disposal

area will be reclaimed by replacing approximately 4 feet of fill material
and topsoil over the site. A permanent vegetative cover will be established
to prevent erosion and restore the land use.

The remainder of this Chapter discusses in detail the plant facility

designs and environmental protection that will be implemented. References
are made to previous chapters in the permit application when applicable.
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15,2 Land Ownership and Related Information

Land ownership for the permit area and proposed coal preparation plant
is discussed in chapter 4.0. Plate 4-1 shows land surface ownership in
the permit area. The coal preparation plant, refuse disposal area, and
associated facilities are located on land controlled by Consolidation
Coal Company.

15.3 Operation and Reclamation Plan

15.3.1 Site Description

The proposed coal preparation plant and its facilities are located on
lands adjacent to the existing Emery Mine facilities. The coal washing
facilities, coal stockpiles, and coal loadout facilities are located
north of the existing mine facilities on the upland area above Quitchupah
Creek. Sedimentation control for the plant site will consist of a pond
located adjacent to the mine access road, down drainage and west of the
plant. The surficial geology consists of Bluegate shale outcrop overlain
in places by thin Pediment deposits.

The coal refuse disposal site is located west of the existing mine
facilities on the south side of Quitchupah Creek. The existing mine
water discharge sedimentation pond is also located in the area. At this
site, surficial alluvial deposits overlay Bluegate shale. Plates 15-1A
and 15-1B show the layout and location of the proposed preparation plant
facilities.

15.3.2 Description of Proposed Facilities

15.3.2.1 Proposed Buildings and Structures

The following section provides a general description of the type of
construction and usage of the proposed structures for the Emery preparation
plant (see Plates 15-1A and 15-1B).

Run-of-Mine (ROM) Belt

The run-of-mine (ROM) belt will be an extension of the existing ROM
stacker (see section 3.2.3.1). The ROM belt will transport ROM coal
from the existing portal to a transfer building located on top of the
canyon wall at a average rate of 700 tons per hour (TPH). The belt will
be a stationary 48 inch conveyor, fully hooded. This conveyor will be
equipped with all safety devices required by MSHA.

Transfer Building

The transfer building will house a two-stage raw coal (RC) sampling
system in addition to the chutework required to divert the coal flow to
one of two raw coal (RC) storage belts. The transfer building will be
totally enclosed and equipped with dust suppression (water sprays) at
the transfer points. The transfer building and equipment will meet all
MSHA requirements.
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2 - Raw Coal (RC) Storage Belts

Two raw coal (RC) storage belts will deliver raw coal to two 10,000 ton
RC storage piles. The belts will be stationary 42 inch conveyor, fully
hooded, and equipped with water sprays at the head section for wetting
the stockpiles. This conveyor will be equipped with all safety devices
required by MSHA.

2 - Raw Coal (RC) Storage Piles

Two raw coal (RC) storage piles will be of 10,000 ton capacity each.
Concrete stacking tubes will be used for each pile to drop coal from RC
storage belts to piles. Water is to be applied to storage piles as
needed to control dust.

Raw Coal (RC) Reclaim System

The raw coal (RC) reclaim system will consist of eight reclaim feeders
(four under each storage pile) in a ventilated, reinforced concrete

reclaim tunnel and a reclaim belt to deliver raw coal from the storage
piles to the plant feed belt at a maximum rate of 700 TPH. The reclaim
belt will be a stationary 42 inch conveyor, fully hooded after it exist
the tunnel. The reclaim system will be equipped with dust suppression

at all Joading zones and transfer points. The reclaim system and equipment
will meet all MSHA requirements.

Transfer Building

The transfer building will be located at the tail of the plant feed belt
and will house the chutework required to divert raw coal to the plant
feed belt. The transfer building will be totally enclosed and equipped
with dust suppression at the transfer points. The transfer building and
equipment will meet all MSHA requirements.

Plant Feed Belt

The plant feed belt will deliver raw coal to the preparation plant at
the rate of 700 TPH. The belt will be a stationary 42 inch conveyor,
fully hooded. This conveyor will be equipped with all safety devices
required by MSHA, :

Preparation Plant

The preparation plant will be a heavy media plant for coarse coal washing
(+3/8") only (see Plate 15-2 and section 15.3.3.1) with most processes
being wet. The preparation plant will be totally enclosed. The plant
and equipment will meet all MSHA requirements.,
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120 Ft. Static Thickener

A 120 foot static thickener will be Tocated outside of the plant and

will settle out the 3 TPH of minus 100 mesh material from the "fine coal
dewatering circuit” (see section 15.3.3.1). The 3 TPH of solids will be
pumped with 130 GPM of water through a 3 inch line to the slurry pond

(see section 15.3.3.2). The overflow (clarified water) from the thickener
will be recirculated back to the plant. The static thickener will be
equipped with all safety devices required by MSHA.

Refuse Facilities

The refuse facilities will consist of a 200 ton bin being fed by a
refuse belt. Refuse will be loaded from the bin into scrapers which
will haul the refuse to the refuse disposal area (see section 15.3.3.2).
The refuse belt will be a stationary 36 inch conveyor, fully hooded.
The transfer point to the refuse bin will be totally enclosed. The
refuse facilities and equipment will meet all MSHA requirements.

Clean Coal (CC) Transfer Belt

The clean coal (CC) transfer belt will deliver the 1-1/4" x 0 product
from the plant to the sample building. The belt will be a stationary 42
inch conveyor, fully hooded. This conveyor will be equipped with all.
safety devices required by MSHA. _

Sample Building

The sample building will house a two-stage sampling system for the
1-1/4" x 0 clean coal. The sample building will be totally enclosed
with dust suppression at the loading zone of the clean coal storage

belt. The sample building and equipment will meet all MSHA requirements.

Clean Coal (CC) Storage Belt

The clean coal (CC) storage belt will deliver the 1-1/4" x 0 product to
a 20,000 ton clean coal storage pile. The belt will be a stationary 42
inch conveyor, fully hooded, and equipped with water sprays at the head
section for wetting the stockpile. The conveyor will be equipped with
all safety devices required by MSHA.

Clean Coal (CC) Storage Pile

The clean coal (CC) storage pile will be of 20,000 ton capacity. A
concrete stacking tube will be used to drop coal from the CC storage
belt to the pile. Water is to be applied to storage piles as needed to
control dust.

Stoker Belt
The stoker belt will deliver coal from the plant to the stoker bins.

The belt will be a stationary 36 inch conveyor, fully hooded. This
conveyor will be equipped with all safety devices required by MSHA.
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Stoker Bins

The stoker bins will consist of one 200 ton bin (1-1/4" x 3/8") and one
50 ton bin (3/8" x 0). A two-stage sampling system will be located
above the bins. The sampling system and transfer points into the bins
will be totally enclosed. The stoker bins, enclosure, and equipment
will meet all MSHA requirements.

Truck Loadout Belt

The truck loadout belt will feed the stoker and modified stoker coal
from the bins and Toad it directly in trucks. An oil spray system will
be installed to spray o0il on the stoker as it travels up the belt. The
belt will be a stationary 36 inch conveyor and will be equipped to meet
all MSHA requirements.

Stoker 0i1 Building

f

The stoker o0il building will house the oil tank and pumps to be used for
the oiled stoker coal. The stoker oil building and equipment will meet
all MSHA requirements, '

Truck Scale

The truck scale will be located on the main haulage road to the plant.
The scale weighs the trucks before and after loading to determine to
tonnage of coal being sold. The scale will consist of a standard highway
scale unit of a size and capacity suitable for weighing the highway coal
trucks. Associated with the scale will be a small scale house where the
controls and read-out will be located.

Make-up Water Sump

The make-up water sump will be Tocated between the slurry pond and the
existing mine discharge sedimentation pond. This make-up water sump

will be used to pump make-up water (300 GPM) back to the plant. Clarified
water to the make-up water sump will be pumped from both the slurry pond
and mine discharge sedimentation jpond. The make-up water sump will
consist of an above ground 20,000 gallon sump with a small pump house
adjacent to the sump. The make-up water sump, building, and equipment
will meet all MSHA requirements.

Facilities for Future Surface Mine

The following structures will be required for a future surface mining
operation. These facilities are being submitted at this time so that
future modifications to the preparation plant permit can be minimized.
Only those facilities tying directly into the plant facilities are
included. Information regarding the future operation will be submitted
to the regulatory authority when final designs are available.
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Truck Dump-Hopper

The truck dump-hopper will receive ROM coal from a future surface mining
operation. The 400 ton reinforced concrete truck dump-hopper will
accomodate bottom dump off-road haulage trucks. Dust suppression will
be provided for at the dump., Below the hopper will be a feeder breaker
to feed ROM coal from the hopper, crush the coal to 4" x 0, and feed raw
coal to the RC storage belt. Dust suppression will be used at the
feeder breaker and at the loading zone of the RC storage belt. The
feeder breaker area and tunnel below the hopper will be ventilated.

This installation will meet all MSHA requirements.

Raw Coal (RC) Storage Belt

The raw coal (RC) storage belt will deliver raw coal to the 10,000 ton
storage pile. The belt will be stationary 42 inch conveyor, fully
hooded, and equipped with water sprays at the head section for wetting
the stockpile. This conveyor will be equipped with all safety devices
required by MSHA.

Raw Coal (RC) Storage Pile

The raw coal (RC) storage pile will be of 10,000 ton capacity. A concrete
stacking tube will be used to drop coal from the RC storage belt to the
pile. Water will be applied to the pile as needed to control dust.

Raw Coal (RC) Reclaim System

The raw coal (RC) reclaim system will consist of four reclaim feeders in
a ventilated, reinforced concrete reclaim tunnel and a reclaim belt to
deliver raw coal to a transfer building at a maximum rate of 700 TPH.
The reclaim belt will be a stationary 42 inch conveyor, fully hooded
after it exits the tunnel. The reclaim system will be equipped with
dust suppression at all loading zones and transfer points. The reclaim
system and equipment will meet all MSHA requirements.

Transfer Building

The transfer building will house a two-stage sampling system and chutework
to direct raw coal to a raw coal transfer belt. The building will be

totally enclosed with dust suppression at the loading zone of the transfer
belt. The transfer building and equipment will meet all MSHA requirements.

Raw Coal (RC) Transfer Belt

The raw coal (RC) transfer belt will deliver coal from the transfer
building to the tail of the plant feed belt where this system for the
future surface mining operation will tie into the plant. The belt will
be a stationary 42 inch conveyor, fully hooded. This conveyor will be
equipped to meet all MSHA requirements.
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Existing Buildings and Structures

As soon as the preparation plant and its associated facilities are
operational several existing facilities will become inactive or be
eliminated. These facilities are listed below along with the section in
which they are discussed in the permit application.

Section 3.2.3.1 Stacker-Reclaim System. The stationary 48-inch
conveyor will be extended and become part of the proposed ROM belt.
The remaining facilities will be eliminated.

Section 3.2.3.2 Tipple. Eliminate.
Section 3.2.3.3 Tipple Control Station. Eliminate.

Section 3.2.3.9 (Coal Haulage Portal. The existing coal haulage
portal will remain. Coal Teaving the portal will not be dumped
onto the existing reclaim system, but will be transported out of
the canyon by the proposed ROM belt. It will then be processed by
the preparation plant.

Section 3.2.3.29 Stoker 0i1 Storage. FEliminate.

Section 3.2.3.33 Truck Scales. The existing scales will not be
used, however they will be maintained as a reserve unit.

Section 3.2.3.36 Coal Stockpile Areas. Eliminate.

15.3.2.2 Roads and Parking Area

The proposed main entrance road will be used to access the preparation
plant facilities area. This structure has been designed to handle two
way traffic beginning at the preparation plant yard area and terminating
at the existing county road which runs from State Highway 10 t6 the mine
gate. The main entrance road will be used by coal haulage trucks as
well as coarse refuse haulage trucks as access to and from the plant
yard. It is equipped with a weigh station.

A gravel bed has been designed for the entire yard area around the
preparation plant facilities area. Parking for vehicles at the preparation
plant will be available outside of the main building.

The existing pond road will be upgraded to be used as access to the
waste disposal area. The existing road, located about % mile north of
the mine, west of the county road described above, was used as access to
the mine discharge sedimentation pond. The proposed upgrade design
provides for the crossing of Quitchupah Creek. The road is then extended
beyond the creek crossing to the disposal area, where the coarse coal
refuse will be hauled.
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The existing substation road will be upgraded to be used as access to
the preparation plant for light traffic. The structure, located on the
canyon top north of the mine, begins at the county road and ends at the
facilities yard area. A tank access extension has been provided beyond
the yard.

Refer to section 15.6.1 for the detailed design plans and drawings of
the roads.

15.3.2.3 Plant Electrical Power Supply System

Please refer to previous sections 3.2.5 and 3.2.5.1 for descriptions of
the existing Power System and Surface Distribution respectively. Electrical
power will be supplied to the preparation plant from the mine's existing
main substation. An 8KV, 3 phase power line will tap into existing
surface facilities circuit. The secondary voltage of the substation
transformer is presently connected for 4160 VAC phase-to-phase, but is
reconnectable to produce 7200 VAC phase-to-phase. At the time the
preparation plant nears operation, 7200 VAC will be supplied to the
plant. As stated above, the 8KV power Tine will originate from the
existing mine substation and will run directly over to the preparation
plant main building. There will be proper electrical protection at each
end of the Tine as required by law. At the end of the line beside the
plant, the 7200 VAC power will be brought into the building to feed 7200
to 480 VAC dry-type transformers in the plant. ,

15.3.2.4 MWater Supply

Recently, the Utah State Engineer approved an application to appropriate
up to 5 cfs of groundwater produced in the mine (application number
44305). Consol intends to use this water in the coal preparation process
and as a fresh water supply (Section 3.2.6). Mine discharge water will
be pumped to the sedimentation pond as before. However, rather than
discharging the entire quantity to the unnamed tributary of Quitchupah
Creek, a major portion of the mine discharge water will be mixed with

the slurry impoundment return water at a sump (Section 15.3.3.2) to
supplement the anticipated requirement of 300 gpm of makeup water for
the preparation plant (see Plate 3-4).

15.3.2.5 Sedimentation Control

One sedimentation pond and two diversions are proposed for sediment
control and water management, as illustrated on Plate 15-8. The proposed
preparation plant sedimentation pond, Emery Pond #5, is located west of
the facilities area. The impoundment serves to control disturbed area
surface water runoff from a 115 acre drainage area and has a design
storage volume of 3.6 acre-feet. The pond is designed to contain the
runoff volume from a 10 year - 24 hour storm plus sediment. The structure
is equipped with a decant system and one emergency spillway designed to
pass a 25 year - 24 hour storm. The pond discharges into the natural
drainage channel, flowing west.
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A diversion ditch has been designed to channel undisturbed area runoff
away from the plant area. This diversion controls a 75.1 acre drainage
area and discharges into the proposed plant main entrance road northern
ditchline where it ultimately flows into the natural drainage channel.

A second diversion has been designed to channel undisturbed area runoff
away from the refuse disposal area. This diversion controls a 72.3 acre
drainage area and discharges directly into the main channel of Quitchupah
Creek.

Refer to Section 15.6.2 for the detailed design calculations and drawings
of the sediment control structures and surface water management plan.

15.3.2.6 Refuse Disposal

A five year plan has been developed to dispose of preparation plant
waste material at the mine site. The plan consists of a slurry pond for
fine waste material disposal and a refuse pile for coarse waste material
disposal. The site is located north of the existing mine sediment
discharge pond, as shown on Plate 15-1B. The proposed refuse haul road
serves as access to the disposal site. '

Slurry from the plant will be pumped to the proposed impoundment, where
the fines will settle. Clarified water will be returned to the plant
for reuse. The slurry impoundment has been designed to ultimately
facilitate 33.0 acre-feet of submerged fines. '

Coarse refuse material will be hauled to the refuse pile located upstream
from the slurry embankment. The proposed coarse refuse area has been
designed to facilitiate approximately 700,000 cubic yards of material.

The facility is described in section 15.3.3.2, Refer to section 15.6.3
for the design calculations and drawings.

15.3.2.7 Detailed Construction Schedule

Figure 15-1 shows the proposed construction schedule for the preparation
plant. The plant is scheduled to be on line and operational by January
1, 1983. This date is critical because the Emery raw coal quality is
projected to fall below contract specifications during the first quarter
of that year. In order to meet this completion date, construction is
scheduled to begin November 1, 1981.
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15.3.3 Operation Phase

15.3.3.1 Description of Proposed Plant Operation

The existing 42" belt from the mine will feed the 8" x 0 run-of-mine
(ROM) coal to the existing ROM 48" stacker belt. The existing ROM belt
will be extended to deliver the ROM coal, at an average rate of 700 tons
per hour (TPH), to the transfer building located at the top of the
canyon wall. Two-stage sampling of the raw coal will also be located in
the transfer building.

This transfer building will divert the ROM coal to one of two 42" raw
coal storage belts that will deliver the ROM coal via concrete stacking
tubes to one of the two storage piles. Two storage piles are provided
so that raw coal of different quality can be stockpiled separately.
This will allow for a more controlled quality feed to the plant.

Each storage pile will be furnished with four reclaim feeders. The
feeders will be used to control the feed from the piles to the 42"
reclaim belt at a maximum rate of 700 TPH. The feeders and the reclaim
belt will be located in a reinforced concrete tunnel under the piles.

The reclaim belt will then deliver the raw coal to the transfer building
to be Tocated at the tail of the 42" plant feed belt. Raw coal will be
delivered to the plant at the rate of 700 TPH by the plant feed belt.

The 8" x 0 raw coal being delivered to the plant will be screened at
3/8". The 3/8" x 0 sized coal will be delivered to the clean coal
conveyor or the stoker belt, as required, at the rate of 237 TPH. The
8" x 3/8" will report to the prewet screens where the remaining minus
3/8" coal will be removed from the 8" x 3/8".

The 3/8" x 0 coal from the pre-wet screens will be delivered to the
"fine coal dewatering circuit" at the rate of 52 TPH. This circuit
consists of a series of sieve bends, desliming screen, cyclones, and
centrifuges (see Plate 15-2). The desliming screen will be used to
scalp out the 28 mesh x 0 material. The 3/8" x 28 mesh material will be
fed to the centribuge for drying. The minus 28 mesh will then be pumped
to cyclones for a 100 mesh separation. The 28 mesh x 100 mesh from the
cyclone underflow will report to another centrifuge for drying. The
minus 100 mesh from the cyclones will be delivered to the static thickener.
Underflow from the thickener will be pumped to the slurry pond at the
rate of 3 TPH, 130 GPM (see section 15.3.3.2). The total 3/8" x 100 M
product from this circuit will be delivered to the clean coal belt at
the rate of 49 TPH.
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The 8" x 3/8" coal from the pre-wet screens will report to the "coarse
coal wash circuit" at the rate of 413 TPH. This circuit consists of a
heavy media vessel, drain and rinse screens, centrifuge, clean coal
crusher, and magnetic separators for recovery of the magnetite (see
Plate 15-2). Magnetite is the media used in the wash. The 8" x 3/8"
size fraction will be processed in the heavy media vessel. The 8" x 1
1/4" heavy media product will be crushed to 1 1/4" x 0 and then will
report to the clean coal belt at the rate of 128 TPH. The 1-1/4" x 3/8"
portion of the heavy media product will be centrifuged and then delivered
to the clean coal belt or the stoker belt, as required, at the rate of
216 TPH. '

The 8" x 3/8" coarse refuse from the heavy media vessel will be dewatered
on a drain and rinse screen before being sent to the 200 ton refuse bin
at the rate of 67 TPH. Coarse refuse will be hauled by scraper to the
refuse disposal area (see section 15.3.3.2).

A 42" clean coal transfer belt will deliver the 1-1/4" x 0 clean product
from the plant to a sample building where a two-stage sampling system
will be located. A 42" clean coal storage belt will take the coal from
the sample building to a 20,000 ton stockpile. A concrete stacking tube
will be used to drop the coal into the pile. Clean coal will be loaded
from the pile into highway haulage trucks by front-end loaders.

As mentioned earlier, the 3/8" x 0 size raw coal fraction and the 1-1/4"
x 3/8" clean coal size fraction can be diverted to a 36" stoker belt.
This system will be incorporated into the facilities to allow for the
projected sales of 40,000 tons per year (TPY) of stoker coal (1-1/4" x
3/8") and modified stoker coal (1-1/4" x 3/8" plus 10-20% of 3/8" x 0).

The stoker belt will deliver at any given time either the 1-1/4" x 3/8"
to a 200 ton bin or the 3/8" x 0 to a 50 ton bin. The proper size
fraction will be diverted to the proper bin when the bin needs to be
refilled. A two-stage sampling system is located above the bins.

Stoker coal and modified stoker coal will be loaded out of the bins to
trucks by a 36" truck loadout belt. This belt is used so that the
amount of 3/8" x 0 in the modified stoker can be monitored. The belt
loadout also allows the coal to be sprayed with oil before being loaded
into the trucks.

In addition to the above mentioned facilities, separate raw coal facilities
for handling coal from a future surface mining operation will be provided.
Information regarding this future operation will be submitted to the
regulatory authority when final designs are available.

The additional raw coal facilities include a 400 ton truck dump-hopper
for use with bottom dump off road haulage trucks. Raw coal will be fed
from the hopper to a 42" raw coal storage belt by a feeder breaker. The
feeder breaker will be located directly below the hopper and will also
crush the run-of-mine (ROM) coal to a 4" x 0 size.
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The raw coal storage belt will deliver the 4" x 0 raw coal from below
grade to a 10,000 ton storage pile. At the average rate of 700 TPH.
Coal will be dropped from the belt into the pile through a concrete
stacking tube.

Raw coal will be drawn from the storage pile by four reclaim feeders
Tocated in a reinforced concrete tunnel under the pile. The feeders
will deliver the coal to a 42" reclaim belt at a maximum rate of 700
TPH.

The reclaim belt will deliver the coal to a transfer building where two-
stage sampling will be located. A 42" raw coal transfer belt will
transport the raw coal from the transfer building to the transfer building
located at the tail of the plant feed belt where this additional raw

coal facility ties into the remaining system.

Refer to Figure 15-2 for schematic of the coal handling facilities.
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15.3.3.2 Description of Refuse Disposal Plan

The proposed disposal area has been designed to facilitate approximately
700,000 cubic yards of coarse coal refuse material and 33.0 acre-feet of
submerged fines (slurry) from the proposed Emery preparation plant. The
1ife of the plan is five years. Refer to Plate 15-1-B for the Plan View
[Tlustration.

The site has been chosen to allow for future expansion of the disposal
facility. The plan will be extended in stages as necessary for future
project development. Only the five year plan is presented.

Existing Conditions

A subsurface field investigation was conducted by Rollins, Brown and
Gunnell, Inc. A complete description of the work performed and laboratory
test results are included in section 15.5.1. Based on the results of

the analyses, investigative program, and project recommendations the
following plan was developed.

Design Plan Description

Slurry Impoundment: The waste disposal site for both the slurry impoundment
and the coarse refuse will first be cleared and four feet of material
removed and stockpiled until the reclamation phase of the project. The
topsoil will be segregated from the total depth of material removed as
described in section 15.4.5. The stockpile area is located north of the
disposal area and is indicated on Plate 15-1-B. Material will then be
excavated from cells #1 and #2 at a 3:1 slope to elevation 5931.0 for

cell #1 and 5934.0 for cell #2. :

This earthen material classified largely as silty sand will be used to
construct the embankment of the proposed slurry impoundment to crest
elevation 5953 feet. Such material will be placed on a 3 (horizontal)-

to-1 (vertical) slope upstream and a 4:1 slope downstream, with a crest
width of 20 feet. Al1 work will be done in accordance with the construction
specifications detailed in section 15.6.5.

After the cells are excavated, a clay liner will be constructed to
provide a protective surface against seepage. The Mancos shale in the
area will be watered and rolled on the cell bottoms and compacted to a
minimum of 2 feet thick. A 6-inch protective cover will then be compacted
over the clay. The design bottom elevation of cell #1 is 5933.5 and

cell #2, will be gently sloped from elevation 5936.75 to 5936.25 to
provide drainage.

The clay liner will continue from the pond bottom into the upstream face
of the embankment to elevation 5949.5. This clay zone will have a
minimum thickness of two feet. A protective cover will then be placed
over the clay layer at a minimum thickness of two feet.
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During all phases of construction the upper surface of the embankment
will be gently sloped (%:1) toward the pond so that runoff will be
channelled into the impoundment,

In accordance with MSHA, a stabj]ity analyses has been conducted for the
structure. Refer to section 15.6.4. '

Two 40 foot wide dikes will be constructed in the impoundment to form
cell #1. The zoned dikes will be composed of an earth core zone placed
at 3:1 to design elevation 5943 with a crest width of 12 feet. A two
foot clay layer will be compacted over the earth zone to form a liner.
Coarse refuse material will then be placed on the dike and allowed to

settle at the angle of repose, approximately 1.7:1. At design elevation Qg4§”~
5951 the dike will have a 40 foot wide crest. Three polyethelene pipes {’é;i&»~
n ¢

will be pTaced through the refuse dikeé between cell #1 and #2, at a
1.13% slope. The 3" perforated well pipe riser has a top elevation of
5941.6. After five years, the maximum slurry design level is 5938.5.

The purpose of this cellular arrangement is to assure that the fines are
properly settled and clarified water is available to return to the

plant. Slurry will be pumped from the preparation plant to cell #2 at a
rate of 130 gpm where the fines will settle out. The refuse dikes will
serve to filter out the small particles in cell #2. The water in cell

#1 will be clarified to enable use in the plant. The water will be

pumped from cell #1 to the make-up water sump located between the existing
mine discharge sediment pond and the proposed slurry pond. From this

sump the clarified water from both the slurry pond and sediment pond (as
necessary) will be pumped back to the preparation plant for reuse.

It is intended that the maximum amount of water be returned for reuse
other than that required to keep the system working efficiently. During
startup, cell #1 will be filled with 14 acre-feet of water (from the
mine discharge sediment pond)}. The amount of available clarified water

will of course depend on the hydrologic inflow parameters during the %

five years. Several design cases have been considered to develop an 4
adequate maximum storage capacity of the impoundment and the minimum
constant return rate of clarified water to the plant. The maximum

storage capacity of the slurry impoundment is 198.2 acre-feet, at elevation
5949.5. Refer to the design calculations in section 15.6.3 for a description
of the design procedure.

Slurry will be pumped from the plant to the pond at a rate of 130 gpm
through a 3" line. Clarified water from the slurry pond varies, though
the minimum constant return is expected to be 50 gpm. The pump will be
staged as necessary. A concrete encasement will be provided around the
pump in cell #1. Access to the pump is provided by means of a 3' wide
footbridge. The clarified water is pumped to the make-up water sump.
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This will consist of an above ground 20,000 gallon sump with an adjacent
small pump house. From here the water is pumped to the plant through a
6" line with additional water from the mine discharge sediment pond used
as required. The plant is capable of using an estimated 300 gpm return
water. The pipeline location is shown on Plate 15-1-B. It will be
placed approximately two feet below the original terrain.

The emergency spillway has been designed in accordance with MSHA standards.
Both the PMP and PMTS were considered. The 12 foot wide trapezoidal
channel is capable of passing the design storm, with 100% of the design
storm inflow evacuated in one day. The impoundment has been designed to
store the runoff above the maximum pool level prior to discharge while
maintaining the 3 foot freeboard. The channel will be cut into the
original ground, composed largely of Mancos shale, at 3:1 side slopes.

The design discharge capacity of 15 cfs will have a maximum velocity of
5.5 fps.  The emergency spillway will discharge directly into an unnamed
tributary of Quitchupah Creek. An_emergency NPDES permit will be obtained
for the discharge point. R

Refuse Area: The process of constructing the refuse dikes will dispose
of approximately two months of coarse material. Once the dikes are
completed, coarse refuse will be hauled directly to the waste disposal
site by use of a scraper, with truck haulage available as standby. The
refuse, comprised largely of 4" x 3/8 material (with some 8" x 3/8),
will be placed on a 2.5 (horizontal)-to-1 (vertical) slope with 25-foot
wide benches for every 25 feet rise in elevation or less. Each bench
will be constructed with a slight reverse slope, both transverse to the
face to prevent the flow of surface water runoff down the major refuse
slopes, and longitudinally to the sides of the pile, where the runoff
will be channelled away from the pile and directed into the slurry
impoundment. This detailed drainage plan is described in design section
15.6.3 and should be referred to. A diversion ditch has been included
in the design of this facility to channel the upstream undisturbed area
runoff away from the disposal site. The diversion discharges directly

- into Quitchupah Creek. ~

The refuse bank will be constructed by placing material in small horizontal
Tifts of 2 feet maximum thickness, and compacted to attain 90 percent of

- the maximum dry density. The refuse bank will facilitate approximately
447 acre-feet of coarse material at maximum design elevation 6015. The

completed slopes will be covered with the stockpiled material and revegetated '

in accordance with the reclamation plan. ' .
R Seeay

Coal Refuse'Production Quantities

- The coal refuse production quantities for the five year design life of
the facility, upon which this design was based, follow:

Plant Feed {raw) 700 TPH

Yield (clean coal) 90%

Coarse Refuse _ 67 TPH @ 7% S.M.

Fines {slurry) S 3 TPH @ 8.5% solids (130 gpm)
Days of Operation .. -230 per year
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Year

Annual Raw
Coal Production
(million tons)

Annual Waste
Production
{tons)

Coarse Refuse
Volume
(assuming 115pcf)
(acre-feet)

Fine Refuse

Volume (IN)
(assuming 65pcf)
(acre-feet

Submerged
Fine
Volume
(acre-feet)

1982
1983
1984
1985
1986

TOTAL

2.11 211,000 87. 76.
2.56 256,000 106. 92.
2.89 289,000 119, 104.
2.89 289,000 119. 104.

431. 376. 3

Refer to section 15.6.3 for all design calculations and drawings
showing the details of this plan.

15.3.4 Environmental Protection

15.3.4.1 Land Use Preservation and Impacts

The land to be affected by the proposed preparation plant is presently
native rangeland, with livestock grazing as its primary land use. 85
acres of this rangeland will be disturbed but will be restored to grazing
1and once again after the termination of the project.

15.3.4.2 Cultural Resource Preservation

Cultural resource surveys have been conducted on all surface areas where
the surface effects of underground mining have occurred or are proposed
to occur. The reports for these surveys are contained in Chapter 5.0.
Plate 5-1 shows the locations of the sites that were identified.

The existing and proposed operations, including the coal preparation
plant and associated refuse disposal area, will not disrupt any known
cultural resource sites (see Chapter 3.0, Section 3.4.2). If, during
the course of the preparation plant construction activities, any unknown
cultural resources are encountered Consol will halt all work in the
vicinity of the resource and contact the Division to determine what
mitigative measures should be taken.

15.3.4.3 Protection of Hydrologic Balance

The proposed refuse disposal area lies between Quitchupah Creek and an
unnamed tributary which enters from the west, approximately 2,000 feet
above their confluence (Plate 15-1C). Within this area, two processes
are presently taking place which affect the local hydrologic balance.
One of these, the addition of mine discharge water and its attendant
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salt load to Quitchupah Creek has been previously discussed (section
7.2). The other, the infiltration of excess irrigation water to form a
groundwater mound-in the vicinity of the proposed refuse disposal area
was identified as a part of this investigation.

Consol intends to mitigate the addition of salt to Quitchupah Creek and
dissipate the artifieial-meund as a consequence of placing the refuse &::,/
disposal area in the proposed location. Both of these are viewed as
beneficial effects.

Currently, the average daily discharge to the tributary of Quitchupah

Creek is 0.56 cfs which carries an average daily salt load of approximately
6.5 tons. At full operation of the preparation plant, Consol intends to
use 70% of the discharged water which will reduce the average daily salt
load by 4.5 tons.

Calculated seepage volumes from the slurry cells approximate 500 ft.3/day,

at considerable points in time after their operation begins. The equilibrium
TDS content of the sTurry water is expected to be within the range

5,000 - 10,000 mg/1. This would add just 0.15 tons per day to the

alluvial groundwater system and in turn to Quitchupah Creek, either at f\
point or diffuse locations, depending-upen-the-development—of groundwater
mounds beneath the slurry cells. Therefore, the total salt Toad addition

to Quitchupah Creek is expected to be reduced to approximately 2 tons/day.

Consol intends to monitor the alluvial groundwater system with six
strategically placed wells to verify the minimization of seepage losses
from the proposed sTurry cells and to validate the nature and quality of
the anticipated seepage water.

N A
With regard to the artificial groundwater mound, Consol intends to Vyffﬁ
divert the excess irrigation runoff to the main reach of Quitchupah

Creek and thereby remove the recharge source. This will result in the
dissipation of the groundwater mound and the creation of a thicker
unsaturated zone in the vicinity of the proposed impoundments. This

waste disposal diversion ditch will also serve to isolate surface waters
which originate above the refuse disposal area and preserve their existing
quality. '

Coarse refuse piles will also be protected by this diversion ditch and
will be so sited that drainage from them, as a result of precipitation,
will divert to the slurry cells. They will be managed to retard oxidation
of the small amount of pyritic materials which have been identified, by
reducing pore space within the pile by packing. Vegetation will be
introduced as soon as possible to reduce erosion.

15 - 19

<

e



15.3.4.4 Preservation of Soil Resources

A total of 85.3 acres of soils will be affected during the construction
and operating process. There are 13 different types of soils that will
be affected. These soils vary in depth and quality. Al11 of the suitable
topseil material will be removed, stockpiled, and stabilized to ensure
protection until respreading begins. Stockpiles will be stabilized with
an effective vegetative cover. See Table 15-1.

15.3.4.5 Protection of Vegetation

Consol will cooperate with all state and federal agencies in the protection
of vegetative resources on the mine permit area. This will include
adequate restoration of habitat already disturbed and protection of
undisturbed habitat from operational effects. O0ff-road vehicle travel

on unaffected lands will be prevented.

15.3.4.6 Preservation of Fish and Wildlife

Please refer to section 3.4.6.2 of the Emery Mine permit application for
methods to be employed for the purpose of preserving and protecting
wildlife.
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Soils
(49) Alluvial Land
(12) Chipeta - Badlands
(10) Hun;ing Clay Loam
(0) Badlands
(9) Ildefonso Loam
(12) Castle Valley ESVFSL*
(16) Ravola Loam
(17) Ravola - Bunderson Complex
(11) Rafael Silty Clay Loam
{12) Persayo - Chipeta Compliex
(2) Chipeta - Persayo Complex
(0) Disturbed Land

(0) Gullied Land

TOTALS

Topsoil is used here to indicate suitable recoverable surface materials and thus also encompasses (in some cases)
Numbers in { ) refer to depth of soil (inches) to be recovered from site.

* Translates to 'Extremely stony very fine sandy loam'.

‘

PRE-DISTURBANCE TOPSOILS DATA

TABEE 15-1
Disturbance Site

Prep. Plant Refuse Pile Refuse Haul
Yard Area Sediment Pond Road Slurry Pond Diversion Ditch
--- -—- .- 4,640 yd® - —--
.7 acres
6,292 yd° —- -- - 1,452 yd° -
3.9 acres .9 acres
- --- e - ——— 268 yd*
.2 acres
0 yd® --- “-- --- --- ---
2.4 acres
2,057 yd° - - .- - —-
1.7 acres
19,037 yd’ - - - --- -
11.8 acres .
8,179 yd3 --- 1,258 yd3 --- --- -
3.9 acres .6 acres
--- 1,581 ydS .- 6,550 yd° 71,148 yd° -
.7 acres 2.9 acres 31.5 acres
.- 11,906 yd° - - .- 145 yd3
8.2 acres .1 acres
--- 6,937 yd° - - 15,972 yd° 1,452 yd°
4.3 acres 9.9 acres .9 acres
97 yd® --- --- - --- -
.3 acres
3
0 yd -— -— ——— -— -—
.05 acres
— — - 0 yd3 - 0 yd®
.2 acres .1 acres
35,662 yd° 20,424 yd® 1,258 yd° 11,180 yd° 88,572 yd* 1,865 yd°
24.1 acres 13.2 acres .6 acres 3.8 acres 42.3 acres 1.3 acres

Total to be disturbed =

Total recoverable yd3 for all three sites =

85.3 acres

158,961

the subsoil materials as well.



15.3.4.7 Protection of Air Quality

Fugitive dust emissions from the preparation plant facilities will be
controlled using Best Available Control Technology (BACT). The emissions
inventory and controls are described in section 15.4.8. Types of controls
are also described in section 15.3.2.1. The uncontrolled emissions

factor (UEF) and the control efficiencies used are based on information
and documentation from 1)the Utah State, Bureau of Air Quality; 2)the

EPA; and 3)Environmental Research and Technology, Inc. (ERT).

Summary of Controls

Item Control
Conveyor Belts Full Hooded
Transfer Points Totally Enclosed with

Dust Suppression
(Water Sprays)

Storage Piles Concrete Stacking Tubes
and Water Sprays

Roads Watering

Soil Stockpiles Revegetation

The annual concentration estimate was accomplished using an emissions
inventory based on the full production rate of the 700 TPH plant at 2.6
miltion tons of clean coal per year. Meteorological data used was taken
from Hanksville, Utah, which was the site judged by ERT to be most
appropriate for this analysis. Twenty-four hour concentration estimates
assumed emissions based on production at the rated 700 TPH capacity of
the plant for 24 hours. Assumed worst-case meteorlogical conditions
were used to evaluate the maximum 24 hour concentrations.

The air quality model was accomplished using the "Wyoming Climatological
Dispersion Model". Following is a brief summary of the modeling results.
Refer to section 15.4.8 for more detail.
Demonstration of Compliance with
the Secondary NAAQS at the
CONSOL Coal Preparation Plant

Averaging Concentrations %ug/m3)

Time Pollutant CONSOL Background Tota NAAQS
Annual TSP 16 - 38 54 60
24-hour TSP 63 76 139 150
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Based on the assumptions used in the modeling, the estimates presented
conservatively over predict the actual impact of the plant emissions.

15.3.4.8 Subsidence Control

A study has been performed for the ground stability of the proposed
slurry pond area situated above 6 south mains and 6 south - 2 west
submains of Emery underground mine.

In light of the most current theories on strata control, coal pillar
strength, and ground subsidence, the study shows that the area associated
with the slurry pond is stable and will remain stable for a long period
(+ 20 years).

The study titled "Geomechanics Consideration for the Stability of Proposed
Slurry Pond" is in section 15.5.2. Plate 15-16 should be referred to.

15.3.5 Reclamation Plan

15.3.5.1 Soil Removal and Storage

Prior to construction of the plant facilities, topsoil will be removed
and stockpiled. The topsoil will be removed with scrapers to the depth
recommended in the soil classifier's report (Chapter 8.0). The storage
piles will be constructed with broad side slopes (3 Hor.:1 Vert.) and
will be revegetated with a permanent vegetation cover. Two stockpile
areas have been selected; one is adjacent to the slurry / refuse disposal
area ?nd the other is adjacent to the plant site (see Plate 15-1A and
15-1B).

Table 15-1 identifies the soil types found in the construction area and
shows the estimated soil volumes that will be removed and stockpiled.

15.3.5.2 Final Abandonment

It is anticipated that the preparation plant will continue operating
until final abandonment of the mine in 2010. Reclamation of the plant
site will begin in 2011 with removal of the buildings and associated
facilities. Regrading of the plant and refuse disposal sites will be
conducted following the completion of building removal.

Final abandonment of the refuse disposal area will include replacement
of non-toxic material over the refuse material, regrading and soil
replacement. The slurry disposal ponds will be allowed to dry out
before backfilling and regrading is conducted.
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15.3.5.3 Grading

Preparation Plant Site

Prior to regrading the plant site, surface debris will be removed. It

is anticipated that this material will be suitable to use as fill for

other reclamation sites at the mine. Regrading will consist of shaping

the surface so that the final topography is similar to adjacent landscapes.
Overall, the predisturbance topography of the site will not be significantly
changed by the plant construction operations so the task of regrading

will be minimal. During regrading, the predisturbance drainage system

will be restored.

Roads

The roads will be left in place until the plant site and refuse disposal
sites have been regraded. This will facilitate the reclamation process
by allowing access to the sites. When the roads are no longer needed
for access they will be removed and regraded. Prior to regrading, the
surface paving material will be removed. The road areas will be regraded
to a topography consistent with adjacent unaffected lands. '

Refuse / Slurry Disposal Site

Contemporaneous regrading will occur at the coarse refuse disposal site
as the refuse is deposited. As the refuse disposal bank is constructed,
regrading will be conducted on the lower face. A small terrace will be
constructed above the regraded face to control drainage. This lower
face will be backfilled and reclaimed as construction of the refuse bank
progresses.

Final grading of the disposal site will not be conducted until final

abandonment of the site. At this time the coarse refuse disposal area

will be final graded, backfilled and retopsoiled. The slurry refuse

disposal ponds will be allowed to dry before they are backfilled and

graded. After the pond cells are thoroughly dry the refuse dikes will

be dozed over the site. This material will be compacted and then

covered with excess material taken from the earthen dam. The area will QTL‘,Q_, ;Ei\

be further backfilled with the excavated material originally stockpiled \%g\ &

during construction of the disposal site. NS Frp*\
™

Sedimentation Pond o

The sedimentation pond will be removed and the site regraded when an
effective, erosion-controlling plant cover has been established on the
preparation plant site. This will be approximately 3 years after the
site has been seeded. The approximate original topography of the pond
area will be restored.
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15.3.5.4 Soil Respreading and Preparation

Soil respreading will be conducted as soon as the area has been final
graded. The soil will be respread with scrapers in approximately 6-inch
layers until the appropriate uniform depth is reached. Based on the
soil volume calculations given on Table 15-1, the following depths will
be respread:

Sedimentation Pond Site 15 1inches
Preparation Plant Site 11 inches
Coarse Refuse Disposal Site 11 inches
Refuse Haulage Road Site 4 inches
Slurry Pond Site 15 dinches

The areas to be respread will be staked at regular intervals to indicate
the depth of soil to be respread. This will insure that a uniform soil
thickness is attained. (See also section 3.5.5.1, Chapter 3.0).

15.3.5.5 Seedings (Methods, Timing, and Seed Plan)

Refer to section 3.5.5.2 in Chapter 3.0 of the Emery Mine permit application.

15.3.5.6 Mulching

Refer to section 3.5.5.3 of Chapter 3.0 of the Emery Mine permit application
for details on mulching for these six sites.

15.3.5.7 Management and Monitoring

Please refer to sections 3.5.5.4 and 3.5.5.5 in Chapter 3.0 of the Emery
Mine permit application for details concerning vegetation management and
monitoring.

15.3.5.8 Reclamation Timetable

Reclamation of the preparation plant facilities will be performed in the
same general time period and in the same way as the present facilities
now on site. At the termination of the mine, all facilities will be
dismantled and the site reclaimed. Refer to section 3.5.6.1 of the
permit application for further information concerning final reclamation
timetables.

15.3.5.9 Reclamation Cost Estimate

/d"")‘?‘—ft /1$-2¢ .
Refer to table 15-2 for reclamation cost estimates. These cost estimates
apply only to the additional facilities that are being proposed for the
Emery Mine area. It is assumed that these costs shall be updated with
each permit renewal or revision and therefore, only reflect the cost of
reclamation during the permit term. Also see section 3.5.7, Chapter
3.0.
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TABLE 15-2
COST ESTIMATE OF EACH STEP OF RECLAMATION
(1981 Dollars)

Item Cost
Removal of Structures $266,000
Regrading $ 72,000
Soil Re-spreading : $172,000
Seedbed Preparation $ 1,100
Fertilization $ 1,940
Seeding $ 11,200
Mulching $ 4,050
Erosion Control $ 7,800
Weed Control $ 920
Reseeding $ 1,105
Monitoring $ 9,200
Total cost of reclaiming 85 acres in 1981 dollars $547,315
15.4 Environmental Resources

15.4.1 Land Use and Postmining Land Use

Approximately 85 acres of native rangeland will be affected by the
construction and operation of the preparation plant. This land is
presently used for livestock grazing. Land use in the permit area is
discussed in section 4.4, Chapter 4.0. Plate 8-3 shows the distribution
of land uses in the permit area,

The reclamation plan has been designed to replace the same land uses

that existed prior to disturbance. This will be accomplished by regrading
the land to the approximate original topography and establishing a

diverse vegetative cover capable of sustaining the intended postmining
use. The soil surveys have indicated that suitable soil material is
available for reclamation. Replacing this soil during reclamation will

be important in establishing the intended postmining land use.

15.4.2 Historical and Cultural Resources

The cultural resource survey reports for lands associated with the
proposed coal preparation plant and refuse disposal area are contained
in Chapter 5.0.

15.4.3 Geology

The general geologic framework and the geology of the project vicinity
have been addressed previously (see section 6.1). This section describes
the site-specific geology of the proposed refuse disposal area, primarily
as it affects the hydrologic characteristics of the area. Plate 15-1C
shows geologic information for the area.
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The refuse disposal area is underlain by localized unconsolidated deposits
which may reach a maximum thickness of 60 feet. These alluvial materials
consist of clay, silt, sand, and gravel; flood plain; and stream deposits.
Specific soil types include sandy silt, silty sand, sandy gravel, and

clay (see Foundation and Materials Investigation, section 15.5). Due to
their depositional environment, these deposits are commonly well stratified
and lenticular,

Quaternary colluvial deposits composed chiefly of debris from sheet
erosion and slope wash occur between the bedrock outcrops south of the
disposal area.

The Bluegate Shale underiies these surficial deposits in the proximity
of the disposal area. It ranges from 101 feet to 175 feet thick beneath
the refuse disposal area and thins towards the southeast bhefore it
contacts the underiying Ferron Sandstone. The Bluegate Shale serves as
an embankment on the southwest side of the disposal area where it outcrops.
Plate 15-1C shows approximate contours on top of the Bluegate Shale

based on exploration and impoundment investigation drillhole data. A
bedrock low trends approximately east-west through the northern refuse
area and then runs northwest-southeast near the eastern perimeter. The
Bluegate shale slopes down to this through towards the northeast from

its western outcrop; and, down towards the southwest from its eastern
outcrop, however, this slope is less defined. The Bluegate shale surface
is normally weathered and fractured, but perhaps less so in its subcrop.

The Ferron Sandstone outcrops just west of the mine shop and office area
(Plate 15-1C). It 1is overlain by sand and gravel in the vicinity of the
Quitchupah Creek and unnamed tributary confluence.

15.4.4 Hydrology

The surface water and groundwater hydrology in the vicinity of the Emery
Underground Mine have been addressed previously (Chapter 7.0). This
section is a site-specific assessment of hydrology, both surface water
and groundwater, in the vicinity of the proposed refuse disposal area.

15.4.4,1 Surface Water Hydrology'

The proposed refuse disposal area lies between the main trunk of Quitchupah
Creek and an unnamed tributary which enters from the west, approximately
2000 feet above their confluence (Plate 15-1C).

Streamflow along the main trunk of Quitchupah Creek, above where it

flows in the proximity of the proposed disposal area, is influenced by a
variety of factors (see section 7.2.3.2). Not noted in the aforementioned
discussion, but of significance to the local hydrologic regime is the
occurence of excess ijrrigation runoff at the southeast corner of the
flood-irrigated field which occurs just north of the proposed refuse
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placement area (Plate 7-8 and Plate 15-1C). This runoff is channeled by
a minor tributary of Quitchupah Creek to a location approximately 300
feet northeast of the northwest-southeast trending earth embankment,
where the local topography allows the flow to seep into the alluvium and
form an artificial groundwater mound (Plate 15-1C). This irrigation
runoff was observed to be on the order of 0.2 cfs on one occasion.

Water quality data for the irrigation runoff is currently unavailable.
TDS concentration of Quitchupah Creek upstream of the confluence with
the unnamed tributary ranged from 506 mg/1 to 2964 mg/1 over the period
October, 1979 to June, 1981.

The upper reaches of the major unnamed tributary of Quitchupah Creek are
dry most of the year. The segment below the sedimentation pond however,
is perennial due to the discharge from the pond. The average daily
discharge from the sedimentation pond is 0.56 cfs which contributes an

average salt load of approximately 6.5 tons/day. TDS concentration at \
the sedimentation pond discharge ranged from 2951 mg/1 to 4696 mg/1 over
the same time period for Quitchupah Creek, ™ ———— @

15.4.4.2 Groundwater Hydrology

The proposed refuse disposal area is located on and within the proximity
of three water-bearing units. These include, from oldest to youngest,
the Ferron Sandstone, the Bluegate Shale, and the Quaternary Alluvium.

The Ferron Sandstone, of which its upper portion [Kmf(u)] is most contiguous
to the area of refuse placement, outcrops southeast of the impoundment

area as noted in section 15.3. Plate 15-1C shows contours of the upper

- Ferron Sandstone potentiometric surface. Just after the confluence of
Quitchupah Creek with its unnamed tributary, water of the upper Ferron
Sandstone discharges to Quitchupah Creek.

The Bluegate Shale lies above the Ferron Sandstone and separates it
hydraulically from the alluvium, except perhaps very close to their
contact where fractures within the Bluegate Shale may conduct water of
the Ferron aquifer of higher potentiometric elevation. The thickness of
the Bluegate Shale would preclude such transfer in the vicinity of the
disposal area (see Section 15.3). Water does occupy surficial fractures
however, which has entered from the alluvial groundwater above. These
fractures probably do not extend greater than 20 feet below the Bluegate
subcrop within the alluvium.

The occurence of groundwater in the alluvium and the determination of
its hydrologic characteristics, has come largely by field observation
and from the geotechnical investigation to characterize the foundation
material to underlie and form the embankments of the proposed clay-lined
impoundments (slurry cells). ,
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The material which will underlie the proposed coarse refuse pile and the
impoundments consists primarily of sandy silt and silty sand with scattered
lenses of clay and gravel.

Consequently, the material on a whole is anisotropic and heterogeneous.
Tests of field permeability range from 0.06 ft./day to 2.70 ft./day over
the disposal area from the surface to 30 foot depths (see section 15.5).
Those materials which will remain intact to form the foundation material
for the lined slurry cells average just over 0.5 ft./day. Porosities
range from 0.36 to 0.48 as calculated from stated void ratios. Volumetric
water contents of inplace materials of the unsaturated zone ranged from
0.03 to 0.20 with most near 0.10.

As previously noted (section 15.4.4.1), excess irrigation runoff has
created an artificial groundwater mound northeast of the refuse disposal
area. Groundwater was observed standing in the hatched seepage area
shown on Plate 15-1C. The surface elevation at this location is 5940
feet. Groundwater elevations in the vicinity of the refuse disposal
area are in the range 5920 to 5922 feet and decreasing away from the
mound, however slightly. Although data is unavailable, alluvial water
table contours would be expected to encircle the recharge area and
decrease in all directions. Flow would be expected to occur then from
the mound towards the main trunk of Quitchupah Creek (springs unsighted
as of the present), to the southwest towards the proposed impoundment
area, and even back towards the north and northwest until the primary
groundwater gradient would reverse its direction back towards the southeast.
Plate 15-1C shows alluvial groundwater contours which could reasonably
be drawn based on the available water level data and the knowledge of
the intervening artificial recharge source. Southeast of the proposed
refuse disposal area the alluvial groundwater moves downgradient where
it contributes streamflow to Quitchupah Creek at its lower elevations
prior to its confluence with Christiansen Wash.

Consol intends to divert surface water above the refuse disposal area
away from the proposed location, including the irrigation runoff which
has created high groundwater levels, to the main trunk of Quitchupah
Creek by a waste disposal diversion ditch (Plate 15-1C). The removal of
the recharge source will result in the dissipation of the groundwater
mound and thereby cause artifically high alluvial water table contours
to displace further upgradient. This will create a thicker unsaturated
zone in the vicinity of the refuse disposal area.

15.4.4.3 Effects of Refuse Disposal on Hydrology

Slurry Seepage and Water Quality

Consol intends to minimize seepage losses from the proposed refuse
slurry cells by lining them with 2 feet of compacted shale obtained from
the Bluegate Shale outcrop area which borders the southwest portion of
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the disposal area (see section 15.3.3.2). 1In order to assess the potential
effects of seepage on the Tocal alluvial groundwater system and in turn

on the quality of streamflow within Quitchupah Creek, seepage estimations
were undertaken,

The governing equation for steady state vertical seepage through a
sequence of saturated strata oriented normal to the direction of flow
is:

Alh+2)
% = _
(J %{ D‘r: » - o -3 o ¢ (=1 > © (!)
=1 Ke

in which D, = thickness of Tayer i; K, = saturated hydraulic conductivity
of layer 11 (h + z) = the total changé in piezometric head across the
sequence; k = the number of layers in the series; and q = the volume

flux of water (McWhorter and Nelson, 1979).

For the slurry cell #1 case with no fine refuse above the clay liner and
a watertable at distance below the bottom of the liner, equation 1
reduces to:

bb/‘?' Dy\—h_(_'_
jQQ-/?(jL

T I &)

where y = pond depth; h. = pore-water pressure head at the interface
between the foundation Eateria] and the liner; and subscripts 1 and f
refer to the clay liner and foundation material, respectively.

The value h. may be approximated for relatively coarse-textured materials
for a wide range of seepage rates by the displacement pressure, h,, or
critical pressure head at which the unsaturated K approximately e8ua1s
the saturated K of the material underlying the clay liner (foundation
material). Bouwer (1978) lists values of h, for structureless loams and
clays at between -50 cm and -200 cm or less. A large percentage of the
foundation material has been typed as sandy silt to silty sand in texture
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(see section 15.5). A value of -150 cm (-4.9 ft.) will be assigned to
h, for this material for steady-state seepage estimation through the
Tiner.

Constant-head permeability tests performed on samples of compacted
Bluegate Shale material which wil} comprise the pond liner yielded a
conservative K value of 1.5 x 107 ft./day (see section 15.5). This
value will be used in seepage rate estimation. It should be noted that
this value is for the saturated K of the clay liner.

Stage-storage estimates for the slurry cells are available for the first

4 years of operation. During this time the mean pond depth is to vary
between 3.0 and 7.4 feet over equal time increments. Beyond the first

four years, the mean pond depth is expected to be within this range.

The average mean pond depth which will be representative of the equilibrium
TDS content of the slurry water is 5.2 feet. This value will be used to
estimate seepage.

Inserting these4va1ues into equation 2 yields a mean steady-state seepage -
rate of 9 x 107 ft./day through the 2 feet of clay liner. The time
required for seepage to penetrate through the clay liner is on the order
of 6 years, but could be more or less depending on the change of K, with
time, the effect of the chemical composition of the seepage water An K],
and proper installation of the liner.

Once the wetting front has penetrated the clay liner, the seepage rate
through the underlying foundation material is dependent on several
factors. [If the volumetric water content, &; of the foundation material
(6£) is Tless than its porosity, n, or if the seepage rate, q, through

thg liner is less than the K of the foundation material (K.), unsaturated
flow will occur to the water table or an impermeable surfage. For
purposes of this analysis, flow will be assumed to occur to the water
table. This situation implies that hf is Tess than hd of the foundation
method.

The mean permeability of the material to underlie the impoundments was
measured in the field at 0.54 ft./day. Assuming that the horizontal
permeability is five times greater than the vertical permeability, a
mean value of the latter would approximate 0.1 ft./day. This value is
much more than the previously calculated mean steady-state seepage rate
implying that the material behind the wetting front will be unsaturated
as seepage occurs to the water table. The value of h. to be used to
estimate seepage in this phase can be computed from:
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where N\ = pore-size distribution, | e Ae 3 (McWhorter and Nelson,
1979) and other symbols are as before. Substituting equation 3 into
equation 2 yields:

(% )"‘/(EHB N)

Dﬁl /Kﬁl.

a= ¥ T2 TRy

‘e «0(4)

A first approximation to the correct value of q to be used in the right-
hand side of equation 4 is the mean steady-state seepage rate as calculated
through,the clay liner (McWhorter and Nelson, 1979). Using this value,

9 x 107" ft./day; a mean value of A = 2; ang3previous1y noted values of

hd and K., yields a seepage rate of 1.2 x 10~ ft./day beneath the clay
]1ner3 gecond approximation of the seepage rate yields a value of 1.19

x 10~ ft./day. This value will be used in subsequent calculations.

The effective surface area of s]grry cell #1 subject to the ponding
depth of 5.2 feet is 207,246 ft. resu]tigg in a volume rate of seepage
through the unsaturated zone of 246.6 ft.”/day (1844.7 gal./day) or 1.28

gpm.

The time required for this volume to traverse the distance from the
bottom of the clay liner to the capillary fringe (Df + hd) can be calculated
from:

>7/(a+3>0
m
e o)) (5400l

in which q_ = mean seepage rate; & and 87 = residual (specific retention)
and initial volumetric water contehts of the unsaturated zone materials.

The bottom elevation of the clay liner in slurry cell #1 is 5931 feet
and the current mean groundwater elevation in slurry cell #1 is 5923
feet yielding Df 8 feet and a distance to the capillary fringe of 2.9
feet assuming hd -4.9 feet. Measured values of n range from 0.36 to

15 - 32



0.39 for soils which will underlie slurry cell #1 with values of &
ranging from 0.07 to 0.13 in the vicinity of slurry cell #1. An value
of 0.37 and a &; value of 0.10 will be used to estimate travel time. A
&, of 0.15 will be assumed. Putting these values into equation 5 yields
a travel time through the unsaturated zone of approximately 1 year.

In the slurry cell #2 case, fine refuse will occupy space above the clay
liner and further impede vertical seepage. The mean thickness of fine
refuse over the first four years of operation is 3.2 feet. The mean
water level in the fine refuse will be 0.5 feet below its top which
reduces the saturated thickness of the fine refuse (Dfr) to 2.7 feet.

For this case, equation 2 becomes:

%’ D_g_r"F DL“'\_F ( )
O/ +
.,C.f/Kc~r ;L/KL

where K. = saturated vertical permeability of the fine refuse and all
others Lhe as befgre. Wahler (1978) reports vertical permeability
values of 9 x 10~ ft./day for fine coal refuse materials. Inputting
these values into equation 6 yielgs a mean steady-state seepage rate
through the sequence of 7.0 x 10" ft./day.

The seepage rate tbﬁough the unsaturated zone is first approximated by
using q = 7.0 x 10 * ft./day on the right-hand side of equation 4. This
equation becomes:

M2 )

%

P+ Dy - kd(?) |

Lt : ‘ d (T
ik, Pk,

where all symbols are as previously noted. Perfgrmance of this first
approximation yields a seepage rate of 1.0 x 10~ ft./day. Second
approximation yields essentially the same value.
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The effective surface area of s}urry cell #2 exposed to the pressure
head of 2.7 feet is 236,615 ft.“ resulting in a volume rate of sgepage
through the unsaturated zone beneath slurry cell #2 of 236.6 ft. /day
(1769.8 gal./day) or 1.23 gpm.

The time required for this volume to traverse the distance from the
bottom of the clay liner to the capillary fringe (Df + hd) can be
calculated from equation 5 as before.

The bottom elevation of the clay liner in slurry cell #2 is 5934 and the
current mean groundwater elevation in cell #2 is 5921 feet yielding Df =
13 feet and a distance to the capillary fringe of 8.1 feet, again
assuming h, = -4.9 feet. Measured values of n beneath slurry cell #2
average 0.27 and values of 6% average 0.09. A & of 0.17 will be assumed.
Inserting these values into équation 5 ylelds a travel time through the
unsaturated zone of approximately 4 years.

The flow path of the refuse seepage water and its attendant salt load
after it reaches the water table is dependent upon if, and to what

degree, mounding occurs below the slurry cells. This in turn is dependent
upon the seepage rate, the fraction of pore space in the transmission

zone that remains available for storage {i.e., n - 8%), and the tendency
for groundwater to spread laterally (McWhorter and Nglson, 1979).

If mounding beneath the slurry cells occurs, seepage rates into the

still partially saturated alluvium should be the same. When the mound
reaches the liner / alluvium interface increasing pore-water pressures
will decrease vertical gradients and subsequently, seepage rates.
Horizontal gradients will set up which will promote flow radially away
from the mound. 1In light of the close proximity of discharge boundaries,
namely Quitchupah Creek and its tributary, it is likely that slurry cell
seepage water would discharge at some nearby point or points along these
stream reaches, especially that of the main trunk of Quitchupah Creek.

If mounding does not occur, seepage rates would continue to be controlled
by Ky, Kf » and pore-water pressures within the partially saturated
alluvium (h.). They should remain essentially the same as the previously
calculated Eean values. 1In this case, the natural groundwater gradient
(established after the removal of the artificial irrigation runoff

recharge source) would serve to laterally spread seepage water downgradient
to where it would ultimately discharge to Quitchupah Creek or its tributary;
however, the nature of the discharge would be diffuse.

Estimates of the equilibrium TDS content of the slurry water are within
the range 5,000 - 10,000 mg/1. The cumulative seepage discharge from
botg slurry cells has been previously calculated at approximately 500
ft.”/day. If the TDS of the seepage water were 10,000 mg/1, the total
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salt load to the alluvial groundwater system and eventually Quitchupah
Creek would be approximately 0.16 tons/day. This a fraction of the salt
load pre;ious]y discharged from the sedimentation pond (see section
15.4.4.1).

Discharge from the sedimentation pond will not totally cease. However,
it is anticipated to be reduced by 70% when the preparation plant is in
full production. This would reduce salt additions to Quitchupah Creek
from the current 6.5 tons/day from the mine discharge water to near 2
tons/day from both the mine discharge water and slurry seepage.

Coarse Refuse Pile and Water Quality

As previously noted, Consol intends to divert runoff waters above the
refuse disposal area away to the main trunk of Quitchupah Creek. The
only surface water which is 1ikely to come in contact with the pile is
precipitation and small amounts of runoff water from the Bluegate Shale
outcrop contiguous to the pile. Any major runoff amount from the pile
would 1ikely be channeled to the slurry cells downgrade of the refuse
pile (Plate 15-1C).

In an effort to reduce oxidation of the small amounts of pyrite which
are found to exist in the coal and associated strata (see Chapter 6.0),
Consol intends to pack the refuse to reduce pore space within the pile.

Also, Consol intends to establish vegetative cover early on in refuse
pile construction in an effort to reduce erosion and the creation of
excessive amounts of suspended solids. It should be noted however, that
any suspended solids which originate within the refuse disposal area
will be contained within it by the earth embankment which forms its
perimeter.

Because of these measures, Consol anticipates no hydrologic or water
quality effects as a result of coarse refuse placement on the surface.

Monitoring

Consol intends to install six alluvial groundwater monitor wells prior
to the commencement of the operation of the slurry cells. These wells
will provide more information on the surficial and bedrock geology,
groundwater depths, and existing water quality within the alluvium.
Plate 15-1C shows their proposed locations.

Three wells will be located upgradient of the slurry cells to characterize
the nature of flow into the slurry cell area, including its water quality.
Three wells will be located downgradient to check on the effectiveness

of the liner in minimizing seepage and to define and evaluate the nature
of any laterally spreading seepage.

15 - 35



Water levels within these wells will be determined on a monthly basis.
Initial water samples obtained from the wells will be submitted for
complete major and minor chemical analysis and then be repeated annually.
pH, TDS, Na, SO,, Fe, and Mn determinations will be made monthly as
indicators of séepage migration.

15.4.5 Soils

Detailed soil surveys have been conducted on the proposed coal preparation
plant construction site. The results of these surveys are contained in
Chapter 8.0. Table 15-1 shows the soil types present on each site and
the estimated volume to be recovered for reclamation.

15.4.6 Vegetation

The lands to be affected by the proposed coal preparation plant consist
of native rangeland. Vegetation studies were conducted on these lands
in 1980. The results of these studies are contained in Chapter 9.0.
The following table summarizes the vegetation types found on each site:

Vegetation Types on Preparation Plant Construction Site

Preparation Plant Site

Mixed Desert Shrubland 17.3 acres
Greasewood Shrubland 0.6 acres
Annual Forb Community 6.3 acres

TOTAL 24.1 acres

Slurry Pond Site

Greasewood Shrubland 33.5 acres
Annual Forb Community 8.8 acres

TOTAL 42.3 acres

Sedimentation Pond Site

Mixed Desert Shrubland 0.6 acres
TOTAL 0.6 acres
Coarse Refuse Disposal Site
Greasewood Shrubland 14.4 acres
TOTAL 14.4 acres
Refuse Haulage Road Site
Riparian Meadow 0.3 acres
Greasewood Shrubland 3.6 acres
TOTAL 3.9 acres

15.4.7 Fish and Wildlife

Please refer to Volume 7, Chapter 10.0 of the Emery Mine permit application
for a discussion and detailed information concerning wildlife found in
the Emery Mine area.
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15.4.8 Climate and Air Quality

15.4.8.1 C(Climate
See Chapter 11.0.

15.4.8.2 Air Quality

Environmental Research and Technology, Inc. (ERT) was retained to estimate
the fugitive particulate emissions associated with the coal preparation
plant, and to predict by dispersion modeling, the ambient particulate
concentrations due to the plant. The report contained in Appendix 15-1
documents the results of the modeling and discusses the impacts of the
proposed plant on the ambient air quality (also see section 15.3.4.7).

15.5 Geotechnical

15.5.1 Foundation and Materijals Investigation

A subsurface field investigation was conducted by Rollins, Brown, and
Gunnell, Inc. A complete description of the work performed and laboratory
test results are included in this section. The report has been copied

in its entirety, Impoundment site no. 1 was chosen for the proposed
slurry impoundment location. Although the discussion of alternative

site no. 2 is included in this report, the site has not been chosen for
use at this time. No further reference is made to site no. 2 in this
proposed permit.

15.5.2 Subsidence Control at Slurry Pond Site

The following report discusses the geomechanics for stability of the
proposed slurry disposal pond. Also refer to Plate 15-16.
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GEOMECHANICS CONSIDERATION FOR THE STABILITY OF PROPOSED SLURRY POND

Consol is proposing to install a Sturry Pond of 220 acre feet
capacity for storage of refuse slurry with subsequent recovery
of water, recycling it to the coal processing plant. The proposed
Slurry Pond will be Tocated on the surface above the intersection
of 6 south and 2 west. The vertical interval of the strata between
the mine workings (elv 5692.4 ft.) and the surface (elv 5 943.5 ft.)
is about 251 feet. A copy of the mine workings superimposed on a U.S.G.S.
topo map, 400 feet to 1 inch scale, is attached. The workings were de-
veloped and mined out during 1978 to 1980. Incidentally, 6 south mains
and 2 west submains are planned to be the main arteries of the mine
serving the coal reserves situated north - west of the area. Development
of 6 south is based on a 6 entry system 80 ft. x 100 ft. centre to centre
pillars, with 20 feet wide entries and 8.0 feet of mining height. Submain
2 west and 1 right - 2 west panel have been developed locally on a 5 entry
and 4 entry system respectively, with other particulars the same as 6 south
mains. The rooms off 1 right - 2 west panel are 20 feet wide; residual
pillars are of 50' x 60' centre to centre and mining height has been 10 ft.
The thickness of the IJ seam is approximately 18.3 feet in this area, out
of which 2 feet of floor coal and about 8 feet of roof coal have been left
for floor and roof stability.

The major minerals in the shale - silt stone floor are I11ite, Kaolinite
and a-Quartz. I1lite and Kaolinite when exposed to moisture slackens and
results in floor heaving and the structural integrity can be lost very quickly.
It has long been a practice to leave about 2 feet of coal to alleviate all
such complications. The immediate roof of the I1.J seam consists of layers of
clay shale, rider seams and sandstone. Drill hole log FC 294 is attached.

The shale is of low strength and very susceptible to weathering and can create
potential roof control problems. Likewise, it has been a practice to leave
about 6 to 8 feet of roof coal for roof stability. Incidentally, this roof
coal is high in sulfur and difficult to market, at this time.

The supporting capability of a coal pillar can be conveniently
described by the emperical formula after W. A. Hustrulid (Reference: A
review of coal pillar strength formulas, Rock Mechanics, Vol. 8, 1976,
pages 115-145):

Po= kP
p = compressive strength of coal pillars in psi
W = width of residual coal pillar (smallest dimension),
in feet
H = mining height in feet
b, ¢ & K 7= are constants depending on sample and experimentor

With 1J coal seam the value of the constants have been determined
in Conoco Mining Research Laboratory, Ponca City, OK as: b = 0.5, ¢ =

1.0 and K = 2432 psi - ft.0+5
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So, p = 2432 (60)'5/8]'O = 2355 psi for 6 south, 2 west and

1 right - 2 west pillars and p = 2432 (30)'5/10]'O = 1332 psi for
pillars supporting rooms in 1 right - 2 west panel .

To achieve stability of the surface slurry pond, the weight of
the overburden should very adequately be supported with a margin of
safety by the residual coal pillars.

Mathematically, it can be expressed:

P.Ap= FS.r.d.AT ‘or, FS = P Ap

r.deT
Where p = 2355 or 1332 psi compréssive strength of coal pillar.
Ap = Area of pillar supporting overburden in square inches.
= 60 x 80 x 144 square inches = 691,200 for 6 south, 2 west
and 1 right - 2 west and 4 x 30 x 40 x 144 square inches =
691,200 for rooms in 1 right - 2 west panel.
FS = Factor of safety
r = Weight density of overburden %%% = 1.1 psi/foot
d = ﬁepth of overburden in feet = 251 feet

and AT Total area in square inches of solid pillar plus half
entry on all sides ‘

80 x 100 x 144 square inches = 1152000 square inches for
6 south, 2 west and 1 right - 2 west

"

and 100 x 120 x 144 square inches = 1728000 square inches for
rooms in 1 right - 2 west panel.

Therefore, -FS, the factor of safety for 6 south, 2 west and ] right-
2 west coal pillars

= pxAp = 2355 x 691,200 = 5.12
rxdxAT 1.1x251x1152000
and FS, the factor of safety for pillars left in rooms in

1 right - 2 west panel

= pxAp = 1332 x 691,200 = 1.93
rxdxAT 1.1x251x1728000
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Ground subsidence effect of | right - 2 west rooms: Ratio of
excavation width to depth in rooms is 20/251 = 0.08 is less than 0.25.
From the findings of the N.C.B.'s subsidence committee, it can be

stated that "The ground subsidence (and inferentially damage) will be
negligible".

Ideally FS should be more than 1.5 and preferably more than 1.75
for long term (+ 20 years) stability. From the above combination of
analyses it can be- very safely stated that the proposed slurry pond
situated directly above 2 west submains and partly over 6 south mains
and 1 right - 2 west panel will remain stable in the long term.

Consol's mining policy places strong emphasis on the stability of
underground mine openings and surface structures, Safety of miners,
equipment, and remaining in compliance with federal and state mining
laws and regulations are Consol's objectives. It is worthwhile to
mention here that Consol has installed surface subsidence monitoring
stations over the general mining area. These stations are surveyed
at regular intervals as part of an ongoing monitoring program.

g/i7l/s !
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REPORT ROB2E231-01 DATE 04/27/81 CONSGL.IDATION COAL COMPANY ' PAGE 680
TAPE HO. 015973 $SAC EXPIRE EMERY 1 EX.EMERY .G0031V0(
SEQ NO = 1 DRILL HGLE N& = FC 294 FORMAT & A STATE = 43 COUNTY = 015 TWP = 225 RANGE = 6E SECTION = 32
SECTIONI CODE = SURFACE ELEV, = 5944.15 HGW DET, = 6
N-COORD: = 192473 E-COORD = 2065364 SOURCE = 2 LOCATION = 1
THK CORED = 67.00 THK N-CORED = 205.00 USGS = SZE.CD. =
SEQ NO. = 2 DRILL HOLE NO = FC 294 FORMAT & B PROPERTY @R FARM = DRILLER = GRIMM
DRILL CONTR = DATE DRILLED = 0574
TWP OR PLACE = COMMENTS =
SEQ NO. ORILL HOLE FORMAT DEPTH © THICKNESS LITHOLGGY CHARACTERISTICS SEAM CORR, COMMENTS
NUMDER FROM TG CODE " CODE
3 FC 294 c .00 20.00 . 20.00 sD BRN 0
4 FC 294 c 20,00 20,30 . .30 SH BRN 0
5 FC 294 C 20.30 - 29.00 . 8.70 GR 0
6 FC 294 c 29.00* 382.680 i 3.860 SH BRN 0
7 FC 294 c 32.60 126.10 | 93.50 SH GRY , 0
8 FC 294 c 126.10 126.10 ! . 00 ss " TF 0
9 FC 294 c 126.10 152.90 | 26.80 8s GRY e}
10 FC 294 c 152.90 155.40 !+ 2.50 SH GRY 0
11 FC z94 c 185.40 18&1.40 @ 26.00 33 GRY 0
i2 FC 294 c 181.40 183.80 | 2.50 SH GRY 0
13 FC 294 c 183.90 19€8.30 | 14.40 $s GRY o]
14 FC 294 o 198.30 200.20 ¢ 1.90° SH GRY CoOL 0
15 FC 294 c 200.20 20%.00 4.80 ss GRY 0
16 FC 294 c 205.00 214.70 9.70 . Ss CAS o} CORED
17 FC 294 C 214.70 215,00 .30 ND o} CORED
18 FC 294 c 215.00 225.00 ! 10.00 $S LIT GRY HRD 0 CORED
19 FC 294 c 225,00 227.50 ! 2.50 $s CAS HRD 0 CORED
20 FC 294 c 227.50 231.00 3.50 SH GRY SDY o] CORED
[ 23 FC 294 c 231.00 232.00 1.00 : $s LIT GRY HRD o} CORED
22 FC 294 c 232.00 233.00 1.00 SH GRY SDY 0 CORED
23 FC 294 c 233.00 234.65 1.65 ss LIT GRY HRD 0 CORED
24 c 294 c 234.65 235.00 . .35 $S 0 CORED
25 FC 294 c 235.00 2%6.70 ¢ 1.70 58 CAS o} CORED
26 FC 234 c 236.70 238.20 { 1.50 SH CRB SFT o] CORED
27 FC 294 c 288.20 239,00 . 80 ¢ J o]
28 FC 294 c 239.00 239,20 : .20 SH CRB SFT o] CORED
29 FC 294 c 239.20 240.30 ! 1.10 cs SFT o CORED
30 FC 294 C 240.30 240.60 .30 SH CRB SFT o CORED
31 FC 294 c 240.60 241.60 © 1,00 BO 0 CORED
32 FC 2¢4 c 241,60 242,00 . .40 co u1 o] CORED
33 Fc 294 c 242,00 248.70 :+ 6,70 cd ui (o
34 FC 294 c 243.70 2.49.90 i 1.20 St . o]
35 FC 294 c 249,90 256.20, 6.3Q co ’ L1 i
36 FC 294 c : 0  CORED

256.20 25G.50 ! ., 30 BO
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TAPE NO. 015673
SEQ NO.

NUMBER

, 37 FC 294
(- 38 FC 294
' 39 FC 294

40 FC 294

a4 FC 294

a2 FC 294

43 FC 294

44 FC 204

45 FC 294

46 FC 294

a7 FC 294

1 FC 294

2 FC 294

— 3 FC 294
o 4 FC 294
' 5 FC 294
~ 6 FC 294

(98]

. 1 FC 294
2 FC 294

3 FC 294

4 FC 294

5 FC 294

6 FC 294

. 7 FC 294
(- 8 FC 294
2 g FC 294

10 FC 294

" FC 294

12 FC 294

13 FC 294

14 FC 294

15 FC 294

16 FC 294

17 FC 294

18 FC 294

19 FC 294

20 FC 294

21 FC 291

22 FC 294

DATE 04/27/81
$SAC

DRILL HOLE FORMAT

OO0O0O0ODODOCOOO0N

"AvRelwiv]w)

[2R 2N oNoNoNoNoNoNoNoRoNoNoNa o NnRoRoRoRo o Ko

DEPT
FREGM
256.50
257.30
257.70
261.10
262.00
264,40
264.60
265.20
268.60
269.10
271.60
SEAM  SAMP
CODE  N®©
1J 1
1J |
1J 2
1J 2
3 .
3
SEAM SAMP
CEDE  NO
1J 1
1J 2
1J 3
1J 4
1J 5
1J 6
1J 7
1J e
1J 9
1J 0
1J 1
1J 2
1J 3
1J 4
1J 5
1J 6
1J 7
IJ 8
1J 9
1. o
1J 1
1J 2

H * THICKNESS LITHOLOGY CHARACTERISTICS: SEAM CORR.
TG CODE CODE
257.30 . . 80 BO 0
257.70 ¢ .40 Ba 0
261.10 | 3.40 cg LI 5
262.00 . .90 SS CRB 0
264 .40 ¢ 2.40 S8 SHY LIT GRY 0
264.60 ! .20 SH SDY DRK GRY 0
265.20 i .60 S8 HRD LIT GRY O
268.60 ! 3.40 SH DRK GRY SFT 0
269.10 | .50 SS CAS HRD 0
271.60 ! 2.50 SH DRK GRY SFT 0
272.00 .40 BH 0
SAMPLE DEPTH., ANALYSIS PROXIMATE ANALYS
FROM' Td CODE ZMUIS ZVOL ~ ZCARB ZASH ZSUL
236.70 239.00 1 3.3 .0 .0 52.8 1.83
236.70 239.00 2 e .0 .0 54.6 2.00
239.00 Z40. 30 1 7.7 0 .0 80.2 1.43
23%.00 240, 30 2 .0 .0 .0 86.8 1.55
261.10 262.00 1 1.4 .0 .0 90.8 .07
261.10 262.00 3 .0 .0 .0 92.1 .07
FLOAT SINK DATA
SP GR TYPE % % % % BTU ' SCREEN
CODE WT. VoL ASH SuL SIZE
coo1so0l DF =~ 8474 .00 8.62 1.20 0 0001
000160l OF 9954 .00 5.44 1.33 o} Q001
0001860l DF 9828 .00 7.85 1.27 0 0001
onc160! DFF 8766 .00 &.12 1.44 o} 0001
000160/ DF 8368 .00 9.35 . 80 0- 0001
0001860! DF 9650 . 00 $.39 .00 0 0001
000160! DF 2804 .00 8.06 .59 0 0001
Q00160! DF 9942 .00 7.47 .68 0 0001
000160! DF 5584 00 12.57 1.55 0 0001
000160l DF 2894 00 8.08 1.93 o] 0001
ooo1cGal DF 0c62 00 6.32 85 o] 0001
ooaie60l Ds 1526 00 66.58 1.15 0 0001
000160l DS 0046 00" 40.62 3.77 o} 0001
000160l DS 0172 .00 36.98 12.49 0 0001
000160l DS 0234 .00 46.34 1.19 0 Goot
coot1aGal Ds 1632 00 64.50 1.03 o 0001
0001860l DS 0150 00 54.71 2.36 o] 0001
0001601 DS 0196 . 00 45.80 3.72 0 0001
000160! DS o058 00 26.47 .52 0 0001
000160t Ds 4416 00 64.55 2.28 o] Q001
000160l DS 0106 .00 37.34 4.82 o] 0001
oco1601 DS 0038 .00 41.88 1.68 0 0001

CONSOLIDATIGN COAL COMPANY

EXPIRE EMERY

PAGE

681

EX.EMERY.GO0O31VO

F
P

COMMENTS
CORED
CORED
CORED
CORED
CORED
CORED
CORED
CGRED
CORED
CORED
CORED
S EQUIL.
BTU-. MOIST
5859 .00
‘6058 .00
5G9 .00
584 .00
779 .00
790 .00

LR R
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ROLLINS, BROWN AND GUNNELL, INC.

PROFESSIONAL ENGINEERS

August 6, 1981

Conscolidation Coal Company
Western Region

2 Inverness Drive FEast
Englewood, Colorado 80112

ATTN: Britt Luther

Gentlemen:

The subsurface investigation and laboratory tests have been
completed for both the long term and the short term slurry
impoundment sites at the Consolidation Company facilities
near Emery, Utah. This report outlines the results of the
investigation and presents the data obtained during the field
and laboratory investigations.

The location of the impoundment sites relative to the mine
office is presented in Figure No. 1. The long term site 1is
designated as Impoundment Site No. 1, while the short term
site is designated as Impoundment Site No. 2. The results
of the field and laboratory tests performed during the
investigation are discussed separately for the two impound-
ment sites, as follows.

I. TIMPOUNDMENT SITE NO. 1

A. Characteristics of Subsurface Material Along Proposed Dam

Axis

1. Subsurface Drilling. The characteristics of the sub-
surface material along the proposed dam axis were defined by
drilling six test holes to depths of between 30 and 40 feet,
at locations as shown in Figure No. 2. The logs for the six
test holes are presented in Figure Nos. 3 through 5, and it
will be observed that, except for Test Hole No. 6, the
profile consisted of unconsolidated materials. It will also
be observed from the boring logs that the subsurface material
consisted predominantly of silty sands and sandy silts.

During the subsurface investigation, sampling was
performed at approximately 3-foot intervals throughout the

1435 WEST 820 NORTH, P.O, BOX 711, PROVO, UTAH 84601 TELEPHONE 374-5771
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upper 15 feet of the soil profile, and at 5-foot intervals
thereafter. Both disturbed and undisturbed samples were
obtained during the field operations.

Undisturbed samples were obtained by driving a 2-inch
split-spoon sampling tube through a distance of 18 inches,
using a 140-pound weight dropped from a distance of 30
inches. The number of blows to drive the sampling spoon
through each 6 1inches of penetration is presented on the
boring logs. :

The sum of the last two blow counts, which represents
the number of blows to drive the sampling spoon through 12
inches, is defined as the standard penetration wvalue. The
standard penetration value provides a reasonable indication
of the in-place density of sandy type soils; however, it only
provides an indication of the relative stiffness of cohesive
type materials, since the penetration resistance of these
materials is a function of the moisture content.

Undisturbed samples were obtained by pushing a 2.5-
inch thin-walled shelby tube into the subsurface material,
using the hydraulic pressure on the drill rig. The location
at which undisturbed samples were obtained is presented on
the boring logs.

Each sample obtained in the field was classified in
the laboratory according to the Unified Soil Classification
System. The symbols designating the soil types according to
this system are presented on the boring logs. A description
of the Unified Soil Classification System 1is presented in
Figure No. 6, and the meaning of the various symbols shown
on the boring logs can be obtained from this figure.

It will be observed that the subsurface materials
generally classify as SM or ML type soils. Some CL-1 type
materials were encountered in the lower portion of the soil
profile at this site.

During the subsurface investigation, field permea-
bility tests were performed at 5- to 10-foot intervals
throughout the depth investigated. The field permeability
tests were performed in accordance with Designation E18 of
the U.S. Bureau of Reclamation Earth Manual. The results of
the field permeability tests are presented in Table No. 1.
It will be observed that the permeability coefficients varied
from 48 feet per year to 2,460 feet per year.

The results of the field permeability tests indicate
that the subsurface materials were moderately permeable, and
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that some treatment of the reservoir basin will likely be
required to ensure a watertight facility.

2. Laboratory Tests. Classification tests were per-
formed on a number of samples obtained from Drill Hole Nos.
3 and 5, and the results of these tests are presented in
Table No. 2, Summary of Test Data. These two test holes
represent the range in character of the subsurface material.
It will be noted that the major portion of the subsurface
material in Test Hole No. 3 classified as an ML type mate-
rial; however, the material was essentially non-plastic. In
Test Hole No. 5, most of the subsurface material was cohesive
type soils and classified as a CL-ML, CL-1 or CL-2 type
material. Some SM type soils were encountered in the upper
portion of the soil profile. The plastic index of the clay
materials in this Test Hole is relatively low and does not
exceed 15 percent.

The compressibility characteristics of the subsurface
material along the dam axis were defined by performing seven
consolidation tests on representative samples obtained at 3
feet, 6 feet, 9 feet, 15 feet, 19 feet, 25 feet, and 28 feet.
The samples at 3, 6 and 9 feet below the existing ground
surface were obtained from test pits. The results of the

consolidation tests are presented in Figure Nos. 7 through
13.

The subsurface materials represented by the consoli-
dation tests at 3 through 9 feet in Test Hole No. 5 were
silty sands, and exhibited collapsible type characteristics.
The remainder of the consolidation tests, which were per-
formed on cohesive type material from Test Hole No. 5, are
“not highly compressible soils; however, considerable settle-
ment can be expected in these materials if the surface loads
are sufficiently great.

Two triaxial shear tests were performed on undis-
turbed samples obtained from Test Pit No. 3 and Test Pit No.
5, at depths of 3 and 28 feet respectively. The results of
these tests are presented in Figure Nos. 14 and 15. It will
be noted that the sample obtained from Test Pit No. 3 had a
friction angle of 30.6 degrees and a cohesion of 3 psi, while
the sample obtained at a depth of 28 feet in Test Pit No. 5
had a friction angle of 27.3 degrees and a cohesion of 2 psi.

The triaxial shear tests performed as indicated above
were consolidated, wundrained tests with pore pressure
measurements. The Mohr Envelopes shown in Figure Nos. 14 and
15 were obtained by subtracting the pore pressures from the
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total stresses, to obtain the Effective Stress Envelope shown
in Figure Nos. 14 and 15.

B. Available Embankment Material

1. Field Investigations. The characteristics of the
available embankment material were defined by excavating five
test pits to depths of between 12 and 15 feet, at locations
as shown in Figure No. 2. It will be noted that Test Pit
Nos. 1, 2 and 5 were excavated along the dam axis, while Test
Pit Nos. 3 and 4 were excavated in the reservoir basin. The
logs for the five test pits are presented in Figure Nos. 16
through 18, and it will be observed that the subsurface
material throughout the depth investigated consisted pri-
marily of silty sand and sandy silt. ' :

During the excavation of the test pits, in-place
density tests and natural moisture content were determined
at various locations throughout the profile. Sampling was
performed at approximately 3-foot intervals in each of the
test pits, and the classification designation according to
the Unified Soil Classification System is presented on the

test pit logs.

A description of the Unified Soil Classification
System is presented in Figure No. 6, and the meaning of the
various symbols shown on the test pit logs can be obtained
from this figure.

It will be observed that the subsurface material in
the test pits generally classifies as an ML type material;
however, some SM type soils exist throughout the area. The
in-place density and the natural moisture content were per-
formed on a number of samples during the laboratory investi-
gations, and the results of these tests are presented in
Table No. 3, Summary of Test Data.

The moisture-density relationships were performed on
six representative samples obtained from Test Pit Nos. 1, 2,
3 and 4, and the results of these tests are presented in
Figure Nos. 19 through 24. A summary of the maximum density
and the optimum moisture content for each of these tests,
along with the classification tests, is presented in Table
No. 4.

It will be noted that the in-place unit weight varies
from about 104 to 115 pounds per cubic foot, while the
optimum moisture content varies from about 12 to 16 percent.
It is our opinion that, while this material is not the best
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kind of material for an earth embankment, it can be used
satisfactorily for the proposed facility.

Two triaxial shear tests were performed on compacted
samples obtained at a depth of 3 feet below the ground
surface, from Test Pit No. 5, and at a depth of between 4 and
12 feet from Test Pit No. 3. The results of these tests are
presented in Figure Nos. 25 and 26. The triaxial shear tests
performed were consolidated, wundrained tests with pore
pressure measurements. The pore pressures were subtracted
from the total stresses to obtain the Effective Mohr Envelope
shown in Figure Nos. 25 and 26.. It will be noted that the
sample obtained from Test Pit No. 5 had a friction angle of
22.8 degrees and a cohesion of 9 pounds per square inch,
while the sample obtained at a depth of 4 to 12 feet in Test
Pit No. 3 had a friction angle of 32.3 degrees and a cohesion
of 2.5 pounds per square inch. The samples used in the tri-
axial shear tests were compacted to 95 percent of the maximum
laboratory density as determined by ASTM D 698-70.

Laboratory permeability tests were performed on
representative samples obtained from Test Pit Numbers 3 and
4, Prior to initiating the permeability tests, the samples
were back-pressured to ensure saturation. Permeability tests
were performed using either the constant head or the falling
head permeameter method. The falling head permeameter method
was used on the more permeable soils, while the constant head
permeameter method was used on the relatively impervious
materials. The results of the laboratory permeability tests
are presented in Figure No. 4, Summary of Test Data. It will
be noted that permeability coefficients varying from 0.30 to
3.4 feet per year were obtained. It will also be noted that
the samples were densified to values ranging from 94 to 97
percent of the maximum laboratory density as determined by
ASTM D 698-78.

A hydrometer analysis was performed on four samples
from Test Pit Nos. 3 through 5. The results of these tests
are presented in Figure Nos. 27 and 28. It will be opserved
that the major portion of these materials was in the silt and-:

clay size range.
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IT. IMPOUNDMENT SITE NO. 2

A. Characteristics of the Subsurface Material Along the

Proposed Dam Axis

1. Subsurface Drilling. The characteristics of the sub-
surface material where Site No. 2 will be located were
defined by drilling two test borings to a depth of approxi-
mately 30 feet at locations as shown in Figure No. 29. The
logs for the two test holes are presented in Figure No. 30,
and it will be noted that essentially all of Test Hole No.
1 consisted of shale, while the upper part of Test Hole No.
2 consisted of brown, silty, sandy gravel underlain by shale.

Sampling was performed in the unconsolidated mate-
rials in the manner described for Impoundment Site No. 1.
The results of the standard penetration tests and the classi-
fication tests associated with the unconsolidated material
are presented on the boring logs. It was not possible to
sample the shale material with the standard spoon, and all
of the material in these holes was cored an NX core barrel.

Field permeability tests were performed in the test
holes at this site in accordance with Designation E18 of the
U.S. Bureau of Reclamation Earth Manual, and the results of
these tests are presented in Table No. 6. It will be
observed that the permeability coefficient in feet per year
varied from about 82 feet per year to 631 feet per year in
Test Hole No. 1, while the permeability coefficient wvaried
from 123 feet per year to nearly 6,000 feet per year in Test
Hole No. 2. It should be noted that the higher permeability
coefficients existed in the lower 15 to 30 feet of the soil
profile, and that the material in the upper 15 feet of the
soil profile was only moderately permeable.

2. Laboratory Tests. Classification tests were per-
formed on the subsurface material in the upper 15 feet of
Test Hole No. 1, and the results of these tests are presented
in Table No. 7, Summary of Test Data. It will be noted that
the shale material in this test hole generally classified as
a CL-1 or as a CL-2 type material. The in-place unit weight
and the mnatural moisture content were also determined for
four samples of the shale in this test hole. The results of
these tests are presented in Table No. 7, and it will be
observed that the shale had an in-place unit weight varying
from 122 to 125 pounds per cubic foot, while the natural
moisture content varied from 15 to 6.5 percent.
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Four consolidation tests were performed on represen-
tative samples of the shale material at depths of 10, 12, 14
and 15 feet in Test Hole No. 1. The results of the consoli-
dation tests are presented in Figure Nos. 31 through 34.
During the performance of the consolidation tests on the
shale, the sample was loaded initially at approximately 0.29
tons per square foot. At this point in the loading sequence,
the sample was permitted to absorb water to determine if the
shale material possessed swelling type properties. It will
be noted that, in each of the four consolidation samples
tested, the shale swelled substantially. The results of the.
consoldiation tests indicate that the shales have a swell
pressure varying from about 2 to 5 tons per square foot.

No drill holes were performed in the lower portion
of the channel where the embankment will be placed. 1In order
to obtain an indication of the strength of the overburden
materials in this area, two triaxial shear tests were per-—
formed on representative undisturbed samples obtained from
Test Pit Nos. 7 and 8 in this area. The results of these
tests are presented in Figure Nos. 35 and 36 . It should be
noted that the triaxial shear tests were consolidated,
undrained tests with pore pressure measurements. The pore
pressures were subtracted from the total stress to obtain the
Effective Mohr Envelope as shown in each of the figures. It
will be noted that a friction angle of 23 degrees and a
cohesion of 6 psi was obtained for a sample taken from 1
to 4 feet in Test Pit No. 7, while a friction angle of 34.6
degrees and a cohesion of 4 psi was obtained for a sample
taken at 1.5 to 3 feet in Test Pit No. 8.

B. Available Embankment Material

1. Field Investigations. The characteristics of the
available embankment material throughout the area were
defined by excavating three test pits to depths varying from
2 to 10 feet, at locations as shown in Figure No. 29 . The
logs for these three test pits are presented in Figure No.
37. It will be noted that shale was encountered at essen-
tially all depths in Test Pit Nos. 7 and 8, and that sand-
stone was encountered in Test Pit No. 6. It appears as if
a substantial portion of the proposed embankment at this
location must be constructed from the weathered shale exist-
ing throughout the area.

Classification tests were performed on representative
samples of the weathered shale in Test Pit Nos. 7 and 8, and
the results of these tests are presented in Table No. 8. It
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will be noted that the shale classifies as either an ML or
a CL-1 type material according to the Unified Soil Classifi-
cation System.

Soil moisture-density relationships were performed
for three samples of the weathered shale obtained from Test
Pit Nos. 7 and 8, and the results of these tests are pre-
sented in Figure Nos. 38 through 40 . The maximum density,
along with the optimum moisture content for these samples,
is summarized in Table No. 8, and it will be observed that
the maximum density varies from about 106 pounds per cubic
foot for the ML material to 116 pounds per cubic foot for the
CL-1 type soil. The optimum moisture content varied from 13
to 18 percent.

Triaxial shear tests were performed on compacted
samples of the shale material obtained at a depth of 4 to 7
feet in Test Pit No. 7 and at a depth of 3 to 6 feet in Test
Pit No. 8. Each of the samples was compacted to 95 percent
of the maximum laboratory density as determined by ASTM D
698-70. The results of the triaxial shear tests are pre-
sented in Figure Nos. 41 and 42 . It will be noted that the
sample obtained from Test Pit No. 7 had a friction angle of
27.3 degrees and a cohesion of 7 psi, while the sample
obtained from Test Pit No. 8 had a friction angle of 24.9

degrees and a cohesion of 6 psi. The triaxial shear tests
were consolidated, undrained tests with pore pressure measure-
ments. The pore pressures were subtracted from the total

stress to obtain the Effective Stress Envelope as shown in
Figure Nos. 41 and 42 .

Laboratory permeability tests were performed on two
samples obtained from Test Pit Nos. 7 and 8. The samples
were compacted to 95 percent of the maximum laboratory
density and were back-pressured prior to initiation of the
permeability tests. The permeability tests were performed
under constant head conditions. The results of the permea-
bility tests are presented in Table No. 8, and it will be"
observed that the permeability coefficients varied from 0.055
to 0.0075 feet per vyear. It will also be noted that the
samples were compacted at 95.2 and 93.9 percent of the
maximum laboratory density as determined by ASTM D 698-78.

A hydrometer analysis was performed on two samples
obtained from Test Pit Nos. 7 and 8, and the results of these
Cests are presented in Figure No. 43. It will be observed
from this figure that over 95 percent was less than a 200
Sieve, and nearly 50 percent of the material was in the clay
size range.
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Two CBR tests were performed on samples obtained by
representatives of Consolidation Coal Company from Test Pits
designated as Nos. 20 and 21. The results of the CBR tests
are presented in Figure Nos. 44 and 46, and it will be
observed that the CBR wvalue varied from approximately 1 per-
cent for Test Pit No. 20 to 3.5 percent for Test Pit No. 21.
The soil moisture-density relationships for each of the
samples used in the CBR tests are presented in Figure Nos.
45 and 47. FEach sample was permitted to saturate for a 4-day
period prior to the completion of the test. The sample
obtained from Test Pit No. 20 classified as a CL-ML soil,
while the material obtained from Test Pit No. 21 classified
as a CL-1 type material, according to the Unified Soil
Classification System. The differences in the CBR wvalues
cannot be explained based upon the maximum density of each
sample.

It is our opinion that the tests performed during this
investigation provide a reasonable indication of the charac-
teristics of the subsurface material in the vicinity of the
slurry impoundment ponds, and if there are any questions
relative to the information contained herein, please advise
us.

Yours truly,

/?iiéiéfs, BROWN) AND GUNNELL, INC.
o Al g

Ralph L. Rollins
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silty .?.",:: ar——
+- sand 1eb):
a1 25,43
A L on
—: 1
— -o".- .
' _':‘.'? brown silty
_—-gé sandy gravel gray brown
——.215.121,17,11. silty sand
0 {44 BRI g and clay
3 4ot 4 G I 15,16,19 and ]
SAMPLE LOCATION : CL-2,GM y
A= |

X0 . bt~ ———TORVANE VALUE

XUNDISTU RBE D

SAMPLE
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Impoundment Site 1
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DEPTH

Hole No. 5 Hole No. 6
0 NN A brown sandy silt £3,3,3
— bR to silty sand
'—':Z‘.38,11,12 o
b ML
——«'.\:.'~1 weathered
—K N4 8,10,10 brown gray 1
-—.I. i SH,CL-2 . .
— silty sand with 1
10 }\_\“}QMStS I i l” - and
%}} SH,CL-HL clay layers 5
—\.‘\1'\"3 5,10,10 dark gray sandy
_—*,.)'«_a:'.j.'“ CL—ML . .
e l 6.6.9 silt with sand 3 fractured
—:\i_\l_l_} CLML and clay layers :
a1 ;
:\ — ; shale
20 — |} 2,5,6 dark gray 2
- \Ej CL-1 EF?
:\L\ silty clay T 1
1 N A
WEE L with sand ;
: II\_\ - >
I b
30 ___‘\\53 2,2,2 gray silty sand =%
w‘l\IH_ SH with clay lenses
!
_«\ black clay
BN
40 TN 30/6.60/4,60/0 dark grsyl
] : ) clayey shale
50—
60 — 1
— SAMPLE LOCATION
X, 0.1 ——ToRVANE VALUE
kuNDlSTL,H:\*E;!-:::: GROUNDWATE R
SAMPLE ELEVATION
S B e ==

XNO. OF BLOWS PER b'" WITH STD, SPOON

LLEGEND

Los oF Borings FOR

Consolidation Coal Co.
Impoundment Site 1

CONSULTING ENGINEERS

ROLLINS, BROWN AND GUNNELL. . INC.

FIGURE
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FIGURE NO. 6

Unified Soil Classification System

"Dnis:0n of GM and SM groups into subdivisions of d and u for roads and arrfields only. Subdivision 1s based on Atterberg hmits,
sutfix d used when L. L. 15 28 or less and the P.1. 15 6 or less, the sufhix u used when L. L 15 greater than 28.
** Borderkne classifications, used for soiis possessing charactenshics of two groups. are designated by combinations of group symbols.

or example: GW-GC, well-graded gravel-sand mixture with clay binder.

. Grouy| . :
Major divisions P Typicalnames Laboratory classification critena
symbols
- P
* 2
w 3 ow Well-graded gravels, gravel-sand § Deo c (D)
@ . . = €= =
@ ? £ mixtures, little or no fines € Cu="p,. grealerthan4, Dy Dw Detweenland3
c S o >
2w o = k) =
go| § o g 2
— —_ = - ©
sal ©3 GP Poorly graded gravels, gravel > 2 Not meeting all gradation requirements for GW
- ® = sand mixtures, httle or no fines & c
F 24 8—
;o 239 @ @
® ] 9 aQ*v
~ N G=Z AT RGE
e o ¢ Sil ] I-sand-silt g ==3
3 < £18 3 am |- 1 );grave s, gravel-sand-si w D0 Atterberg limits below “A”
g 2 QE” »£= S = N mixtures 3 % 8 i:: hne or P.l. less than 4 Above A" line with P.i. bet-
S ?s 13 22 2 o3 ween 4 and 7 are borderine
B 2 o o= gg %g S cases requinng use of dual
- = o O% S5« @ |
e AN . symbols.
% § (DE 8 GC Clayey gravels, gravel-sand- ° S : Atterberg hrmits above “A”
- _‘é’ S < clay mixtures 3 < kne with Pl greater than 7
B = ?g" %5
s o cT -
e Wellorades £ Dur (002
» o o 2 SW e -grgde sands, gravelly 2 E Cu = greaterthan 6,Cc = ———x— between 1 and 3
] c 3 c sands, little or no fines = D1 . DioxDeo
oz ST 5 & > S
£ gn]| § 2 &35
= B e o®
g 2 o § o e =
[ [ ] 2 o »
- < w21 5 = b Poorly graded sands, gravelly g Not meeting all gradation requirements for SW
- & S =2 S sands, little or no fines S<=
w 8 . T — :
= P39 2o x .
o coZ S Lo .
s | 8=c¢ o 25 =
%]
= Bl d e we & -
2 ¥ = goesg 3 e
§5|g 3 SM* = Silty sands, sand-silt mixtures €885 Atterberg limits below A
:5 ®le € 3822 o c kne or P less than 4 Limits plotting i hatched
2 g ;_ z g u ] S §.2 s g zone with P.). between 4 and
=223 sc 2258 % a 7 are borderline cases requir-
s .“_g 3 é 5@ ﬁ S ng use ol dual sysbols.
o i
S g SC Clayey sands, sand-clay mixtures 898 ; b4 g L2 Atterberg limits above "A”
o ‘(3 22o~=w line with P.1. less than 7
Inorganic silts and very fine sands,
ML rock flour, silty or clayey fline sands 80
§ or clayey silts with shght plasticity
[=4
0 o
& S
g3 ! inorganic clays of low to medium 50 /
0 ] 8 cL | — plasticiy, gravelly clays, sandy /
,g ; E 2 clays, silty clays, lean clays CH
=3 B T /
~ & 40
o = oL Organic silts and organic silty clays /
2 =
c of low plasticity x
& o
£ ©
o £
o2 ) >
%" g Inorganic silts, micaceous or diato- ° 30
=) MH i ]
ca 2 maceou.s fine sandy or silty soils, 8 CL-2 OH and MH
@2 c elastic silts o N/
o 2 D
&5 e £ V4
c2 & 5 20 A By
iL g - f /
he)
:‘Z’ £ g CH Inorganic clays of high plasticity,
= 2 F fatclays /
=y — =
& ? 3 10 A— CL-1 —17
£ E
p o
5 2 OH Organic clays of medium to high CL-ML ML and OL
2 piasticity, organic silts ] |
0
10 20 30 40 50 70 80 90 100
> g . Lrquid imit
875 Pt Peat and other highly organic sorls . o
g Plasticity Chart




TABLE NO. 1

IMPOUNDMENT SITE NO. 1
RESULTS OF FI1ELD PERMEABILITY TESTS

Hole No. Depth (ft) Permeability (ft/yr)

1 0- 5 328
5-10 328

10-15 180

15-20 176

20-25 164

25-30 410

2 0- 5 984
5-10 273

10-15 131

15-20 59

20-25 82

25-30 113

3 0- 5 820
5-10 98

10-15 106

15-20 50

20-25 ' 62

25-30 80

4 0- 5 656
5-10 191

10-15 . 164

15-20 82

20-25 143

25-30 428

5 0- 5 820
5-10 - 328

10-15 213

15-20 23

20-25 456

25-30 456

6 0- 5 2460
5-10 547

10-15 9840

15-20 82

15-25 55

15-30 48



N

TABLE NO. 2 SUMMARY OF TEST DATA

PROJECT Consolidation Coal Co. FEATURE__ Foundations LOCATION__ Emery, Utah
Long Term Embankment Pond (Drill Holes)
e DEPTH STANDARD IN-PLACE UNCONFINED  |FRICTION| CONSISTENGY LIALTS | KECHANICAL ANALYsT§ | UNIFIED )
BELOW PENETRATION TRTT COMPRESSIVE ANGLE SOIL
HOLE GROUND BLOWS NETGH MOISTURE|  VOID STRENGTH d) L.Lo | PL. | P.I. % % | % SILT| CLASSIFICATION
NO. SURFACE PER__ FOOT LB/F PERCENT | RATIO LB/FT v % % % [GRAVEL | SAND | & CLAY;  SYSTEM
3 3—4%‘ NON PLAPTIC |0.0 128.1171.9 ML
6-7%" NON PLASTIC | 0.0 136.4]|63.6 ML
9-10%" NON + PLASTIC (0.0 |40.8|59.2] ML
12-13%" NON PLASTIC }10.0 |52.7)48.0 SM
15-16%" NON + PLASTIC [ 0.0 [40.0|60.0{ ML
20-21%" NON | PLASTIC |0.0 {64.7(35.3] SM
5 3-4%" NON {+ PLASTIC [0.0 {49.0|51.0| ML
6-7%" 32.5/17.3{15.2{0.0 {24.3|75.7|SM,CL-2
9-10%"' 23.2116.9| 6.3/0.0 {22.2|77.8|[SM,CL-ML
12-13%" 22.4116.31 6.1 CL-ML
15-16%" shelby 108.0 18.6 24.5118.71 5.8 CL-ML
. 19-20%"' shelby '108.7 16.4 27.9116.6{11.3 CL-1
20-21%" 29.2]17.6]11.6 CL-1
25-26%" 104.4] 19.8 31.7117.3]14.4 CL-1
\_ | 28-29%" 102.5| 20.9 29.2/17.0{12.2 CL-1/




TABLE NO. 2 SUMMARY OF TEST DATA

PROJECT Consolidation Coal Co.

FEATURE Foundations LOCATION _ Emery, Utah
Tong Term Embankment Pond (Drill Holes)
4 DEPTH STANDARD IN-PLACE UNCONFINED | FRICTION] CONSISTENCY LINLTS | MECHANICAL AWALYSTs | UMIFIED\
BELOW PENETRATION T COMPRESSIVE ANGLE~ SOTL
HOLE|  GROUND BLOWS WEIGHT | MOISTURE| vOID STRENGH Lo | RoLe eIy % % | % SILT)CLASSIFICATION
NO. | SURFAGE PER__ FOOT LB/F PERCENT | RATIO LB/FT % % % |GRAVEL | SAND | & CLAY SYSTEM
5 30-31%" 4 | 0.0 {27.1]72.9 ML
40-41%" 90/10"

40.6/18.8]21.8

CL-2
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CCNSOL IDATION TEST RESULTS
Ficure 7 Test Pit S5

SURF‘ACE ELEV. Deerrn INTER\/AL 3'

LL % PL % Pl % W 6.1 %
Date TesT Drv Unit W, 91 4rcr

Prosct___Consolidation Coal Company

Long Term Embankment Pond
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CONSOLLIDATION TEST RESULTS \1
Fisure 3 Test Pit 5 \
.70 Surrace Evrev, Dertw InTenvaL 0 O—_]
LL % PL % PI % W 6.5 % T >
Date TestT Day Unit Wr, 50.3 PCF
Proser Consolidation Coal Company
Long Term Embankment Pond
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CONSOLIDATION TEST RESULTS \Q
Ficure 9 Test Pit 5 \
.75 Surrace EvLev, Derpti InTERVAL 9!
LL % PL % PI % W 5.7 %
Date Test Dry Unit Wt 38 .2ecF \ﬁi
Proscr__Consolidation Coal Company
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CONSOLIDATION TEST RESULTS
Ficure 11 Boring No. 5

Surrace ELev, Deptu InTEnvar 19-20%
LL___ % PL % PI % W 16.4 %
Dave TesT Dev Unit Wr, 108. % ¢
Prosct__Consolidation Coal Company
Long Term Embankment Pond
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CONSOULIDATION TEST RESULTS
FIGLJRE 12 BORING NO. 5
40 SurrFace Evev, Dertrn InTerRVAL 2526
LL31.7% PL17.3% P114.4% W19.8 %
Dave TEST________ Dry Unir WT,lOZ{'.[h:cF
Proect__Consolidation Coal Company
Long Term Embankment Pond
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Fioure 13 Borine No, 5
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Date TesT Dav Unit Wt ,102.50cF
Prosect__Consolidation Coal Company
Long Term Embankment Pond
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DEVIATOR STRESS, P/A PSI

IPAL STRESS RATIQ

~
[

PLN

~.

~ME TRANGE

v

I : TRIAXIAL SHEAR TEST

SAMPLE NO.
80
a
RPNy u $ - 30.6° P
e “ C =3 PSI Yo
o 60 - e ?
] _r'j'J l--EJ"N._rl I : ,/
[ ] r ; //
Vs 8 e
// = /
=
Z 40 e .
0 2 4 6 8 10 12 1o 16 18 20 = ~ ~d
~
AXIAL STRAIN {Percent) . P /? N \
7 ARREN AN AN
= 90 A// // \‘ \ \
I w
1 = 7 \ \ \
[
w2
7 1/ 1/ 1[ | \ \1 \\
20 40 60 80 100 120 140 160
NORMAL STRESS  (PSI) .
‘ TWAX IMUNI RAXINUM VALUES A7 WOHR| SAWPLE [STRAIN
TEST | TEST SAMPLE DATA DEGREE C?QEIN- DEVIATOR PRINCIPAL| COULOMB FAIL. | SIZE RATE
NO. | PIT 0F STRESS | STRESS LENGTH/| INCHES
OR anp | DRY  PHOISTURE} ¢\ riion PRESSURE RATIO | - , : / /
0 2 4 6 8 10 12 14 16 18 20 DENSITY : , DIA. | MIN.
AXIAL STRAIN (Percent) SYHBOL| DEPTH | “ro7s) ' [Tni.[Fanal TION (%)) PST - INCHES
P 3 ‘
O 3| 101.7 |14.4 40 95.0 2.8/1.3d .006
7 3 -
O 3 101.9 |14.4 30 73.1 2.8/1.32 .006
3 101.9 |14.4 20 57.4 2.8/1.32 .006
| ROLLINS, BRONN AND TRIAXIAL SHEAR TEST RESULTS
PROVO, UTAH _
CONSQLIDATION COAL CO.

0 2 4 B 8 10 12 14 16 18 20 Consulting Engineers | JOB NO. DATE
AXIAL STRAIN (Percent) Figure No. 14
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DEVIATOR STRESS, P/A PSI

1PAL STRESS RATIO
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AXIAL STRAIN (Percent)
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AXIAL STRAIN (Percent)

SHEAR STRESS AT MAXIMUM DEVIATOR STRESS
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TRIAXIAL SHEAR TEST

SAMPLE NO.
@ = 27.3°
C =2 psI P
7//\
BEAENLL
1/
ff”r
//
,//
= ~—
_ ’ N
P d N
7 / A
LT TN N
[ | T
20 40 60 80 100 120 160 160
NORMAL STRESS  (PSI)
A MAXTMURTMAXTROM VACUES AT KOHR| SAMPLE | GIRAIN
TEST Tgaj SAMPLE DATA DEGREE TfG = |DEVIATOR ,PRINCIPAL| COULOMB FAIL. SIZ2E RATE
NO. ; 0F L STRESS | STRESS LENGTH/| INCHES
OR D DRY | HOTSTUREL ¢ pjpp. PRESSURE RATIO | - ‘ DIA. / MIN. /
sywgot| oepri | OWVSTTY oy Trimy TION (%)) PSI INCHES
o 11P3
28-29 | 102.5 [20.9 15 35.1 D.8/1.32] .006
TP 5
O |28-29 | 102.5 |20.9 30 N p.8/1.32{ .006
TP
TAY 28,39 102.5 120.9 45 55,0 0.8/1.32 .006

Undisturbed

ROLLINS, BROWN AND
GUNNELL, INC,
PROVO, UTAH

Consulting Engineers

TRIAXIAL SHEAR TEST RESULTS

CONSOLIDATION COAL CO.

JOB NO. DATE

Figure No. 15
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DEPTH

15

- 20

Test Pit 1 Test Pit 2
brown F g;-715'3 brown
10 silty sand AL silty sand
. ..:_-‘\

-ﬁ:li: dk. gray silty clay N gray
Ik brown silt ,“-'.—-
NLhges-o.14.7 ’ Oy 00951 ey el
CJEH T C LS sang with Rt
SR small clay '
_1 r. :. -'._‘
d-4- o)
MBI - brown
A K[F 952,87 24 send ik x,93.4,6.9
] ."fj ML -":‘;.],ML
heope lenses kL .
41T silty
Ny '.
'.:E :' X x:l,::
"NSEE gk sand
] SN b x
LiF broun 101w
10 AEl silty o
:'-::.', 4'_;:
Ik 3t sand A
—-4.:_:-.: X “:‘:“ X
__‘:l:‘ ;.: i".v'.
ofek
L1 Lf
] E} 86.9,14.7 -z poisture percent
7 \ dry density in 1lbs. per cu. ft.
/——SAMPLE LOCATION
-J X ,0.61—p——TORVANE VALUE
\—UNDISTURBED GROUNDWATER
SAMPLE ELEVATION
§7.11.12

\NO. OF BLOWS PER 6" WITH STD, SPOON

LEGEND

Los oF Test Pits for:
Consolidation Coal Co.

CONSULTING ENGINEERS

ROLLINS, BROWN AND GUNNELL, INC.

Ficure

No.16
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Test Pit 3 Test Pit &
0 ERHE :
R brown silty ai: sH
i sand HE.
i qay dry with ) i
NN some small }:}1
L clay lenses .
,)r: y ¢ Al light
—«\J\:;':] X,89.1,1.9 M
) ML ‘
B E iy AN 1 .
SN B brown
5 S light Sl
~{-F .
., bl silty
ek b AN
P 83.9,3.7 77" i)
el m - gk
i R sity - sand
_~";‘ sand i
*-::"Sfj X, 85.5,5.3(701st) 1L
s me ‘ il
10—t i
N ik
— "'a-. .«,_
': <L -.A"“
A x oL
'.'j] ML JII%
IR
15—
B 2189.1,1.9 —~a— —moisture percent
\‘\\\—-———- dry density in lbs. per cu. ft.
20—
SAMPLE LOCATION
X ,0.61map———TORVANE VALUE
\—UNDISTURBED GROUNDWATER
SAMPLE / ELEVATION
¥ IR ==

LEGEND

\NO, OF BLOWS PER 6" WITH STD. SPOON

Loc of Test Pits for:
Consolidation Coal Co.

ROLLINS, BROWN AND GUNNELL, INC.

CONSUI._TING ENGINEERS

Ficure

No.17




DEPTH

, Test Pit S
0 “ .
light
: brown
“Iry 9l.4,6.1
k ML
1 silty
s 1
IRRE sand
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R W
—Ee:
—1bh
el
-.::::
15

——— . moisture percent

B 91.4,6.1
\\\\\____ dry density in lbs. per cu. ft.

SAMPLE LOCATION

X ,0.6{~a—TORVANE VALUE

\-UNDISTURBED

GROUNDWATER

SAMPLE ELEVATION
7,101,912
\—-No. OF BLOWS PER 6" WITH STD. SPOON
LEGEND

Loc o Test Pits for:

Consolidation Coal Co. ConsurLTing EnGinEERS

ROLLLINS, BROWN AND GUNNELL, INC,

Fieure

No. 18
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PROJECT

TABLE NO. 3 SUMMARY OF TEST DATA

Consolidation Coal Co.

Long Term Embankment Pond

FEATURE Borrow Material

LOCATION Emerv

{Test Pits)

11t

ah

-

DEPTH

IN-PLACE DENSITY

ASTM D 698-78

LAB PERMZABILITY

CONSISTENCY LIMITS

NECHANICAL  ANALYSIS

UNIFIEN
S0IL

TEST BELON SAMPLE
PIT | GROUKD PESCRIPTION | WALL 1 worsiune wg’%éag HOISTURE| % Con- | | Lk | P | R % | % SILT|CUASSIFICATION
NO. SURFACE LB/F PERCENT | LB/FTS | PERCENT | PACTED % % |GRAVEL | SAND | & CLAY]  SYSTEM
1 3! 86.9 14.7 26.4118.3; 8.1 0.0} 1.7{98.3|CL-1,8M
6' 95.2 8.7 0.01(32.7 (67.3 ML
2 3! 90.9 5.1 0.0116.8 183.2 ML
6' 93.4 6.9 0.0141.1 |58.6 ML
9' 0.0]147.5|52.5| wmL
12! 0.0145.3 |54.7 ML
3 3! 89.1 1.9 0.0130.4 [69.6 ML
6' 33.9 3,7 0.028.9 |71.1 ML
9! 85.3 4.3 0.0122.577.5 ML
5 3! 91.4 | 6.1 0.0132.1 67.9 | ML
6' 90.3 6.5 0.026.7 73.3 ML
9! 88.2 5.7 0.0123.6 |76.5 ML
12! 0.0135.5 64.5 ML




Y

DRY UNIT WEIGHT IN LBS.PER CU.FT.

117

115

113

111

109

107

105

FIGURE _19_SOIL MOISTURE DENSITY RELATIONSHIP
ASTM D-698-78
MAXIMUM DENSITY 115.6 LBS PER CU.FT.

OPTIMUM MOISTURE 12:2 9,
PROJECT: Consolidation Coal Long Term Pond

LOCATION: Test Pit #p 141

10 12 14 16 18
MOISTURE IN PERCENT

20




N

DRY UNIT WEIGHT IN LBS PER CU.FT

104

103

102

101

100

99

98

97

FIGURE 20 SOIL MOISTURE DENSITY RELATIONSHIP

LOCATION:

ASTM D-698-78
MAXIMUM DENSITY 103 8 LBS.PER CUFT.
OPTIMUM MOISTURE
PROJECT: Consolidation Coal Long Term Pond

15.9 %

Test Pit #

8-12"

AN

//

\

/

0\

9 11
MOISTURE

13
IN PERCENT

15

17

19
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DRY UNIT WEIGHT IN LBS.PER CU.FT.

110

108

106

104

192

100

98

FIGURE 21 SOIL MOISTURE DENSITY RELATIONSHIP

ASTM D-698-78
MAXIMUM DENSITY _109.4 LBS PER CU.FT.

OPTIMUM MOISTURE 144 %
PROJECT: _ Consolidation Coal Long Term Pond

LOCATION: Test Pit#3 1-4'

10

12 14 16 18
MOISTURE IN PERCENT

20
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DRY UNIT WEIGHT IN LBS.PER CU.FT.
(]
&~

103

102

FIGURE 22 SO!L MOISTURE DENSITY RELATIONSHIP

ASTM D— 69878

MAXIMUM DENSITY _107.9 LBS.PER CUFT.
OPTIMUM MOISTURE 14.2 %

PROJECT: Consolidation Coal Long Term Pond

LOCATION: Test Pit #2 Log

el

9 11 13 15

MOISTURE I[N PERCENT

17
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DRY UNIT WEIGHT IN LBS.PER CU.FT.
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FIGURE 23 SOIL MOISTURE DENSITY RELATIONSHIP

ASTM D-658-78

14,1

MAXIMUM DENSITY 106.8 LBS PER CUFT,
OPTIMUM MOISTURE
PROJECT: Consolidation Coal Lorg Term Pond

%

LOCATION: Test Pit #3 4-12"
T I
/| \\
\
4 \
/ 3
\

MOISTURE I[N PERCENT
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DRY UNIT WEIGHT IN LBS.PER CU.FT.

107

105

103

o
(]
Pt

\te]
O

Ale]
~

95

FIGURE 24 SOIL MOISTURE DENSITY RELATIONSHIP
ASTM D—698-78
MAXIMUM DENSITY 106.4 8S PER CUFT.

OPTIMUM MOISTURE 15.8 % .
PROJECT: Consolidation Coal Long Term Pond

LOCATION: =~ Test Pit#4 1-12'

5 8 11 14 17 20
MOISTURE IN PERCENT
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TABLE NO. 4 SUMMARY OF TEST DATA
PROJECT Consolidation Coal Co. FEATURE  Borrow Material LOCATION Emery, Utah
Long Term Empankment Pond (Test Pits)

DEPTH ASTH D" 698-78 LAB PERMEABILITY | CONSISTENCY LINITS | MECHANICAL ANALYsIs | UNIFIED
TEST BELOX DESSCARMIPPLTEION UNIT SoiL
PI¥ GROUND WETGH MOISTURE wg”}é[@ MOISTURE| % COM- F1/y L.L, P.L. P.I. % % % SILY| CLASSIFICATION
NO. | . SURFACE LB/F PERCENT | LB/FTY | PERCENT | PAGTED R % % GRAVEL | SAND | & CLAY  SYSTE
1 8-12" BULK SAMPLE 103.8 15.9 NON{~ PLASTIC| 0.0(36.0/(64.1 ML
2 1-4" BULK SAMPLE 115.6f 12.2 22.51(15.71 6.8 CL-1

4-8" BULK SAMPLE 107.9 14,2 NON {- PLASTIC| 0.0(38.7{61.3 ML
3 1-4"' BULK SAMPLE 109.4 | 14.4 96.0| 2.57 0.0125.7i74.3 | ML

4-12" BULK SAMPLE 106.8 | 14.1 94.0! 0.30| NON|[- PLASTIC| 0.0 (42.7 [57.3 | ML
4 1-12" BULK SAMPLE 106.4/ 15.8 97.0| 3.40| NON|- PLASTIC| 0.0(37.2(62.8| ML
5 1-12" BULK SAMPLE NON |~ PLASTIC| 0.0(36.5(63.5 ML
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M [ oRY THOISTURE] sy iy [oREsSuse RATIO LENGTH/| TNCHES/
DEPTH DS ITY 7ot Trinar TION (%)] PsI
TP.S 15 46,4 2.8/1.32] .006
P8 30 58.2 2.8/1.32] .006
TPgs 45 87.3 2.8/1.32 .006

ROLLINS. BROWN AND TRIAXIAL SHEAR TEST RESULTS
Compacted GUMNELL, INC.
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CONSOLIDATION COAL CO.

Consulting Engineers | J0B NO. DATE

Figure No. 25
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NO. | PIT OF STRESS | STRESS LENGTH/| INCHES/
R | Ao DRY [ MOLSTURE} ¢ rijpa_ IPRESSURE RATIO BIA. | NIN.
syusoL| epTH | DSNSLIY oy Tepeal TION (%)]  peI INCHES
o | 1P | 1019 |1s.s 20 59.9 2.8/1.32 .006
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A P37 1 40 91.9 2.8/1.32 .006
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DEPTH
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TABLE NO. 6

IMPOUNDMENT SITE

NO. 2

Permeability (ft/yr)

82
128
631
316
191
200

123
547
344
2811
3644
5964



PROJECT Consolidation Coal

TABLE NO. 7 SUMMARY OF TEST DATA

FEATURE Foundations

Short Term Site

(Test Pits)

LOCATION

Emery,

Utah

a DEPTH STANDARD IN-PLACE UNCONFINED ~ |FRICTION| CONSISTENCY LINITS | MECHANICAL ANALYSI§ | UNIFIED
BELOW PENETRATION T COMPRESSIVE ANGLE SOIL

HOLE GROUND BLOWS WETGH MOISTURE! VOID STRENG&H L.l. % % CLASSIF ICATION
NO. SURFACE PER  FOOT LB/F PERCENT | RATIO LB/FT % GRAVEL | SAND SYSTEM
1 3! 28.5 CL-1
8' 32.6 CL-1
10 125.2 6.5 33.2 CL-1
12 122.3 7.7 34.3 CL-2
14! 123.9 8.3 33.4 CL-1
15! 121.9 114.9 36.8 Cl,—1
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syugoL| oeprh | DNSTIY rormeroy TIow (%)) PSI INCHES
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ROLLINS, BROWN AND
GUNNELL, INC.
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CONSOLIDATION COAL CO.

Consulting Engineers

JOB NO. DATE

Figure No. 35
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FIGURE _38 SOIL MOISTURE DENSITY RELATIONSHIP
ASTM D 698-70 °

OPTIMUM MOISTURE 13.1 9%
PROJECT: Consolidation Coal Co.

MAXIMUM DENSITY 116.6 | BS PER CUFT,

LOCATION: Test Pit 7, 0-77
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FIGURE 39 SOIL MOISTURE DENSITY RELATIONSHIP
ASTM D 698-70
MAXIMUM DENSITY 106.0 | BS. PER CU.FT.

OPTIMUM MOISTURE 18.4 ¢,
PROJECT: Consolidation Coal Co.
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FIGURE 40 SOIL MOISTURE DENSITY RELATIONSHIP
ASTM D 698-70

OPTIMUM MOISTURE 15.4 %
PROJECT: Consolidation Coal Co.
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TABLE NO. 8 SUMMARY OF TEST DATA
PROJECT Consolidation Coal FEATURE Foundations LOCATION _ Emery, Utah

Short Term Site

(Test Pits)

/

DEPTH

IN-PLACE DENSITY

ASTHM D 698-78

LAB PERMEABILITY

CONSISTENCY LIMITS

MECHANICAL ANALYSIS

UNTFIED "\

TEST BELOX DE;%§?2¥ZON UNTT S0IL
PIT |  GROUND VEIGHT | MOISTURE ﬁ?&g WOISTURE| % COn- | | Ll | P | P | % | % SILT QUSSIFICATION
NO. SURFACE LB/F PERCENT | LB/FT3 | PERCENT | PACTED % % % |GRAVEL | SAND | & CLAY  SYSIEM

7 0-7' 116.6; 13.1 985.21.055 29.7/18.8 {10.9 CL-1

8 {1.5-3' 106.0| 18.4 | 93.9(.0075(62.3|31.4 [30.9 MH

8 3-6' 114.1 15.4 32.11{19.5 |12.6 cc-1
20 124.7| 10.9 20.2114.2 1 6.0]17.9(31.6 |50.5 |CL-ML.,G
21 116.3| 13.2 26.1115.4 (10.7 Ci—1
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FIGURE _45 SOIL MOISTURE DENSITY RELATIONSHIP
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CALIFORNIA BEARING RATIO TEST RESULTS
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FIGURE 47 SOIL MOISTURE DENSITY RELATIONSHIP
ASTM D 698-78 ;
MAXIMUM DENSITY 116.3 L BS.PER CUFT.
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15.6 Designs

Several references and supportive documents were used to prepare the
proposed design plans in addition to those 1isted in section 7.2.4.2.
These follow:

1. American Iron and Steel Institute. Handbook of Steel Drainage and
Highway Production Products. Washington, D.C., 1971.

2. U.S. Department of the Interior, Mine Safety and Health Administration.
Engineering and Design Manual - Coal Refuse Disposal Facilities.
D*Appolonia Consulting Engineers, Inc.

3. United States Department of the Interior, Bureau of Mines. Surface
Mine Haulage Road Design Study. 1976.

4. U.S. Environmental Protection Agency. Erosion and Sediment Control.
EPA - 625/3-76-006, 1976.

15.6.1 Roads and Parking Areas

15.6.1.1 Main Entrance Road

Heavy equipment and truck traffic will access the preparation plant area
by the proposed main entrance road. The structure, located on the
northern boundary of the facilities area, will be used by coal and
refuse haulage trucks. The plan view and profile are shown on Plate 15-
3. ‘

The sixty foot wide surface begins at the county road and ends at the
yard area. Two lanes, each twenty feet wide, will provide a travel
surface for vehicles entering and leaving the plant and loadout areas.
A separate lane has been provided for access to and from the scales.

The topsoil material will be removed and stockpiled before construction.
A stable compacted subbase will be provided, as shown on Plate 15-4.

The base and surface will be composed of 10" of well graded sand and 12"
of gravel respectively. The top 6" of gravel will be fine gravel.

Parallel drainage ditches have been designed to collect road surface
runoff. The plant diversion discharges into the northern ditch as
described in section 15.6.2.2 where it ultimately drains into the natural
channel.

Refer to Plates 15-3 and 15-4 for the design details of this proposed
structure. :
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15.6.1.2 Yard Area

The yard is comprised of the plant, loadout areas, stockpiles, and
service areas. The entire yard facilities area, shown on Plate 15-1A, -
will have a gravel surface that covers a variable base and subbase.

Three basic types of material may be found throughout the yard; shale,
sandstone, and silty sand. The shale areas are to be overlayed with a
nonwoven fabric to reduce the loss of rock and stability as time weathers
the shales. The silty sand area will be comprised of the same cross
section as the main entrance road; a subbase of compacted insitu soil
with a sand base and gravel surface. The sandstone will be covered with
six inches of crushed rock to provide a continuous travel surface.

15.6.1.3 Coal Refuse Haulage Road

The existing road that serves as access to the mine discharge sediment
pond will be upgraded and extended to the north to serve as the waste
disposal access road. This proposed structure, the coal refuse haulage
road, will be used on a daily basis for the transport of coarse material
to the disposal site, and for the inspection of the facilities.

The thirty foot wide road section will be subcut and filled with compacted
material as shown on Plate 15-6 to form a suitable subbase for the 28"
sand base and 12" gravel surface. Parallel drainage ditches will collect
the road surface runoff and convey the water to the natural drainage
channel.

Three ten foot diameter pipes are required for the Quitchupah Creek
crossing.

Refer to Plates 15-5 and 15-6 for the detailed design drawings of this
proposed structure.

15.6.1.4 Plant Access Road

The existing road to the mine substation (previously called the "Tank
Road") will be reconditioned to serve as an access road to the preparation
plant. In addition, a bypass will be constructed from the county road

to the access road in order to facilitate north bound traffic flows.

The upgraded access road will begin at the county road and end at the
preparation plant yard area. A further section of the existing road

will also be upgraded. This section will begin at the preparation plant
yard area and extend to the water tank. This section will be known as

the tank access extension.

These roads are designed to carry light passenger vehicle traffic.

Construction and upgrading will consist of grading the existing ground
surface to a width of 24 feet, and stabilizing the road surface with 9
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inches of crushed aggregate (see Plate 15-7 for typical cross section
and Plan/Profiles). In addition, parallel 1 foot drainage ditches will
be constructed to collect surface water runoff.

15.6.2 Sediment Control Structures and Surface Water Management Plan

15.6.2.1 Sediment Pond #5

Proposed sediment pond #5 provides for the collection and control of
surface water runoff from disturbed land in the preparation plant facilities
area. The detailed plan has been prepared in accordance with applicable
regulations. Section 7.2.4.2 which describes the major components of

the sediment control and water management plan, identifies the design
criteria based on applicable regulations, and summarizes pertinent
impoundment design information should be referred to.

The proposed impoundment is located west of the preparation plant facilities
area, where it collects surface water runoff from a 115 acre watershed,
all disturbed. This embankment type structure will be partially excavated
to provide the ultimate storage capacity of 3.6 acre-feet, which will
efficiently store the 10 year - 24 hour storm runoff volume plus 3 years
of expected sediment accumulation. The pond will be equipped with a 3"
polyethylene pipe gate valve decant system with provisions to trap gas
and oil. The emergency spillway, designed to pass a 25 year - 24 hour
precipitation event, will consist of a 20 foot wide trapezoidal channel.
The channel will be riprapped. The minimum freeboard is 1.0 foot.
Discharge from this pond will flow westward into the natural drainage
channel. An NPDES permit for the discharge point will be obtained.

Refer to Plate 15-9 for the plan view and detailed design drawings of

the sediment pond. A design summary sheet has been prepared for this
proposed structure and is presented here.
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IMPOUNDMENT SUMMARY SHEET

Owner/Operator fonSOLJat.an Address

County Emf:i Date L/ 5 /8

impoundment Identification Number 22~ - 33 A,z = Emoc, 2/ BS
—PFG-{BNP_;\T\nM Py %&b(w\-&wr\m ~ ?DHD - #5

Location of Impoundment : o

o Eps Pl #1539
' ’ ‘ N

)

Sec,
—_—

= T._ 22 S R Ip L',u/
A. Sediment Storage Volume Estimation
DESIGNING WATER EROSION CONTROL
a. EROSION CALCULATIONS - UNIVERSAL SOIL LOSS EQUATION

Est. Est.

Water- Land Universal Soil-Loss Equation Factors Soil Acres Soil Loss
shed . use or , - Loss in from area
Subareas Cond. R K L S LS C P T/Ac/Yr Area Tons/Yr
4 'g?)/ D.42% - -~ 2.24 o2 I.o » 3.93 32,2 R 5§
2 5;? D i< - - S.? 024 ! o ]2 A5 2L B 328.35
L %g n 44 - - 432 »n2t gy o 3.12 L. 0 1012
%g T, A1 JS. o A
50
2D
Total (Gross) U5 4 T/y
Delivery ratio = ds .o %
Total (let) 3905 2 T/y




Sediment loss vo]uhe in acre - ft/year 0.29

Cleanout interval 3 year

5011 loss in acre - feet for design cleanout interval D83

b. EROSION CALCULATIONS - 0.1 acre foot per acre disturbed

Disturbed area /S0 acres.,

Soil loss in acre - feet ' N/

Minimum sediment storage capacity : C:i;;;T\> acre-feet.

B.  Hydrologic Data

1. Total drainage area IS, o acres

. Disturbed area’ 1S, o acres

By ) [ Y-
Composiie T gy

)

2
3. Weighted soil cover complex number (CN) = 4: 82
4

- Average watershed slope: A: 4o gs 4o C: 4o g
. Componite = 4,%

5. Storm Data:

Frequency | éRainfa]I Q Runoff
(years)* (inches) (cfs) (A—F)
. A B E A - 5. <
104 - 24n 1 :" ,’:": M’(;,;‘T) ,.3;":
ASdr - 2dibn o :'/w 3 m.?‘
) | (43753 .
* as required i
t. Impoundment Data
1. Runoff storage capacfty 2.72 (A-F)*
2. Sediment storage capacity 0. 87 (A-F)
3. "Dugout" capacity - (A-F)*x*
4. Maximum surface area of impoundment D o4 (acres)
5.  Estimated theoretical detention time N/A (Hours ) *=

* at principal spillway crest
** if applicable
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-Embankment Data

1. Top width of embankment jo feet
2. Maximum height of embankment /D feet L
3. Minimum freeboard 1.0 feet

4, Elevations

a. Upstream toe of dam 5940 ' MSL
b. Top of dam_ = 5450 . MSL
¢. Design sediment storage elevation 59425 MSL
d. Crest of principal spillway N/A MSL
e. Crest of emérgency spillway 5448 MSL
f. & of principal spillway outlet N/A MSL
5.  Upstream embankment slope ‘ | 3 : 1
6.  Downstream embankment slope ‘ 3 N
7. Width of core trench N /A feet 2
8.  Depth of core trench N /A féet 2
9. Additional seepage control provisions

1 Measured from upstream toe

2 If applicable
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E. Spillway Design — Decont Susiem

1. Principal spillway

d.

e.

Design storm frequency N /A -JoAaj drawdown

Type of spillway: Polyethulene Pise

Spillway criteria

Riser diameter . N/a inches

“Box A N/A feet x N/A feet
Barrel diameter 0. 25 feet

Barrel 1ength IBo feet

Spillway capacity N/A cfs

Other Decunt - Conbrold putlet (.@**i-V“‘“cx

2. Emerbency spillway

a. Design storm frequency aSur - 24 hr
b. Type of spillway Ozea_ Lhannel
€. Spillway criteria
Length of inlet channel 50’ feet
Length of level section o feet
Slope of inlet channel .o %
STope of exit channel 5.0 %
Bottom width Ao feet
Side sTope 2 1
Riser diameter N/A inches
Box M/A feet x N /4 feet
Barrel diameter N /A feet
Barrel length N /A feet
d. Design discharge 45 cfs
€. Maximum flow depth above E.S. crest 0.98 feet
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Pernd #22-6-33 A2 '
Pre ar 4 Eion Pl““t Sed. Pon(‘\
P .

Poo #5
AREA AD VOLUME ,
ELEVATION (ACRES) (FEET) (ACRE-FEET) Z VOLUME (Ac-FT)
5940 O.%0 o
2" D.
5942 0.30 e O.-bla
i 3’ o2l
5945 0-4% , [-92
lb® -
544% 0.4 3o 7 3.5 gk
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15.6.2.2 Preparation Plant Diversion

The proposed preparation plant diversion provides for the collection and
conveyance of undisturbed area surface water runoff from a 75.1 acre
drainage area upstream of the preparation plant facilities area. The
detailed plan has been prepared in accordance with applicable regulations
(refer to Section 7.2.4.2). The ditch has been designed to handle the
peak discharge from a 10 year - 24 hour design storm event. The proposed
diversion is comprised of two sections, referred to as the upper reach
and the lower reach.

The upper reach of the diversion has a drainage area of 43.6 acres, all
undisturbed land. Due to the small peak discharge of 5.5 cfs, a triangular
channel type was chosen. The maximum flow velocity in the channel is

based upon 20 cfs with design velocity and flow depth of 1.8 fps and 1.9
feet respectively.

The lower reach of the diversion has been designed to handle the flow
from the upper reach plus an additional 31.5 acre drainage area. A
trapezoidal channel has been designed for the lower reach with a bottom
width of 6 feet and 3:1 side slopes. The maximum flow velocity in the
channel is 2.0 fps with a design flow depth of 1.4 feet. This proposed
diversion structure serves as the northern ditchline of the proposed
main entrance road.

Refer to Plate 15-10 for the plan view and detailed design drawings of

the preparation plant diversion. A design summary sheet has been prepared
for this proposed structure and is presented here.
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DIVERSION INFORMATION SHEET

Owner/Operator Consol.dqt.m Lol Co. Address

“County El’\crq Date 8 /2o /8!
—

Diversion Identification Number U, .-~ Dramaae Preo Plaat Diversion
7T J []

Location of Diversion: LOCATION MAP

Ser Sk 15410

I

Sec, 33 »
2 T._ 2% 5%,k LEg .

DIVERSIONS® AND HAUL ROAD DRATNAGES

1. Total drainage area 43 4, acres

Design storm” frequency 0 yr- 24 he
-

Design discharge 5.5 cfs

2

3

4.  Channel type Trinaulac
J

5

Base width — feet

6.  Sideslope(s) 3 : 1, 3 : 1

7. Channel capacity design

Design flow depth 1.9 feet

8.  Channel velocity design

Maximum design flow velocity 1.8 fps

Note : Larje.'- desia a than r—e_tbutrcd.
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DIVERSION INFORMATION SHEET

Owner/Operator Consolidat jon Lol (o. Address

County  Emery Date
—

5/101/81

Diversion Identification Number |ower Drainese

( lml;tzlratcd J 1nte

Prcp Plaat Diversion
Main Entrance Road Dd:c.lﬁlme_.)

Location of Diversion: LOCAT 10K e fi)QLL,‘D\roj:Q, \5-L
‘E .
' Sec.__ 32
o8 T. 22 5 m,R__ LE 4
DIVERSIONSéAND HAUL ROAD DRAINAGES
1.  Total drainage area 75.1 acres
2. Design stonn;frequency lejr-z4hr
3. Design discharge 20.0 cfs
N Channel type T}apa 2oi1dal
5.  Base width & feet
6.  Sideslope(s) 3 : 1, 3 1
7. Channel capacity desfgn
Design flow depth 1.4 feet
8. Channel Ve]ocity design
Maximum design flow velocity 2.0 fps
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15.6.2.3 Waste Disposal Site Diversion Ditch

The proposed waste disposal site diversion ditch will prevent undisturbed
area surface runoff from coming into contact with the waste disposal
site. The watershed served by the diversion is located north of the
disposal site and contains 72.3 acres, comprised of upland scrub and
agricultural fields. The overall length of the diversion is 2840 feet
and the channel depth is 2 feet. The diversion has been designed to
handle the peak discharge from the 'Probable Maximum Thunderstorm'. The
probable maximum thunderstorm is a very high intensity, short duration
storm designation that is based on the amount of precipitation occurring
during one hour. In this area the PMTS will deliver a 6" rainfall. The
peak discharge from the storm was calculated to be 75 CFS, based on soil
types, vegetative cover and other factors. Please see the attached
summary sheets for details.

In order to prevent erosion of the ditch itself, it was determined that
a maximum flow of less than 5 FPS would be desirable. To meet this
criteria a trapezoidal channel was designed with a bottom width of 12
feet, stable side slopes of 3:1 and an overall grade of approximately
2%. This channel produced a peak flow of 3.7 FPS and a design peak
depth of 1.2 feet. This provides for 0.8' of freeboard (see Plate 15-11
for typical section and Proposed Plan and Profile).

It was determined that in order to prevent erosion of the steep topography
near Quitchupah Creek a pipe culvert would be used at station 106+80.

The culvert is 50 feet Tong and is at a 34% grade. It utilizes two 42
inch corrugated steel pipes to convey the peak flow down the slope. The
culvert utilizes a box type inlet and a splash basin outlet. The overall
length of the structure is 71 feet and anchored with concrete. The
channel below the culvert has been lined with 6 inches of graded frip-
rap' to prevent erosion. The diversion will discharge directly into the
main channel of Quitchupah Creek (see Plate 15-12 for details of culvert
and diversion stations 106+00/108+40).
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DIVERSION INFORMATION SHEET

Owner/QOperator Conao\ Adon Gl c o

Address

County ¢ meey

Date gl20/8

Diversion Identification Number

24 Uy D\\H,(gior\

Location of Djversion:

LOCATIOH MAP

N beEi/ F>LdkLA

- I s-vaedsaz,

Sec. 32

5 L 722Se.rl€ £

DIVERSIONSéAND HAUL ROAD DRAINAGES

1. Total drainage area

acres

2.3 PRery

2. Design storm frequency €mTs
3. Design discharge AN cfs
4.  Channel type TRAIT 2~
5. Base width L2 feet
6. Sideslope(s) ' X 1, <
7. Channel capacity design

Design flow depth {4 feet
8. Channel velocity design

Maximum design flow velocity 3 A fps
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15.6.3. Waste Disposal Design Plan

The design of the refuse impoundment is based upon the projected production
figures, the efficiency of the plant, and the historical climatic data.

The impoundment has a design life of five years starting on January 1,
1982. Yearly production of fine and coarse refuse was determined by the
plant engineers and was used in determining the required storage capacity.
The rainfall and evaporation rates were gathered from the U.S. Weather
Service.

The plant will produce 130 gpm of slurry that contains approximately 3
TPH (tons per hour) of fine refuse, or 8.5% solids. The operating
concept of the impoundment is to separate the fines from the slurry and
return a constant amount of effluent to the plant as make-up water. In
determining the amount of return water four parameters were considered;
the amount of rainfall, evaporation rates, slurry production, and the
infiltration losses.

Amount of Rainfall

The rainfall was determined from historical records for the minimum,
mean, and maximum cases. Curves were plotted from recorded data for the
years from 1900 to present to determine these values. The minimum case
is used to determine the constant amount of make-up water that can be
expected to return to the plant in any one season. The minimum rainfall
value was derived from the curves by taking the 20% probability of
minimum rainfall occurrence. This minimum value is based upon the
occurrence of the event happening only once in any two consecutive
seasons. The constant rate values for the return water are determined
from the previous seasonal mean which reflects the reservoir capacity
and storage characteristics at that stage. The maximum case is used in
sizing the reservoir to determine the maximum pool staging. The maximum
value case was determined from the rainfall curves by taking the 10%
probability of the maximum rainfall event occurring in each consecutive
season. In other words, the reservoir is sized for this case occurring
every season for five years. This type of analysis provides for a very
conservative design and acts to safeguard the environmental concerns by
assuring an adequate storage capacity.

Evaporation Rates

The evaporation rates were taken from mean values as supplied by the

U.S. Weather Service. Limited data is available from the Service for
determination of the rates, therefore, the mean value has been used in
determining the design. The seasonal rates of evaporation are 50.4

inches for the summer and 13.8 inches for the winter seasons. In determining
the maximum design staging only the evaporation from the summer season
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was considered due to the possibility of freezing during winter. The
make-up water was determined from the yearly evaporation rate which
included both seasons.

Slurry Production

The design slurry inflow value for the five year plan is 130 gpm. The
slurry will be pumped from the plant to cell #2 where the fines will
settle out. The clarified effluent in cell #1 will be returned to the
plant for re-use.

Infiltration

Infiltration losses are expected to be minimal due to a clay liner which
underlays cell #1, cell #2, and the earth embankment. These losses are
not considered to play a significant role in the impoundment's function.

The inflow, outflow, and storage parameters were used to determine the
safest, most efficient design plan for this slurry impoundment facility.
The ultimate storage capacity of 198 acre-feet assures adequate storage
for seasons of high inflow rates (rainfall) and low evaporation rates
(evaporation). The minimum constant return summary provides a guide for
the efficient staging of the pumping from the pond to the plant. Refer
to Table 15-3 for the staged pump rates of return water. The pumping
requirement serves two purposes; the drawdown of the reservoir to reduce
maximum capacity requirements and the return of effluent for reuse in
the plant. As required, unexpected rainfall or effluent fluctuations
will be managed by changing the pumpage rate to the plant from a range
of 0 gpm to 300 gpm. The design, however, includes a wide range of
circumstances to reduce the management of the pond and only in unusual
circumstances will any extraneous management be required.

TABLE 15-3
MINIMUM CONSTANT RATE OF RETURN WATER
PUMP STAGING

Season/Year : Pump Rate (gpm)
Winter, 83 50
Summer, 83 50
Winter, 83/84 50
Summer, 84 100
Winter, 84/85 100
Summer, 85 100
Winter, 85/86 125
Summer, 86 ' 125
Winter, 86 125
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SUMMARY OF REFUSE PILE DRAINAGE

ALL WATER DRAINED OFF OF THE REFUSE PILE WILL BE IMPOUNDED IN THE SLURRY
POND. ALL GRADES WILL BE 1/2% IN THE DIRECTION SHOWN BELOW FOR DRAINAGE FLOW.

Lt
S
<
—~q |Z| P
< A
A
FACE ‘ B
DRAINAGE
TO SLURRY
POND
Y
—— 3 o
TO SLURRY POND
NO SCALE
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15.6.4 Stability Analyses

The stability analysis for the proposed slurry impoundment at Emery Mine
was performed with the STABL2 computer program, using the Modified
Bishop method. This program was developed by Ronald A. Siegel, as part
of an investigation conducted by the Joint Highway Research Project,
Purdue University, in cooperation with the Indiana Highway Commission.

Refer to section 15.5.1 for the laboratory analysis used in defining the
material parameters. The analysis and site investigation was performed
by Rollins, Brown, and Gunnel, Inc.

Summary of soil types and properties used for the stability analyses:

Effective Effective

2{ K’ Cohesion Friction

wet sat o
Material (pcf) (pcf) (pcf) (deg.)
I. ML 121.9 124.0 432 30.0
II. C 120.0 123.0 500 28.0
ITI. ML 124.0 126.0 288 27.3
IV. Shale 135.0 135.0 2,000 33.0

I. Earth Embankment
II. Clay Core / Liner
IIT. Earth Foundation
IV. Shale Subfoundation

A summary of the stability analyses performed for the proposed impounding
structure at the critical sections is presented in the following table:

Critical Factors of Safety

Rapid Drawdown Steady Seepage
Static Dynamic
Upstream 2.21 . 4.73 2.62
Downstream -— 3.41 2.17

The computer printout sheets follow.
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EMERY UPSTREAM SLOPE STABILITY
RAPID DRAWDOWN

MINIMUM FACTOR OF SAFETY 2.208



-=-SLCPE STABILITY ANALYSIS=--
SIMPLIFIED JANBU METHOD OF SLICES
IRREGULAR FATLURE SURFACES

PROBLEM DESCRIPTION EMERY UPSTREAM SILOPE STABILITY RAPID DRA
WDOWN 7 00000020

BOUNDARY COORDINATES

8 TOP BOUNDARIES
13 TOTAL BOUNDARIES

BOUNDARY X-LEFT Y-LEFT X=RIGHT Y~-RIGHT SOIL TYPE

NOY, (FT) (FT) (FT) (FT) BELOW BND
1 4o.00 42.00 61.50 42.00 1
2 61.50 42.00 113.00 61.50 1
3 11a.00 61.50 138,00 €1.50 1
& 138.90°C 61.5C 196,00 47,50 1
5 196.00 47.50 230,00 47,50 3
6 4p.00 41.50 67.50 41.50 2
7 67.50 41.50 103.50 57.50 2
8 103.50 57.50 119.00 57.50 2
9 4n.0nN 39.50 67.50 39,50 3
10 67.50 39.50 90,00 47,50 3
11 0.00 47.50 119.00 57.50 1
12 90.090 47.50 196.00 47.50 3
13 40.00 1.00 230,00 1.00 4



ISCTROPIC SOTL PARAMETERS

4 TYPE(S) OF SOIL

SOTIL TOTAL SATURATED CCHESION FRICTION PORE PRESSURE PIEZOMETRIC
TYPE  UNIT wT. UNIT WT. INTERCEPT ANGLE PRESSURE CONSTANT SURFACE
NO. (PCF) (PCF) (PSF) (DEG)Y PARAMETER (PSF) NO .
1 121.9 124.0 432.0 30.0 0.0 0,0 1
2 129.0 123.0 S00.0 28.0 0.0 0.0 1
3 24,0 12/.0 288.0 27.3 0.0 0.0 1
4 135.0 13E.0 2000.0 33.0 0.0 D.0 1



1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFTIFD

UNITWEIGHY OF WATER = 62,40

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 11 COORDINATE POINTS

POINT X=WATER Y-WATER
NO ., (FT) (FT)
1 40.00 42.00
2 61.50 42,00
3 106.50 57+50
4 113.50 57.50
5 120.25 51.75
6 148.00 S1.00
7 169.00 S0.00
8 184.00 49,00
9 193.00 48,00
10 196.00 47,50
11 230.00 47.50



SEARCHTING RNUTIME WILL BE LIMITED TO AN AREA DEFINED BY 1 BOUNDARIFS
OF WHICH THF FIRST 1 BOUNDARIES WILL DEFLECT SURFACES UPWARD

BOUNDARY X-LEFT Y~LEFT X=RIGHT Y~-RIGHT
NO, (FT) (FT) (FT) (FT)

1 4n.N0 1.00 230.00 1.00



A CRITICAL FATILURE SURFACE SEARCHING METHOD., USING A RANDOM
TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED.

25 TRIAL SURFACES HAVE BEEN GENERATED.

.3 SURFACES INITIATE FROM EACH OF POINTS EQUALLY SPACED

)
ALONG THE GROUND SURFACE BETWEEN X = 40,00 FT,.
AND X = 90,00 FT.
EACH SURFACE TERMINATES RETWEEN X = 115.00 FT.
AND X = 125.00 FT.

UNLESS FURTHER L IMITATIONS WERE IMPOSED, THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS IS Y = 0.0 FT,

5.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE,



FOLLOWING ARE DTSPLAYED THE TEN MOST CRITICAL OF THE TRIAL

FATLURE SURFACES EXAMINED,

FIRST.

THEY ARE ORDERED - MOST CRITICAL

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD.,

FATLURE SURFACE SPECIFIED BY 18 COORDINATE POINTS

POINT

NO .

OO UENN

X k%

X=SURF
(FT)

52.50
56.82
6139
66.14
71.03
76.00
81,00
85.97
90.86
95.62
190,18
104.50
108.53
112.23
115.5¢6
118.48
120.95
121.40

2.208 * %k

Y-SURF
(FT)

42.00
39,49
37.44
35.89
34485
34.32
34432
34.85
35,90
37.45
39.50
42.01
h4y,a7
4n.33
52.06
56.12
60.47
61.50

Min g

FATILURE SURFACE SPECIFIED BY 19

POINT

NO.

[y
DU NFEF N~

I I = N e Y QU
OO DU E NN -

X=SURF
(FT)

52.50
S6.38
65060
65.N9
69.80
T4.67
T9.64
84,64
89.61
4,48
29,19
103,69
107.90
111.79
115.29
118.36
120,97
123.08
124.14

Y=~SURF
(FT)

42.00
38485
36e1hA
3%3.96
32.29
31.17
30.60
30.60
31.16
32.29
33.96
36415
3e.84
41.99
45.56
49,50
53.77
58,30
€1.580

~

o
i t 2
AL A Laxr1n ¥ T-a\c}o{

COORDINATE POINTS



R

o

FATILURE SURFACE SPECIFTIEDC BY 20 COORDINATE POINTS

POINT X=SURF Y=SURF
NO. (FT) (FT)
1 52.50 42.00
2 56.17 38.61
3 60.22 35.67
4 6457 33.22
5 69.19 31.29
1) T4.00 29.91
7 78493 29.11
a8 83.92 28.88
9 88.91 29.23
10 93.82 30417
i1 98.59 31.67
12 103.16 33.72
13 107.45 36.28
14 111.41 39.32
15 115.00 42.81
16 118.15% b6.69
17 120.83 50.91
18 123.00 5542
19 124.63 60.14
20 124.93 £1.50
ok 2,316 #xx

FATLURE SURFACE SPECIFIED BY 16 COORDINATE POINTS

POINT X«SURF Y=SURF
NO . (FT) (FT)
1 65.00 43.21
2 69.27 40.60
3 73.83 38,56
4 78.62 37.12
5 83.55 36.32
6 88.55 36.15
7 93.53 - 36463
8 3a.40 3775
9 103.09 39.49
10 107.92 41.81
11 111.61 44.68
12 115.30 48.086
13 118.52 51.89
14 121.22 56.09
15 123.36 6D.61
16 123.64 61.50

* % % 26384 *%k¥k



-~

FATLURE SURFACE SPECIFIED BY 19 COORDINATE POINTS

POINT X=SURF Y-SURF
NO o (FT) (FT)
1 52.50 42,00
2 S56.04 3B.46
3 59.99 %41
g 64430 32.88
S 5£8.90 30.91
3 73.71 29,55
7 78.66 28.81
8 83.66 28.70
9 BR .63 29,23
10 93,49 30.38
11 984,17 32415
12 102.59 34,449
13 106.67 37.37
14 110.36 40.75
15 113.58 44,57
16 116.30 4R,77
17 118.46 53.28
18 120.03 58,03
19 120.70 6150
* K XK 2,353 k%xx*x

FATLURE SURFACE SPECIFIED BY 22 COORDIMATE POINTS

POINT X~SURF Y=SURF
NO. (FT) (FT)

1 40.00 42.00
2 43.66 38.60
3 47.65 35.58
4 51 .91 32.97
5 S6.42 30.80
6 61l.12 29.09
7 6597 2786
8 70.91 27.12
9 75.90 26.88
10 80.90 27.14
11 85.84 27.89
12 90.68 29.14
13 95.38 30.86
14 99.88 33.04
15 104,14 35.66
16 198.11 32.69
17 111.77 42.10
18 115.06 5,87
19 117.96 49.94
20 120.44 54.28
21 122.u48 58.84
22 123,36 61.50

* kX 2390 %xxx



FATLURE SURFACE SPECIFIED BY 15 COORDINATE POINTS

{ POINT X=SURF Y-SURF
NO, (FT) (FT)
{ 1 65.00 43,21
2 69.20 40,50
_ 3 73.76 38,44
( 4 78.57  37.08
5 83.53 36445
6 88,53 36457
C 7 93.46 37443
8 98,20 39,01
9 102.66 4127
( 19 106.73 44,18
11 110.32 4765
) 12 113.36 51.62
L 13 115.77 S6.00
i 14 117.51 60.69
A 15 117.65 6138
(
_ * kok 24396 *%x%
C
C FATLURE SURFACE SPECIFIED BY 22 COORDINATE POINTS
C POINT X=SURF Y-SURF
NO, (FT) (FT)
C 1 40.00 42,00
2 43,62 38.55
, 3 47.56 35.48
€ 4 51.79 32.81
5 56426 30.57
, 6 6093 28.78
{ 7 65.76 27.47
8 70.69 2664
) 9 75.68 2630
C 10 80.67 26445
11 B85.63 2710
, 12 30.50 28,24
C 13 95,23 29.85
14 99,78 31,92
15 108.11 34,43
( 16 108.16 37 .36
17 111.90 40,67
, 18 115.30 G4, 34
(. 19 118.32 UR,33
20 120.93 52.59
, 21 123.11 57.09
L 22 124.72 6150

g * Xk 2,398 **kx



FAILURE SURFACE SPECIFIED BY 20 COORDINATE POINTS

POINT X=SURF Y=SURF
NO. (FT) {(FT)
1 40.00 42.00
2 42.77 38.71
3 47.87 3%.85
4 52.25 32344
5 56«87 31.52
6 61.66 30.12
7 66.59 29,23
8 T1.57 28.88
9 76457 29.07
10 81.52 29.80
11 Bf«36 31.06
12 91.03 32.83
13 95.49 35.190
14 99.68 37.83
15 103.54 41.00
lé 107.05 44 .56
17 110.15% 48.49
18 112.80 B2.72
19 114,99 57.22
20 116.32 €0.92

* k¥ 2.U4T77 *%x%x

FATILURE SURFACE SPECIFIED BY 17 COORDINATE POINTS

POINT X=SURF ‘Y=-SURF
NO. (FT) (FT)
1 52.50 42.00
2 57.28 40.53
3 62.16 39.45
4 67.12 38.77
S 72.11 38.50
6 77.11 38,63
7 82.08 39,17
8 B86.99 40.11
S - 91.81 41.44
10 96.50 43.16
11 101.04 L5,.2%
12 105.40 47.71
13 109,54 5051
14 113.44 53464
15 117.07 57.07
16 120.42 60.79
17 120,96 61.50

* % % 2,492 xx%xx%x
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EMERY UPSTREAM SLOPE

STABTLTTY RAPID DRA

WOOWN 00000020
25 SURFARCES HAVE BEEN GENERATED

N

Y-AXIO c

86.25 {15.00  143.75
UI.OO 218'751 1 | i \
1 j T 1 T T 1 1

0.00 28.75 86:25 i1 0 143.75 172 .50 201.25 230.00
X-AX



10 MOST CRITICAL OF SURFACES GENERATED
MINIMUM FACTOR OF SRFETY = 2.208

W
Y-AX1
G.00 28.75 57 50 86 .25 115.00 143.75
— l - : ' : l :1_1
.00 28.75 57.50 86.25 115.00 143.75 172.50 201.25 230.00
X-AX15




EMERY UPSTREAM SLOPE STABILITY
STEADY SEEPAGE

MINIMUM FACTOR OF SAFETY 4.733



-=SLOPE STABILITY ANALYSIS~~
SIMPLIFIED JANBU METHOD OF SLICES
IRREGULAR FAILURE SURFACES

PROBLEM DESCRIPTION EMERY UPSTREAM SLOPE STABILITY STEADY SE
EPAGE 00000020

BOUNDARY COORDINATES

S TOP BOUNDARIES
13 TOTAL BOUNDARIES

BOUNDARY X=LEFT Y-LEFT X=RIGHT Y=RIGHT SOIL TYPE

NO ., (FT) (FT) (FT) (FT) BELOW BND
1 40.00 42,00 £1.50 42,00 1
2 61.50 42,00 118,00 61.50 1
3 118.00 61.50 138,00 61.50 1
4 138.00 61.50 196.00 47.50 1
5 196,00 47.50 230,00 47,50 3
6 40.00 41,50 67.50 41,50 2
7 67.50 41,50 103,50 57.50 2
8 103.50 57.50 119.00 57.50 2
9 40.00 39,50 67.50 39.50 3
10 67.50 39.50 90.00 47,50 3
11 30,00 47.50 119,00 57.50 1
12 30.00 47.50 196.00 47.50 3
13 40.00 1.00 230.00 1.00 4



1SOTROPLE SOIL PARAMETERS

4 TYPE(S) OF SOIL

SOIL TOTAL SATURATED COHESION FRICTION PORE PRESSURE PIEZOMETRIC
TYPE UNIT WT., UNIT WTe INTERCEPT ANGLE PRESSURE CONSTANT SURFACE

NO (PCF) (PCF) (PSF) (DEG) PARAMETER (PSF) NO.
1 121,.9 124.0 432.0 30.0 0.0 0.0 1

2 120.0 123.0 500,0 28,0 0,0 N.0 1

3 124,0 126.0 288.0 27.3 0.0 0.0 1

4 135.0 135.0 2000,0 33,0 0.0 .0 1



-

-

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECLFIFED

UNITWEIGHT OF WATER = 62,40

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 10 COORDINATE POINTS

POINT X=WATER Y=WATER
NO. (FT) (FT)
1 4o.00 5750
2 106.50 5750
3 113.50 57+50
4 120,25 51.75
5 148.00 51.00
6 169.00 50,00
7 184.00 49,00
8 133.00 48,00
9 196.00 47.50
10 230,00 47.50



SLARLMING KOUTEING WILL b LiMITED TO AN AREA DEFINED RY 1 ROUNDARIES
OF WHICH THE FIRST 1 BOUNDARIES WILL "SFLECT SURFACES UPWARD

BOUNDARY X=LEFT Y-LEFT X=RIGHT . Y=RIGHT
NO. (FT) (FT) {(FT) (FT)

1 4a.00 1,00 230,00 1.00



A CRITICAL FAILURE SURFACE SEARCHING METHOD.,
TECHNIQUE FOR GENERATING CIRCULAR SURFACES,

25 TRIAL SURFACES HAVE BEEN GENERATED,

5 SURFACES INITIATE FROM EACH OF S POINTS
ALONG THE GROUND SURFACE BETWEEN X = 40,00
EACH SURFACE TERMINATES BETWEEN X = 115,00

AND X = 125,00

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE
AT WHICH A SURFACE EXTENDS IS Y = 0,0 FT,

USIMNG A RANDOM

HAS BEEN SPECIFIFD,

EQUALLY SPACED
FT.
FT.

FTe
FT.

MINIMUM ELEVATION

5,00 FTe LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE,



FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FATILURE SURFACES EXAMINEDs. THEY ARE ORDERED - MOST CRITICAL
FIRST,

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD.

N——

FATLURE SURFACE SPECIFIEC BY 16 COORDINATE POINTS

POINT X=SURF Y~SURF
No, (FT) (FT)
1 65400 43421
2 69.27 40460
3 73.83 38456
4 78.62 37.12
5 83.55 36432
6 88,55 36415
7 93.53 36463
8 98.40 37475
9 103.09 39449
10 107.52 41,81
11 111.61 44,68
12 115430 48406
13 118.52 51489
14 121,22 56409
15 123,36 60.61
16 123.64 61450
L HeT733 *xx Minitom  Qaltey  Fuckor

FATLURE SURFACE SPECIFIED BY 18 COORDINATE POINTS

POINT X=SURF Y~SURF
No. (FT) (FT)

1 52.50 42.00

2 56.82 39.49

3 61.39 37.44

4 66.14 35.89

5 71.03 34.85

6 7600 34.32

7 81.00 34,32

8 85.97 34,85

9 90.86 35490

10 95.62 3745

11 100,18 39.50

12 104,50 H2.01

13 108.53 44,97

1y 112,23 4bB.33

15 115.56 52.06

16 118.48 56412

~— 17 120,95 60.47

1s 121.40 61.50

* k% 4,740 *%x%x



~

FATLURE SURFACE SPECIFIED BY 19 COORDINATE POINTS

POINT X=SURF Y=SURF
NO. {FT) (FT)
1 52.50 42,00
2 S6.38 38485
3 60.A0 36e16
4 65.09 33,96
5 69.80 32.29
6 The67 31417
7 79.64 30.60
8 84,64 30,60
9 89.61 31.16
10 94 .48 3229
11 99,19 33.96
12 103.69 36415
13 107.90 Is.84
1y 111,79 41.99
15 115.29 45.56
16 118.36 49,510
17 120.97 53,77
i8 123.08 58,30
19 124,14 61.50
Ak K 4,837 ®=xx

FAILURE SURFACE SPECIFIED BY 13 COORDINATE POINTS

POINT X~SURF Y=-SURF
NO., (FT) (FT)
1 77.50 47452
2 81.88 45.10
3 86.58 43.40
4 91.49 42.46
5 96.49 42.31
6 101.45 42,94
7 106.25% 44 .35
8 110.76 46.49
9 114.89 49,31
10 118.52 52.75
11 121.56 S6.72
12 123,94 61.12
13 124.07 61.50

* kK 4,999 xxx*x



o

FAILURE SURFACE SPECIFIED BY 20 COORDINATE POINTS

POINT X=SURF Y=SURF
NO. (FT) (FT)
1 52.50 42.00
2 56.17 38,61
3 60.22 35.67
4 64,57 33.22
9 69,19 31.29
6 T4 .00 29.91
7 78,93 29,11
8 83,92 28 .88
9 88,91 29.23
10 93.82 30417
11 98,59 31.67
12 103.16 33.72
i3 107.45 36.28
14 111.41 39.32
1% 115.00 42,81
1l¢ 118415 46.69
17 12n.83 50.91
¥} 123.00 55442
19 124,63 60.14
20 124 .93 61.50
xRk - 4,999 x*xx

FATILURE SURFACE SPECIFIED BY 17 COORDINATE POINTS

POINT X-~SURF Y~SURF
NO. (FT) (FT)
1 52.50 42.00
2 57.28 4053
3 62.16 3945
4 67.12 38.77
5 72.11 38.50
6 77.11 38463
7 82,08 39.17
8 B86.99 40.11
9 91.81 4l.44
10 96.50 43.16
11 101.04 45425
12 105.40 47.71
13 109,54 50.51
14 113.44 53.64
15 117.07 57.07
le 120.42 60.79
17 120.96 61.50

* k% Se0UY wxx



oy

FATLURE SURFACE SPECIFIED BY 22 COORDINATE POINTS

POINT
NO .,

VONPUAE NN -

LE S

X=SURF
(FT)

40.00
43.62
47.56
51.79
56.26
60.93
65,76
70.69
75.68
80.67
85.63
90.50
95.23
99.78
104,11
108.16
111.90
115.30
118.32
120.93
123.11
124,72

S5.154 **xx

Y=SURF
(FT)

42.00
38,55
35.48
32.81
30.57
28.78
27447
26+64
26430
26445
27.10
28.24
29,85
31.92
34,43
37436
40.67
44,34
48,33
52.59
57.09
61.50

FATLURE SURFACE SPECIFIED BY 22

POINT
NO .

P b b
HOPOONONNEWN -

bbb b e b
WO NFW

N VN
A VIR e ]

X=-SURF
(FT)

40,00
43.66
47.65
51.91
S56.42
l.12
65.97
70.91
75.90
80.90
85,84
90.68
95.38
99.88
104,14
i08.11
111.77
115.06
117.96
120,44
122.48
123.36

Y=SURF
(FT)

42,00
38.60
35.58
32.97
30,80
29,09
27«86
27.12
26488
27«14
27.89
29.14
30.86
33.04
35.66
3R,69
42,10
45,87
k9,94
S4,.28
S8.84
61.50

COORDINATE POINTS



FAILURE SURFACE SPECIFIED BY 14 COORDIMATE POINTS

FOINT X=SURF Y=-SURF
NO . (FT) (FT)

1 77.50 47.52

2 81.25 44,21

3 85.54 41.64

4 9022 39.89

5 95.15 39.03

6 100.15 33,07

7 105.05 40.03

A 109.71 41.86

9 113.95 44,51

10 117.64 47.88

11 120,65 51.87

12 122.89 5634

13 124.27 61.15

14 124,31 61.50

* ok k SelH6S xxx

FATLURE SURFACE SPECIFIED BY 19 COORDINATE POINTS

POINT X=SURF Y=SURF
NQ. (FT) {FT)
1 52.50 42,00
2 56.04 38.46
3 59.99 35441
b 64430 32.88
9 68.90 30.91
6 73.71 29.55
7 78.66 28.81
8 83,66 28,70
9 88.63 29.23
10 93.49 30.38
11 9A8,17 32.15
12 102,59 34,49
13 106,67 37.37
14 110,36 40.75
15 113,58 44,57
16 116430 48,77
17 113.46 53.28
18 120.03 58.03
19 120.70 61.50

* %k 56518 xx%xx



28,75

57.50

86.25

115.00

143,75

172.50

201.25

230.00

1t + 3 4

28.75 57.50 86,25 115,00

x Xk W
Te
T
7...2
7 52
70526%
7526%*1
75321,.
75321.. 4§
70321694
7532164,
532 6“.*.
53.19"‘0.
531246,
5311+640%
7331264
53126W,
B53W3*xx%
531



EMERY UPSTREAM SLOPE STABILITL DivrAb ok

EPAGE 00000020
25 SURFACES HAVE BEEN GENERATED
"
Y-AX15 | ,
.00 28.75 57.50 86.25 115.00 143.75
L L 1
1 1 1 1 1 1 i 1 1
0.00 28.75 57.50 86.25 115.00 143.75 172 .50 201.25 230.00
X-AX1S
H




10 MOST CRITICAL OF SURFACES GENERATED
MINIMUM FACTOGR OF SAFETY = 4.733

"
Y-AX1S | |
0.00 ,8.75  57.50  86.25  115-00 143.75
| 1 { y
0.00 25.75  57.50  86.25 lo.00  143.75 172.50 201.25  230.00
X-AX1S




EMERY UPSTREAM SLOPE STABILITY
STEADY SEEPAGE WITH EARTHQUAKE

MINIMUM FACTOR OF SAFETY 2.620



=e=OLUMFE STABLILLIY ANALYSLID=~
SIMPLIFIED JANBU METHOD OF <LICES
IRREGULAR FAILURE SURF. 'S .

PROBLEM DESCRIPTION EMERY UPSTREAM SLOPE STABILITY STEADY SE
EPAGE WITH EQUAKE oonoo0020

BOUNDARY COORDINATES

S TOP BOUNDARIES
13 TOTAL BOUNDARIES

BOUNDARY X=LEFT Y=-LEFT X=RIGHT Y-RIGHT SOIL TYPE

NG, (FT) (FT) (FT) (FT) BELOW BND
1 40,00 42.00 61,50 42,00 1
2 61.50 42,00 118,00 61,50 1
3 118.00 61,50 138.00 61.50 1
4 138.00 61,50 196,00 47.50 1
5 196.00 47.50 230,00 47.50 3
6 40.00 41.50 67.50 41.50 2
7 67.50 41,50 103,50 57.50 2
8 103.50 57.50 119,00 57.50 2
9 40.00 39,50 67,50 39,50 3
10 67.50 39.50 90,00 47.50 3
11 90.00 47.50 119,00 57.50 1
12 90.00 47.50 196.00 47.50 3
13 40.00 l.00 230,00 1.00 4



LSOTROPLC S01L PARAMETERS

4 TYPE(S) OF SOIL

SOTL
TYPE
NO

FE NN -

TOTAL

UNIT wWT,

(PCF)

121,9
120,0
124,0
135.0

SATURATED
UNIT WT,

(PCF)

124.0
123.0
126.0
135.0

COHESION
INTERCEPT
(PSF)

432.0
500.0
28840
2000.0

FRICTION
ANGLE
(DEG)

30,0
28.0
27.3
33,0

PORE
PRESSURE
PARAMETER

[= R = o B ]

0.
0.
0.
0.

PRESSURE
CONSTANT
(PSF)

PIEZOMETRIC
SURFACE
NO

(WP PRGN



— e A N L AR I SO S SR R I ol F . X By Wiy DU Y B O Sy W)

UNITWEIGHT OF WATER = 62.40

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 10 COORDINATE POINTS

POINT X=WATER Y=WATER
NO. (FT) (FT)
1 40.00 57.50
2 106.50 57.50
3 113.50 57.50
4 120.25 51.75
5 148.00 51.00
6 169.00 50.00
7 184,00 49.00
B 193.00 48,00
9 196400 47.50
10 230.00 47.50

A HORIZONTAL EARTHQUAKE LOADING COEFFICIENT
OF0.100 HAS BEEN ASSIGNED

A VERTICAL EARTHQUAKE LOADING COEFFICIENT
OF0.0 HAS BEEN ASSIGNED

CAVITATION PRESSURE ==2117.0 PSF



A L2/ WD

OF WHICH THE FIRST 1 BOUNDARIES WILL DEFLECT SURFACFS UPWARD

BOUNDARY X=LEFT Y-LEFT X=RIGHT Y=RIGHT
NO. (FT) (FT) (FT) (FT)

1 40.00 1.00 230,00 1.00



AR T B R W ) ] QUINE MLl SCARAINGITLING MO 11IUL e

UDLINNG R KANUUM

TECHNIQUE FOR GFNERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED,

25 TRIAL SURFACES HAVE BEEN GENERATED.

5 SURFACES INITIATE FROM EACH OF S POINTS
ALONG THE GROUND SURFACE BETWEEN X = 40,00
AND X = 90,00

EACH SURFACE TERMINATES BETWEEN X = 115.00
AND X = 125,00

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE
AT WHICH A SURFACE EXTENDS IS Y = (0.0 FT,

EQUALLY SPACED
FT.
FTe

FT.
FT.

MINIMUM ELEVATION

5.00 FTe LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE.



P

FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FAILURE SURFACES EXAMINED. THEY ARE ORDERED -~ MOST CRITICAL

FIRST.

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD.

FAILURE SURFACE SPECIFIED BY 19 COORDINATE POINTS

POINT
NO .,

VNN FONN -

&k %k

X=SURF
(FT)

52.50
56.38
60.60
65.09
69.80
T4.67
T79.64
84.64
89.61
94,48
99.19
103.69
107.90
111.79
11%.29
118.36
120.97
123.08
124,14

2.620 **x%

Y=SURF
(FT)

42.00
38,85
36.16
33.96
32.29
31.17
30.60
304,60
31.16
32429
33.96
36.15
38,84
41.99
45,56
49.50
93.77
58.30
61.50

" fa) t
TiAimum  Sastey  recme

FATLURE SURFACE SPECIFIED BY 20 COORDINATE POINTS

POINT
NO.

VDN F N -

X=SURF
(FT)

52.50
56.17
60.22
64,57
69.19
T4.00
78.93
83.92
88,91
93.82
98.59
103,16
107.45
111,41
115.00
118.15
120.83
123.00
124.63
124.93

Y=SURF
(FT)

42,00
38,61
35.67
33.22
31.29
29,91
2%9.11
28.88
29.23
30.17
31.67
33,72
36.28
39.32
42.81
46.69
50.91
5542
60,14
61.50



* ok 2.641 *xx



FAILURE SURFACE SPECIFIED BY 22 COORDINATE POINTS

POINT X=SURF Y=SURF
NO, (FT) (FT)
1 40.00 42.00
2 43.62 38.55
3 47 .56 35.48
Y 51.79 32,81
5 56426 30.57
6 60.93 28,78
7 65,76 27.47
8 70.69 264,64
9 75.68 26.30
10 B0.67 2€.45
11 85.63 27.10
12 90.50 28.24
13 95,23 29.85
14 99.78 31.92
15 104,11 34,43
1a 108.16 3736
17 111,90 40.67
18 115.30 by .34
19 118.32 4A.33
20 120.93 52.59
21 123,11 57.09
22 124,72 61.50
* k¥ 2.650 *kxx

FATLURE SURFACE SPECIFIED BY 22 COORDINATE POINTS

POINT X=SURF Y-SURF
NO. (FT) (FT)
1 40,00 42.,00
2 43.66 38.60
3 47465 35.58
4 51.91 32.97
5 56.42 30.80
6 61.12 29.09
7 65,97 27.86
8 70.91 27.12
9 75+.90 26.+88
10 80.90 27414
11 85.84 27.89
12 90.68 29%.14
13 95.38 30.86
14 39.88 33.0u4
15 104.14 35.66
16 108.11 38.69
17 111.77 &2.10
18 115,06 45.87
19 117.96 49,94
20 120.44 54,28
21 122.48 58.84

22 123,36 61.50



FATLURE SURFACE SPECIFIED BY 18 COORDINATE POINTS

POINT X=SURF Y=-SURF
NO ., (FT) (FT)
1 52.50 42,00
2 56.82 39,49
3 61,39 37.84
4 6he14 35.89
S 71.03 34,85
6 76.00 34,32
7 81.00 34,32
8 85.97 34,85
9 9N .86 35.90
10 9%.62 3745
i1 100,18 39.50
12 104,50 42,01
13 108,53 44,97
1y 112.23 48,33
15 115.56 52.06
16 11R.4R8 56.12
17 120.95 60.47
18 121,40 61.50
* %k 2,694 Xxxx%x

FATLURE SURFACE SPECIFIED BY 16 COORDINATE POINTS

POINT X=-SURF Y-SURF
NO, - {FT) (FT)
1 65.00 43,21
2 69.27 40.60
3 73.83 38,56
4 78.62 37.12
S 83.55 36,32
6 88455 36415
7 93.53 36463
8 98.40 37.75
9 103.09 39.49
10 107.52 41.81
11 111.61 44,68
12 115.30 48.06
13 l118.5%2 S51.89
14 121.22 56.09
15 123.36 60.61
16 123.64 61.50

* Ak 2,695 xkx



FAILURE SURFACE SPECIFIED BY 19 COORDINATE POINTS

POINT X=SURF Y=SURF
NO. (FT) (FT)
1 52.50 42,00
2 56.04 38446
3 59,99 35441
4 64,30 32.88
5 68.90 30.91
6 73.71 29455
7 78.66 28.81
L 83,66 28,70
9 88.632 29.23
10 93,49 30438
11 98.,17 32.15
12 102.59 3449
13 106.67 3737
1y 110.36 b0.75
15 113.58 44,57
16 116.30 48.77
17 118.46 53.28
18 120.03 58.03
19 120.70 61.50
* Kk 2,795 *xx

FATLURE SURFACE SPECIFIED BY 17 COORDINATE POINTS

POINT X=SURF Y=SURF
NO. (FT) (FT)
1 65.00 G3.21
2 GR.56 39.70
3 72.61 36477
b 77.06 34.48
8 81.80 32.88
6 86.72 32.02
7 21.72 31.92
8 96.68 32.57
9 101.48 33.95
10 106.02 36405
11 110.19 38.81
12 112.90 42.16
13 117.086 L6.04
14 119.60 50434
15 121.46 54,98
16 122.60 59.85
17 122.73 61.50

* k% 2,869 *xxx



FAILURE SURFACE SPECIFIED BY 20 COORDINATE POINTS

POINT X=SURF Y=SURF
NO. (FT) (FT)
1 4n.00 42,00
2 43.77 38,71
3 47.87 35.85
4 52.25 33.44
5 56.87 31.52
6 61.66 30412
7 66459 29.23
8 71.57 28.88
9 76.57 29.07
10 81.52 29.80
11 86436 31.06
12 91,03 32.83
13 95,49 3510
14 99,68 37.83
15 103.54 41.00
16 107.05 44,56
17 110.15 48,49
is 112,80 52672
19 114.99 57.22
20 116.32 60.92
* kK %k 2.961 3 Xk %k

FAILURE SURFACE SPECIFIED BY 13 COORDINATE POINTS

POINT X=SURF Y=SURF
NO. (FT) (FT)
1 T7.50 47.52
2 81.88 45.10
3 86.58 3.40
4 91.49 42.46
5 9649 42431
6 101.45 42.94
7 106.25 44,35
8 110.7¢ Gee.49
9 114.89 49431
10 118.52 52.79%
11 121.56 56.72
12 123,94 61.12
13 124.07 61.50

* k% 2,998 xxx



i

28,75

57.50

86.25

115.00

143,75

172.50

201.25

230.00

1% 1 + 1

| I S N N |

V + 1t

t + 011

11 4+ 0 2

28.75 57.50 86.25 115,00

* %k W
3.
3
39..1
3 21
3721e%x
321.*6
321564,
321564 O
37156440
3215640
215 0ok,
2195.04..,
21650e4s
21659, 4%
3115540
2165.W9
21Wl%x
211

=

143,75



EMERY UPSITREHM BLUNG SIRDLIL L1 wleiir v
FPAGE WITH EQUAKE 00000020

25 SURFACES HAVE BEEN GENERARTED

W
Y-AX1S
| : 86.25 {15.00  143.75
0.00 2875 57 .50 |
r T T 1 ] i T 1 1
0.00 28.75 57.50 86.25 115.00  143.75  172.50  201.25  230.0
X-AX19




10 MOST CRITICAL OF SURFACES GENERARTED
MINIMUM FACTOR OF SAFETY = 2.820

W W
i W

Y-AX1S |

' ‘ {43.75
000 26.75 57.50 86 .25 115.00 L, J
I T
0.00 28.75 57.50 86.25 5.00  143.95  192.50 20125 250.00

X-AX1S




EMERY DOWNSTREAM
SLOPE STABILITY
STEADY SEEPAGE

MINIMUM FACTOR OF SAFETY 3.408



-=SLOPE STABILITY ANALYSIS-=-
SIMPLIFIED JANBU METHOD OF SLICES
IRREGULAR FAILURE SURFACES

PROBLEM DESCRTIPTION EMERY STAGE1 DOWNSTREAM SLOPE STABILITY
STEADY SEEPAGE 00000020

BOUNDARY COORDIMATES

6 TOP BOUNDARIES
14 TOTAL BOUNDARIES

BOUNDARY X-LEFT Y-LEFT X=RIGHT Y-RIGHT SOIL TYPE

NO . (FT) (FT) (FT) (FT) BELOW BND
1 35.00 38.00 68.50 38,20 3
2 68,50 38.20 127.00 53.00 1
3 127.00 53.00 147,00 53.00 1
4 147.00 53.00 158.50 49,00 1
5 158.50 49,00 203,50 33.50 1
6 203.50 33.50 225.00 33.50 1
7 145.50 49.00 151,50 49,00 2
8 151.50 49.00 197,60 33.00 2
9 197.60 33.00 225.00 33.00 2
10 145.50 49.00 175.00 38.80 1
11 175.00 38.80 197.40 31,00 3
12 197.40 31.00 225.00 31,00 3
13 68.50 38,20 175.00 38.80 3
14 35.00 1,00 225.00 1.00 4



1SGTROPIC SOIL PARAMETERS

4 TYPE(S) OF SOIL

SOIL TOTAL SATURATED COHESION FRICTION PORE PRESSURE PIEZOMETRIC
TYPE UNIT wT, UNIT WTe IMNTERCEPT ANGLE PRESSURE CONSTANT SURFACE
NO. (PCF) {PCF) (PSF) (DEG) PARAMETER (PSF) NO.

1 121.9 124.0 L32.0 30,0 0.0 N.0 1

e 120.0 123.,0 500.0 28.0 0,0 0.0 1

3 124.0 126.0 288.0 27.3 0.0 0.0 1

u 135,0 13540 2000.0 33.0 0.0 0.0 1



LA e Ve N EL O ML L VD YL LLLIV L LA LW

UNITWEIGHT OF WATER = 62.40

PIEZOMETRIC SURFACE NO., 1 SPECIFIED BY 10 COORDINATE POINTS

POINT X-WATER Y=-WATER
NO. (FT) (FT)
1 35.00 38.00
2 68.50 384,20
3 71.80 39.00
4 81.00 40.00
5 96.00 41.00
6 117.00 42.00
7 144.60 43,00
8 151.50 49,00
9 158450 49,00
10 225.00 49.00



O AISLItING rUUEAME WILL bbb bLimiftt 10 AN ARELA UnFIpNELD HBY 1 BUUNDARIELS
OF WHICH THE FIRST 1 BOUNDARIES WILL ""FLECT SURFACES UPWARD

BOUNDARY X-LEFT Y=-LEFT X-RIGHT Y=-RIGHT
NO. (FT) (FT) (FT) (FT)

1 35.00 1.00 225.00 1.00



A CRITICAL FAILURE SURFACE SEARCHING MEIHUDs USLNG A RANUUM
TECHNIQUE FOR GENERATING CIRCULAR SURF*"ESs HAS BEEN SPECIFIED,

25 TRIAL SURFACES HAVE BEEN GENERATED.,

& SURFACES INITIATE FROM EACH OF POINTS EQUALLY SPACED

5
ALONG THE GROUND SURFACE BETWEEN X = 40,00 FT,
AND X = 90,00 FT,.
EACH SURFACE TERMINATES BETWEEN X = 115,00 FT,
AND X = 135,00 FT,.

UNLESS FURTHER LIMITATIONS WERE IMPOSEDs THE MINIMUM ELEVATION
AT WHICH A SURFACE EXTENDS IS Y = 0.0 FT,

5.00 FT. LINE SEGMENTS DEFINE EACH TRIAL FAILURE SURFACE.



aat

G

FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FATLURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL

FIRST,

SAFETY FACTORS ARE CALCULATED BY THE MODIFIED BISHOP METHOD,

FAILURE SURFACE SPECIFIED BY 20 COORDINATE POINTS

POINT

NO,

T b b (b e pd b pb b b
VONDPALFUNPFPOOVO~NNMNASTLHNKR

n
o

*kok

X=SURF
(FT)

52.50
56439
60.56
64497
69.59
T4.37
79.28
84.25
89.25
94,23
99.14
103.95
1n08.59
113.04
117.25
121.18
124.79
128.06
130495
133,27

3,408 *%x

Y=SURF
(FT)

38.10
34.96
32.20
29.85
27 .94
26.48
25.49
24,98
24494
25.39
26431
27.70
29.54
31.82
34,52

- 37.62

41.07
b4 .86
48,94
53.00

TENMUM Saldey Factor

FAILURE SURFACE SPECIFIED BY 21 COORDINATE POINTS

POINT

NO.

[
OV EFENN M

R b b b b A b
VONOWE N -

X=-SURF
(FT)

52.50
56,17
60.17
64,43
68.94
73.63
78.47
83.42
8R.41
93.40
98.35
103.21
107.92
112.48
116,74
120.76
124.47
127.83
130.81

Y=SURF
(FT)

38.10
34e71
31.70
29.10
26.92
25.21
23.96
23.20
22.92
23.14
23.86
25.08
26.72
28.84
31.41
34,38 ‘
37.73
41.43
45.45



21 134493 53.00

* % % 3.431 xxx



FATLURE SURFACE SPECIFIED BY 17 COORDINATE POINTS

POINT X=SURF Y=-SURF
NO. (FT) (FT)

1 65.00 38.18

2 69.06 35.26

3 73.42 32.82

4 78.032 30.89

S 82.84 29.49

6 87.77 28466

7 92.76 2R .38

8 FT7.7% 284,68

9 102.67 29.54

10 107.47 3096

11 112.07 32.91

12 116442 35.37

13 12047 3831

14 124,15 41.70

15 127.42 45.48

16 130.25 49.60

17 132.04 53,00

k¥ 3,447 kkx

FAILURE SURFACE SPECIFIED BY 18 COORDINATE POINTS

POINT X=SURF Y~-SURF
No, (FT) (FT)
1 65.00 38.18
2 68.55 34466
3 7254 31.64
b 76.88 29.16
S 81.51 27.28
6 86.35 26.02
7 91.31 25.40
8 96.31 25443
9 101.26 26412
10 106.08 27.46
11 110.69 29.41
12 114,99 31.95
13 118.93 35.03
14 12243 38.60
15 125.44 42.60
16 127.89 46495
17 129.75 51.59
18 130.11 53.00

L L 3.581 *%x%x%x



FATLURE SURFACE SPECIFIED BY 24 COORDINATE POINTS

POINT X-~SURF Y=SURF
NQO. (FT) (FT)
1 4n,00 38,03
2 43.62 34.58
3 47.52 31.46
4 51,68 28.68
5 5606 26426
6 6063 24,23
7 65435 22.60
8 70.20 21.38
9 T5.14 20.58
10 80.12 20.21
11 85.12 20.26
12 90.10 2074
13 95.02 21.65
14 99,84 22.98
18 104.53 24,71
1s 109.0% 26.84
17 113,38 29.35
18 117,47 32.21
19 121.31 35.42
20 124 .85 38,95
21 128,08 42,77
22 130.97 846.85
23 133,50 S51.16
24 134,38 53.00
X Kk 3.604 *x%kx%x

FAILURE SURFACE SPECIFIED BY 18 COORDINATE POINTS

POINT X=SURF Y«SURF
NO, (FT) (FT)
1 52.50 38.10
2 56.83 35.60
3 61.37 33.50
4 66.07 31,81
5 70.91 30.56
6 75.85 29.75
7 80.83 29.39
) 85.83 29.47
9 90.80 30.01
10 95,71 30.99
11 100.50 32.41
12 105.15 34,26
13 109.61 36.52
14 113.85 39,17
15 117.83 42.19
16 121.52 , 45.56
17 124.90 49,25
18 127.75 53,00

* ok k 3.613 *%kx%x



~

FATLURE SURFACE SPECIFIED BY 20 COORDINATE POINTS

POINT X=SURF Y=SURF
NO, (FT) (FT)
1 52.50 38,10
2 56.04 34,57
3 59,95 31.46
4 64,20 28,83
5 68.72 26.69
6 73.46 25.09
7 78435 24,05
8 83.33 23457
9 88.33 23.66
10 33.28 24.33
11 9R.13 25.56
12 102.80 27.34
13 107.24 29.64
14 111.38 32.404
15 115.18 35.69
16 118.58 39.36
17 121.54 43,39
18 124.01 47.73
19 125.97 52433
20 12¢.10 52.77
* ok ok 3.622 xxx

FAILURE SURFACE SPECIFIED BY 23 COORDINATE POINTS

POINT X=SURF Y=-SURF
NO, (FT) (FT)
1 40.00 38.03
2 43.66 3k.63
3 47.61 31.56
4 51.82 28.85
5 56.24 26452
6 60.85 24 .59
7 65.61 23.07
8 70.49 21.97
9 75.45 21.31
10 80.44 21.08
11 85.44 21.29
12 90.40 21.94
13 95.28 23.02
14 100,05 24,53
15 104.66 26445
16 109,09 28.76
17 113,31 31.46
18 117.26 34451
19 120.94 37.90
20 12u.30 b1.60
21 127.33 45.58
22 129.99 49,81
23 131.63 53.00

* kK 3.6U46 *kx



~~

FATILURE SURFACE SPECIFIED BY 1% COORDINATE POINTS

POINT X=SURF Y=SURF
NO. (FT) (FT)

1 65.00 38,18

2 69,01 35.19

3 T3.41 32.81

4 78,10 31.09

5 83.00 30.06

6 87.99 29.75

7 92.97 30.14

8 97 .84 31.29

9 102,50 33.10

10 106.85 35.57

11 110.80 38.63

12 114.27 H2.24

13 117.18 46430

14 119.47 50.74

15 119.61 51.13

* %k %k 3,741 xxx

FAILURE SURFACE SPECIFIED BY 14 COORDINATE POINTS

POINT X=SURF Y=SURF
NO., (FT) (FT)
1 77.50 40,48
2 81.82 37.96
3 86.43 36.01
4 91.24 34.67
5 96¢.19 33.95
6 101,19 33.87
7 106.16 34443
8 111.01 35.62
9 115.68 37.42
10 120,07 39,.81
11 124,13 42.73
12 127.78 4615
13 130.96 50.00
14 132.85 53.00

* Xk 4,133 *xx



0,00 28,13 56,25 84,38 112,50 140.63
0:.0N 4mceccnnne Ll A AL L L R e LRl Bl L L Rl LY kbbb b B L ) -4

28.13 +

* *

- S S

- 5 .

- 5 o1
56,25 + 5. 16

- S 16.

- 5021..3

- 571443%

- 581463,

- 5 1“3.0“
84,38 + 52139.0

- 921360ee o

- 2136.oow

- 21396440

- 2136ees

- 210600.
112,50 + 213069.,

- 2137W9,9

- 2133679,

- 251146x%

- 2121

- 2
140,63 +

- W *x %

- *

- *
168.75 +

- *
196.88 %

1 1 + 1

225.00 x * X W



EMERY STAGE! DOWNSTREAM . _0OPE STABILITY
STERDY SEEPAGE 0a000020

25 SURFACES HARVE BEEN GENERARTED

Y-AX1IO
ODOO 28-13 516=25 8]4-38 1|12.50 41]40’63
= — ‘ A T 7 T T U
0-00 28.13 56.:25 84.38 1] 0 140.63 168.75 186.88 225.00
X-AX




10 MOST CRITICAL OF SURFACES GENERATED
MINIMUM FACTOR OF SAFETY = 3.408

Y-AXI5
. .50 140.63
0.00 08.13  §6.25  84.38 12 |
0.00 28.13  56.25  84.38 5 1h0.65 155 05 16685 a2bs.o0




EMERY DOWNSTREAM
SLOPE STABILITY
STEADY SEEPAGE AND EARTHQUAKE

MINIMUM FACTOR OF SAFETY 2.170



-=SLOPE STABILITY ANALYSIS=-
SIMPLIFIED JANBU METHOD OF SLICES
IRREGULAR FAILURE SURFACES

OBLEM DESCRIPTION EMERY STAGE1 DOWNSTREAM SLOPE STABILITY
STEADY SEEPAGE & EQUAKE 00000020

BOUNDARY COORDINATES

6 TOP BOUNDARIES
14 TOTAL BOUNDARIES

BOUNDARY X=-LEFT Y=-LEFT X~RIGHT Y-RIGHT SOIL TYPE

NO. (FT) (FT) (FT) (-7 BELOW BND
1 35.00 38,00 68,50 38,20 3
2 68.50 38,20 127,00 53.00 1
3 127.00 53.00 147.00 53.00 1
4 147.00 53.00 158,50 49,00 1
s} 158450 49.00 203,50 33,50 1
6 203.50 33,50 225,00 33,50 1
7 145.50 49,00 151.50 49,00 2
8 151.50 49,00 197.60 33,00 2
9 197.60 33.00 225,00 33.00 2
10 145.50 49.00 175.00 28.80 1
11 175.00 ' 38.80 197.40 31.00 3
12 197.40 31.00 225,00 31,00 3
13 68.50 38,20 175,00 38,80 3
1y 35,00 1,090 225,00 1,00 4



ISCTROPIC SOIL PARAMETERS

4 TYPE(S) OF SOIL

~NIL TOTAL SATURATED COHESION FRICTION PORE PRESSURE PIEZOMETRIC
.PE UNIT wT. UNIT WT. INTERCEPT ANGLE PRESSURE CONSTANT SURFACE
NO. (PCF) (PCF) (PSF) (DEG) PARAMETER (PSF) NO.
1 121.9 124.0 432.0 30,0 0,0 0,0 1
2 120.0 123.0 500.0 28,0 0,0 .0 1
3 124,90 126.0 288.0 27.3 0,0 0,0 1
4 135,0 135.0 2000.0 33.0 0,0 0,0 1



1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIFD

UNITWEIGHT OF WATER = 62,40

PIEZOMETRIC SURFACE NO. 1 SPECIFIED BY 10 COORDINATE POINTS

POINT X=WATER Y=WATER
NO. (FT) (FT)
1 35.00 38.00
2 68.50 38.20
3 71.80 39.00
4 81.00 40.00
5 96.00 41.00
6 117.00 42.00
7 144.60 43.00
8 151.50 49,00
9 158.50 49,00
10 225.00 49,00

A HORIZONTAL EARTHQUAKE LOADING COEFFICIENT
OF0.100 HAS BEEM ASSIGNED

A VERTICAL EARTHOUAKE LOADING COEFFICIENT
OF0.0 HAS BEEN ASSIGNED

CAVITATION PRESSURE =-2117.0 PSF



SEARCHING ROUTINE WILL BE LIMITED TC AN AREA DEFINED RY 1 BUUNDARIES
OF WHICH THE FIRST 1 BOUNDARIES WILL DEFLECT SURFACES UPWARD

BOUNDARY X=-LEFT Y-LEFT X=RIGHT Y-RIGHT
NO. (FT) (FT) (FT) (FT)

1 35.00 1.00 225,00 1,00



o~

A CRITICAL FAILURE SURFACE SEARCHING METHQD,

USTHG A RANDOM

TECHNIQUE FOR GENERATING CIRCULAR SURFACES, HAS BEEN SPECIFIED,

25 TRIAL SURFACES HAVE BEEN GENERATED,

5 SURFACES INITIATE FROM EACH OF S POINTS
ALONG THE GROUND SURFACE BETWEEN X = 40,00
AND X = 90,00

EACH SURFACE TERMINATES BETWEEN X = 115.00
AND X = 135.00

UNLESS FURTHER LIMITATIONS WERE IMPOSED, THE
AT WHICH A SURFACE EXTENDS IS Y = 0.0 FT,

EQUALLY SPACED
FT.
FT.

FT,.
FTa

MINIMUM ELEVATION

S.00 FT. LINE SEGMENTS QOEFINE EACH TRIAL FAILURE SURFACE.



FOLLOWING ARE DISPLAYED THE TEN MOST CRITICAL OF THE TRIAL
FATLURE SURFACES EXAMINED. THEY ARE ORDERED - MOST CRITICAL

FIRST,

SAFETY FACTORS ARE CALCULATED BY THE MODIFIFD BISHOP METHOD,

FATILURE SURFACE SPECIFIED BY 21 COORDINATE POINTS

POINT

NO.

DB NN E N

PO bt o b b ek b b b s i
= OV NPPNLETHNNN-D

Xk %k

X=SURF
(FT)

52.50
56.17
60.17
64443
68.94
73.63
78.47
83.42
88.41
93.40
98.35
103.21
107.92
112.45
116.74
120,76
124 .47
127.83
130.81
133.38
134.93

Y=SURF
(FT)

384,10
34,71
31.70
29,10
26492
2%.21
23,96
23.20
22.92
23.14
23.85
2%.05
26472
28.84
31.41
34438
37.73
41.43
45445
49,73
53.00

~ ~ ot
24170 *kx Minimur Sotfay Toctor

FATILURE SURFACE SPECIFIED BY 20 COORDINATE POINTS

POINT

NO.

DR ~NOANFGND M

X=SURF
{(FT)

52.50
56439
60.56
64.97
69.59
T4.37
79.28
84,25
89.25
94.23
99.14
103.95
108.59
113.04
117.25
121,18
124,79
128.06

Y=SURF
(FT)

38.10
34.96
32.20
29.85
27.94
2648
25.49
24.98
24,94
2%5.39
26431
2770
29.54
31.82
34,52
37.62
41.07
by,.86



20 133.27 53.00

Kk 2.188 *xx



FATLURE SURFACE SPECIFIED BY 24 COORDINATE POINTS

POINT X=SURF Y«SURF
NO. (FT) (FT)
1 4p.00 38.03
2 43,62 34,58
3 47.52 31.46
4 S51.68 28.69
5 56.06 26426
6 60.63 24,23
7 £5.35 22.60
8 70.20 21.38
9 75.14 20,58
10 80.12 20.21
11 8512 20.26
12 9n.10 20.74
13 95.02 21,65
1y 99,84 22498
15 104.53 2471
16 109.05 26.84
17 113.38 29.38%
18 117.47 32.21
19 121.31 354,42
20 124 .85 38.95
21 128,08 42.77
22 130,97 46.85
23 133.50 S1l.16
24 134,38 53.00
* ok %k 2.195 *%x%

FATLURE SURFACE SPECIFIED BY 23 COORDINATE POINTS

POINT X~-SURF Y~-SURF
NO. (FT) (FT)

1 40.00 38,03
2 43466 34463
3 47.61 ' 31.56
4 51.82 28.85
5 56.24 26,52
6 60485 24459
7 65.61 23.07
8 T0.49 21.97
9 79.45 21.31
10 80.44 21.08
11 AS.44 21.29
12 920.40 21.94
13 95.28 23.02
1y 100.05 24453
15 104 .66 26.4%
ls 109.09 28,76
17 113,31 31446
18 117.26 34,51
19 120,94 37.90
20 124.30 4l.60
21 127.33 45.58

22 129.99 49.81



* k% 2226 *%x



FATLURE SURFACE SPECIFIED BY 17 COORDINATE POINTS

POINT X=SURF Y=-SURF
Na. (FT) (FT)

1 65.00 38,18

2 69,06 35.26

3 73.42 32.82

4 78,03 30.89

S 82,84 29449

A 87.77 28466

7 92.76 28,38

8 97.75 28468

9 102,67 29,54
10 107.47 3096
11 112.07 32,91
12 116.42 35437
13 120.47 38431
14 124.15 41.70
15 127.42 45.48
16 130.25 49,60
17 132.04 53.00

* K% 2.268 k%%

FATLURE SURFACE SPECIFIED BY 20 COORDINATE POINTS

POINT X=SURF Y=SURF
NO., (FT) (FT)
1 52450 38410
2 56404 34,57
3 59.95 31.46
4 64.20 28.83
5 68.72 26469
6 _13.46 25409
7 78435 24,05
8 83.33 23457
9 88.33 23.66
10 93.28 24433
11 98413 25456
12 102.80 27.34
13 107.24 29.64
14 111.38 32,44
15 115.18 35469
16 118.58 39.36
17 121.54 43439
18 124401 47473
19 125.97 52433
20 126.10 5277

Xk 2277 **xx%x



FATILURE SURFACE SPECIFIED BY 18 COORDINATE POINTS

POINT X=SURF Y=-SURF
NO, (FT) (FT)
1 65.00 38.18
2 68.55 34466
2 72.54 31.64
4 76.88 29,16
] 81.51 27.28
) 86,35 26402
7 91.31 25.40
8 96.31 25443
9 101.726 26.12
10 106.08 27 .46
11 110.69 29.41
12 114.99 31.95
13 118.93 35.03
14 122.43 38460
15 125.44 42,60
16 127.89 be.995
17 129.75 51.59
18 130.11 53.00
* XK X% 2¢290 k%%

FATLURE SURFACE SPECIFIED BY 18 COORDINATE POINTS

POINT X=SURF Y=SURF
NO, (FT) (FT)
1 52.50 38.10
2 5683 35.60
3 6137 33.50
4 66.07 31.81
5 70.91 30,56
6 75.85 29,75
7 80.83 29,39
8 85.83 2947
9 90.80 30.01
10 9%5.71 30.99
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General Construction Specifications

General

The contractor shall comply with applicable federal and state
laws, orders, and regulations and shall hold Consolidation
Coal Company harmless of any fines liens, suits, or judgements
incurred by the contractor.

Movement of crews and equipment within the right-of-way and
over routes provided for access to the work shall be performed
in a manner to prevent damage to land, crops, or property.

The contractor's construction activities shall be performed by
methods that will prevent entrance, or accidental spillage, of
solid matter, contaminants, debris, and other objectionable
pollutants and wastes into streams, water courses, lakes,

and underground water sources. ‘

The contractor shall carry out proper and efficient measures
wherever and as often as necessary to reduce the dust nuisance,
and to prevent dust which has originated from his operations
from damaging crops, orchards, cultivated fields, dwellings,
or causing a nuisance to area residents or workers.

The contractor shall exercise care to preserve the natural
Tandscape and shall conduct his construction operations so as
to prevent any unnecessary destruction, scarring, or defacing
of the natural surroundings in the vicinity of the work.

Site Work

. No trees shall be cut outside the area of construction activity

above without specific approval, and all trees designated by
Consol shall be protected from damage.

The areas to be occupied by permanent construction required
under these specifications and the surfaces of borrow pits,
stockpiles and waste sites shall be cleared and grubed of all
trees, stumps, roots, brush, rubbish, and other objectionable
material as so determined by Consol.

The reservoir area below the pool elevation shall be cleared
of all trees, stumps, and brush 5 feet or more in height,
regardless of diameter, and 2 inches or more in diameter,
regardless of height.

A1l work areas will be smoothed and graded in a manner to
conform to the natural appearance of the landscape.
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2.0.5

2.0.6

A1 rubbish, contractor's equipment, and structures shall be
removed from the site. Waste piles shall be leveled and
trimmed to regqular lines and shaped to provide a neat appearance.

Materials from clearing operations shall become the property
of the contractor and shall be, at the contractor's option,
buried, removed from the site of work before the date of
completion, or disposed of as approved by Consol.

Materials disposed of by burying shall be buried at locations
approved by Consol and shall be covered with not less than 2
feet of earth material.

The Tocation, alinement, and grade of construction roads shall

be subject to the approval of Consol. When no longer required
by the contractor, construction roads shall be made impassible
to vehicular traffic and the surfaces shall be scarified and

left in a condition which will facilitate natural revegetation.
This requirement may be waived due to circumstances as determined
by Consol.

Borrow pits shall be operated and left in a condition so as
not to impair the usefulness or mar the appearance of any part
of the work or any other property.

Borrow pits and quarry sites shall be so excavated that water
will not collect and stand therein. Before being abandoned,
the sides of the borrow pits and gquarry sites shall be brought
to stable slopes, with the slope intersections rounded and
shaped to provide a natural appearance.

Earthwork

The cutoff trench, if required, shall be excavated in the dam
foundation to a firm formation as shown on the drawings or as
directed by the engineer.

Accurate trimming of the foundation slopes of the excavation
will not be required, but the excavation shall conform as
closely as practicable to the established lines and grades.

A1l loose rock and debris shall be removed from the foundation
excavation and all rock cliffs, ledges, overhangs, and sharp
irregularities shall be reduced to provide satisfactory founda-
tion contours.

The entire area to be occupied by the dam embankment except as
noted shall be subcut to a sufficient depth, as determined by
Consol, to remove all unsuitable materials.

Site grading - do all cutting, filling, backfilling and grading
as required to bring the entire project area to subgrade as

shown on the drawings. Upon completion of the project, grades
will be free of erosion, gullies or excessive rills as determined
by the engineer.
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A1l cut areas shall have a minimum of 2 feet of material cut
below the final subgrade elevation. The cut will be replaced

by 2 feet of compacted fill material to build the road back to

the final subgrade elevation. The subgrade and compaction
shall be extended 200 feet into any transition from cut to
fill or from i1l to cut.

Each layer of the material on the embankment shall be compacted
by a minimum of 12 passes of the tamping roller.

No material larger than 6 inches will be allowed in the embank-
ment fill unless selectively placed as to the engineer's
directions. The distribution and gradation of the materials
throughout the dam and road embankments are to be such that

the fill will be free from lenses, pockets, streaks, or layers
of material differing substantially in texture or gradation
from surrounding material. ’

The material shall be placed in the earthfill in continuous,
approximately horizontal layers not more than 6 inches in
thickness after being compacted.

No brush, roots, sod, or other perishable or unsuitable materials
shall be placed in the embankment. :

Care shall be taken to prevent any damage to the drainage
blanket of the dam or to any pipe structure.

At the close of each days work or where work is stopped for a
period of time, the entire surface of the compacted fill shall
be sloped toward the inside grades of not less than 1% nor

more than 2% and the surface shall be sealed by several passes
of the equipment. If after prolonged rainfall, the top surface
is too wet or plastic to work properly, the top material shall
be removed to expose firm soil. If dried properly, the material
may be used.

At the beginning of each segment of work in which the fill has
been sealed to protect the fill, the contractor will either
harrow, scarify, or work the surface in a suitable manner to
insure the bonding of the next series of 1ifts.

All excavation for embankment and structure foundation shall
be performed in the dry. No excavation shall be made in
frozen material without written approval.

No material shall be placed in any portion of the dam embankment
until the foundation for each section has been unwatered,
stripped, suitably prepared, and has been approved by Consol's
representative.

No embankment material shall be placed in the embankment when

either the material or the foundation or embankment on which
it would be placed is frozen.
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3.0.

4.0

4.0.

4.0.

4.1

4.1.

4.1.

4.1.

4.1.

4.2

4.2.

4.2.

4.2.

A1l cavities, depressions, and irregularities, either existing
or resulting from the removal of rock fragments that are
within the area covered by the embankment or structure, shall
be filled and compacted to appropriate densities.

Culverts and Pipe Structures

The structures will be laid to the lines as shown on the
drawings.

The pipes shall be laid to the grades as shown on the drawings.
If no grade is specified, the pipe shall be laid on a slope
slightly greater than the natural grade of the channel.

Excavation and Backfill

Excavations for pipes will generally be made 12" to 24" wider
than the structure to allow room for sufficient compaction and
to reduce the amount of fill required. The side wall should
be verticle to the structure.

A1l corregated steel structures shall be placed on a firm base
with the lower quarter of the pipe firmly supported. In no
case shall the structure be placed on sod, frozen earth, or on
a bed with large boulders or rocks. If a firm base cannot be
achieved, a base shall be constructed by undercutting the
insitu material and placing a granular backfill in place. The
area to be cut should be three pipe diameter in width with the
two outside thirds being four times as deep as the middle
third. The middle third shall be a minimum of 6 inches in
thickness.

The backfill shall be of granular material if available. If
not available and the backfill material is plastic in nature,
the material shall be placed at the optimum moisture content
for compaction.

Compaction within 16" to 18" of the pipe shall be done by hand
held tampers; heavier hand guided tampers may be used for the
remainder of the material out to the trench side. If the area
is wide and deep, heavier tractor-powered equipment may be
used from 24 inches from the pipe and above the pipe after
sufficient cover has been provided to prevent damage.

Thrust Blocks

A11 thrust blocks shall be cast-in-place concrete and to the
lines and dimensions as shown on the drawings.

The area around the structures shall be compacted in the same
manner as specified under section 4.1.4.

A1 concrete and riebar shall be placed to the dimensions as

shown on the drawings, in addition, the materials will meet
the criteria as shown in the Technical Specifications.
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4.3 - Decant Structure

4.3.1 The concrete gate mount shall be made of cast-in-place concrete
meeting the Tines and dimensions of the drawings and meeting
the technical specifications for concrete and reinforcing bar.

4.3.2 A trash rack shall be provided by Consol and installed by the
contractor. The rack shall be placed on the inside of the
decant gate in the same arrangement as the emergency spillway.
No antivortex device shall be used on the decant system.

4.3.3 A1l welds shall be in accordance with the UBC standards.

4.3.4 Al1 excavation and backfill shall be placed in accordance with
section 4.1, :

4.4 Emergency Spillway Structure

4.4.1 A1l excavation and backfill shall be placed in accordance with
: section 4.1.

5.0 Seeding and Revegetation

5.0.1 Consol will provide and sew all seed.

5.0.2 The contractor will be responsible to have all slopes and

borrow areas ready for seeding. The project shall not be
- accepted or final payment made until all rills, erosion,
gullies, etc. have been graded and ready for seeding.

6.0 Concrete

6.1 Concrete Formwork

6.1.1 Forms may be job built or of prefabricated construction.
6.1.2 Forms will conform to the shapes, line§ and dimensions called

for on the plans and be substantial and tight to prevent
leakage. Prior to pouring, concrete forms will be thoroughly
wetted or oiled.

6.1.3 Braces and ties will maintain forms in position and shape.
Contractor will coordinate with other trades on all inserts,
sleeves, anchors, and other embedded items.

6.1.4 Remove forms without damage to concrete.
6.2 Concrete Reinforcement
6.2.1 Reinforcing bars will be defo}med, conforming to ASTM “Specifi-

cations for Minimum Requirements for the Deformation of Deformed
Steel Bars for Concrete Reinforcement," A 305.
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6.2.2

6.2.3

6.2.4

- 6.2.5

6.3
6.3.1

6.3.2

6.3.3

6.3.4

6.3.5

6.3.6

6.3.7

6.3.8

6.3.9
6.3.10

7.0
7.1
7.1.1

7.1.2

Reinforcing bars will comply with ASTM sepcifications for
fy = 40,000 psi steel bars or as otherwise shown.

Provide all metal accessories required to hold steel reinforcing
in positions as required.

A]1.reinforcing bars will be free from rust and be new.

Welded wire fabric will conform to ASTM "Specifications for
Welded Steel Fabric for Concrete Reinforcement," A 185.

Cast-In-Place Concrete

Portland Cement will conform to ASTM "Sepcifications for
Portland Cement," C 150.

Aggregates for concrete will conform to ASTM "Specifications
for Concrete Aggregates," €33. Grade course aggregate from 1
inch to 1% inches. -

Water will be clean and free from injurious amounts of delete-
rious substances.

Concrete will attain a compressive strength of at least 2800
psi at 28 days unless otherwise shown.

Concrete surfaces will be true and level as called for by the
drawings with maximum tolerance of 1/8 inches in 6 feet.

Concrete will be maintained in a moist condition for at least
three days by water curing followed by a minimum of four days
of water curing or membrane curing.

Concrete will be cleaned.

No additional water or additives will be used without written
approval of the engineer.

The concrete will have 6% + 1% entrained air.

Concrete will be finished by float, trowel, and broom as is
within reason.

Earthwork

Compaction

Al1 compaction except as noted shall be at 95% standard proctor
as determined by ASTM 698. Compaction should be performed

within + 3% of the optimum moisture content.

A1 1ifts will be no greater than 6 inches in compacted thickness.
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7.2 Filter

7.2.1 Placement of the filter shall be at least 95% of the ma X imum
dry density of standard proctor (ASTM 698).

15 - 67



15.7 Consultation and Coordination

In addition to the discussions and coordination activities undertaken
for the permit application submitted in March 1981 (see Chapter 14.0),
two special meetings were held to discuss permitting activities required
for the coal preparation plant.

July 30, 1981 Meeting between Utah Division of 0il, Gas,
and Mining and Consol.
Participants: |
John Higgins Consol
Sally Kefer 0GM
Carl Muha Consol
Mary Jo Ormiston Consol
Tom Tetting 0GM
Jim Thompson Consol
August 6, 1981 Pre-design Conference between Utah Dept.

of Health, Division of Environmental Health;
Utah Division of 0il, Gas, and Mining; and

Consol.

Participants:

Mary Bosworth 0GM

Carl Broadhead Bureau of Air Quality

Dennis Dalley Div. of Envir. Health

Dennis Downs Bureau of Hazardous Waste
Michael Georgeson Bureau of Public Water Supplies
Sally Kefer 0GM

Lynn Kunzler 0GM

Steven McNeal Bureau of Water Pollution Control
Carl R. Muha Consol

Mary Jo Ormiston Consol

Tom Tetting 0GM

Jim Thompson Consol

Barbara Weidner Bureau of Hazardous Waste

Environmental Studies, Soils Report:

”szfffZDHarner-White Ecological Consultants
4901 East Dry Creek Road
Littleton, Colorado 80122

Archeology / History:

Archeological-Environmental Research Corporation
588 West South -
Bountiful, Utah 84010

15 - 68 5



MSHA Consultation:

Ed Beck

Mine Safety and Health Administration
Denver Technical Support Center

730 Simms

Lakewood, Colorado

Stephen W. Dmytriw, P.E.

Mine Safety and Health Administration
Denver Technical Support Center

730 Simms

Lakewood, Colorado

Foundation and Materials Investigation:

Rollins, Brown and Gunnell, Inc.
Professional Engineers

1435 West 820 North

P.0. Box 711

Provo, Utah 84601

Consol Personnel: Carl Muha, P.E. Project Mgr.,

Plant Design and Layout
Mary Jo Ormiston Engineering and Designs
Britt Luther Engineering and Designs
Jeff Meyer Design
Gouri Bajpayee Subsidence Control

C——=Rick Williamson Reclamation Planning

Louis Meschede Hydrology and Geology
Dick Klanica Graphics
Amy Schneider Graphics
Jim Thompson Permit Coordinator
Kent Seaton, P.E. Technical Review

Address for the above mentioned Consol Personnel is 2 Inverness Drive
East, Englewood, Coloarado 80112.

Dam Design, Stability Analysis:

Stuart Carter

Project Engineer

Design and Construction
Consol Plaza
Pittsburgh, PA 15241
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1.0 INTRODUCTION

Consolidation Coal Company (CONSOL) proposes to build a coal
preparation plant with a maximum hourly capacity of 700 tons per hour
and a maximum annual production rate of 2.6 million tons of clean coal.
The plant will be located adjacent to the existing CONSOL Emery
underground mine, approximately four miles south of the Village of Emery
in southwestern Emery County, Utah.

CONSOL has retained Environmental Research and Technology, Inc.
(ERT) to estimate the fugitive particulate emissions associated with
this coal preparation plant, and to use these estimates in appropriate
atmospheric dispersion models to predict the ambient particulate
concentrations due to the plant. This report summarizes the technical
documentation of CONSOL's determination of the impact of the proposed
operation on the ambient air quality as required by Section 3.1 of the
Utah Air Conservation Regulations.

The proposed plant is not listed as one of the 28 major source
catagories specified in the Prevention of Significant Deterioration
(PSD) regulations. Because the estimated emissions are less than
250 tons per year, the plant is not subject to Federal or State
requirements pertaining to PSD. Utah requres'the maximum particulate
concentrations to be within the secondary National Ambient Air Quality
Standards (NAAQS) of 60 micrograms per cubic meter (ug/m3) annual
geometric mean and 150 pg/m3 twenty-four hour average.

Analytical techniques were discussed with the Utah Department of
Health by CONSOL officials in a pre-design conference, and subsequently
clarified in discussions between ERT staff and Department personnel.
The analysis utilizes emission factors routinely used by the Utah
Department of Health and the Environmental Protection Agency (EPA)
Region VIII. The dispersion model chosen is a modified version of an
EPA Guideline (1978) model which has been successfully applied in Utah
and adjoining states.

This report demonstrates compliance with the secondary NAAQS limits

at the proposed plant production rates stated above.



2.0 MODELING METHODOLOGY

Federal and state laws require any new development with the
potential to affect air quality to conduct an analysis of expected air
quality impacts. Such an analysis must reflect not only the expected
emissions from the proposed development but also the existing air
quality and meteorological conditions in the area. The analysis,
therefore, involves the collection of data to characterize existing
conditions in the region and the application of a dispersion model to

calculate expected pollutant concentrations resulting from plant

emissions.

2.1 Model Selection

The most important criteria in selecting an appropriate model are
the available data base, the size of the impacted region, the terrain
and its influence on the meteorological conditons, and the presence of
other nearby emission sources.

Taking these factors into consideration, the Wyoming Climatological
Dispersion Model (WCDM) was selected as the most appropriate model from
which to calculate expected pollutant concentrations due to emissions
from the proposed coal preparation plant. WCDM is a rural version of
the EPA Climatological Dispersion Model (Busse and Zimmerman 1973). The
Wyoming Division of Air Quality made the necessary modifications to
convert the Climatological Dispersion Model from its original urban
application to a model more suitable for a rural environment. These

changes include:

° Adapting the model to accept 6 stability STAR data with no

stratification of neutral stabilities between daytime and

nighttime.

° Inclusion of stable plume rise following the standard Briggs
formula.

) Assuming unlimited mixing during stable conditions.



A complete description of the modifications incorporated into WCDM
is listed in Attachment I.

The Wyoming Climatological Dispersion Model was judged most
suitable to analyze the Consolidation Coal preparation plant for the

following reasons:

. The most representative meteorological data was available only
in annual STAR format. This precluded selection of a model
utilizing sequential meteorological data such as the
Industrial Source Complex (ISC) model.

) The emissions from the coal preparation plant are generated
entirely by low-level fugitive emissions. Since the emission
release height is close to ground level and the plumes
neutrally buoyant, a flat terrain model like WCDM would
predict concentration estimates equivalent to those of a
complex terrain model such as VALLEY. On elevated receptors,
WCDM is more conservative than VALLEY, which depletes the
concentration as the plume rises over terrain.

() WCDM receptor locations are user specified. This allows a
more precise determination of the maximum concentration. In
some models, such as VALLEY, the location of receptors are
fixed around some arbitrary center.

2.2 Selection of Model Options and Meteorological Data

The meteorological input necessary for WCDM includes average
morning and afternoon mixing heights, average ambient atmospheric
temperature, initial vertical dispersion parameter (oz) for each
stability class, and a stability wind rose. The parameters selected for
this analysis are listed in Table I.

The average mixing heights have been taken from Holzworth (1972)
which gives annual average mixing heights for areas throughout the
contiguous United States. These data show an average morning mixing
height of 300 meters and an average afternoon mixing height of
2,500 meters for the Emery County area.

Although the average ambient atmospheric temperature is a mandatory
input to WCDM, it is used only to calculate the plume rise for point
sources. Since the modeling for Consolidation Coal involved only area
source emissions, the exact value of this parameter has no influence on
the calculations. Therefore, an arbitrary ambient temperature of 283°K

has been selected.



TABLE 1

METEOROLOGICAL INPUT PARAMETERS USED
IN CONSOL FUGITIVE DUST MODELING

Parameter Value

Average Morning Mixing Height 300 m

Average Afternoon Mixing Height 2,500 m
Average Ambient Atmospheric Temperature 283°K

Initial o (all stabilities) 20m

Annual Wifd Rose (location) Hanksville, UT




The initial value of the vertical dispersion parameter (GZ) is used
to represent the vertical dispersion created by surface roughness. This
is necessary because the values of G, were originally established from
diffusion conducted over flat and relatively smooth terrain. Typical
inital o, values used in WCDM are 20 to 30 meters for low level sources.
The more conservative value of 20 meters is used in the Consolidation
Coal modeling.

Stability wind roses located close to the site of the preparation
plant are available from the towns of Hanksville (80 km southeast),
Castle Dale (37 km northeast), and the Caineville-Salt Wash area (65 km
south). Although Castle Dale is located closest to the proposed plant
site, Hanksville data was judged to be more appropriate for use in
fugitive dust modeling. The data at Hanksville was collected near
ground level by the National Weather Service, while Castle Dale and Salt
Wash data were derived from meteorological tower measurements taken at
heights ranging from 60 to 100 meters above ground. Since all of the
emissions from the CONSOL facility are from ground level sources, the
Hanksville wind rose has been used to calculate annual average impacts.

Assumed worst-case meteorological conditons are used to obtain
estimates of 24-hour maximium impact. Pasquill-Gifford stability
class F with a 2.5 meter per second wind and six hours persistance has
been modeled assuming wind directions of north, south, east, and west.
The two wind directions yielding the highest predicted concentrations
(indicative of worst-case source to receptor orientation) have also been
modeled with stability class D, a 6.9 meter per second wind and twelve
hours persistance. The high wind speed-neutral stability case
represents a physical condition which typically results in high fugitive
dust emissions. Although the stable-low wind speed condition represents
the worst-case dispersion period, fugitive dust emissions tend to be
reduced under these conditioms. For example, wind blown emissions from
storage piles (which are physically a function of wind speed) fall to
near-zero during stable-low wind conditions. However, such emissions
were retained in the modeling, resulting in conservative estimates of

24-hour impacts of the plant during stable conditions.



The wind directions have been chosen to represent the worst-case
source receptor orientation without regard for the actual occurrance of
each wind direction. The Hanksville data shows a high frequency of
northerly winds under stable conditions, and a slightly less frequent
northerly component during neutral conditons. By assuming the required
persistance for wind directions other than northerly, additional

conservatism has been introduced into the analysis.

2.3 Emissions Inventory and Source Geometry

The emission inventory for the fugitive dust sources is developed
from emission factors approved by Environmental Protection Agency (EPA)
Region VIIT for mining operations and emission factors supplied by the
Utah Department of Health. A detailed accounting of the emissions
inventory, including equations and calculations is presented in
Attachment II. The annual emissions inventory is developed assuming a
maximum throughput of 2.6 millions tons of clean coal per year. The
design rate of 700 tons of clean coal production per hour for 24-hours
is used to develop a worst-case twenty-four hour emissions inventory.
Calculation of the twenty-four hour emissions inventory is accomplished
by ratioing the appropriate annual throughput values listed in
Attachment IT.

Emissions per ton of throughput are greater along the coal handling
system from the existing underground mine than along the future strip
mine coal handling system, therefore assuming the 700 tons per hour
production is supplied from the existing underground mine represents the
worst-case 24-hour emissions inventory. In aétuality, the source of the
coal during operation of the plant at maximum capacity would come from
both systems in combination, resulting in lower total emissions.

The plant area was divided into a grid of twelve 200 meter squares
in which the emissions were allocated. The model assumes emissions from
all sources located within a single square are distributed equally
across the square. Sources which fall in more than one squares, mainly
haul roads and conveyor belts, are apportioned among the squares by
assigning the percentage of emissions from each source in each square
the same value as the percent of total area of each source within each
square. A 200 meter'grid size has been chosen to give maximum source

resolution while minimizing the number of grids. Maps I and II show the



grid pattern overlayed on a plot plan of the coal preparation plant and
associated facilities. A list of how the source emissions are allocated
is contained in Table II. Figures I and II show the layout of the
emissions grid for the annual and 24-hour inventories.

Sources of other pollutants (S0,, NOX, etc.) are non-existent at
the proposed coal preparation plant. Electrical power is available
through existing power lines. Existing particulate emission sources,
primarily employee traffic to the existing underground mine, are not
considered in the emissions inventory. The impact of these emission
sources instead is included in the estimation of the background
concentration (see Section 2.5). Existing coal handling facilities will
be closed prior to operation of the coal preparation plant, and thus are
not included in the analysis.

Some of the conservative approaches used in generating this
emissions inventory are:

. Assuming one employee per vehicle in estimating employee

traffic. This more than offsets emissions from miscellaneous

traffic in the plant area which was not included as a seaparte
item in the emissions inventory.

. Assuming the coal haul txucks average 40 tons per load, even
though their capacity is rated at 45 tons per load.

) Using control efficiencies of 90 percent for totally enclosed
emissions and 80 percent for underground emissions.

. Twenty-four hour emission estimates are derived assuming
operation at 700 tons per hour for 24-hours.

All of these result in the emissions inventory being an overstatement

of the actual emissions.

2.4 Receptor Locations

A total of 98 receptors are utilized in the dispersion modeling
analysis. Locations of these receptors have been selected to maximize
the probability of locating the highest concentrations and to yield a
suitable resolution of the concentration patterns surrounding the plant.
Figure III shows the receptor locations in relation to the area source

emission grids.



TABLE II

ALLOCATION OF EMISSION SOURCES RY
AREA SOURCE GRID

(See Appendix II for Source Numbering System)

Source Annual g/sec 24~hour g/sec

Area Source 1

1. 1/5 of II 5 0.079 0.176
Total 0.079 0.176
Area Source 2
i. 1/5 of II 5 0.079 0.176
2. III 2 0.015 0.015
3. III 3 0.031 0.031
4., III 4 0.020 0.020
Total 0.145 0.242
Area Source 3
1. 1/5 of T 5 0.079 0.176
Total 0.079 0.176
Areas Source 4
1. 1/5 of II 5 0.079 0.176
Total 0.079 0.176
Areas Source 5
1. 1/5 of II 5 0.079 0.176
Total 0.079 0.176
Area Source 6
1. 1/2 of II 2 0.956 2.251
2. 1/3 of II 3 0.015 0.032
3. 1/2 of 1II 4 0.036 0.079
Total 1.007 2.362
Area Source 7
1. 2/3 of 1 18 0.017 0.000
2. 119 0.045 0.000
3. I 20 0.007 0.007
4. I 21 0.026 0.000
5. I 33 0.258 0.618
6. 1/2 of II 2 0.955 2.251
7. 1/3 of II 3 0.015 0.032
8. 1/2 of 11 4 0.036 0.079
Total 1.359 2.987
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TABLE II (CONTINUED)

Source Annual g/sec 24-hour g/fsec

Area Source 8

1. I 22 0.026 0.000
2. 1/2 of 1 26 0.042 0.099
3. 1 27 0.037 0.087
4. 1 28 0.416 0.983
5. I 29 0.037 0.087
6. I 30 0.037 0.087
7. I 31 0.065 0.154
8. I 32 0.010 0.010
9. 1 34 0.000 0.001
10. I 35 0.000 0.000
11. I 36 0.000 0.000
12. I 37 0.001 0.001
13. 1 38 0.001 0.003
14. I 39 0.004 0.009
15. 1 40 0.001 0.001
16. 1 41 0.040 0.088
17. 1/3 of II 3 0.015 0.032
Total 0.732 1.642
Area Source 9
1. IIT 1 0.014 0.014
Total 0.014 0.014
Area Source 10
1. 1/2 of 1 9 0.019 0.065
2. 110 0.067 0.229
3. I11 0.028 0.028
4. I 12 0.038 0.131
5. I 15 0.128 0.000
6. I 16 0.026 0.000
7. 1 17 0.026 0.000
8. 1/3 of I 18 0.009 0.000
9. 1/3 of I 1 0.021 0.033
Total 0.362 0.486
Area Source 11
1. I1 0.576 1.966
2. I2 0.576 1.966
3. 13 0.058 0.197
4., I 4 0.029 0.099
5. 15 0.019 0.066
6. I 6 0.034 0.155
7. 17 0.007 0.007
8. 18 0.019 0.066
9. 1/2 of I 9 0.019 0.065



TABLE II (CONTINUED)

Source Annual g/sec 24-hour g/sec
10, I 13 0.058 0.197
11. I 14 0.029 0.099
12. 1 23 0.013 0.000
13. T 24 0.026 0.000
14. 1 25 0.013 0.000
15. 1/2 of I 26 0.042 0.099
16. 1/3 of IT 1 0.031 0.098
Total 0.181 0.204
Area Source 12
1. 1/3 of 11 1 0.010 0.033
Total 0.010 | 0.033
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A minimum source-receptor distance of 500 meters is used in
defining receptor locations. This is consistent with proceedures
established by the Wyoming Department of Environmental Quality (DEQ) for
utilization of the Wyoming CDM. The DEQ recognizes that Wyoming CDM
fails to account for the important physical phenomena of particulate
settling and deposition in the calculations. This deficiency in the
modeling leads to greatly overconservative concentration estimates
within 500 meters of sources of fugitive dust. Beyond 500 meters, the
model results remain conservative because of lack of treatment of
particulate settling and deposition, but to a lesser degree.

A large majority of the 500 meter buffer zone contains the area of
existing underground mining operations and proposed areas for refuse
storage and slurry ponds. These areas are not accessible to the general
public. The entire buffer zone is contained within the area of CONSOL's

lease holdings.

2.5 Background Concentrations

No ambient monitoring data exist at the plant site from which to
make an assessment of background concentrations of particulate matter.
However, the Utah Department of Health has operated a particulate
monitoring station in the town of Castle Dale, 37 km northeast of the
CONSOL site.

These data can be used to conservatively assess the background
concentrations in the Emery area. Anthropogenic sources of particulate
matter from general human activities and major industrial sources such
as the Hunter Power Plant complex influence the measured concentrations
at Castle Dale. These influences are much greater in magnitude than the
impact CONSOL's existing mining operations have upon particulate
concentrations near Emery. Therefore, the use of Castle Dale data to
determine a background concentration maintains a large margin of safety
in the estimate.

Table III lists the background concentrations assumed for this
analysis. The annual background estimate is equal to the 1980 Castle
Dale annual geometeric mean as measured by the Utah Department of
Health. The 24-hour background is assumed to be twice the annual

geometric mean. This value lies between the 90th and 95th percentile of
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TABLE III

ESTIMATES OF BACKGROUND PARTICULATE
CONCENTRATIONS (pg/m3)

Annual Geometric Mean 38

Twenty-four Hour Average 76

(Source: Utah State Department of Health 1981)

14



measured 24-hour values at Castle Dale. Using the second highest
measured value to estimate 24-hour particulate background is often
inappropriate because the meteorological conditons which occurred during
the second-highest day are likely to be vastly different than the

assumed worst-case meteorological conditions input to the model.
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3.0 RESULTS

3.1 Annual Average Concentrations

The maximum annual average particulate impact from the CONSOL coal
preparation plant and background sources is predicted to be 54.07 pg/m3
as shown in Table IV. Figure IV shows an isaopleth map of predicted
annual average concentrations (including background) for plant
operations at 2.6 million tons per year.

Compliance with the secondary particulate NAAQS of 60 pg/m? is
demonstrated. Approximately 30 percent of the maximum annual
concentration is due to CONSOL emissions with the remainder attributable
to background. This percentage is lower at other receptor locations.

The maximum concentrations occur the south and southeast of the
plant. The entire isopleth pattern shows the influence of the dominant

north-south wind orientation.

3.2 Maximum 24-Hour Concentrations

Predicted 24~hour particulate impacts for each of the six
worst-case scenarios are listed in Table V. The highest concentration
of 138.56 ug/m® occured during a westerly wind under stable-low wind
speed dispersion conditions. The major sources of emission are most
aligned for this particular condition. The Hanksville wind rose,
however, shows a low frequency of westerly winds during class F
stability. The most likely worst-case stable condition (as determined
by the Hanksville stability wind rose) is a northerly wind during
class F stability. The predicted impact from the CONSOL facility is
reduced by approximately one-third for this condition as compared to the
west wind condition.

An isopleth map of the maximum 24-hour impact concentrations is
contained in Figure V. There is a narrow band of maximum concentrations
which is typically found during F stability. A full three-shift
operation at the rated capacity of 700 tons per hour is assumed to occur
during the worst-case dispersion condition.

Compliance with the 24-hour secondary particulate NAAQS of

150 pg/m3® is demonstrated. Approximately 45 percent of the maximum

16



TABLE 1V

MAXIMUM ANNUAL AVERAGE PARTICULATE IMPACTS
(Mg/m®) IN THE VICINITY OF THE CONSOL COAL
PREPARATION PLANT

Maximum Background Total Secondary
CONSOL Impact  Concentration Concentration NAAQS

16.07 38 54.07 60

17
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TABLE V

TWENTY-FOUR HOUR AVERAGE PARTICULATE IMPACTS
(ug/m®) IN THE VICINITY OF THE CONSOL COAL
PREPARATION PLANT

Assumed Maximum

Meteorclogical CONSOL Background Total Secondary
Condition Impact Concentration Concentration NAAQS

F 2.5 East 47.95 76 123.95 150

F 2.5 West 62.56 76 138.56 150

F 2.5 North 42.72 76 118.72 150

F 2.5 South 59.16 76 135.16 150

D 6.9 West 27.05 76 103.05 150

D 6.9 South 27.64 76 103.64 150
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short-term impact is due to CONSOL emissions with the remainder

attributable to background. This percentage is lower at other receptors

and during other scenarios.
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4.0 CONCLUSIONS

Despite the conservatism of this analysis, it has been shown that
operation of the CONSOL coal preparation plant will not result in any
exceedances of the secondary NAAQS for particulate matter. These
results are summarized in Table VI.

Conservative assumptions employed in this analysis include:

. An emissions inventory using worst-case operational parameters.
. A conservative estimate of background particulate levels.
. A worst-case wind direction aligned along the major emission

sources rather than along the most likely wind direction.
. No treatment of particle deposition.

Because of these conservative assumptions, actual concentrations of
particulate matter during plant operation will likely be lower than the

estimates presented in Table VI.
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TABLE VI

DEMONSTRATION OF COMPLIANCE WITH THE SECONDARY
NAAQS AT THE CONSOL COAL PREPARATION PLANT

Maximum Predicted

Averging Concentrations (pg/m3)

Time Pollutant CONSOL Background Total NAAQS
Annual TSP 16 38 54 60
24-hour TSP 63 76 139 150
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CDMW

MAJOR PROGRAM REVISIONS

The CDMW version of CDM has been developed by the Wyoming Division of Air
Quality with the purpose of making the model applicable to a rural environment.

The fellowing is a description of the modifications made:
1. Stability class assignments

The ‘original CDM meteorological input required data in the form
J of a Day-Night STAR. 1In association with the stability classifica-
tien an analytical approximation to the curves of Pasquill and
Gifford for the vertical dispersion function g, is used. The
original CDM model computed the following o, dispersion parameters
in association with the Day-Night STAR Input:

STAR Input Area Source Point Source
Stabilditv 0z — Stability oz — Stability
A A A
B A B
C B C
D-Day C D
D-Night D D
E&F D D

For area sources the assumption was made that the lower laver
cf the atmosphere is more unstable in the urban areas than 4in the
corresponding rural area. The area source o calculations were
decreased by one stability class towards the unstable except {or
A stability which remained the same. In both the point and area
source calculations, "the dispersion parameter calculated was never
calculated for a stable atmosphere. Even though the joint frequency
input (STAR) was made for stable conditions, the program assumed
the vertical dispersion function to be in the neutral or D stability
class. .

Modification: The program was modified to accept a straight 6 stability
STAR program with no separation of D-Day and D-Night and the vertical
dispersion parameters were associated with the STAR Input as follows:

STAR Input Area Source Point Source
Stability ' 0z — Stability Gz — Stability

A A A

B B B

C C C

b D D

E E E

F F F

By making the above modiiication, each joint frequency function
input in the STAR program was associated with the corresponding



vertical dispersion parameter developed for the stability class.
Plume Rise

The original CDM model incorporated the Briggs plume rise for
neutral-unstable conditions as follows:

dh = 1.6 F1/3 41 ,2/3 x £ 3.5 x¥
pho= 1.6 FU/3 71 55 %23 L 35 ¥
x* = 14 /8 F< 55
x* = 34 F2/5 F > 55
where Ah = plume rise (meters)
F =g Vg Rsi g - T /1]
g = acceleration due to gravity (meter/secz)
Vg = exit velocity of gases of plume (meter/sec)
R, = inner radius of stack (meters)
Ty = stack temperature (©K)
T, = ambient temperature (©K)
U = wind speed at stack height (meter/sec)
X = distance from source to receptor

Briggs stable plume rise equations was not included in the original
program as the stable classes was never assumed to exist.

The original program also had available the input of z plume rise
calculated by the Holland plume rise equation. The product of the
plume rise and wind speed could be input. Adjustment in the plume
rise was made internally in the program by stability class. The
adjustment was made as follows:

I

bh = (1.4 - 0.1 - S) - PR

U
where Ah = plume rise (meters)
PR product of plume rise and wind speed as calculated
by the Holland equation (metérs2/sec)
U = wind speed at stack height
S stability parameter

]

A stabiliry = T
B stability = 2
C stability = 3
D stability = 4
E stability = 5
F stabilicty = 6

Modification: The program was modified to allow the calculation of
plume rise in the stable conditions by incorporation of a Briggs
stable plume rise formula. The Briggs ncutral-unstable plume rise
cquations were also modified.

The following Briggs plume rise forimila are incorporated in CDMW:

Neutral-Unstable Conditions

aho= 1.6 FU/3 =1 273 45 5 2 x*



!
S
N * .
L

sho=1.6 FL/3 o1 5%2/3 T2416 x + 11
: 5 25 x* 5 X

. * *
if x" =< x < 5%

. * *
if x>5x7; x = 5x

fl

x* = 2.16 ¥2/5 1, 3/5

where Ah plume rise (meters)
F =gV, D2 IETS - Ta)/TE]
T
= acceleration of gravity (9.8 m/sec?)

g—
Vs = exit stack gas velocity (m/sec)
Dg = inner diameter of stack (m)

Tg = stack gas temperature (°K)
T, = ambient temperature (9K)

u = wind speed at stack height (m/sec)

x = distance between source and receptor (m)
hg = physical stack height (m)

Stable Conditions

The following stable plume rise equations were considered for
stable conditions:

(1) oh = 1.6 FM3 71 ,2/3  Lc0.4 4 s—1/2

(2) Ah = 2.4 F 1/3 x>2.4 u 5—1/2 final rise

U s
5.0 F1/4( 5_3/8 final rise

(3) Ah

where the selection of final rise would be the lesser of the
predicted values from equations (2) and (3) for light wing
speeds. Since the minimum wind speed used is 1.5 m/sec,
equation (2) always predicts a lower final rise than equa-
tion (3). Therefore; equations (1) and (2) are incorporated
in CDMW for stable plume rise.

s=29.8 48
Ta dz
where d0 = 0.2 for E stability
d
z

It

0.035 for F stability
all other variables have been previously defined

It was also determined that the transition from cquation (1)
to equation (2) was not a smooth transition. The plume rise
calculated by equation (1) at downwind distances approaching 2.4
u s71/2 g greater than the final rise calculated by equation

(2).

The transition was made smooth by equating equations (1) and
(2) and determining the downwind distance x where the plume rise

predicted by equation (1) was cqual to the final rise. The

:'<J-><
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3.

distance was found to be:
x PRIME = 1.837 u s~1/2

The program incorporates the above relationship to switch
between eguations (1) and (2) and makes a smooth transition
to the final predicted rise.

No modifications were made in the Holland plume rise capability of
CDM in CDMW.

Mixing Heights
The original CDM program had the following mixing heights associated
with the Day-Night STAR dinput:

Stability Mixing Height (meters)

1.5 - HT
HT
HT
~Day HT
~Night (HT + HMIN)/2
F HMIN

Mmoo ow k>
o

where HT is the climatolegical mean value of the mixing height as
tabulated by Holzworth and HMIN is the nocturnal mixing beight.

Modification: Since stable conditions are allowed to occur in CDMW

the mixing height scheme was modified in a manner somewhat similar to
the VALLEY model. Mixing heights during stable conditions were set

at a large value. The mixing height scheme used in CDMW is as follows:

Stability . Mixing Height (meters)

1.5 - HT
CHT
HT
(HT + HMIN) /2
10,000
10,000

HEmoOoOw >

The assumption being that during stable conditions unlimited mixing
occurs. It is difficult to account for diurnal, seasonal and annual
variation in mixing heights, however, the above scheme is considered
to be a better approximation for rural areas.

Initialization of 0, for point sources

In the original CDM program, an initial value of the dispersion
function oz (0) is used to represent the vertical dispersion created
by urban roupghness.

For point sources, the initial value of 0, is a function of stack
height according to the following scheme:

-



stack height 0-20m c, (0) = 30m
for stacks 20-50m G, (0) = 50 - Hs
for stacks 50m or greater oz (0) = 0

Modification: The CDifw program has the ability to override the

initialization of o, for point sources. If the override option is

-chosen, the program will not calculate an initial oz (0) regardless

of stack height. If the override option is not chosen, the oz (0)
is calculated as in the original CDM program.

If a source is located in a rural area with a stack height which
approaches good engineering practice stack height the initialization
is overridden. The Division reviews each application of the model

in regard to use of the initial o, (0) if stack heights are very short
or the source is located in a large complex where possible downwash

or increased vertical mixing may occur.

Area Source Dimension

The original CDM program was dimensioned to accept a 50 x 50 array
of area sources.

Modification: The CDMW program is dimensioned to accept a 100 x 1001

array of area sources.,
Temperature Input

The original CDM program required ambient temperature and stack
gas temperature for point-sources to be input in ©C.

Modification: The CDMW program requires all temperature inputs to

be in ©OK.
Deposition Addition

The original CDM prograﬁ:provided only a half-life decay of pollutant
concentrations.

Modification: The CDMW program has incorporated an area source depo-

sition equation as presented by Pedco in the "Survey of Fugitive Dust
from Coal Mines" February, 1978. The deposition equation is used for
area sources only if a deposition velocity is coded on card type 3.

The deposition function has been added to the CDMW program, however,
the Division does not recognize the equation and methods as being
valid in fugitive emission modeling. The deposition feature is not
being used by the Division. Future modification in this area will
be made if the Division finds an acceptable methed which would be
compatible with the model.

Fixed STAR Input

The original CDM program required a meteorological deck input with

each run.



9.

10.

Modification: The CDMW program contains the following STAR programs

in block data. These STAR joint frequercy distributions are called
by city name or by other identifiers as follows:

Joint Frequency Distributions in Block Data

CHEYENNE

1 ROCK SPRINGS
2 ROCK SPRINGS
LARAMIE
RAWLINS
MOORCROTFT
SHERIDAN
CASPER

FT. BRIDGER
CENTRAL CAMPBELL
NO. CAMPBELL

Model Output

Modification: The CDMW program has a modified output with the following

features:

a)
b)
c)
d)

e)

£)
g)
h)
i)
j)
k)

Error

vertical dispersion parametric values printed

virtual distance to-establish initial o, for arca sources printed

method of area source pollutant removal printed

initial o, for point sources designated as incorporated or
overridden

parameters for generating calibrated pollutant concentrations
printed

joint frequency function identified by name

individual stability classes and total frequency summed and printed

title and pollutant description added

sources numbered and identified as point or area sources

total number of receptors processed printed

input parameters are printed out in fixed format

Messages

The CDM program did not provide any error messages for errors
encountered during a run.

Modification: The CDMW program incorporates the following diagnostic

messages:
1. RAT, TXX INCONSISTANT
From the definitions of the grid conversion parameters RAT
CV = T¥X. 1If this identity does not hold within ¥ 0.01 for the
values coded, the system computes RAT = TXX/CV and continues the
run.
2. TOO MANY INTERVAL SPECIF1ED

The waximum number of subsectors which can be assigned to cach



of the 16 wind direction sectors is 20 (DINT). If DINT is
specified greater than 20, the message 1s issued and processing
continues using 20 subsecctors.

3. STACK TEMPERATURE MUST EQUAL OR EXCEED AMBIENT

If a stack gas temperature is found to be less than the ambient
temperature input the above message is printed. After all sources
are scanned, the run is terminated.

4. MORE THAN 100 RADIAL INCREMENTS REQUIRED FOR THIS RECEPTOR

The maximum number of radial increments permitted in crossing
the area source grid is 100. The size of the increment is defined
by DELR. If DELR is chosen too small to cross the defined grid
as required for a particular receptor, the above message is printed
and the contribution of the first 100 increments is applied to the
receptor which follows the message in the tabulation.

5. AREA SQURCE EXTENDS TOO FAR WEST. (ADJUST XG?)

6. AREA SOURCE EXTENDS TOO FAR EAST. (INCREASE TXX?)
7. ARFA SOURCE EXTENDS TOO FAR SOUTH. (ADJUST YG7)

8. AREA SOURCE EXTENDS TOO FAR NORTE. (INCREASE TXXY)

At least one of these messages is issued when an area source

has been encountered which cannot be contzined in the 100 x
.100 cell grid. If the problem is not the result of a blunder,
the adjustment indicated in parenthesis may be applied to correct
the error. Since the loss of a specified source would likely
invalidate the results of the run, processing terminates after
the remainder of the source inventory has been read.

9. MORE THAN 200 POINT SOURCES SPECIFIED.: END OF RUN
This message is issued after the source inventory has been
processed if more than 200 point sources have been read. Because

of the model storage constraints, only the first 200 will have
been edited and stored and the run will terminate without pro-

cessing any receptors.

10. UNEXPECTED END-OF-DATA ON CARD TYPE 1. END OF RUN
11. UNEXPECTED END-OF-DATA ON CARD TYPE 2. END OF RUN
12. UNEXPECTED END-QF-DATA ON CARD TYPE 3. END OF RUN
13. UNEXPECTED END-OF-DATA ON CITY CARD 4A. END OF RUN

14. SOURCE INVENTORY TERMINATOR NOT LOCATED. END RUN

15. 'NOT ENOUGH JOINT FREQUENCY CARDS (4B). END OF RUN



One of these messages will be issued if the expected data is not
present when the procedure is executed. Since the required
information for the run 1is not present, processing terminates
immediately.
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I.

Attachment II
Fugitive Dust Emissions Inventory

Consolidation Coal-Coal Preparation Plant

AssumEtions:

1.
2.
3.

Worst case years are 1985-1987 (source: CONSOL)

Ratio of clean coal thru-put to raw coal thru-put = 0.9
Emission factors, unless otherwise noted, are taken from EPA
Region VIII, 1979 and the Utah Bureau of Air Quality. These
are referenced as (EPA VIII) and (Utah BAQ), respectively.

(See references on last page.)

Emission Rates for Process Activity:

1.

Existing Portal System-Portal Belt

from existing underground mine to transfer point

Thru-put = 2,000,000 tons/year (raw coal)

UEF

0.02 1b/ten (Utah BAQ)

UER

(2,000,000 ton/year) (0.02 1b/ton) (ton/2,000 1b)
= 20.00 tons/year

control = none

control efficiency = 0%

CER = (20.00 tons/year) (1.0)
= 20.00 tons/year

Existing Portal System-Transfer Point

Thru-put = 2,000,000 tons/year

UEF = 0.02 1b/ton (Utah BAQ)

UER = (2,000,000 tons/year) (0.02 lb/ton) (ton/2,000 1b)

= 20.0 tons/year



control = none

control efficiency = 0%

CER

(20.0 tons/year) (1.0)
20.0 tons/year

Existing Portal System-R.0.M. Transfer Belt

from transfer point to raw coal storage area

thru-put = 2,000,000 tons/year

UEF

0.02 1b/ton (Utah BAQ)

UER

(2,000,000 tons/year) (0.02 1b/ton) (ton/2,000 1b)
20.0 tons/year

control = covered (partially enclosed)
control efficiency = 90% (EPA VIII)

CER (20.0 tons/year) (0.1)

2.00 tons/year

]

Existing Portal System - Transfer Point
Thru-put = 2,000,000 tons/year

UEF = 0.02 1b/ton (Utah BAQ)

UER (2,000,000 tons/year) (0.02 lb/ton) (ton/2,000 1b)

20.0 tons/year

control = totally enclosed and sprayed with water

control efficiency = 90% for enclosure (Utah BAQ)
50% for water (EPA VIII)
CER = (20.0 tons/year) (0.1) (0.5)

1.00 tons/year



Deep Mine Facilities- Raw Coal Storage Belt

Thru-put = 670,000 tons/year
tfrom transfer point to Raw Coal Storage Area

UEF = 0.02 1b/ton (Utah BAQ)

UER

(670,000 tons/year) (0.02 1b/ton) (ton/2,000 1b)
6.70 tons/year

control = covered (partially enclosed)

control efficiency = 909% (EPA VIII)

CER

(6.70 tons/year) (0.1)
0.67 tons/year

Deep Mine Facilities - Load in to Stockpile

Thru-put = 670,000 tons/year

* UEF = 0.014 1b/ton (EPA VIII 1978)
assumed to be like product dumping
UER = (670,000 tons/year) (.014 1b/ton) (ton/2,000 1b)

4.69 tons/year

control = stacking tube (telescopic chute)

* control efficiency = 75% (EPA, 1978)

CER

I

(4.69 tomns/year) (0.25)
1.17 tons/year
*Suggested by Fred Longenburger (EPA VIII)

I

Deep Mine Facilities - Raw Coal Stockpile

size of pile = 10,000 tons
radius = 81.25 ft (from Map 1)
angle of repose = 35° (Source: CONSOL)



81.25 ft
slant height = ———— = 99,19 ft
cos 35°

lateral area of a cone 1/2 (perimeter of base) (slant height)

1/2 (2n - 81.25 ft) (99.19 ft)
25318.68 ft2

(25318.68 ft2) (acre/43560 ft2)

= 0.58 acres

area in acres

Using the Universal Soil Loss Equation:
UEF = 0.025 IKCLV (EPA VIII)

= so0il erodibility factor
= soil ridge roughness factor
localized climate factor

= field width

< M o =) H
"

= vegetative cover

let K=L=V =1 {(worst case)
I =238 (rocky gravelly soil)
(.345) u®
C= —
(PE)?
where u = mean windspeed in mph

10 (Utah State Climatologist)

PE

Thornthwaite's Precipitation-Evaporation Index

20 (AP-42)

(.345) (10®)
C =

= 0.86
202

UEF = (0.025) (38) (1) (.86) (1) (1)

0.82 tons/acre-year

UER (0.58 acres) (0.82 tons/acre-year)

0.48 tons/year



control = watering
control efficiency = 509 (EPA VIII)

CER

(0.48 tons/year) (0.5)

0.24 tons/year

Deep Mine Facilities - Reclaim System

Thru-put = 670,000 tons/year

UEF

0.02 1b/ton (Utah BAQ) same as transfer point

UER (670,000 tons/year) (0.02 1lb/ton) (ton/2,000 1bs)

6.70 tons/year
control = underground and watered

control efficiency = 80% underground (EPA 1977)
50% watering (EPA VIII)

CER

(6.70 tons/year) (0.2) (0.5)

1]

0.67 tons/year

Deep Mine Facilities - Raw Coal Storage Belt

Thru-put = 1,330,000 tons/year

UEF

0.02 1b/ton (Utah BAQ)

UER

(1,330,000 tons/year) (0.02 1b/ton) (ton/2,000 1b)

13.30 tons/year
control = covered (partially enclosed)
control efficiency = 90% (EPA VIII)

CER

H

(13.30 tons/year) (0.1)

1.33 tons/year



10.

11.

Deep Mine Facilities - Load in to Stockpile

Deep

Thru-put = 1,330,000 tons/year

UEF

0.014 1b/ton (EPA VIII 1978)

UER (1,330,000) (0.014 1b/ton) (ton/2,000 1b)

9.31 tons/year
control = stacking tube
control efficiency = 75% (EPA 1978)

CER

(9.31 tons/year) (0.25)

2.33 tons/year

Mine Facilities - 50,000-ton Stockpile

UEF

UER

i

I

Using Universal Soil-loss Equation

radius assumed twice that of the 10,000 - ton stockpile
= (2)(81.25) = 162.5 ft

162.5 ft
slant height = — = 198.4 ft
cos 35°

Area = 1/2 (2r - 162.5 ft) (198.4 ft) (acre/43560 ft2)

= 2.33 acres

0.82 tons/acre-year (Calculation 7)

(2.33 acres) (0.82 tons/acre-year)

1.91 tons/year

control = watering

control efficiency = 50% (EPA VIII)

CER

(1.91 tons/year) (.50)

0.96 tons/year



12. Deep Mine Facilities - Reclaim System

Thru-put = 1,330,000 tons/year

UEF = 0.02 1b/ton (Utah BAQ)
assumed like transfer point

UER = (1,330,000 tons/year) (0.02 1b/ton) (ton/2,000 1b)
= 13.30 tons/year

control = underground and watered

control efficiency = 80% underground (EPA 1977)
50% watering (EPA VIII)

CER

(13.30 tons/year) (.20) (.50)
1.33 tons/year

13. Deep Mine Facilities - Reclaim Belt
Thru-put = 2,000,000 tons/year

UEF = 0.02 1b/ton (Utah BAQ)

UER

I

(2,000,000 tons/year) (0.02 1b/ton) (ton/2,000 1b)
20.00 tons/year

control = covered (partially enclosed)

control efficiency = 90% (EPA VIII)

CER

(20,000 tons/year) (0.1)
2.00 tons/year

14. Deep Mine Facilities - Transfer Point

Thru-put = 2,000,000 tons/year

UEF

0.02 1b/ton

UER

(2,000,000 tons/year) (0.02 1b/ton) (ton/2,000 1bs)
20.00 tons/year



control = enclosed, watered
control efficiency = 90% for enclosure (Utah BAQ)
50% for water (EPA VIII)

CER (20.00 tons/year) (0.1) (0.5)

1.00 tons/year

15. Future Surface Mine - Truck Dump (Bottom Dump)

Raw Coal Dumped = 890,000 tons/year

UEF

0.02 1b/ton (EPA VIII)

UER

(890,000 tons/year) (0.02 1b/ton) (ton/2,000 1b)
8.90 tons/year

control = watering

control efficiency = 50% (EPA VIII)

CER

(8.90 tons/year) (0.5)
4.45 tons/year

16. Future Surface Mine - Feeder Breaker (Primary Crushing)

Thru-put = 890,000 tons/year

I

UEF = 0.02 1b/ton (EPA VIII)

UER (890,000 tons/year) (0.02 1b/ton) (ton/2,000 1b)

8.90 tons/year

control = water spray and underground
control efficiency = 50% for water (EPA VIII)
80% for underground (EPA 1977)
(8.90 tons/year) (0.5) (0.2)
0.89 tons/year

CER



17. Future Surface Mine - Transfer Point

Thru-put = 890,000 tons/year

UEF

0.02 Ib/ton (Utah BAQ)

UER

(890,000 tons/year) (0.02 1b/ton) (ton/2,000 1b)
8.90 tons/year

control = underground and watered

control efficiency = 80% for underground (EPA 1977)
50% for water (EPA VIII)
CER = (8.90 tons/year) (0.2) (0.5)

0.89 tons/year

18. Future Surface Mine - Storage Belt

Thru-put = 890,000 tons/year

UEF

0.02 1b/ton (Utah BAQ)

UER

(890,000 tons/year) (0.02 1lb/ton) (ton/2,000 1b)
8.90 tons/year

control = covered (partially enclosed)

control efficiency = 90% (EPA VIII)

CER

(8.90 tons/year) (0.1)
0.89 tons/year

19. Future Surface Mine - Load in to Stockpile

Thru-put = 890,000 tons/year

UEF = 0.014 1lb/ton (EPA VIII 1978)



UER

(890,000 tons/year) (0.014 1b/ton) (ton/2,000 1b)
6.23 tons/year

H

control = stacking tube

control efficiency = 75% (EPA 1978)

CER

h

(6.23 tons/year) (0.25)
1.56 tons/year

20. Future Surface Mine - 10,000-ton Stockpile

size of pile = 0.58 acres (Calculation 7)
UEF = 0.82 tons/acre-year {Calculation 7)
UER = (0.58 acres) (0.82 tons/acre-year)

0.48 tons/year

control = watering

control efficiency = 50% (EPA VIII)

CER

il

(0.48 tons/year) (0.5)

0.24 tons/year

21. Future Surface Mine - Reclaim System

Thru-put = 890,000 tons/year

UEF = 0.02 1b/ton (Utah BAQ) same as transfer point

I

UER = (890,000 tons/year) (0.02 1b/ton) (ton/2,000 1b)

8.90 tons/year

control = underground and watered

control efficiency = 80% underground (EPA 1977)
50% watering (EPA VIII)

CER (8.90 tons/year) (0.2) (0.5)

0.89 tons/year

10



22,

23.

24.

Future Surface Mine - Reclaim Belt

Thru-put = 890,000 tons/year

S
o
1}

0.02 1b/ton

UER

8.90 tons/year

control = covered (partially enclosed)

control efficiency = 90%

CER

(8.90 tons/year) (0.1)
0.89 tons/year

Future Surface Mine - Transfer Point

Thru-put = 890,000 tons/year

UEF = 0.02 1b/ton

UER

8.90 tons/year

contrel = fully enclosed and watered
control efficiency = 90% for enclosure

50% watering

CER

(8.90 tons/year) (0.1) (0.5)
0.45 tons/year

Future Surface Mine - Transfer Belt

Thru-put = 890,000 tons/year

UEF = 0.02 1b/ton

11

(Utah BAQ)

(890,000 tons/year) (0.02 1b/ton) (ton/2,000 1b)

(EPA VIII)

(Utah BAQ)

(890,000 tons/year) (0.02 1b/ton) (ton/2,000 1b)

(Utah BAQ)
(EPA VIII)

(Utah BAQ)



25.

26.

UER

(890,000 tons/year) (0.02 1lb/ton) (ton/2,000 1b)
8.90 tons/year

control = covered (partially enclosed)
control efficiency = 90% (EPA VIII)
CER = (8.90 tons/year) (0.1) = 0.89 tons/year

Future Surface Mine - Transfer Point

Thru-put = 890.000 tons/year

UEF

0.02 1b/ton (Utah BAQ)

UER

(890,000 tons/year) (0.02 1lb/ton) (ton/2,000 1b)
8.90 tons/year

control = fully enclosed, watered

control efficiency = 90% for enclosure (Utah BAQ)
50% for water (EPA VIII)

(8.90 tons/year) (0.1) (0.5)

0.45 tons/year

CER

Prep Plant System - Plant Feed Belt

Thru-put = 2,890,000 tons/year

UEF

H

0.02 1b/ton (Utah BAQ)

UER

(2,890,000 tons/year) (0.02 1b/ton) (ton/2,000 1b)

28.9 tons/year

control = covered (partially enclosed)

control efficiency = 90% (EPA VIII)

CER (28.9 tons/year) (0.1)

H

2.89 tons/year

12



27.

28.

29.

Clean Coal System - Clean Coal Belt
Thru-put = 2,560,000 tons/year

UEF

0.02 1b/ton (Utah BAQ)

UER

(2,560,000 tons/year) (0.02 1b/ton) (ton/2,000 1b)
25.6 tons/year

control = covered (partially enclosed), 5-6% surface moisture
control efficiency = 90% for cover (EPA VIII)
50% mositure (Assumed by ERT)

CER

(25.6 tons/year) (0.1) (0.5)
1.28 tons/year

i

Preparation Plant - Dry Screening

Thru-put = 2,890,000 tons/year

UEF

0.1 1b/ton (EPA VIII)

S
o]
1]

(2,890,000 tons/year) (0.1 1lb/ton) (ton/2,000 1b)
144.5 tons/year

control = fully enclosed

control efficiency = 90% (Utah BAQ)

CER = (144.5 tons/year) (0.1)

14.45 tons/year

Clean Coal System - Sampling System

Thru-put = 2,560,000 tons/year

UEF

0.02 1b/ton (Utah BAQ) like a transfer point

UER (2,560,000 tons/year) (0.02 1b/ton) (ton/2,000 1b)

25.6 tons/year

H

13



30.

31.

control = fully enclosed, 5-6% surface moisture

control efficiency = 90% for enclosure (Utah BAQ)
50% for moisture (ERT)

(25.6 tons/year) (0.1) (0.5)

1.28 tons/year

CER

Clean Coal System - Storage Belt
Thru-put = 2,560,000 tons/year

UEF

0.02 1b/ton (Utah BAQ)

UER

(2,560,000 tons/year) (0.02 1lb/ton) (ton/2,000 1b)
25.6 tons/year

control = covered (partially enclosed), 5-6% surface moisture
control efficiency = 90% for cover (EPA VIII)
50% moisture (ERT)

CER

(25.6 tons/year) (0.1) (0.5)
1.28 tons/year

Clean Coal System - Load in to Stockpile

Thru-put = 2,560,000 tons/year

UEF

0.014 1b/ton (EPA 1978)

UER (2,560,000 tons/year) (.014 1b/ton) (ton/2,000 1b)

17.92 tons/year

]

control = stacking tube, 5-6Y surface moisture
control efficiency = 75% for stacking tube (EPA VIIT 1978)

50% for surface moisture (ERT)

CER

(17.92 tons/year) (0.25) (0.5)
2.24 tons/year

14



32.

33.

Clean Coal System - 20,000-ton Stockpile

radius = 100 ft
angle of repose = 35°

100 ft
= 122.08 ft
cos 35°

slant height

1/2 (2n - 100 ft) (122.08 ft) (acre/43560 ft?2)

surface area =
= 0.88 acres

UEF = 0.82 tons/acre-year (Calculation 7)
UER = (0.88 acres) (0.82 tons/acre-year)

= 0.72 tons/year
control = watering -
control efficiency = 509% (EPA VIII)
CER = (0.72 tons/year) (0.5)

0.36 tons/year

Clean Coal System - Front End Loader
Thru-put = 2,560,000 tons/year

UEF = 0.014 1b/ton (EPA VIII 1978)

assumed to be truck load-in

UER = (2,560,000 tons/year) (0.014 1b/ton) (ton/2,000 1b)
= 17.92 tons/year

control = 5-6% surface moisture

control efficiency = 50% (ERT)

CER (17.92 tons/year) (0.5)

8.96 tons/year

15



34.

35.

36.

Stoker Coal System - Stoker Belt

Thru-put = 40,000 tons/year

UEF = 0.02 1b/ton (Utah BAQ)
UER = (40,000 tons/year) (0.02 1b/ton) {ton/2,000 1b)
= 0.40 tons/year
control = covered (partially enclosed), 5-6% surface moisture
control efficiency = 90% for cover (EPA VIII)
50% for moisture (ERT)
CER = (0.40 tons/year) (0.1) (0.5)

H

0.02 tons/year

Stoker Coal System - Load in to Storage Bin

Thru-put = 40,000 tons/year

UEF

0.0002 1b/ton (EPA VIII)

UER (40,000 tons/year) (.0002 1lb/ton) (ton/2,000 1b)

0.004 tons/year

control = enclosed, 5-6% surface moisture

control efficiency = 90% (EPA VIII)

CER

1]

(0.004 tons/year) (0.1)
0.0004 tons/year

Stoker Coal System - Load Qut of Storage Bin

Thru-put = 40,000 tons/year

UEF

0.0002 1b/ton (EPA VIII)

UER (40,000 tons/year) {(0.0002 1b/ton) (ton/2,000 1b)

0.004 tons/year

H

16



37.

38.

control = enclosed, 5-6% surface moisture

control efficiency = 90% (EPA VIII)

CER

(0.004 tons/year) (0.1)
0.0004 tons/year

Stoker Coal System - Load Out Belt

Thru-put = 40,000 tons/year

UEF

0.02 1b/ton (Utah BAQ)

UER

1]

(40,000 tons/year) (0.02 1b/ton) (ton/2,000 1b)
0.4 tons/year

control = o0il spray, 5-6% surface moisture

control efficiency = 80% for oil (EPA, 1978)
50% for moisture (ERT)

(0.4 tons/year) (0.2) (0.5)

0.04 tons/year

CER

Stoker Coal System - Truck Loading

Thru-put = 40,000 tons/year

UEF

0.02 1b/ton (Utah BAQ) like a transfer point

UER

(40,000 tons/year) (0.02 1b/ton) (ton/2,000 1b)
0.4 tons/year

control = oil spray, 5-6% surface moisture

control efficiency = 80% for oil spray (EPA, 1978)
50% for moisture (ERT) .
CER = (0.4 tons/year) (0.2) (0.5)

0.04 tons/year

17



39.

40.

41.

Refuse Facilities - Refuse Belt

Thru-put = 275,000 tons/year

UEF = 0.02 1b/ton (Utah BAQ)
UER = (275,000 tons/year) (0.02 1b/ton) (ton/2,000 1b)
= 2.75 tons/year
control = cover (partially enclosed), 7% surface moisture
control efficiency = 90% for cover (EPA VIII)
50% for moisture (ERT)
CER = (2.75 tons/year) (0.1) (0.5)

0.14 tons/year

Refuse Facilities - Load in to Refuse Bin

Thru-put = 275,000 tons/year

UEF

0.0002 1b/ton (EPA VIII)

UER (275,000 tons/year) (0.0002 1b/ton) (ton/2000 1b)

0.03

]

control = 7% surface moisture

control efficiency = 50% (ERT)

CER (0.03 tons/year) (0.5)

0.02 tons/year

Refuse Facilities - Truck Load in

Thru-put = 275,000 tons/year

UEF

0.02 1b/ton (Utah BAQ) like transfer point

S
=

(275,000 toms/year) (0.02 1b/ton) (ton/2000 1b)
2.75 tons/year

18



1T.

control = 7% surface moisture

control efficiency = 50% (ERT)

CER

(2.75 tons/year) (0.5)
1.38 tons/year

Emissions from Traffic on Unpaved Roads:

m
EF = 0.6 (0.81s) gg) (3gggw) i%) 1b/VMT  (EPA VIII)

§ = silt content of road in percent
S = vehicle speed in mph
W = mean annual days with >0.01" of rain

n = number of wheels

m=1 if S 2 30
2 if S < 30
s = 10% (Utah BAQ)
W= 28 (Utah St. Climatologist)

S,n = variables

(0.6) (0.81) (10) (337) (O™

EF = (365) (4) 30 °
. )™
= 1.122 30 n 1b/VMT

1. Preparation Plant Employee Traffic

37 employees, 230 days/year
1-way distance 2 (2400 ft) (mile/5280 ft) = 0.45 miles

4 wheels

1}

n

S = 15 mph (posted speed limit)

VMT (37 employees) (2 trips/emp.-day) (0.45 miles/trip)

33.30 VMT/day

19



I

(33.30 VMT/day) (230 days/year)

7659.0 VMT/year

UEF = 1.122 (15/30)2 (4)
= 1.12 1b/VMT
UER = (7659.0 VMT/year) (1.12 1b/VMT) (ton/2,000 1b)

4.29 tons/year
control = water spray

control efficiency = 50% (EPA VIII)

CER (4.29 tons/year) (0.5)

I

2.15 tons/year

Truck Haulage From Clean Coal Stockpile to Paved Road

Truck payload = 40 tons

Trips= clean coal production/40 tons

(2,600,000 tons/year)/(40 tons/trip)

65,000 trips/year

l-way distance = (1500 ft) (mile/5280 ft) = 0.28 miles

n = 26 wheels
S = 15 mph

UEF = 1.122 (15/30)2(26) = 7.29 1b/VMT

VMT = (65,000 trips/year) (2 runs/trip) (0.28 miles/run)
= 36,400 VMT/year

UER = (36,400 VMT/year) (7.29 1b/VMT) (ton/2,000 1b)

132.68 tons/year

20



control = watering

control efficiency = 50% (EPA VIII)

CER

(132.68 tons/year) (0.50)

66.34 tons/year

Truck Haulage From Stoker Coal Storage Bins to Paved Road

Truck payload = 40 tons

Trips/year = Stoker coal thru-put/40 tons

(40,000 tons/year) / (40 tons/trips)

1000 trips/year

l1-way distance = (2200 ft) (mile/5280 ft) = 0.42 miles

UEF = 7.29 1b/VMT (Calculation 2)

UMT = (1000 trips/year) (2 runs/trip) (0.42 miles/run)
= 840 VMT/year

UER = (840 VMT/year) (7.29 1b/VMT) (ton/2,000 1b)

3.06 tons/year
control = watering
control efficiency = 50% (EPA VIID)

CER

i

(3.06 tons/year) (0.50)

1.53 tons/year

Refuse Haulage From Refuse Bin to Paved Road

Scraper payload = 20 tons

Trips/year = Refuse production/20 tons

(275,000 tons/year)/(20 tons/trip)

13,750 trips/year

21



1-way distance (unpaved) (1700 feet) (mile/5280 ft)

0.32 miles

Hon

4 wheels
15 mph

=]
i n

UEF = 1.122 (15/30)2(4) = 1.12 1b/VMT

VMT = (13,750 trips/year) (2 runs/trip) (0.32 miles/run)
8800 VMT/year

UER

(8800 VMT/year) (1.12 1b/VMT) (ton/2,000 1b)
4.93 tons/year

control = water spray

control efficiency = 50% (EPA VIIT)

CER = (4.93 tons/year) (0.50) = 2.47 tons/year

Refuse Haulage From Paved Road to Refuse Placement Area
l-way distance = (3400 ft) (mile/5280 ft) = 0.64 miles

UEF = 1.122 (25/30)2(4) = 3.12 1b/VMT

VMT = (13,750 trips/year) (2 runs/trip) (0.64 miles/run)
17,600 VMT/year

UER

]

(17,600 VMT/year) (3.12 1b/VMT) (ton/2,000 1b)
27.46 tons/year

control = water spray

control efficiency = 509% (EPA VIII)

CER

(27.46 tons/year) (0.5)
13.73 tons/year
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ITT. Wind Erosion From Topsoil and Subsoil Stockpile Areas:

1. Topscil From Prep Plant

Size of stockpile = 1.85 acres

UEF = 0.025 IKCLV (Calculation I 7)
I =47 (topsoil)
K=L=V=1 (worst case)
C=0.86 (Calculation I 7)
UEF = 0.025 (47) (0.86)
= 1.01 tons/acre-year
UER = (1.85 acres) (1.0 tons/acre-year)

il

1.87 tons/year

control = revegetation

control efficiency = 75% (EPA VIII)

CER

(1.87 tons/year) (0.25)
0.47 tons/year

2. Topsoil in Slurry Area

Size of stockpile = 2.02 acres

UEF

1.01 tons/facre-year (Calculation 1)

UER

(2.02 acres) (1.01 tons/acre-year)

2.04 tons/year

control = revegetation

control efficiency = 75% (EPA VIII)

CER

H

(2.04 tons/year) (.25)

0.51 tons/year
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Subsoil in Slurry Area

Size of stockpile = 5.23 acres
UEF = 0.025 IKCLV (Calculation 1)
= 38 (subsoil)
=L =V =1 (worst case)

= {0.86 (Calculation 1)

[ I- -]

UEF = 0.025 (38) (0.86)

= 0.82 tons/acre-year

UER

(5.23 acres) (0.82 tons/acre-year)

4.29 tons/year

control = revegetation

control efficiency = 75% (EPA VIII)

I

CER = (4.29 tons/year) (0.25)

1.07 tons/year

Topsoil/Subsoil in Refuse Area

Size of stockpile = 2.76 acres

UEF

1.01 tons/acre-year (Calculation 1)

S
50

(2.76 acres) (1.01 tons/acre-year)

2.79 tons/year

control = revegetation
control efficiency = 759%
CER (2.79 tons/year) (0.25)
0.70 tons/year
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Conversion Factors for Tons/Year to g/sec

1 ton/year = (1 ton/year) (2000 lb/ton) (454g/1b) (year/365 days)
(day/24 hours) (hour/3600 sec)

= 0.0288 g/sec
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IV. Summary of Fugitive Dust Emissions

Uncontrolled Emissions Controlled Emissions Annual Controlled 24~Hour
Process (tons/year) (tons/year) Emissions {g/sec) Controlled (g/sec)
I 1 20.00 20.00 0.576 1.966

2 20.00 20.00 0.576 1.966
3 20.00 2.00 0.058 0.197
4 20.00 1.00 0.02¢ 0.099
5 6.70 0.67 0.019 0.066
6 4.69 1.17 0.034 0.115
7 0.48 0.24 0.007 0.007
8 6.70 0.67 0.019 0.066
9 13.30 1.33 0.038 0.131
10 9.31 2.33 0.067 0.229
11 1.91 0.96 0.028 0.028
12 13.30 1.33 0.038 0.131
13 20.00 2.00 0.058 0.197
14 20.00 1.00 0.029 0.099
15 8.90 4. 45 0.128 --
16 8.90 0.89 0.026 --
17 8.90 0.89 0.026 --
18 8.90 0.89 0.026 --
19 6.23 1.56 0.045 --
20 0.48 0.24 0.007 0.007
21 8.90 . 0.89 0.026 --
22 8.90 0.89 0.026 --
23 8.90 0.45 0.013 --
24 8.90 0.89 0.026 --
25 8.90 0.45 0.013 --
26 28.90 2.89 0.083 0.197
27 25.60 1.28 0.037 0.087
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Uncontrolled Emissions Controlled Emissions Annual Controlled 24-Hour

Process (tons/year) (tons/year) Emissions (g/sec) Controlled {(g/sec)
28 144.50 14.45 0.416 0.983
29 25.60 1.28 0.037 0.087
30 25.60 1.28 0.037 0.087
31 17.92 2.24 0.065 0.154
32 0.72 0.36 0.010 0.010
33 17.92 8.96 0.258 0.618
34 0.40 0.02 0.000 0.001
35 0.004 0.0004 0.000 0.000
36 0.004 0.0004 0.000 0.000
37 0.40 0.04 0.001 0.001
38 0.40 0.04 0.001 0.003
39 2.75 0.14 0.004 0.009
40 0.03 0.02 0.001 0.001
41 2.75 1.38 0.040 0.088
IT1 1 4.29 2.15 0.062 0.098
2 132.68 66.34 1.911 4.501
3 3.06 1.53 0.044 0.096
4 4.93 2.47 0.071 0.158
5 27.46 13.73 0.395 0.881
II11 1.87 0.47 0.014 0.014
2 2.04 0.51 0.015 0.015
3 4.29 1.07 0.031 0.031
4 2.79 0.70 0.020 0.020
Total 714.51 190.54 5.491 13.444




EPA,

EPA,

EPA
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