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3.7 CRANDALL CANYON SHAFT SITE

The Crandall Canyon shaft and support facility project was originally conceived in the
1976-211 Plan. Conceptual plans were prepared during the interim SMCRA Program and first
submitted for review as a surface modification in September of 1980. More detailed plans
followed in February of 1981, with a request for separate review of the Crandall project so
that completion could be achieved reasonably close to dates originally projected under interim
requirements. _

Plan review proceeded until April, 1982, when the entire project was finally approved
for completion. During the review process, several permits for portions of the project were
granted to allow construction to proceed in a somewhat orderly fashion. The apparent
completaness review caused some revision and inclusion of the new information to the plan.

The plan has been reorganized to include all revised or new information.

3.7-1 General

The following narrative was written by Price River Coal Company describing the
facilities to be constructed in Crandall Canyon. Castle Gate will utilize this facility primarily
as storage and access to the mine. Castle Gate will maintain this facility for the life of the
No. 3 Mine but will not construct the buildings as proposed in this narrative unless market
conditions warrant increased production.

Price River Coal Company (PRCC) proposes, as part of their overall mine plan
(submitted to and approved by the U. S. Geological Survey in 19786), to construct two mine
shafts in Crandall Canyon, together with certain buildings and facilities, all of which are
described herein (Exhibit 3.7-4). in the original mine plan, the shaft location was generally
stated. This document is a site-specific plan and complete description of the facilities to be
constructed, including construction procedures to be followed, considerations for protection
of environmental values and final reclamation of the affected areas to a stable and productive

condition.
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The mine shafts and associated facilities are required to allow the diligent development
of the No. 3 Mine and the attainment of optimum levels of production from this mine.
Primarily, the shafts are required to provide a much needed improvement in mine ventilation
and to reduce the underground transportation time for men and materials. Projected duration
of operation of this facility is 30 years.

The shafts are centrally located in the remaining minable reserves assigned to the No.
3 Mine. The new mine ventilation fan system installed at the No. 1 Shaft enables operation
of twice the present complement of mine equipment in the mine, and the proposed hoisting
system will reduce underground haulage distances for men and materials by up to 3 miles.
The complete surface facilities are designed, as far as possible, to be accommodated within
the canyon floor area and will require a minimum relocation of the existing stream channel
now running through the area. Following completion of the Crandall Canyon facility,
operations in Hardscrabble Canyon (Mines No. 3 and No. 4) and Sowbelly Guich (Mine No.
5) will be phased out, and the affected surface areas reclaimed. This process will require
approximately 3 years following completion of the Crandall Canyon facility to accomplish, and
will ultimately result in a new reduction of surface acreage actively affected of approximately
30 acres.

Castle Gate Coal Company does not plan on moving to Crandall Canyon with surface
facilities until market conditions warrant more space. The area will continue to be used for

storage, ventilation fans and mine rescue training.

3.7-2 Phase I: Site Preparation

Site preparation will consist of the following:
a. Grading of existing jeep trail to minimum specification required by R614-301-
527.200. (Completed)

b. Removal of vegetative matter from area to be impacted; including cutting
disposal of timber and grubbing and removal of herbaceous and shrubby
vegetation. (Completed)
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h.

Ongoing removal and subsequent storage of topsoil or other unconsolidated
growth supporting (6) inches. (Completed)

Realignment of sections of the stream channel through main construction area.
(Completed)

Installation of culverts and other temporary crossings. (Completed)

Re-contouring and pad construction to configurations shown on Exhibit 3.7-5B.
(Completed)

Installation of drainage and sediment control facilities shown on Exhibit 3.7-6.
(Completed)

Construct concrete work surfaces at main shaft. (Completed)

-

Initial shaft construction. (Completed)

3.7-3 Phase ll: Construction

The mine facilities, as constructed, are shown on aerial photography maps labeled
Exhibits 3.7-3A, 3.7-3B, 3.7-3C, and 3.7-3D. Topographic maps developed from the aerial
photographs are presented as Exhibits 3.7-5A, 3.7-5B, and 3.7-5C. The total area
encompassed within the disturbed area boundary is 38.2 acres.

3.7-3(1) Shaft Excavation

Two shafts were constructed in Crandall Canyon:

1.

2.

A 26 finished-diameter, concrete-lined intake air and materials hoisting shaft,
approximately 1,450’ deep;

A 20’ finished-diameter, concrate-lined return air shaft, approximately 1,400’
deep.

In each shaft, shaft stations were constructed at the shaft intersection with each of three

minable coal seams, the D, A; and Sub 3.

007/004
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Any aquifers intersected by the shafts were grouted off or contained and collected in
shaft water rings for later use in the mine. Water inflow in the shafts is minimal. The
excavated materials removed from the shafts were of three types: (1) non-toxic alluvial
deposits encountered in the first 50’ or so; (2) non-toxic consolidated sandstones and shales;
and (3) coal-bearing materials. All coal-bearing materials were sepa'rated from the main
portion of the excavated materials and then processed.

The non-coal-bearing materials were spread in even layers and compacted as fill
beneath the proposed bathhouse/office building, the parking lot, the access road at the intake
shaft area, and exhaust shaft-sewage pumping station. Fill materials were compacted in two-
foot lifts. Proctor compaction tests were conducted at regular intervals to assure design
compaction. Samples fram test hole "MC-207" were analyzed for structure and
compressibility. The materials and plans for compaction have been reviewed by registered
engineers and certified as acceptable (see Appendix 3.7C for physical analyses and engineer’s
certification).

Upon completion of the shaft construction and the fill process, the final grade, minus
hard-surfacing and required dressing, was reached.

The materials excavated and used in fill construction were subjected to chemical
analyses. Samples for analysis were obtained from test hole "MC 207" (see Appendix 3.7C).

The exhaust shaft is located on a lower bench east of the parking lot. An access ramp
connects the exhaust shaft surface area with the parking lot. The concrete collar of the
exhaust shaft protrudes 3’+ above the finished surface elevation surrounding the shaft. A
safety fence surrounds the shaft.

Timing - Shaft construction was initiated based on approval granted by the
correspondence of December 23, 1980, and continue until completion approximately twenty
months hence. |

Finished Surfaces in Shaft Area - The areas around the intake shaft and associated
buildings will be hard-surfaced to facilitate movement of materials and equipment into and
from the shaft through the airlock door systems on north and/or south sides of the shaft, and

also to maintain ready access to either the hoist or mine ventilation systems.
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3.7-3(2) Class Il Access Road

An access road to Crandall Canyon existed in the form of a jeep trail. This was
improved to a Class Il road per existing regulations. The new access road, road P-1, will
function as a right-of-way from the Utah State Route 6 to the shaft site permitting vehicular
access for personnel and materials. The road is not a coal haul road. To facilitate safe access
between the constructed Crandall Canyon road and Utah State Route 6 at the mouth of
Crandall Canyon, a new intersection was constructed to Utah Department of Transportation
specifications (see Exhibit 3.7-8A).

The new (or improved) access road through the canyon follows the general routing of
the present trail. While adharing to the specifications for a Class Il road, the road design will
attempt to ensure the minimum amount of cut-and-fill and/or stream channel modification.

In general, the hard-surface roadway is 24’ wide with 8’ shoulders on each side. At
the edge of the shoulders on the hillside, drainage ditches with crossroad culvert pipes have
been constructed. A buried utility corridor exist within one or both shoulders.

All cuts, fills, channel relocations and culvert-receiving and outfall areas have been
seeded, riprapped or otherwise treated as required to prevent erosion.

The completed new access road crosses the stream channel in three locations. )]
these locations, sufficient bridging has been placed to permit the flow of the peak runoff from
a "one-hundred-year storm"”.

The bridges, as well as the access road, were designed to carry required H20-S16
loading.

Road alignment, plans and profiles are shown on Exhibits 3.7-8A through 3.7-8F. A
slope stability analysis is included as Appendix 3.7A for road cuts and fills exceeding
regulétory requirements.

Culvert Sizes for Crandall Canyon - Twenty-eight culverts were installed within Crandall
Canyon to divert storm runoff from the undisturbed drainage areas and ditches beyond the
disturbed area into Crandall Creek. These culverts were located in the field and are identified
on Exhibit 3.7-6.
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The adequacy of the existing culverts to pass the design flow rate was determined
using the methods defined in Chapter 7. In addition, culvert flow velocities were calculated,
and the adequacy of existing riprap was determined. Section 3.7-4(2) summarizes the culvert

sizing calculations.

3.7-3(3) Water Line and Gas Line (Proposed]

When market conditions warrant expansion of facilities into Crandall Canyon, culinary
water for bathing, etc., will be obtained from Helper City and will be piped to a holding tank
located near Drill Hole No. MC-186. There are also proposed plans to drill a water well near
this tank as a primary source, The pipeline will be adequately sized, located and buried in the
berm alongside the access road at sufficient depth to avoid freezing once brought up the shaft
through the mines.

A natural gas pipeline (3" and 4" diameter) will be installed by the gas company
(Mountain Fuel Supply Company) through Crandall Canyon to a metering point adjacent to the
bathhouse/office building. The natural gas distribution system and all devices and equipment
consuming natural gas will be equipped with all necessary safety and monitoring devices and
audible and visual alarm signals required to ensure their safe operation and compliance with
state and federal regulations regarding their use.

3.7-3(4) Mine Ventilation System

A complete mine ventilation fan and air heating system that supplies the No. 3 Mine
with required total ventilating air requirements has been installed at the intake air shaft.
Exhibit 3.7-5B shows the general arrangement of these facilities.

The mine fans, operating as a blowing system, are mounted in parallel and are capable
of providing the mine with up to 1,200,000 cubic feet per minute of air at up to 12" water
gauge pressure.
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Mine air heating is required to prevent shaft icing. Air entering the shaft is maintained
above 32° F, at all times by an indirect, propane gas-fired heating system located on the
intake side of the mine fans. Exhaust gases from the natural gas heaters will be exhausted
through ducting which prohibits their entering the mine.

One supply fan has an emergency diesel power system that actuates upon power loss
to the fan electrical system. This emergency system is completely automatic, starting and
stopping upon loss or re-establishment of electrical power from the main power sources. The
diesel system is capable of providing 600,000 cubic feet of air per minute to the mine.

3.7-3(5) Men_ and Materials Hoisting System

As shown in Exhibit 3.7-5B, a mine hoisting system has been installed at and over the
main intake air shaft. The hoist is a fully automated ground-mounted (multi-rope) friction-type
hoist with a large cage and counterweight in balance. The hoist system is used to raise and
lower men, materials and mine equipment to 'any of the three mine levels.

Because of the "blowing" system of mine ventilation to be employed, access to and
from the cage at the shaft collar (surface) elevation is through the airlock enclosing the
headframe.

All automated systems dealing with the hoist, fans and heaters have audible and visual
warning devices indicating failures or disruptions of service.

3.7-3(6) Bathhouse/Office Building

These facilities have not been constructed to date.
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3.7-3(7)

3.7-3(7).1 Introduction

After much re-evaluation, we have finally settled on a waste water handling plan which
we feel is economically efficient, environmentally sound and acceptable to the Utah
Department of Heaith. The system will be composed of a holding tank and pump, to be
located near the No. 2 Shaft (see Exhibit 3.7-5B) and a leach field, to which waste water will
be piped, about 3/4 miles further up canyon. The various technical data, pump, tank, and
pipe designs, although proffered as a courtesy on October 14, 1981, are not being submitted
for UDOGM/OSM review, since these items and the adequacy of the system in general has
been reviewed in detail and approved by UDH, and in our opinion are outside the purview of
regulation intended by the Mining and Reclamation Act.

We do, however, here provide additional information which we hope satisfied the
concerns you may have with the construction and reclamation phases. Explanation will be
provided under the headings of, "Construction Activities”, "Environmental Protection”, and
"Reclamation”. The new maps have been included depicting road alignment, leach field
location, culvert and diversion location and road profile. These exhibits have been identified
as 3.7-10A and 3.7-108B.

3.7-3(7).2 Construction Activities

Access Road - A Class Hil road, road A-1, has been constructed to provide access for
construction equipment and_ routine inspection to the leach field. Average road width is 24
feet, including berms and ditch, and the average grade, about 8%. A typical cross section
is provided on Exhibit 3.7-10B. The road starts near the proposed water tank site at MC-186
and follow an old road bed until about Station 14 +00, shown on Leach Field No. 1. There
is about 300 feet of road constructed, which includes the installation of an 84" corrugated
metal pipe (CMP) for the intermittent stream crossing at Station 16 +50 (hydrologic design
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and calculations were provided to UDOGM on July 20, 1981 for this culvert). About 80 feet
beyond the 84" CMP, we intersected test hole pad MC-13 and proceeded on the existing road
the remaining distance to the leach field. The waste water distribution pipes were installed
in the road bed so as to deliver waste water to the up-canyon end of the field, which has not
been used to date. Two additional culverts have been added; one at Station 16 +50 and the
other at Station 26 + 80 on Exhibit 3.7-10A and Exhibit 3.7-10B. The hydrologic calculations
have been included with this submission. The road will be crowned and surfaced with gravel.

Leach Field - Construction of tr'le leach field required progressive excavation of the area
shown on Exhibit 3.7-10B to a depth of five feet. A sand bedding and the perforated pipe
was installed and all excavated materials will be replaced. The topsoil, to a depth of 6", was
removed prior to excavation, stored in the approximate locations shown on Exhibit 3.7-10B
and replaced after replacement of other excavated materials. After construction, the surface
of the leach field will be approximately one foot higher than original ground, but will settle
considerably below that over time. A diversion, as shown on Exhibit 3.7-108, will be needed
to direct hillside runoff away from the field. The culvert at Station 26 +80 will carry water
from the diversion to the stream. Channel calculations are included with this submission.

The existing undisturbed area drainage diversions for the leach field area are located
on Exhibits 3.7-6 and 7-3. The adequacy of the existing diversion ditches and culverts is
discussed in Section 3.7-4(2).

3.7-3(7).3 Envirgnmental Protection

Prevention of Sedimentation - Straw dikes were used to control runoff from the leach
field area. They will be placed on the approximate location shown on Exhibit 3.7-10B. Bales
will remain in place until the leach field area has been stabilized by vegetation. Other areas,
such as road cuts and fills, were mulched and seeded immediately after construction. Culvert
discharge points were riprapped to minimize erosion.

Topsoil Protection - Topsoil was salvaged prior to construction of the leach field, and
some of the topsoil was used to cover the leach field once the drain piping was installed. A
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nutrient analysis was performed by the State Lab. Other scil information was in the form of
SCS survey information which was submitted to UDOGM on October 20, 1981. It is
expected that about 135 cubic yards of topsoil will be collected as part of new road
construction between Stations 14+00 and 17+00. This material was moved to Gravel
Canyon. There is no reason to expect that this soil will vary from the SCS information or the
other tests taken nearby.

Wildlife Protection - We know of no "high value" wildlife habitat in the road corridor
or leach field area (according to UDWR).

Air Quality Protection - During the construction phase, the road bed will be watered

to reduce fugitive dust.

3.7-3(7).4 Contemporaneous Reclamation

Leach Field - After replacing topsoil, the area (including the diversion) was seeded with
the following mixture:

Species re (PL

Great Basin Wildrye 1

Indian Rice Grass 1

Cicer Milkvetch 5

Strawberry Clover 5

Waestern Wheatgrass 10
Mountain Brome 5
TOTAL 27

The planting on the leach field has been restricted to grasses and forbs, because shrub
or tree growth could interfere with the function of the leach field.
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A straw mulch was spread and disced in after the leach field was seeded. Nitrogen
was added to offset mulch decay at about 50 Ibs/acre. Soil tests indicate low phosphorous
(3 PPM).

Access Road - Berms, cut and fill banks, and ditches were re-seeded after construction
of the road with the same mixture as the leach field, except that about 5 Ibs/acre of the BLM
mixture and 5 Ibs./acre barley was added for quick cover. In the spring, the road bank
planting was supplemented with bare root stock. The bare root stock supplement consisted
of the Douglas Fir at a stock rate of 200 seedlings per acre and the Ponderosa Pine at a stock
rate of 100 seedlings per acre. The vegetation work will also remain as permanent.

3.7-3(8)

A proposed workshop/warehouse building will be constructed at the upper end of the
site. The building will contain office, storage, sanitary and maintenance facilities required to
support the personnel working within.

An external loading ramp permitting tailgate unloading of large tractor-trailer
combination will be built to the rear of the building, if needed.

Oils and other patrochemicals will be used and stored on the site in a designated area.
No petrochemicals or related products will be disposed of on-site.

All sanitary effluents will be piped directly to the sewage pumping station located at
the lower end of the main construction area.

The parking lot and storage area above the workshop/warehouse building will be
covered with stone and hard-surfaced as required to support the loads handled. Ali surface
runoff from the hard-surfaced area will be channeled through a sediment pond before being
discharged to the stream channel.
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3.7-3(9) Parking Area (Proposed)

To the east of the bathhouse/office building a proposed parking area will be
constructed. The compacted and graded fill from the shafts will be topped with crushed
stone and later with hard-surfacing. Intended parking capacity will be 200 cars.

Cuts and fills made in construction of the site, that have not been hard-surfaced or
built upon, will be re-soiled and seeded or rip-rapped as required to reduce erosion.

3.7-3(10) Electrical Power Substation and Line

Electrical power required by the facilities was obtained by constructing an overhead
power-line from Hardscrabble Canyon over the ridge on the south side of the intake shaft to
a substation located approximately 200’ from the shaft. The path of the power-line was
cleared only of tall trees and only as required. There was minimal disturbance to soil and low
growing vegetation as a result of this construction. The power-line traverses land under the
aegis of the Bureau of Land Management. A permit was obtained from that agency for
construction within a designated fifty (50) foot corridor (see Exhibits 3.7-3B and 3.7-5B).

The substation is of the oil-cooled type and will be erected on a crushed stone raised
bench surrounded by protective fencing. Power-lines have been constructed as per
requirements set forth in environmental criteria for electrical transmission systems (USDI,
USDA, 1970).

3.7-3(11) Stream Channel Diversion

The existing stream channel diversion (CCRD-23) within Crandall Canyori was designed
to be a permanent diversion structure. The existing cross section of the stream channel
through the entire length of the diversion is capable of accommodating the peak runoff from
a 100-year 24-hour storm event. The existing riprap within the channel is adequate for the
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resulting flow velocities. The channel flow and riprap sizing calculations are contained in
Appendix 3.7H.

Three representative sections of the stream channel diversion were chosen for
evaluation. Section 1 is located approximately 350 feet upstream of culvert CCC-7 (refer to
Exhibit 3.7-6 for culvert location). Section 2 and 3 are located 250 feet upstream and 550
feet downstream of culvert CCC-8, respectively. The 100-year 24-hour storm event of 2.9
inches of precipitation (Miller et. al., 1973) was used to determine peak flow rates of 437,
511 and 514 cubic feet per second for Sections 1, 2 and 3, respectively. Hydrologic
methodologies are presented in Chapter 7. Peak flow calculations are contained in Appendix
3.7H.

Average stream slopes at each channel section were measured from a topographic map
of Crandall Canyon with a scale of 1 inch = 200 feet. Based on the channel cross sections
presented in Appendix 3.7H, flow depths of 2.75 feet, 6.3 feat, and 2.85 feet were realized
at Sections 1, 2 and 3, respectively. The resulting freeboard vaiues are 18 feet, 8.7 feet and
14.6 feet for Sections 1, 2 and 3, respectively.

The flow velocities were determined at each section to evaluate the existing riprap in
the channel. Flow velocities of 15.8, 15.1 and 14.2 feet per second were calculated for
Sections 1, 2, and 3, respectively. The average required riprap size was calculated for each
section to be 9, 5, and 6 inches. The existing average riprap at Sections 1, 2 and 3 was
measured to be 10, 12, and 12 inches, respectively. the capacity and existing riprap design
are adequate for the permanent stream diversion channel.

The capacity and existing riprap for each of the three pipe-arch culverts (CCC-7, ccec-8
and CCC-24, located on Exhibit 3.7-6) were also evaluated. In summary, all culverts were
able to pass the 100-year 24-hour storm event. The exit velocities calculated for culverts
CCC-7, CCC-8 and CCC-24 are 17.7, 10.3 and 13.1 feet per second, respectively. The riprap
at each culvert exit was adequate with the exception of CCC-7. The existing riprap at the
outlet of CCC-7 is approximately 12 inches in size, and the required riprap size is
approximately 15 inches. Capacity and riprap sizing calculations are contained in Appendix
3.7H.
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3.7-3(12) Retaining Wall

The choice of wall was made in late fall of 1981. The type of retaining wall
constructed was the Hilfiker welded wire reinforced earth wall. A manufacturer’s brochure

is included as Appendix 3.7B to demonstrate installation.
3.7-4 Protection of the Environment

3.7-4(1) Topsoil Handling

Topsoil removal and storage procedures will be performed during all phases of site
construction. Prior to construction activities for designated areas within the proposed area
to be affected, the topsoil or upper six (6) inches of unconsolidated growth medium was
removed and stored in designated locations (see Exhibits 3.7-3D and 3.7-5C). About 8,000
CY (cubic yards) are stored on-site in the lower two piles. Approximately 40,000 CY of
subsoils were transferred to Gravel Canyon as per modification approved in April, 1982. The
Gravel Canyon modification is included in Chapter 8, Soil Resources.

Existing organic materials will not be included in topsoil storage piles. Topsoil will only
be collected from areas where collection is technologically feasible; considering degree of
slope and percentage of large boulders as limiting factors. Specifically, topsoil removal will
not occur in the rocky Pathead soail formations. This includes slopes above the
colluvial/alluvial valley soil complexes. Access road development, as shown in Exhibits 3.7-8A
through 3.7-8F, primarily disturbed the Curecanti and Uinta formation, with the exception of
areas between State Route 6 and the first stream crossing. This stretch is "made land”,
previously disturbed by highway construction. Some suitable growth material may be
obtainable,

In areas where suitable unconsolidated growth media exists in excess of six inches,
a greater amount may be collected to provide resoiling material in areas for which topsoil is

unavailabie.
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Topsoil Protection - Topsoil is stored in designated areas in stable piles. Measures to
achieve rapid growth were undertaken soon after each stockpile was compieted.
Methodology included mechanical scarification, mulching, crimping and seeding with species

_of both an annual and perennial habit. Soil amendments were added to stimulate growth as
per soil test recommendations. Topsoil stockpiles will remain intact for a minimum of thirty
(30) years. Surrounding mature species will not be discouraged from colonization. The

following species will be included in the planting plan:

LBS. PER ACRE

SPECIES

| COMMON NAME

| Barley Hordeum vulgare Annual 26

-

Intermediate wheatgrass | Agrophyron intermedium | Perennial 4

i Russian wildrye Elymous junééous Perennial 4 4

Woods rose Rosa woosii ultramontana | Perennial 1/2

Bitterbrush Purshia tridenta Perennial 1/2

| Curlleaf Mt.Mahogany Cecocarpus ledifolus Perennial 1/2
‘ ledifolus '

Cecocarpus Perennial 1/2
montanus montanus

| Birchleaf Mt. Mahogany

Surface and Ground Water Monitoring - The ground water monitoring station for
Crandall Canyon, designated as B-22 Spring Monitoring Station, was monitored quarterly and
was included in the monitoring plan submitted to all regulatory authorities during 1978.
Surface water monitoring has occurred within the same time frames. The Crandall stations
are B-25 and B-26 (see Exhibit 7-3). All surface water monitoring stations are sampled per
the schedule in Chapter 7.
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3.7-4(2) Hydrologic Balance

The existing facilities within Crandall Canyon were constructed in a manner which
minimizes changes to the prevailing hydrologic balance. Effluent limitations set by R614-301-
751 and present UPDES Permit limitations will not be exceeded if the discharge is the result
of a precipitation event from the 10-year 24-hour storm or smaller.

Contributions of sediment to the stream channel are prevented by diverting drainage
from undisturbed areas away from the site. In addition, existing sedimentation ponds collect
disturbed area surface runoff, and a system of berms around the disturbed areas prevent
drainage to the stream channel. Other measures taken to minimize potential erosion and
subsequent sedimentation include or will include vegetative and riprap stabilization of cut and
fill banks, and revegetation of all disturbed areas not under paving or buildings.

Design criteria for sediment control structures, diversions, and culverts comply with
the requirements set forth in R614-742.300 and R614-742.200.

3.7-4(2).1 Storm Runoff Calculations

Peak discharge rates from the undisturbed and disturbed area drainages of Crandall
Canyon were calculated for use in determining the adequacy of the existing diversion ditches
and culverts. The storm runoff calculations for the temporary diversion structures were based
on the 10-year 24-hour storm event of 1.9 inches of precipitation (Miller et. al., 1973). A
description of the methods used to determine the peak discharge rates is presented in Chapter
7.

The disturbed and undisturbed drainage areas for Crandall Canyon are presented on
Exhibit 3.7-6. Those drainage areas too large to fit on Exhibit 3.7-6 can be found on Exhibit
7-3. Each drainage area is labeled according to the drainage basin, watershed, and whether
it is disturbed or undisturbed. For example, CCWS-U6 represents Crandall Canyon
undisturbed watershed number 6.
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Curve numbers were estimated from vegetation data presented on Exhibits 9-1 and 9-
4, and by field observations. The north-facing slopes of Crandall Canyon are primarily
vegetated with conifers and mixed brush. South-facing slopes are primarily vegetated with
juniper and pinion, and mixed brush. Approximaté vegetation cover densities are estimated
from values contained in Chapter 9. Average cover densities for mixed brush, conifer, and
juniper/pinion were 45 percent, 73 percent, and 55 percent, respectively. Based on
information provided by the U.S. Soil Conservation Service (1972) and professional
judgement, a curve number of 65 is estimated for the north-facing slopes and a curve number
of 70 is estimated for the south-facing slopes. An average curve number of 68 is estimated
for the entire drainage basin.

A summary of the runoff calculations is presented in Table 3.7-1. Al runoff

calculations are contained in Appendix 3.7D.

3.7-4(2).2 Diversion Structures

Diversion structures within the Crandall Canyon area include drainage ditches and
culverts to convey storm runoff from disturbed and undisturbed drainage areas, and berms
to contain disturbed-area drainage. These diversion structures are located on Exhibit 3.7-6.
The peak discharge rates are based on the 10-year 24-hour storm event. A description of the
methods used to calculate runoff is described in Chapter 7.

The dimensions of the existing diversion ditches and berms were measured in the field.
The measurements approximate either a trapezoidal or triangular shape. Typical sections for
each diversion identified on Exhibit 3.7-6 are contained in Appendix 3.7E. In addition, a
summary of ditch geometry is presented in Table 3.7-2, and a summary of berm geometry is
presented in Table 3.7-3. '

The capacity of existing diversion ditches was determined by calculating the normal
depth of flow based on a minimum ditch slope. The maximum flow velocity was calculated

based on the maximum ditch slope. Ditch slopes were measured in the field or from a contour
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map of the Crandall Canyon area with a scale of 1 inch = 200 feet. A summary of ditch
calculations is presented in Table 3.7-4. All ditch calculations are contained in Appendix 3.7E.

All calculations for the diversion ditches resulted in maximum velocities of less than
5 feet per sacond, with the exception of ditches CCD-2 and CCD-5. A flow velocity of less
than 5 feet per second is considered non-erosive. The resulting flow velocity in ditch CCD-5
is 5.4 feet per second. The flow velocity in ditch CCD-2 is 7.3 feet per second. The required
average riprap sizes for ditches CCD-2 and CCD-5 are 3 inches and 2 inches, respectively.
The existing average riprap sizes in ditches CCD-2 and CCD-5 are 4 inches and 2 inches,
respectively. Therefore, the ditch sections are adequate. Riprap calculations are presented
in Appendix 3.7E.

Twenty-saven culverts were installed within Crandall Canyon to divert storm runoff
from the disturbed and undisturbed drainage areas. These culverts were located in the field
and are identified on Exhibit 3.7-6.

The adequacy of the existing culverts to pass the design flow rate was determined
using the methods defined in Chapter 7. Table 3.7-5 summarizes the culvert sizing
calculations. Because the resulting HW/D (headwater depth divided by the culvert diameter)
ratio is less than one for each culvert, all existing culverts will adequately pass the 10-year
24-hour storm. Culvert calculations are presented in Appendix 3.7F.

The slope of each culvert, and the size of existing riprap at the outlet was measured
in the field. Calculations were performed to determine the exit velocities at each cuivert and
the adequacy of existing riprap. A summary of the culvert flow velocity and riprap sizing
calculations is presented in Table 3.7-6. Culvert flow velocity computations are presented in
Appendix 3.7F.

All calculations for the culvert exit velocities resulted in adequate riprap at each culvert

outlet with the exception of culvert CCC-26. The existing average riprap size at CCC-26 is
10 inches. The required riprap size, due to the steep exit slope, is approximately 21 inches.
Riprap calculations at the culvert outlets are presented in Appendix 3.7F,
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3.7-4(2).3 Sedimentation Ponds

Sedimentation Ponds 014 and 015 are located in Crandall Canyon and control the
storm runoff from the disturbed drainage areas at the site. Survey of sedimentation Pond 014
was conducted in April 1990 by Bruce Ware (Registered Land Surveyor) of Price, Utah.
Horizontal and vertical control bench marks were not available for the survey, so
approximations of actual coordinates and elevations were made. The sediment Pond 015 was
reconstructed in September-October of 1991 and resurveyed by a Professional Engineer.
Horizontal and vertical control bench marks were not available for the survey, so initial
coordinates and elevations were assumed, relative to an assumed elevation of the dam. The
topography and cross sections for Ponds 014 and 015 are contained on Exhibits 3.7-9A and
3.7-9B, respectively. A description of the construction methods and the as-built pond survey
certification for Pond 015 are contained in Appendix 3.7J.

Pond 014 - The stage-area and stage-capacity data for Pond 014 were determined from
the pond topography contained in Exhibit 3.7-9A. A summary of these data is contained in
Table 3.7-7. The stage-area and stage-capacity curves for Pond 014 are presented in
Appendix 3.7G.

The required 3-year sediment storage volume of 1921 cubic feet (.044 acre-feet) was
calculated as indicated in Appendix 3.7G using methods described in Chapter 7. The storm
runoff volume from the 10-year 24-hour storm event is 29,038 cubic feet (.667 acre-feet).
The computation of the runoff volume assumed a drainage area of 7.92 acres and a curve
number of 90 for the disturbed area. No undisturbed areas contributed to the pond. Thus,
the minimum capacity of the pond at the elevation of the primary spillway must be 30,957
cubic feet (assuming the spillway does not spill during the 10-year 24-hour storm). From the
stage-capécity curve contained in Appendix 3.7G, the allowable storage at the primary
spillway elevation {(6765.6 ft) is 56,000 cubic feet. Therefore, additional volume is available
for sediment storage. Subtracting the runoff volume from the existing pond capacity at the
spillway results in a maximum sediment storage capacity of 26,900 cubic feet (.618 acre-

feet). The elevation of the maximum sediment storage level at this capacity is 6762.5 feet
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(3.1 feet below the primary spillway). The 60% clean-out volume for Pond 014 is 16,140
cubic feet (0.371 acre-feet). The 60% clean-out elevation is 6761.1 feet (4.5 feet below the
primary spillway).

The 25-year 24-hour storm event (2.3 inches of precipitation (Miller, et. al., 1973))
was used to determine the adequacy of the primary spillway. The size of the disturbed
watershed is 7.92 acres. The computation of the runoff volume assumed an average curve
number of 90 and a time of concentration of 0.23 hours (see Appendix 3.7G). The calculation
methods used are described in Chapter 7. The calculations for sedimentation Pond 014 are
contained in Appendix 3.7G.

The 25-year 24-hour storm was routed through the primary spillway to determine the
maximum stage and flow volume. Computations were conducted assuming that the pond
contained the maximum allowable sediment volume of 29,100 cubic feet. In addition, the
computer software program SEDIMOT Il assumes that the pond is full of water up to the
primary spillway elevation at the beginning of the storm event. This results in a conservative
estimation of the maximum stage since, in general, the pond can be assumed to be empty at
the beginning of a storm event.

From the analysis of the 25-year 24-hour storm event, the maximum inflow rate to the
pond is 9.64 cubic feet per second (cfs) and the maximum outflow rate is 5.74 cfs. The
corresponding high water level is 6766.32, 0.72 feet above the primary spillway, and 3.18
feet below the minimum embankment elevation of 6769.5. Thus, Pond 014 meets the
raquirements of R614-301-742.200.

The inlet channel to Pond 014 was evaluated to determine the adequacy of the existing
riprap, and capacity of the channel during the 25-year 24-hour storm event. The calculations
for the inlet channel are presented in Appendix 3.7G. Based on the minimum channel slope,
the flow depth in the inlet channel is 0.26 feet, which provides 1.0 foot of freeboard. Based
on the maximum channel slope, the flow velocity is 8.5 feet per second. This velocity
requires an average riprap size of 8 inches. The existing average riprap size of 12 inches is
adequate for this inlet channel.
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The outlet of the primary spillway was evaluated to determine the suitability of the
existing riprap. With a culvert slope of 5.1% and a peak discharge rate of 5.7 cubic feet per
second during the 25-year 24-hour storm, the exit velocity was calculated to be 7.16 faet per
second. The existing average riprap diameter of 6 inches is adequate for this flow velocity.
The flow velocity and riprap sizing calculations are presented in Appendix 3.7G.

According to R614-301-742,221.34 (Utah Division of Oil, Gas and Mining, 1990) a
non-clogging dewatering device must be installed in the pond. Because Pond 014 does not
require reconstruction, it will be dewatered using a portable pump system. The inlet structure
to the portable pump will float on the surface of the water. The system will include an oil
skimmer to prevent floating matter from being discharged from the pond during dewatering.
The pond will be dewatered.to elevation 6762.5, the maximum sediment storage elevation.
Prior to dewatering, the impounded water will be sampied and tested to insure that the
discharge will meet UPDES effluent requirements.

Sediment removal from the sedimentation pond will be perfonﬁed when the sediment
reaches the 60% cleanout level. As shown on Exhibit 3.7-9A, the 60% cleanout level is at
elavation 6761.1. The sediment will first be tested to determine if it contains any acid and/or
toxic forming materials. If the sediment is non-toxic, it will be considered as spoil and
properly disposed of. If the sediment is toxic, it will be buried under 4 feet of soil cover.

Pond 015 - A 3-year sediment storage volume of 4050 cubic feet (0.093 acre-feet)
was calculated as indicated in Appendix 3.7G using methods described in Chapter 7. The
storm runoff volume from the 10-year 24-hour storm event is 22,841 cubic feet (.524 acre-
feet). The computation of the runoff volume assumed a drainage area of 6.23 acres and a
curve number of 90 for the disturbed area. No undisturbed areas contribute to the pond.
Thus, the minimum capacity of the pond at the elevation of the primary spillway must be
26,891 cubic feet (assuhing the spillway does not spill during the 10-year 24-hour storm).

From the stage-capacity curve contained in Appendix 3.7G, the allowable storage at
the primary spiliway elevation (98.2 ft) is 45,287 cubic feet. Therefore, additional volume
is available for sediment storage. Subtracting the runoff volume from the existing pond
capacity at the spillway results in amaximum sediment storage capacity of 19,857 cubic feet.
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The elevation of the maximum sediment storage level is 94.7 feet (3.5 feet below the primary
spillway). The stage-area and stage-capacity data for Pond 015 were determined from the
pond topography contained in Exhibit 3.7-9B. A summary of this data is contained in Table
3.7-8. The stage-area and stage-capacity curves for Pond 015 are presented in Appendix
3.7G.

The 25-year 6-hour storm event (1.6 inches of precipitation) was used to determine
the adequacy of the primary spillway. The size of the disturbed watershed is 6.23 acres. The
computation of the runoff volume assumed an average curve number of 90 and a time of
concentration of 0.20 hours. The calculation methods used are described in Chapter 7. The
calculations for sedimentation Pond 015 are contained in Appendix 3.7G.

The 25-year 6-hour storm was routed through the primary spiliway to determine the
maximum stage and flow volume. The computer software program SEDCAD assumes that
the pond is full of water up to the primary spillway elevation at the beginning of the storm
event. This results in a conservative estimation of the maximum stage since, in general, the
pond can be assumed to be empty at the beginning of a storm event.

Using the assumption that the pond is initially full of water when the storm begins, the
SEDCAD program calculated a maximum inflow rate of 3.96 cubic feet per second (cfs) and
a maximum outflow rate of 3.00 cfs. The corresponding high water level is 98.5, 0.3 foot
above the primary spillway, and 2.30 feet below the minimum embankment elevation of
100.8.

The north and south inlet channels to Pond 015 were evaluated to determine the
adequacy of the existing riprap, and capacity of the channel during the 25-year 6-hour storm
event. The calculations for the inlet channels are presented in Appendix 3.7G. Based on the
minimum channel slope, the flow dept_h in the north inlet channel is 0.15 feet, which provides
0.85 feet of freeboard. The flow depth in the south inlet channel is 0.10 feet, which provides
0.73 feet of freaboard.

Based on the maximum channel slope, the maximum flow velocity in the north inlet
channel is 5.66 feet per second. This velocity requires an minimum average riprap size of less
than 6 inches. The maximum flow velocity in the south inlet channel is 4.5 feet per second.
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Since the south inlet ch.annal is well vegetated, and the design flow is very low (0.4 cfs), no
riprap is required.

The outlet of the primary spillway was evaluated to determine the suitability of the
existing riprap. With a culvert slope of 14.0% and a peak discharge rate of 3.0 cubic feet per
second during the 25-year 6-hour storm, the exit velocity was calculated to be 8.51 feet per
sacond. The flow velocity calculations are presented in Appendix 3.7G. The existing stream
channel diversion contains cobbles and boulders large enough to meet the required riprap size
of 6 inches at the culvert outlet.

An emergency spillway was added to Pond 015 based on R614-301-742.223 (Utah
Division of Oil, gas and mining, 1990). The crest of the emergency spillway is located 1.4
feet above the primary spillway flowline, and 1.2 feet below the maximum embankment
elevation. The spillway has a 5-foot bottom width, 2H:1V side slopes, and a median riprap
size of 4 inches. The location of the emergency spillway is presented in Exhibit 3.7-9B.

The performance of the emergency spillway was evaluated in the event the primary
spillway becomes inoperative. The 25-year 6-hour storm was routed through the emergency
spillway assuming that the pond was initially full of water to the elevation of the emergency
spillway when the storm occurred. A stage-discharge curve was calculated by SEDCAD for
the emergency spillway. The SEDCAD input and output is contained in Appendix 3.7G. From
the final (emergency spillway only) analysis of the 25-year 6-hour storm event, the maximum
discharge out of the emergency spillway is 2.83 cfs with a maximum flow elevation of 99.9
(0.9 foot below the minimum embankment elevation).

The emergency spillway was evaluated to determine the necessity of riprap on the
outlet slope. With a channel slope of 0.2 ft/ft, a Manning’s roughness coefficient of 0.033
and a maximum discharge rate of 2.83 cfs during the 25-year 6-hour storm (emergency
spillway only outflow), the flow velocity was calculated to be 4.64 feet per second (fps). An
average riprap diameter of 3 inches is required at the outlet for this flow velocity.

R614-301-742.221.34 (Utah Division of Oil, Gas and Mining, 1992) requires a non-
clogging dewatering device adequate to maintain the detention time required under R614-301-
742.221.32. Pond 015 will be dewatered using a pump system. The inlet structure to the
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portable pump will float on the surface of the water. The system will include an oil skimmer
to prevent floating matter from being discharged from the pond during dewatering. The pond
will be dewatered to elevation 94.7, the maximum sediment storage elevation. Prior to
dewatering, the impounded water will be sampled and tested to insure that the discharge will
meet UPDES effluent requirements. _

Sediment removal from the sedimentation pond will be performed when the sediment
reaches the 60% cleanout level. As shown on Exhibit 3.7-9B the 60% cleanout level is at
slevation 93.0. The sediment will first be tested to determine if it contains any acid and/or
toxic forming materials. If the sediment is non-toxic, it will be considerd as spoil and properly
disposed of. If the sediment is toxic, it will be buried under 4 feet of soil cover.

3.7-4(3) Pond Embankment Stability Analyses

3.7-4(3).1 General

Both the inslopes and outslopes of the embankments of Pond 015 in Crandall Canyon
were analyzed for long term stability. These analyses were performed to address the
requirements of R645-301-733.210 and R645-301-533.100, which stipulate that all
embankments not under the jurisdiction of the Mine Safety and Health Administration (MSHA)
shall have a minimum static factor of safety of 1.30.

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

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

conservative because of the absence of lab data.
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Based on information gathered during the field survey and the results of visual
classification of the soil samples, the slope stability computer software program GEOSLOPE
(GEOCOMP, Inc.) was utilized to determine an in-situ factor of safety for each of the
embankments. The resulting computer output is contained in Appendix 3.71.

GEOSLOPE is a computer program based on the FORTRAN program STABL3 which
was developed at Purdue University. GEOSLOPE utilizes the limit equilibrium procedure of
slices to determine the safety factor of potential circular failure surfaces by the Modified
Bishop’s Method. Both deep failure surfaces and surfaces that generally pass through the toe
of the embankments were analyzed. Only the analysis that produced the lowest factor of
safety for each embankment is included in Appendix 3.71.

-

3.7-4(3).2 Pond 015

Pond 015 is centrally located within the disturbed area of Crandall Canyon. The pond
is partially incised, with the most critical outslope section of the embankmaent located on the
side of the pond closest to the main stream channel diversion. The side of the pond closest
to the road was analyzed for inslope stability. The critical sections that were analyzed are
shown on Exhibit 3.7-9B.

The geometry of the Pond 015 outsiope embankment is characterized by a nearly
vertical gabion wall that forms the left side of the main stream channel diversion at the toe
of the embankment. The embankment then slopes 28° to a fairly level bench ten feet in
width. The outside of the embankment then slopes 15° to the top of the embankment, which
is approximately 11 feet in width. The inside of the embankment slopes at 21°. The total
length of cross section C - C’ used to model the outslope embankment is 110 feet. The
embankment is composed primarily of sandy gravel. The assumed soil strength parameters
are identified in Table 3.7-9. The phreatic surface was assumed to be at the ground surface
at the toe of the outslope, and at 1.5 feet below the top of the embankment on the inside of
the embankment. This corresponds to the maximum water level in the pond during a 25-year

6-hour storm event, assuming the pond is full of water at the beginning of the storm. See
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Section 3.7-4(2) for a description of the methods used to determine that water surface
elevation. A sketch of the section geometry is included in 3.71.

The existing embankment is stable with a factor of safety of 2.33. See Appendix 3.7I
for GEOSLOPE computer results.

The inslope of Pond 015 closest to the road was analyzed for stability, as depicted by
the 50 foot section D - D’ of Exhibit 3.7-9B. The average slope is approximately 32° from the
bottom edge of the pond to road above the pond. The phreatic surface was assumed to be
horizontal at the maximum 25-year 6-hour level of 98.5. The pore pressure parameters were
assumed to be equal to zero since it is anticipated that the pore pressures would dissipate
quickly during pond dewatering, due to the granular nature of the soil. A summary of the soil
strength parameters are listed in Table 3.7-9, and a detailed section cut is included in
Appendix 3.71. '

The inslope of Pond 015 is stable with a factor of safety equal to 1.37. See Appendix
3.7 for GEOSLOPE computer output results.

3.7-4(4) Disposal of Spoil

The proposed fill described in Section 3.7-3(1) may comprise a situation as addressed
in R614-301-528.310. Materials used in the fill have been tested for toxicity and other
parameters and can be classed as non-acid/non-toxic forming. All water will be directed away
from the fill by diversion ditches to remain in place for the life of the facility.

3.7-4(5) Eish and Wildlife

A survey of the mine permit area was performed in the spring of 1979 by the Utah
Division of Fish and Wildlife Resources (Dalton, 1979). Additionally, a study of the bird
population was conducted for the area around Crandall Canyon and the proposed power-line
(Young, 1980). No threatened or endangered species were found to inhabit the area. Some
impact to normally occurring species will occur by approximately 38 acres of habitat
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destruction caused by site development and the 8 to 10 acres affected by power-line
construction (see 3.7-3(10)). Impact caused by the power-line will be minimal due to the
infrequent maintenance required. The fish and wildlife plan for Crandall Canyon will conform

to the intent of the plan for the entire mine plan area. (See Chapter 10, Wildlife Resources.)

3.7-4(6) Vegetation

The vegetation inventory (Mariah Associates, 1981) describes five major vegetation
types within Crandall Canyon; conifer, pinyon-juniper, grassland-sagebrush, mixed brush, and
riparian bottom. Portions of the canyon were previously disturbed, therefore surrounding
undisturbed areas and aerial photographs were used to determine vegetative types. Mariah
personnel encountered no threatened or endangered species. '

Reference areas were designated with approval of UDOGM personnel (Kunzler, Linner
and Wright, August 14, 1981). Crandall Canyon contains three of the ten vegetation
reference areas designated for the Castle Gate permit area (pinyon-juniper, conifer, and
riparian bottom). Vegetation types and reference areas for the canyon are delineated on
Exhibits 9-4 and 9-5, and are described in Chapter 9.

3.7-4(7) Land Use

The land in Crandall Canyon was used as wildlife habitat and grazing (sheep, goats,
and cattle) prior to mining. In addition, the historical studies discussed below indicate that
saeveral structures were built in the canyon in conjunction with residential use. The canyon
was also used for recreation prior to mining, most notably picnicking and hunting. Pre-mining
access to the canyon for recreational and occupational uses was provided by a jeep road
which started at the state highway and extended through the leach field area (Exhibits 3.7-1
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and 3.7-5A). Apparently, the canyon was not mined prior to the development of the existing
facilities.
The approved premining land use designation for Crandall Canyon is undeveloped land.

3.7-4(8) Cultural, Historical and Archaeological Sites

Crandall Canyon has supported some past human activities as mentioned above.
Several rock structures exist within the canyon, including a cistern (Exhibit 3.7-2). Some
potential for significance as cultural or historical features was indicated in past surveys of the
area. Ensuing, more detailed studies (Sargent, June 1980, and Utah Archaeological Research
Corporation, December 1980) determined that these structures were not eligible for the
National Register of Historic Places nor did they hold any particular historical or cultural value.
The results of these studies were submitted to the Division and the Office of Surface Mining.
Reviewers within the Division verbally concurred with the aforementioned results. Final
clearance was provided in April 1981. The historical study reports constitute the appendices
of Chapter 5.

3.7-4(9) Prime Farmland

The Soil Conservation Service has determined that no prime farmland exists within the
disturbed area boundary (see letter of May 21, 1991 in Chapter 8, Figure 8-3.)

3.7-4(10) Air Quality

During construction activities, a potential for fugitive dust problems exists. Road P-1
will be the area of greatest concern when the mine is operational. Control of fugitive dust will
be achieved by watering the roads and disturbed areas during dry periods. The master plan
for the Crandall Canyon area includes surfacing the road from U.S. Highway 6 to the hoist
facilities area with asphalt pavement. The Utah Department of Air Quality was consulted
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when the facilities layout was developed and they had no further requirements. Additional
air quality and control information is presented in Chapter 11.

3.7-4(11) General Maintenance

Roads - Roads P-1 and A-1 will be inspected periodically for erosion, rutting, pothole
formation and shoulder deterioration. Grading will be performed as necessary to minimize
surface irregularities. Drainage ditches and culverts associated with road drainage will also
be inspected periodically and cleaned of flow-impeding debris and sediment. If the roads are
damaged by a catastrophic event, such as a flood or earthquake, they will be repaired as soon
as practical after the damage has occurred.

Ponds - The ponds will be maintained as required by R645-301-742.221, Sediment
will be removed when it reaches the 60% sediment cleanout level, as described in Section
3.7-4(2).3. Spillway culverts and channels will be inspected for deterioration and erosion, and
corrective measures taken as necessary.

3.7-5 Reclamation Plan

3.7-5(1) General

Cyprus Plateau Mining, a subsidiary of Cyprus/Amax Coal (the parent company of
Amax Coal Company), intends to develop the Willow Creek site approximately 1 mile east of
the intersection of routes US 6 and 191. Development of that site and the associated
underground mine workings will incorporate the use of the Crandall Canyon shafts. Therefore,
reclamation and reclamation scheduling associated with the Crandall Canyon site will be
coordinated with the reclamation of Willow Creek.

The reclamation topography plan is presented on Exhibit 3.7-7A, 7B, and 7C. The
reclamation plan has been divided into 3 phases.
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Phase | - Reclamation of Leach Field and Facilities Area

Reclamation activities will include removal of all surface structures, including the hoist,
ventilation equipment, warehouse, culverts, hydrants, and above-ground electrical lines will
be dismantled as necessary and disposed. Materials of value will be recycled, non-
combustible material will be buried, and the remaining materials will be disposed of in an
approved solid waste landfill. Both shafts will be permanently sealed, and they will be
covered with a minimum of 4 feet of soil. The site will be graded to drain, covered with
topsoil, and seeded. The facilities access road and the leach field road will be reclaimed
beginning at approximately Station 5+ 00 as shown on Exhibit 3.7-7B. Ponds 014 and 015
will be removed. The LP gas tanks will be moved to the Willow Creek site in 1996 (tentative).
Phase Il - Reclamation of the Facilities Pad Access Road

The remainder of the access road from Highway 6 & 50 to the facilities area will be
reclaimed. This will include the removal and proper disposal of all culverts, asphait, and guard
rail and the backfilling of cutslopes where required. Riprap will be placed at appropriate

locations where drainages cross the reclaimed surfaces.

Phase Il - Vegetation Monitoring.

Phase Ill consists of monitoring vegetation growth and maintaining the reclamation
channels and diversions. Phase lIl will be performed af the completion of Phase | and Phase
Il. The end of Phase lll will be characterized by the establishment of vegetation as described
in Chapter 9 and the compliance with regulation R645-301-880.320 relating to water quality.
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3.7-5(2) Postmining Land Use

3.7-5(2){(1) General

Crandall Canyon has the potential of supporting wildlife habitat, grazing, and
recreation. The reclamation plan supports both the designated pre- and postmining land use
of undeveloped land and the potential land uses listed above. Since the proposed postmining
land use is identical to the premining land use (Section 3.7-4(7)), a request for alternative land
uses is not required.

Currently, the disturbed area in the canyon below elevation 7000 feet is zoned by
Carbon County as Mining and Grazing (MG-1) land. Land above 7000 feet is zoned as Critical
Environmental (CE-1) because of watershed characteristics. Both of these zoning

classifications are in agreement with the potential postmining land uses.

3.7-5(2)(2) Permanent Features

Under the current reclamation plan, the only permanent feature of the operational
mining plan to be retained will be leach field piping. This will remain in-place since the piping
is covered by a minimum of four feet of soil and removing the piping would result in

disturbance of established vegetation.
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3.7-5(3) Engineering

3.7-5(3)(1) Backfilling and Grading

The reclamation topography plan is presented on Exhibits 3.7-7A, 7B, and 7C. The
plan has been developed to be in compliance with the R645 requirements for obtaining
approximate original contour, as discussed in Section 3.7-5(3)(2). The engineering issues of
the reclamation plan pertaining to the walls, roads, shafts, and utilities are discussed in this
section. The hydraulic and sediment control issues are presented in Section 3.7-5(4).

As part of Phase | reclamation activities, all surface structures will be removed. These
include the main hoist building, emergency hoist, ventilation equipment, warehouse,
substation, LP gas tanks, and above-ground utilities (except primary power poles that are
being employed as raptor habitat). Additionally, all sections of the Hilfiker retaining walls not
covered by a minimum of 4 feet of soil, will be removed. More specifically, the retaining wall
supporting the Pond No. 014 embankmaent will be removed from approximately station 1 +00
to station 10+ 00 (Exhibit 3.7-7B). Also, the retaining wall dowhgradient of pond No. 015
at approximately station 19+00 will be removed as needed. Access road A-1 will be
reclaimed as well as a portion of the main access road (P-1). (The boundary between Phase
| and Phase Il is illustrated on Exhibit 3.7-7B.) All culverts and associated inlet works will be
removed. Materials of value will be recycled, non-combustible waste generated from the
demolition will be buried under a minimum of 4 feet of soil cover, and the remaining materials
will be disposed of in an approved solid waste landfill.

The leach field access road (A-1) from the LP tanks to and through the leach field has
been partially reclaimed. During final reclamation activities, a low ground pressure tracked
excavator (or similar equipment) will be used to remove the culverts from this section of the
road. This type of equipment will be used to minimize disturbance to existing vegetation and
reduce soil compaction. The culvert farthest upgradient will be removed first and the road
reclaimed as work progresses downgradient toward the facilities area. In areas where topsoil

is currently stored adjacent to the road in berms, the berms will be knocked down and the
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topsoil spread across the road. Where soil compaction and rutting is evident in the road, the
compacted and rutted soils will be loosed with the teeth of the backhoe bucket to a depth of
at least 18 to 24 inches and the exposed soils roughened and revegetated following the
procedures specified in Sections 3.7-5(4)(6) and 3.7-5(6).

As part of the Phase Il reclamation activities, the remainder of the main access road
(P-1) from Highway 6 & 50 to the Phase |/Phase l| reclamation boundary will be reclaimed.
If the road is surfaced with asphalt, the asphalt will be removed, placed against the cutslopes
as fill material, and covered with a minimum of 4 feet of soil. Material used for reclamation
of the road will be obtained from the current outslopes of the road. This will require the
disturbance of vegetation that currently covers much of the outslope. During backfilling of
the road, the best available soils within the outslope or base of the road will be used as final
topsoil cover. The surface of the soils placed in the road and the disturbed portions of the
outslopes will be reclaimed following the procedures detailed in Section 3.7-5(4)(6).

The volume of earthwork associated with Phase | and Il reclamation activities is
summarized in Table 3.7-10.

There are no highwalls in Crandall Canyon, since the only access to the underground
workings is through the shafts. There are no spoil piles, refuse piles, or small depressions that
will be retained in the reclamation plan.

The primary objectives of the backfilling and grading plan associated with Phase | and
Il of reclamation is to reclaim the main channel, reclaim cutslopes in the canyon where
possible, sufficiently cover remaining building foundations with a minimum of 4 feet of soil,
sufficiently cover the permanent seals of shafts No. 1 and No. 2., and reclaim existing access
roads. No backfill will be placed in the shafts. Most slopes formed during grading will be
significantly flatter than the angle of repose of the graded soil, and flatter than a 2:1 slope.
No slopes will exceed the maximum safe angle 6f repose. A potentially worst-case
reclamation slope was assumed for the area west of the existing hoist building and south of
the channel centerline at approximately station 18 +25. Assuming that the existing cutslope
in this area were to be completely backfilled, the reclaimed soils would lie at a maximum slope
of 36 degrees. As discussed in Section 3.7-5(3)(4) and Appendix 3.7R, the slope would have
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a critical safety factor of 1.4 under static conditions. However, since slopes greater than 2:1
can be erasionally unstable, slopes within the reclaimed area will generally be constructed to
lie at or less than a 2:1 slope.

Cut material necessary to cover the facilities area will come from 2 on-site sources.
Initially, topsoil was removed from the disturbed area and stored in stockpiles Nos. 1 and 2.
However, stockpile No. 1 has apparently been invaded by noxious weeds and is suspect as
a topsoil source. Therefore, topsoil will be taken from stockpile No. 2, located along access
road P-1, and from soils located within the facilities area. If the volume of topsoil from
stockpile No. 2 and the facilities pad is insufficient, then additional sources will be considered.
For example, there is excess topsoil remaining along the south side of the leach field. Also,
soils from stockpile No. 1 can be evaluated for the presence of noxious seeds, and if found
acceptable, used as a topsoil source. Additional material needed to complete the reclamation
grading will be excavated from within the disturbed area boundary. Additional discussions
regarding topsoil are presentad in Section 3.7-5(5).

The as-built reclamation topography should generally reflect the proposed reclamation
topography within plus or minus 2 feet (one contour interval). Field adjustments to the
reclamation grading plan will be presented on the as-built topographic drawings.

Any acid forming or toxic materials exposed during the grading operation, which may
adversely affact water quality or vegetation, will be treated or buried at a depth of no less
thén four feet, in accordance with R645-301-731.111, 731.121, 731.300, and 745.113.

3.7-5(3)(2) Approximate Original Contour Compliance

The natural topography of Crandall Canyon, west of Shaft No. 1, is characterized by
steep canyon side slopes and a relatively broad canyon bottom, as éhown in Exhibits 3.7-1
and 3.7-2. Relative to the drainage flows of the geologic past, the recent flows are relatively
small. Consequently, the main stream meanders on top of, and erodes slowly through,
unconsolidated materials that were deposited previously during high flow, high energy events.
These conditions have resuited in various configurations of stream alignments along the base
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of the canyon, including stream alignments against one side of the canyon, centered
alignments, meandering alignments, and two alignments coexisting in the same reach of the
canyon where subdrainages intersect the canyon bottom. The areas adjacent to the incised
channel tend to be relatively flat in cross-section. Exhibit 3.7-7D presents sections A-A’
through E-E’, which were cut thrdugh the undisturbed areas of the canyon shown on Exhibit
3.7-7A. These sections depict the flat areas associated with the broad canyon bottom, and
the steep slopes where the stream has recently eroded through unconsolidated materials.

To achieve AOC, the current reclamation plan specifies returning the channel to near
the center of the canyon floor and the construction of concave fill slopes extending from the
undisturbed boundary to the reclaimed channel. This has been done to allow for the fill slopes
to be less than the angle of repose for the granular backfill, and flatter than a 2:1 slope. In _
the area of Shaft No. 1, a topographically high area will be constructed over the shafts. This
high area will aid in mairitaining the location of the reclaimed channel buiit for conveying
runoff from watershed area CCWS-U32. This topographic high will be constructed in such
a manner as to blend in with existing topographic features.

All cutslopes within the disturbed area will be reclaimed as per current UDOGM
regulations. As allowed under existing UDOGM Approximate Original Contour Regulations,
limited portions of cutslopes will remain where they mimic or blend with existing topography
and where fully reclaiming the cutsiopes would result in slopes with a static factor of safety
less than 1.3. Exhibits 3.7-7A, 3.7-7B, and 3.7-7C illustrate the current location of cutslopes
and the locations where portions of cutslopes are likely to remain. The cutslopes anticipated
to remain are numbered PRCS-1 through PRCS-4 (PRCS- post reclamation cutslope).
Appendix 3.7U contains a description of each of the cutslopes to remain with photographic
evidence supporting the decision to leave the cutslopes. Typically, cutslopes will remain
where complete backfilling wduld result in encroachment upon undisturbed channels, slopes
greater than 2:1, or where the operator would be severely limited in its ability to construct
acceptable reclamation channels. Remaining cutslopes will visually blend in with existing
escarpments and ladges and will not detract from the aesthetics of the canyon as can be seen
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on photos in Appendix 3.7U. The portions of the existing cutslopes that will remain have
experienced no signs of instability with the exception of the usual surface weathering.

3.7-5(3)(3) Shafts

By October 23, 1991, sealing of Shafts No. 1 and No. 2 was completed, according to
a letter written by Amax Coal Industries, Inc. (Appendix 3.7M). The map referenced in the
Amax letter depicts the sealing of the No. 3 Mine in both Hardscrabble Canyon and Crandall
Canyon. Also presented in Appendix 3.7M is the sealing plan proposed by Castle Gate Coal
Company (once a subsidiary of Amax Coal) in March 1991. The sealing plan consisted of
placing 6 inch thick concrete slabs over the top of the openings to shafts No. 1 and 2. A 2
inch PVC vent pipe was installed through the seal of both shafts. The seals were intended
to be temporary in the event that mining operations resumed. However, the seals appear to
be in compliance with MSHA guidelines 30 CFR 75.1711-1.

Phasa | of reclamation will include permanent sealing of Shaft No. 1 and Shaft No. 2.
Each seal will consist of a reinforced concrete slab anchored to the shaft collar. Three slabs
will be used to seal Shaft No. 1, two for the air intake openings, and one for the hoist
opening. A single concrete cap will form the seal of Shaft No. 2. The permanent seals have
been structurally engineered by Construction Survey Resources under the assumption that the
existing seals will be removed when mining operations resume. Proposed details for the
permanent seals, and calculations supporting the design, are contained in Appendix 3.7N. A
permanent 2 inch diameter (galvanized steel) vent pipe will be installed through the slabs to
vent mine gases. The vent pipes will be labeled, and will also be protected with bollards or
fencing.

Assuming that the axisting seals are removed to reactivate the mine in conjunction
with Willow Creek development, water inflow and water level in the shafts will be measured
prior to construction of the permanent seals. If the mine is not reopened, and the existing

seals are not removed prior to reclamation, then the existing seals will remain in place to avoid
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exposure of workers to safety hazards. Under this scenario, the parmanent seals will be cast
directly over the existing seals, and water inflow and level measurements will not be taken.

The interception of groundwater by the shafts has been considered during development
of the reclamation plan. According to Mr. Lane Adair, an employee of Price River Coal
Company who was present during construction and early operation of the shafts, most of the
water that initially seeped into the shafts came in at the interface between the unconsolidated
soils and the bedrock (30 to 60 feet below the top of the shaft). As stated in Section 3.7-
3(1), this aquifer was grouted. Water inflow was apparently reduced to approximately 3
gallons per minute (gpm) in Shaft No. 1 and 10 gpm in Shaft No. 2. The balance of the shafts
were fairly dry, according to Mr. Adair, except that the "Sub 3" seam and the "D" seam both
contained groundwater (Adair, 1995).

The small flow of water seeping in through the sides of the concrete-lined shafts is
primarily from an unconfined aquifer. Undoubtedly, the water level in the shafts will rise and
reach an equilibrium level determined by the potentiometric head, transmission of water
through the Blackhawk formation, and by the elevation of mine outlets, such as Adit No. 1.
Adit No. 1 periodically discharges water, although itis approximately 850 feet higher than the
base of the shafts in Crandall Canyon. Unless the water going into the shafts backs up into '
the mine workings sufficiently to discharge through an adit, the intercepted water will
recharge the regional aquifer. Under recharge conditions, the water will be removed from the
Price River drainage system.

As explainéd in Section 7.1-10(5), water inflow into the No. 3 and No. 5 mines has
been estimated at approximately 50 gpm. Although both of the shafts intersect the No. 3
mine, this inflow value probably excludes the infiltration into the shafts, since the shafts were
installed after that portion of the permit was written. Infiltration into the shafts is
approximately 13 gpm, with 50 gpm an expected upper inflow limit. Since the mean annual
discharge rate for the Price River is 112 cfs, 50 gpm represents a loss of 0.1 percent to the

"Price River. If this value is added to the expected inflow rate of 289 gpm to the mine
workings under full development conditions (Section 7.1-10(5)), the total loss would be 0.7
percent. Thus, the impact of allowing a minor amount of seepage water from the unconfined
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aquifer in Crandall Canyon to be transmitted through the shafts to the Blackhawk formation
appears to be insignificant. Finally, Amax Coal Company has 1.7 cfs (763 gpm) of water right

on the Price River to mitigate the minor reduction in yield of the drainage basin.

3.7-5(3){4) Reclaimed Slope Stability

According to R645-301-553.130, reclamation slopes shall not exceed the angle of
repose and shall have a minimum long-term static safety factor of greater than 1.3. The angle
of repose of any soil is a function of the soil gradation, moisture content, and degree of
compaction, ltis expected that the reclamation fill will be fairly dry and will be placed without
the benefit of compaction or moisture conditioning.

According to the soil sampling program conducted by EarthFax (1995a), residual and
overburden soils in the Crandall Canyon area generally consist of sandy loam to loamy sand
with 5 to 15% clay and 5 to 75% rock (gravel through boulders). Because of the variability
in the soil texture, the angle of repose of the soil will also vary.

The angle of repose of a loose sand generally varies between 30 and 35 degrees (Holtz
and Kovacs, 1981). According to Tomlinson (19886), the angle of repose for loose, dry sand
can vary from 28.5 degrees for round uniform sand grains to 34 degrees for angular well-
graded sand grains. Increasing the density of the sand can increase the angle of repose to
33 to 46 degrees, respectively. According to Bowles (1984), unsaturated, nonplastic
remolded and undisturbed soils can have an angle of repose between 34 and 36 degrees.

Though slopes up to 36 degrees would have a critical safety factor of 1.4 under static
conditions (see Appendix 3.7R), some sloughing of surface soils may occur, especially as the
soils dry or if the soils are placed in a loose condition. As stated earlier in Section 3.7-5(3)(1),
since soil may be erosionally unstable at inclinations greater than 2:1, reclamation slopes will
be generally constructed at or less than 2:1. This reduction in slope will further increase the
long-term static safety factor above the value of 1.4 calculated for a 1.4:1 slope (Appendix
3.7R). Hence, the requirements of R645-301-553 will be met by the reclamation plan

presented herein.
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3.7-5(3)(5) Electrical Power Lines

As mentioned in section 3.7-3(10), primary power is conveyed into Crandall Canyon
via an electrical distribution line from Hardscrabble Canyon. The power enters the substation
on the south side of the facilities pad, and is then distributed to various load centers. During
Phase | of reclamation, all electrical equipment will be dismantled and salvaged to the extent
passible. All secondary power poles and distribution lines will be removed. The primary
power distribution wires and poles will be removed. However, any poles that are being used
as raptor habitat at the time of reclamation will be left in place. Non-salvageable material will
be disposed of in an approved solid waste landfill. Ground that is disturbed during reclamation
of the power line right-of-way will be roughly regraded and seeded.

3.7-5(3)(6) Leach Field Piping and Other Underground Utilities

Underground utility piping (electrical, water, sewer, LP gas) will be removed only to the
extent that it interferes with reclamation grading. The ends of the pipes to be abandoned in
place will be capped. The approximate locations of the gas line and water lines are described
on Exhibit 3.7-78.

3.7-5(4) Reclamation Hydrology

3.7-5(4)(1) General

The reclamation hydrology plan was developed to complement the drainage pattern of
the surrounding terrain. Culverts used during mine operation to route undisturbed area runoff
under the facilities pad area will be removed. Runoff from the undisturbed drainages will be
routed through the regraded facilities pad and into the reclaimed stream channel. The site
area will be regraded, roughened, seeded and mulched to minimize sediment loading to both

the undisturbed stream channel below the facilities area and to the Price River.
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3.7-5(4)(2) Reclamation Channel

The reclamation channels were designed using the methods presented in Chapter 7.
The natural channel sections were measured in the field and approximated with trapezoidal
cross sections. The reclamation channels were designed to have a similar configuration as
the natural channels. The hydraulic slope of each channel was measured from the postmining
topographic maps, Exhibits 3.7-7A, 3.7-7B, and 3.7-7C (scale: 1" = 100’).

The reclamation channel drainage areas for Crandall Canyon are presented on Exhibit
3.7-11. Each drainage area is labeled according to the mine area (CC =Crandall Canyon) and
reclaimed watershed (RWS). _

Curve numbers for the undisturbed drainage areas were estimated from vegetation data
presented on Exhibit 9-1 and by field observations. The north-facing slopes of Crandall
Canyon are primarily vegetated with conifers and mixed brush. South-facing slopes are
primarily vegetated with juniper and pinyon, and mixed brush. Approximate vegetation cover
densities are estimated from values contained in Chapter 9. Based on this information, tables
provided by the U.S. Soil Conservation Service (1972), and pfofessional judgement, curve
numbers were estimated to vary from 65 to 70 for the undisturbed areas. A curve number
of 80 was typically assumed for areas that will be reclaimed.

Peak discharge rates used to determine channel capacities and riprap sizes for the
ihtermittent and perennial reclamation channels were calculated based on the 100-year, 6-hour
precipitation event of 2.0 inches (Miller et. al, 1973). Permanent ephemeral drainage channels
were designed for the 10-year 6-hour storm event of 1.4 inches (Miller et. al, 1973), in
accordance with R645-301-742.333. A summary of the peak design flows is presented in
Table 3.7-11. The supporting calculations are contained in Appendix 3.70.

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

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

10-year, 6-hour storm and the minimum channel slope.

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

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

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

where, n = Manning's roughness coefficient
« D, = maedian riprap diameter (ft)
. Riprap designs are based on channel construction on fill. Where the .
reclamation channel construction occurs on rock, riprap quantities will be
. reduced or eliminated (depending on the competency of the rock).
. For all channels, riprap sizing is based on the methodology presented in U.S.

Department of Transportation Hydraulic Engineering Circular No. 11 (1967).
The thickness of the riprap for these channels is twice the Dg, of the riprap, or
a minimum of 6 inches, as recommended by Barfield et al. (1981).

* When transitioning downstream from a steep channel slope to a mild channel
slope, the larger riprap from the steep section will be extended into the channel
section with the flatter slope for a distance of 15 feet to minimize scour
(Simons, Li & Associates, 1982).

o The reclamation channels are designed to pass the peak discharge with an

approximate freeboard of 1 foot.

Reclamation channel geometries are summarized in Table 3.7-12 and 3.7-13,
respectively. Calculations supporting the design of the channels are presented in Appendix
3.7P.
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3.7-5(4)(3) Reclamation Culvert Design

The existing culverts will be removed during reclamation activities. Culvert locations
are shown on Exhibits 3.7-7A, 3.7-7B, and 3.7-7C. For the culverts which were located in
the main stream channel (CCRC-5, CCRC-6, and CCRC-19), the reclaimed channel in these
areas will be capable of passing the 100-year, 6-hour peak flow. For the balance of the
culvert locations, which were located to pass ephemeral tributary drainage, the reclaimed

channels will be capable of passing peak flows from the 10-year, 6-hour storm.

3.7-5(4)(4) Riprap and Filter Designs

Preliminary riprap sizing was determined based on the design drawings for the
reclamation topography. These calculations are presented in Appendix 3.7P and summarized
in Table 3.7-14. Detailed riprap gradations are not presented in this document because of the
possibility that the constructed reclamation channel slopes may vary from the reclamation
design. Upon completion of rough grading of each reclamation channel, survey data will be
collected to verify the slope and geometry of each channel. The survey data will be used to
verify the adequacy of the design riprap size. Riprap gradations will be prepared in accordance
with procedures presented in Barfield, et al. (1981). Calculations that support the riprap and
filter designs will accompany the reclamation as-built plans.

Detailed filter blanket designs are also not presented in this text since samples
representative of the native soils that will comprise the subgrade of each proposed channel
cannot be collected until the rough reclamation grading is complete. Amax Coal is committed
to preparing detailed designs for the riprap and filter blankets. Samples will be taken once the
reclamation grading has progressed sufficiently to expose the base of the reclamation
channels. Both a granular filter and geotextile filter design will be prepared for each channel

and a determination will be made as to which filter design is most appropriate. This decision
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will be based on the preference of the Division, the availability of granular filter materials,
reasonable expectations of controlling the quality (in-place gradation) of the granular material,
durability of the filter materials, and the cost to purchase and place the filter materials. The
granular filter blanket gradations will be engineered based on methods presented in Barfield,
et al. (1981). If a geotextile is selected for a filter material, then it will be installed in
accordance with the manufacturer’s recommendations.

For bonding purposes, it was assumed that the preliminary riprap sizing was adequate
and that two 6-inch thick Iayer; of filter blanket materials would be used for the reclamation.
This provides a conservative estimate for the bond and ensures that adequate protection for

riprap stability would be afforded.

3.7-5(4)(5) Primary Sediment Control (Ponds)

Both of the existing sedimentation ponds, Pond 014 and Pond 015, will be removed
during the reclamation activities. Due to the topographic and hydraulic constraints of the final
reclamation configuration, sedimentation ponds will not be a feasible sediment control option.
The ponds will remain in-place as long as possible to assist in the sedimentation control
efforts. However, once the drainage areas to the ponds are reduced to the point where the
pond no longer functions or the area of the pond needs to be incorporated in the regrading of

the surrounding area, the ponds will be removed.

3.7-5(4)(6) Alternative Sediment Control Measures

Alternative sediment control measures (ASCM) will be implemented during reclamation
of the regraded and reclaimed site area. Generally, the areas where the ASCM’s will be
implemented consist of the leach field, topsoil stockpile No. 1, topsoil stockpile No. 2,
reclamation channel CCRD-22, and the facilities area. These features are identified on Exhibits

3.7-7A, 3.7-7B, and 3.7-7C. Other small areas, such as where the road culverts will be
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removed, that are disturbed during reclamation will also require the implementation of
ASCM’s. One or more of the following ASCM’s will be employed in varying degrees in these

areas to control sediment erosion:

Surface ripping,

Contour furrowing,

Muiching,

Filter fabric (silt) fences,

Straw bales,

Seeding and fertilization where necessary,

Reseeding areas that do not exhibit successful germination, and

© O NP LN

Surface roughening and mulch incorporation.

Based on Simons, Li & Associates (1983, Table 8.1), these methods constitute some of the

best available control technology for the purpose of mining reclamation.

The following reclamation activities for areas of ASCM’s will be employed in varying

degrees to control sediment erosion:

1. Surface grading and ripping,

2. Mulching,

3. Surface roughening and mulch incorporation,

4, Seeding and fertili'zation where necessary,

5. Surface mulch distribution,

7. Monitoring,

8. Reseeding, refertilizing, and remulching areas that do not exhibit successful
germination.

9. Straw bales, and

10. Filter fabric (silt) fences.
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The proposed alternative sediment control measures can be classified into three
categories: mechanical treatment, surface protection measures, and filtering structures.
Mechanical treatment increases surface roughness thereby reducing overland flow velocity,
which minimizes the sediment transport capacity. Detaining some of the would-be runoff also
improves soil moisture for plant germination and plant growth. Surface protection measures
include mulching, mulch binders, netting, and seeding. These measures are the most effective
controls since they minimize the amount of soil detached by raindrop impact, and thus limit
soil loss at the source. Surface protection measures also increase the surface roughness and
increase water infiltration into the ground. Filtering structures inhibit runoff and sediment
transport capacity by reducing flow velocity. They also physically trap sediment in the filter
openings while allowing water to pass through.

Mechanical treatment will be performed following the topsoil spreading and mulching
of the site area by gouging the soil to a depth of 12" to 18" using the bucket of a track-
mounted backhoe. Gouging will loosen the soil, allow root penetration, increase surface
roughness, and increase moisture storage. This will allow for quicker vegetation
establishment, which will reduce erosion. The depressions from the gouging trap sediment
dislodged by raindrop impact and overland flow. They also shorten the exposed reaches over
which runoff will flow, thereby reducing- the sediment carrying capacity of the runoff. Other
surface roughening measures (trenching, pitting, mounding) may be used where gouging is
impractical.

In regard to surface protection measures, the incorporation of the mulch into the
surface roughening will ensure that the major portion of mulch is anchored on site. The mulch
itself can significantly reduce the amount of sediment yield from an area {Simons, Li &
Associates, 1983, p. 4.30) The mulch also helps retain moisture to allow for seed
germination. Based on a rainfall intensity factor, for the 10-year, 6-hour storm event, of 0.61
inches per hour, the minimum mulch application rate is 0.9 tons per acre to prevent mulch
removal by rainfall (Simon et al., 1983, Figure 4.14)., For added protection, during the

mulching prior to roughening, mulch will be applied at the rate of 2 tons per acre.
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Permanent plant growth is the best method of controlling erosion from slopes,
according to Simons, Li & Associates (1983, p.4.44). Upon completion of the grading in
accordance with the plan depicted in Exhibit 3.7-7B, and mechanical treatment of the soil, the
reclaimed area will be seeded with grasses, legumes, forbs, and shrubs. The species mix is
specified in Chapter 9. Seeding will be performed at the appropriate time of the year in
consideration of available moisture for germination. Reseeding will be done in areas in which
the seed does not germinate. Following seeding and fertilization, the site area will be mulched
again at a rate of 2 tons per acre.

Appendix 3.7-7Q presents calculafions of sediment vyield, using the Universal Soil Loss
Equation (USLE), for the steepest reclaimed slopes comparing the sediment yield with no
erosion protection, with natural vegetative cover, and with the proposed vegetative cover,
mechanical treatment, and mulching that is proposed for the Crandall Canyon site. These
calculations demonstrate that for the first two years, following reclamation, the sediment yield
from the reclaimed surface will yield the least sediment. Therefore, the alternative sediment
control measures will not result in additional contributions of sediment to the hydrologic
system.

The alternative sediment controls constructed during Phase | and Il reclamation
activities will be inspected quarterly or after every major storm event. Observations made
during these inspections, as well as corrective actions taken, will be recorded. Corrections
to any weaknesses in the implementation of the sediment control plan will be remedied
immediately to prevent future sediment runoff into the main stream channel. Corrective
action will be takert when a gully greater than six inches in depth is created due to lack of
vegetation establishment, or when the mulch and seed have been transported by wind or
overland flow. Corrective action will consist of regrading of the ground surface only as
necessary to fill in six inch gullies caused by erosion, and reseeding and mulching to

reestablish vegetation.
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3.7-5(5) Sails

A sampling and analysis plan was developed to evaluate the soils within the top four
feet of the existing ground surface at the facilities area and in the 2 topsoil storage piles. the
facilities area is defined as the area east of and including the propane storage tanks and west
of and including sedimentation pond 014. Sampling and analyses addressed the existence of
acid/toxic materials, the suitability of the soils as a growth medium, and the need for soil
amendments. The samples were obtained as specified in the "Guidelines for Topsoil and
Overburden Management” promulgated by the Division (1988). The samples were analyzed
for the following parameters.

pH .

Electrical Conductivity
Saturation Percentage
Particle Size Analysis
Soluble Ca, Mg, and Na
Sodium Adsorption Ratio
Selenium

Total Nitrogen

Nitrate '

Boron

Maximum Acid Potential
Neutralization Potential
Organic Carbon
Exchangeable Sodium
Available Water Capacity
Rock Fragments

The analysis methods used by the laboratory to determine pH, electrical conductivity,
soluble calcium, magnesium, and sodium, total nitrogen, and total organic carbon were not
those recommended in Table 6 of the "Guidelines for Topsoil and Overburden Management”.
These parameters were determined using an EPA accepted laboratory method that allows for
the use of soil sample extracts at soil/water ratios of 1:5. The Division guidelines recommend
using approved ASA methods that require the use of saturated soil pastes. As described by
Page (1982, page 168), though the paste extraction method is recommended for soil analyses
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used to determine soil characteristics and will provide more accurate results, the extracts of
soil/water ratio of 1:5 can be used. Since the methods for analysis of the parameters listed
in Table 6 of the guidelines are "recommended” but not required, the results of the analyses
reported in the soil evaluation plan have been used to preliminarily determine the suitability
and quantity of the soils in Crandall Canyon to be used as substitute topsoil. The soil
sampling program and the results of the sample analyses are included as Appendix 3.7S.

The area encompassed by Phase | reclamation is approximately 24.6 acres and includes
the leach field, the leach field access road (A-1), and the facilities area (Exhibits 3.7-7A and
3.7-7B). It is anticipated that only the facilities area, approximately 18 acres, will require
application of additional topsoil during reclamation. At a depth of 6 inches, this area would
require approximately 14,520 CY of topsoil. Topsoil stockpiles No. 1 and No. 2 were
surveyed in the spring of 1995 (Blackhawk Engineering), and the topsoil available from the
2 topsoil stockpiles is 7890 CY (see Exhibit 3.7-5C and Table 3.7-10). However, there is
some concern that stockpile No. 1 contains noxious weed seed. Therefore, only the 6680
cubic yards from stockpile No. 2 was considered available for reclamation. Consequently,
sufficient stored topsoil is not available to cover the facilities area.

The results of the soil sampling program indicate that the soils west of Shaft No. 2 and
east of Shaft No. 1 (lower pad area) contain as much as 60% rock in the upper 12 to 18
inches of soil. At the time of the sampling program, vegetation appeared to be very sparse
in the areas where excessive coarse fragments where found in the soils of the lower pad.
Additionally, a soil sample (EF-1-3) was obtained from test pit EF-1 at a depth of 30" to 48"
below ground surface, contained selenium at a concentration of 0.11 mg/kg. This
concentration slightly exceeds the maximum allowable concentration of selenium, 0.10mg/kg,
as put forth in current UDOGM guidelines.

The current reclamation plan for this area of the facilities pad includes establishing the
reclamation channel near the middle of the lower pad. To avoid using material as substitute
topsoil that has excessive coarse rock fragments and elevated selenium concentrations as
substitute topsoil, the applicant will sample soils in the lower pad area prior to reclamation
construction activities. At least three samples will be obtained from the soils in the lower
pad. The location of the samples will be chosen based on the vegetation cover and apparent
coarseness of the soils. The worst case soils will be sampled and analyzed for the following
parameters in accordance with recommended UDOGM guidelines.
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pH

Electrical Conductivity
Saturation Percentage
Particle Size Analysis
Soluble Ca, Mg, and Na
Sodium Adsorption Ratio
Selenium

Total Nitrogen

Nitrate

Boron

Maximum Acid Potential
Neutralization Potential
Organic Carbon
Exchangeable Sodium
Available Water Capacity
Rock Fragments

Soils found to be unacceptable to use as substitute topsoil will be used as backfill
against cutslopes. In the unlikely event that none of the soils in the lower pad area are found
to be acceptable substitute topsoil, the applicant will consider using the majority of the
available topsoil from stockpile No. 2 to cover the area. The 6680 CY of topsoil in stockpile
No. 2 would cover approximately 4 acres with 12 inches of topsoil.

The soils present west of Shaft No. 2 and east of the LP tanks (middle and upper pads)
appear to sustain moderate vegetative growth. The chemical and physical results of the soil
study indicate that these soils could be considered, with the proper amendments as
necessary, as substitute topsoil. However, the vegetation currently present in these areas
may not be of sufficient quality to meet the standards of the reference area described in
Section 3.7-5(6). This may be due to several factors including over compaction of the soils,
poor vegetative diversity, excessive grazing by wildlife, or adverse climatic conditions.

To determine the reason(s) for the apparent less-than-satisfactory establishment of
vegetation in the middle and upper pads, a vegetation field study will be conducted in the
spring or summer of 1996. The study will include qualitatively assessing the vegetation in
selected areas of the middle and upper pads. Based on the qualitative assessment, a
vegetation sampling program will be implemented in the middle pad, upper pad, and
appropriate reference area. Statistical comparisons of the vegetative cover in the middle and
upper pads with the reference area will be made. If the resuits of the comparison indicate
adequate cover productivity is present to meet reclamation standards, no further work will be

done. If the results of the comparison demonstrate inadequate vegetation, field trials may be
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conducted to establish the proper reclamation techniques needed to be implemented in those
areas where soil from the middle and upper pads is used as substitute topsoil.

To further determine the suitability of the soils in the middle and upper pad to be used
as substitute topsoil, Cyprus will sample these soils prior to reclamation construction
activities. A random number table will be used to select 10 sample points from a grid which
shall be established over the middle and upper pads on 100 foot centers. The samples will
be analyzed for the parameters listed in Table 6 of the Division's "Guidelines for Topsoil and
Overburden Management” using the recommended analyses methods including the saturated
soil extract procedure for pH, electrical conductivity, soluble calcium, magnesium, and sodium
and the sodium absorption ratio. The suitable topsoil identified in the upper, middle, and
lower pad areas will be used to supplement the existing 6680 CY of topsoil and make-up for
the shortfall of approximately 7840 CY of available topsoil for reclamation. Amendments to
the soils based on the soils investigation, included as Appendix 3.7S, may be necessary.
Howaever, the soil samples obtained prior to reclamation construction will be analyzed and a
final determination of the necessary amendments to be added will be made at that time.

During reclamation construction, soil sampling will be performed at a rate of 1 sample
for every 2.5 acres of soil (at a depth of 6 inches). The following parameters will be analyzed
according to Division guidelines: pH, electrical conductivity, texture, total nitrogen, available
phosphorus, and potassium. Soil amendments will be added to the topsoil based on the
results of the final soil analyses.

If adequate volumes of suitable substitute topsoil can not be located during reclamation
construction, the operator may use soils from the south side of the leach field area to
supplement the soils from the topsoil stockpiles. Immediately prior to the start of Phase |
reclamation, the soil in stockpile No. 1 will be evaluated for noxious weed seed content. |f
the soil is deemed acceptable, it will be used in the Phase | reclamation area. The mass-
balance calculations for topsoil are summarized in Table 3.7-10.

Prior to spreading topsaoil, all accessible regraded areas will be scarified to a depth of
18 to 24 inches by deep ripping or other appropriate methods. These efforts will reduce the
potential for slippage of the topsoil, increase moisture retention, and promote root penetration.
The seed bed will be prepared using the mechanical treatments described in Section 3.7-
5(4)(6). Seeding will commence immediately after seed bed preparation to minimize the
potential for erosion damage. If seeding is expected to be delayed more than one month from
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the completion of final grading, then mulch will be applied at the rate of 2 tons per acre to
protect the soil from wind and water erosion.

The main access road (P-1) will be reclaimed during Phase Il reclamation activities. As
indicated in Section 3.7-5(3)(1), topsoil used for reclamation of the road will be obtained from
the outslopes and base of the road. The available topsoil will be sampled and analyzed at the
same frequency and for the same parameters listed above. Surface preparation and seeding
will also be accomplished using the same methods described above.

3.7-5(6) Biology

As discussed in Section 3.7-4(6), Mariah Associates conducted a vegetation inventory
in Crandall Canyon (1981). Five major vegetation types were identified throughout the
canyon: conifer, pinyon-juniper, grassland-sagebrush, mixed brush, and riparian bottom. The
results of the study were used to develop reclamation seed mixes, delineate reference areas,

and develop performance standards.

Seeding and Mulching - The seed mix defined by Species List No. 2 in Chapter 9 will
be used to seed most of the area to be reclaimed. In addition, List No. 2 seeds will be used
to seed the cut slopes along roads P-1 and A-1 to augment vegetation that has established
itself since the mine was developed. Riparian species mix No. 5 will be used to seed the
areas within 20 feet of the edge of reclamation channels CCRD-23A, CCRD-23B, and CCRD-
23C. The seed mixes will be mechanically or hand broadcast according to the accessibility
of the area to be seeded. When the area to be seeded is too steep or narrow for mechanical
broadcast seeding to be feasible, the area will be hand broadcast. Revegetated areas will be
fertilized and mulched. Section 9.4-1(4) describes mulching techniques. The rate of
application for the straw if used for muich will be 2 tons per acre, the rate for wood fiber will
be 1 ton per acre. The seed mix and fertilizer application rates are discussed in Chapter 9,
Section 9.4-1.

The riparian areas will be revegetated to a condition similar to those in the Crandall
Canyon riparian reference area using the best technology available. The channels to be

reclaimed with soil covered riprap will be seeded with Species List #2, however they will not
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be compared to a reference area as a success standard (verbal agreement made at a meeting
with UDOGM personnel, 8/31/95).

Revegetation of the north-facing slopes will include the planting of shrub and tree
seedlings. Species List #3 will be used on the north-facing slopes with willows and
cottonwoods being replaced with ponderosa pine, juniper, and Douglas fir. The planting rate
for ponderosa pine, Douglas fir, and juniper will be 300 seedlings/acre. Planting locations will
be determined by the Applicant and UDOGM.

Reference Areas - Five vegetation types were identified within the proposed disturbed
area boundary by Mariah (1981): conifer, riparian bottom, mixed brush, grassland-sagebrush,
and previously disturbed areas. To establish standards for the successful reestablishment of
vegetation on the areas to be reclaimed in Crandall Canyon, four refarence areas were
designated. The reference areas were selected on the basis of similarity of species,
composition, cover, productivity, geology, soils, and slope. The reference areas have been
approved by the Division. Two of the 4 reference areas are located within Crandall Canyon,
and they correspond to the following vegetation types: conifer and riparian bottom. The
remaining 2 reference areas, mixed brush and grassland-sagebrush, are located near the Castle
Gate Preparation Plant. In addition, a pinyon-juniper reference area was delineated within
Crandall Canyon for use in judging vegetation success for reclaimed areas outside of Crandall
Canyon. The reference areas are shown on Exhibits 9-1, 9-4, and 9-5.

Performance Standards - The established revegetation standards will apply to all areas
that are reclaimed within the disturbed area boundary. The applicant will meet diversity
requirements for each of the reclaimed areas in accordance with their respective reference
areas (Appendix 3-7T).

The leach field area was seeded immediately after the leach field was constructed
using a seed mix that did not include shrub or tree seeds. The woody vegetation was
excluded from the mix to discourage root penetration to the drain lines. To meet the diversity
requirements discussed in Chapter 9 woody vegetation will be planted in the leach field area
during reclamation. The existing vegetation is well-established and offers forage to wildlife.
Consequently, no further seeding or planting in the leach field is proposed until final
reclamation.

The north-facing slopes south of Shaft No. 1 were vegetated with conifer prior to mine

development. The proposed reclamation topography for this area is relatively flat; and thus,
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the topography does not presently include north-facing slopes. Consequently, the area
designated on Exhibit 9-4 as previously vegetated with conifers will be compared to the
mixed-brush reference area to determine vegetation success.

The applicant proposes to control erosion through the use of properly designed and
constructed sediment detention structuras, recontouring of the reclamation sails, planting of
approved reclamation and interim seed mixtures, soil enhancement, and moisture retention
methods to ensure germination and establishment of vegetation. Should the reclaimed area
show signs of excessive erosion, steps will be employed to remedy the situation (i.e., contour
ripping, surface roughening, gouging, and/or mounding of the soils in the distressed area
followed by reseeding with fast growing seed mix, erosion matting, etc.).  The success of
the methods used to control erosion will be measured by comparing runoff from the reclaimed
areas with runoff from an undisturbed adjacent area. Erosion will be controlled such that
contributions from the reclaimed area will be equal to or less than the sediment contributions

from the undisturbed area.
3.7-5(7) Reclamation Surface and Ground Water Monitoring

The ground water monitoring station for Crandall Canyon, designated as B-22 on
Exhibit 7-3 will continue to be monitored quarterly during and after completion of reclamation
activities and until bond release is achieved. Samples from this monitoring point will be
analyzed for the following parameters:

Flow

pH

Specific Conductance

Total Dissolved Solids

Total Hardness

Carbonate (COy?)
Bicarbonate (HCO;?)

Calcium (Ca)

Chloride (Cl)

Iron (Fe) - Total and Dissolved
Magnesium (Mg) - Dissolved
Manganese (Mn) - Total and Dissolved
Potassium (K) - Dissolved
Sodium (Na) - Dissolved
Sulfate (S0,

Cation-Anion Balance.
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When analysis of any sample obtained from this monitoring point indicates
noncompliance with permit conditions, the UDOGM will be promptly notified and actions will
be taken as provided in R645-300-145 and R645-301-731.

Both surface monitoring sites B-25 and B-26, located above Ponds 015 and 014
respectively, will be abandoned upon completion of the operational phase of mining since the
sedimentation ponds will no longer be present. Instead, three new sites will be located at the
beginning of the site reclamation. A surface water monitoring site, B-25A (Exhibit 3.7-7A),
will be located just upstream of the leach field area to monitor flows entering the disturbed
area. A second surface water sampling site, B-26A (Exhibit 3.7-7B), will be located a short
distance downstream of the current location of Pond 014 to monitor flows discharged from
the Phase | reclamation area. A third surface water monitoring site, B-26B, will be located
near the terminus of the main access road P-1 (Exhibit 3.7-7C) to monitor discharges from the
reclaimed disturbed area. Each of these sites will be monitored for the same parameters listed

above for groundwater monitoring along with the following additional parameters:

Total Settleable Solids
Total Suspended Solids
Total Hardness

Qil and Grease.

When analysis of any sample obtained from these monitoring points indicates
noncompliance with permit conditions or significant differences with runoff from adjacent
undisturbed areas, UDOGM will be promptly notified and actions will be taken as provided in
R645-300-145 and R645-301-731.

3.7-5(8) Reclamation Timetable

Contemporaneous reclamation and final reclamation is anticipated to proceed in

accordance with the following schedule:

Phase | - Reclamation of Leach Field and Facilities Area

1. Demolition and structure removal Week 1-8

2. Shaft Sealing Week 8-12
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3. Grading Week 8-16
4. Seed Bed Preparation Week 16-18
5. Seeding and Mulching Week 18-20 (After Oct. 1)
Phage |l - Reclamation of the Facilities Pad Access Road (P-1)
1. Culvert removal and regrading Week 1-4
2. Seed bed preparation, seeding, and mulching Week 4-6 (After Oct. 1)

Phasse Il - Reclamation monitoring

1. ASCE diversion maintenance 2-10 years
2. Vegetation monitoring 2-1Q years
3. Water monitoring 2-10 years

3.7-5(9) Reclamation Costs

Table 3.1-18, Chapter 3, Section 3.1, was revised to summarize an estimate of
reclamation activities for the purpose of determining the bond amount. The reclamation bond
amount calculated for Crandall Canyon is presented in Table 3.1-2 of Chapter 3.1.
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TABLE 3.7-1

SUMMARY OF CRANDALL CANYON STORM RUNOFF CALCULATIONS
FOR THE 10-YEAR 24-HOUR STORM

WATERSHED | CURVE congemﬁ'r?:nou DRAINAGE RUNOFF DISCHARGE
(CCWS- ) NUMBER (HR) AREA (MF?) DEPTH (IN)
U1 70 .204 038 .204 3.31
U2 70 .387 .359 .204 14.30
u3 70 096 012 204 1.35
U3 & U4 70 159 .053 .204 5.14
us 70 .045 .002 .204 0.26
US & U6 70 an 019 .204 2.06
u7 70 107 .013 .204 1.43
us 70 093 .009 .204 0.69
us & U9 70 .361 178 204 7.47
u10 70 079 016 204 1.20
u12 70 071 .007 .204 0.84
U36 & U13 70 22 .031 .204 3.27
u14 70 .060 .003 .204 0.37
u15 70 .095 016 204 1.81
| u16 70 .049 .003 204 0.38
[ U16 & U17 70 115 .021 .204 2.26
u1s 70 .063 .004 .204 0.49
U8 & U19 70 171 068 .204 6.39
u20 70 .081 .004 204 0.47
U20 & U21 70 161 .044 . .204 4.25
u22 70 077 .004 .204 0.47
M
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TABLE 3.7-1 (Continued)

SUMMARY OF CRANDALL CANYON RUNOFF CALCULATIONS
FOR THE 10-YEAR 24-HOUR STORM

TIME OF PEAK
WATERSHED CURVE CONCENTRATION DRAINAGE RUNOFF DISCHARGE
(CCWS- ) NUMBER (HR) AREA (MP) DEPTH {IN) {CFS)
g e e e —

U22 & U23 70 .098 017 204 1.91
u24 70 .097 015 .204 1.69
u2s 70 .086 .008 .204 0.92
U26 70 074 .009 .204 1.07
uz27 70 17 014 204 1.80
uz29 65 041 .002 .109 0.09

U29 & U30 65 .366 .363 .109 6.26
U3l 65 091 .008 .108 0.26

U3t & U32 65 .207 .080 .109 1.62
u33 65 07% .004 .109 0.14
u34 65 .203 .060 .109 1.22
U3z 70 .060 .002 204 0.25

U1 THRU U9 68 .844 2.83% .162 77.91
& U28
U1 THRU 68 .852 3.333 .162 91.23

U111 &u2g

THRU U32
ALL 68 1.067 4.146 .162 101.81

SUBWATER-

SHEDS
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TABLE 3.7-2
SUMMARY OF CRANDALL CANYON DIVERSION DITCH GEOMETRIES
MINIMUM MINIMUM
DITCH BOTTOM TOP WIDTH MINIMUM MINIMUM MAXIMUM
{cCcD- ) WIDTH (FT)* (FT) DEPTH (FT) SLOPE SLOPE
P PSS
1 3 7 1 0.067 0.067
2 3 6 1 0.100 .100
3 2 6 1 0.053 0.071
4 2 6 1 0.086 .100
5 2 6 1.25 0.074 100
6 3 9 2.5 0.080 0.091
7A 4.5 11.5 3.5 0.063 .100
78 5 12 4 0.350 .350
8A 2.5 5 0.67 0.057 0.077
88 _ 2.5 5 0.67 0.057 0.057
9 2.5 5.5 0.83 0.071 .143
10 2.5 6 1 0.040 0.043
' 11 2.5 6 1 0.071 0.091
12 2 5 0.83 0.048 0.059
13 1.5 4 0.67 0.060 0.077
14 1.5 4 0.67 0.048 0.050
15 1.5 4 0.67 0.043 0.045
16 1.5 4 0.67 0.050 0.067
17 1.5 4 0.67 0.065 0.077
18 1.5 4 0.67 0.050 0.050
19 3 9 3 0.050 0.050
20 4 12 4 0.046 0.046
i 21 4 12 3 0.100 100
Ir 22 2 8 3 0.056 0.056
23A 8 13.5 3.75 0.070 0.070
23B 8 15 7.25 0.065 0.065
23C 10 17.5 3.85 0.056 0.056
e )
to) Minimum bottom width measured at minimum depth from top of channel.
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TABLE 3.7-3

SUMMARY OF CRANDALL CANYON DIVERSION BERM GEOMETRIES

ll MINIMUM TOP WIDTH ||
BERM (CCB- ) (FEET) MINIMUM HEIGHT (FEET)
1 0.5 1.5 |
2 1.0 10.0
3 1.0 2.0
4 2.0 1.5
5 0.5 1.0
6 1.0 1.5
7 1.0 2.0
. 8 2.0 0.5
9 1.0 . 2.0
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s velocity based on average ditch slope.
® Flow depth based on maximum velocity.
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TABLE 3.74
SUMMARY OF CRANDALL CANYON DIVERSION DITCH CALCULATIONS
e —— T = |
MAXIMUM
CONTRIBUTING PEAK AVERAGE FLOW
DITCH DRAINAGE AREA DISCHARGE FLOW DEPTH FREEBOARD VELOCITY
(CCD- ) (CCWS- ) (CF8) (FT) (FT) (FT/8)
1 Y1 3.31 Q.25 0.75 3.9%
2 u2 14.3 052 Q.48 73"
" 3 us 1.38 0.19 0.81 3.2
4 Us .26 0.10 0.90 2.0
5 uz 1.43 0.38 0.91 5.4
[ ug 69 0.0 2.4 2.5
7A u10 1.20 0.12 3.38 2.7
78 Y10 1.20 0.10% 39 3.9
8A y12 0.84 0.13 0.54 2.7
8B y3s 0.17 0,08 0,82 1.3%
(VAL 0.37 0.10 0.73 2.4
U185 1.81 0.22 078 29
1 u1e 0.38 0.10 0.90 2.1
12 Uis 0.49 0.11 0.72 2.1
13 u20 0.47 0.12 0.585 25
14 Y22 0.47 0.13 0.54 2.1
15 u24 1.69 9,27 0.4 3.1
16 u2s 0.92 0.18 049 3.0
17 u28 1.07 0.19 0.48 3.3
18 y2z 1.50 0.24 0.43 3.1
19 Y29 0.09 0.10 2.9 0.9%
20 U31 0.26 0,10 3.9. 1.2%
21 uss 0.14 0.10 2.9 1.2%
22 U34 1.22 0.19 2.81 3,09
23A u1 - ug, U28 437 2.75 1.0 15.8"
238 U1-u11,U28-U32 511 8.25 1.0 15,14
23C u1-g1 '2,023- 514 2.85 1.0 14.2@
T e ——
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TABLE 3.7-5
CULVERT CAPACITY SUMMARY

e — e
CuL- PEAK
VERT SUBBASIN AREA CURVE T FLOW PIPE INLET HwWe
{cce-) (CCWS- ) M%) NUMBER {HR) (CF$) SIZE TYPE D
A T i
1 u1 038 70 .204 3.31 24" MITERED | <.5
2 u2 359 70 387 14.3 84" MITERED | <.5
3 U3 & U4 053 70 .159 5.14 24" MITERED 55
4 US & U6 019 70 A1 2.08 24" MITERED | <.5
5 u7 013 70 .107 1.43 247 MITERED | <.5
8 U8 & U9 178 70 .361 7.47 48" HDWALL | <5
7 U1 THRU U9 2.84 68 844 779 | P.ARCH | HOwALL | <.35
& U28 17.5' X
10.5'
8 U1 THRU U11 & 3.33 68 852 91.2 | P.ARCH | HDWALL | <.35
U28 THRU U32 17.5’ X
10.5’
9 U29 & U30 363 65 366 6.26 84" HOWALL | <8
10 U-29 002 es 041 0.09 24 HOWALL | <5
11 U3l & U32 .080 85 .207 1.62 48" MITERED | <.5
12 U3z 004 65 075 0.14 48" MITERED | <.5
13 u34 080 es .203 1.22 36" MITERED | <.5
14 U36 & U13 031 70 122 3.27 18° MITERED .68
15 v14 .003 70 080 0.37 18 MITERED | <.5
16 u1s 018 70 095 1.81 18" MITERED | <.5
17 U16 & U17 021 70 115 2.26 18 MITERED 54
18 U18 & U198 071 70 A7 6.67 24" MITERED | .65
19 U20 & 21 044 70 161 4.25 24 PROJECT | <.5
20 U22 & V23 017 70 098 1.91 18" PROJECT | <.5
u24 015 70 097 1.69 18 PROJECT | <.5

ia) Headwater Depth in Diameters (HW/D).
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CULVERT CAPACITY SUMMARY

February 1996

CULVERT
{ccC-)
U256 MITERED
23 U26 .009 70 0.074 1.07 18" MITERED <0.5
24 ALL 4.05 68 1.087 101.8 P.ARCH | HDWALL <0.35
SUBWATER- 17.5' X
SHEDS 10.5°
25 D1(A) 004 20 0.134 246 187 MITERED 0.57
26 ui2 007 70 0.071 0.84 18" MITERED <0.5
27 U3z .002 70 0.080 0.25 18" MITERED <0.8
28 ua2 0.072 €b 0.120 2221 18" MITERED <0.5
TR Ow ke ——

{a) Headwater Depth in Diameters (HW/D}.
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TABLE 3.7-6

CRANDALL CANYON CULVERT FLOW VELOCITY SUMMARY

3l
SLOPE (%) FLOW REQUIRED EXISTING F
CULVERT {MEASURED IN VELOCITY RIPRAP SIZE RIPRAP SIZE
{ccc-) SIZE {IN} THE FIELD) (FT/SEC) {iN) {IN)
—— —————

1 24 9.6 7.5 8 8
2 84 1.7 5.3 1 0.5

3 24 7.9 8.1 7 8

4 24 0.9 2.8 None 4
5 24 0.9 2.5 None 12

f 6 48 0.9 3.9 None 1
7 PIPE ARCH, 5.2 10.0 10 12

17.5FT X 10.5
FT
. 8 PIPE ARCH, 0.9 5.4 1 8
17.5FT X 10.5
FT
9 84 0.9 3.4 None 6
10 24 culvart connects directly into CCC-11

1 48 1.7 3.1 None -]
12 48 123 2.9 None 12
13 36 51.0 8.7 10 12

14 18 10.0 7.8 ;] 8
i 15 18 6.0 35 None 12
16 18 14.0 7.5 8 12

17 18 11.0 7.3 5 8
18 24 4.0 8.7 3 15
19 24 9.0 7.9 7 12
20 18 0.5 2.3 None 15
21 18 5.0 5.1 1 15
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TABLE 3.7-6 (Continued)

CRANDALL CANYON CULVERT FLOW VELOCITY SUMMARY

SLOPE (%) FLOW REQUIRED EXISTING
CULVERT {MEASURED VELOCITY RIPRAP SIZE RIPRAP SIZE
{CCC-) SIZE (IN) IN THE FIELD) {FT/SEC) {IN) {IN)
22 18 6.0 4.6 None 18
23 18 14.1 6.5 8 6
24 PIPE ARCH, 1.7 71 2 8
17.5' X 10.5° §
25 18 21.3 9.3 None Conc. Apron
26 18 154.0 14.1 21 10
27 18 111.0 8.5 7 8
28 18 15.4 8.1 5 -
T R T
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TABLE 3.7-7

POND 014 STAGE-CAPACITY DATA

ELEVATION (FT) AREA (FT?) INOREMEI\‘I;&I). VOLUME CUM uu{llrvrg) VOLUM:-"
6757.5 0 0
534.5
8758 2137.9 534.5
3298.3
II 6759 4454.7 3830.8 ||
5099.5
6760 5744.3 8930.3
8214.2
6761 86841 15,144.5
7159.9
6762 7635.7 223044 |
8135.6
6763 8635.4 30,440.0
i 9181.4
6764 9687.4 39,601.4
10,029.3 i
6765 10,371.1 49,630.7
11,167.8
6766 11,964.5 60,798.5
12,517.3
6767 13,070.1 73,315.8
Ir 13,728.6 i
|| 8788 14,387.0 87.044.4
II 15,209.2
6769 16,031.4 102,253.6
“ 8200.8
Il 8769.5 18,771.8 110,454.4
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TABLE 3.7-8

POND 015 STAGE-CAPACITY DATA

February 1996

007/004
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[ oo [omaoe] sm [ womeosy [ cowas |
__Bottom 89.2 2,312 [¢]
1,968
i 90.0 2,608 1,968
2,854
21.0 3,100 4822

3,350

92.0 3,600 8172
3,716

93.0 3,832 11,880
4,380

94.0 4,928 16,268
5,282

250 5,636 21,850
5776

28.0 2916 22,326
6,460

97.0 7,004 33,786
71,354

28.0 7,704 41,140
1,558

e Erimary Spillway, 98.2 7,871 42.898
6,564

39.0 8,540 49,262
5,285

Emergency Spillway 99.86 9,076 54,547
3,685

100.0 8,348 58,232
7,737

Tog of Embankment 100.8 9,994 65!969



Chapter 3, Section 3.7

Castle Gate Mine
Crandall Canyon

TABLE 3.7-9

SLOPE PARAMETERS

February 1996

MOIST ANGLE OF
UNIT SATURATED INTERNAL PORE PORE
WEIGHT UNIT WEIGHT | COHESION FRICTION PRESSURE PRESSURE
SECTION SOIL TYPE (PCR)' (PCR)™ (pSEI™ ™ PARAMETER CONSTANT
L
Pond 015 Sandy Gravel 130 145 0 37 0 0
c.-c¢ {GP)
Pond 015 Sandy 130 145 0 37 0 0
D-D’ Gravel (GP)
——-
'-’ See Appendix 3.7! for unit weight calculations based on NAVFAC DM-7, 1971, and Hoek, 1981.
& NAVFAC DM-7. 1971. TABLE 9-1. Typical Properties of Compacted Materials.
3.7-69
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TABLE 3.7-10

MASS BALANCE EARTHWORK SUMMARY
CRANDALL CANYON RECLAMATION PLAN

CcuT FILL NET
AREA (CY) {CY) {CY}
Subsail Topsoil Subsoil Topsoil Subsaoil Topsoil
TOPSOIL STOCKPILE 0 1210t 0 0 0 ot
NO. 1
TOPSOIL STOCKPILE 0 6680 0 0 ] 6680 (C)
NO. 2
PHASE | i 106,836 0 115,485 6680 8649 (F)* | 6680 (F)
PHASE ()i 30,255 0 27,110 0 3145 (C)@ 0
SUBTOTAL 137,091 6680 142,595 6680 5504 (F)* 0
TOTAL 143,771 142,275 5504 F©

The volume of topsoil was determined by field survey (Blackhawk Engineering, April 1985).

The topsoil from stockpile No. 1 is not included in the earthwork calculations because of the presence of noxious weeds.
If the noxious weed seed can be destroyed, the topsoil will be uniformly spread over the Phase |l reclamation area, adding
2 inches to the thickness of the topsail.

Earthwork volumes include the facilities area, leach field access road (A-1}, and a portion of the main access road (P-1}.
Phase | and 1l reclamation areas are illustrated on Exhibits 3.7-7A, 3.7-7B, and 3.7-7C.

Volume calculation by GRID method with a node spacing of 25 feet, a tolerance of 0.5 feet, and a swell factor of 1.0.
{Softdesk, Inc., formerly DCA Software, Inc.} )

Excess cut material and fill shortages will be compensated for in the field with minor excavation and backfill medifications
during reclamation construction activities. Changes will be based on survey information generated during reclamation.
Earthwork volumes for remaining main access road {P-1} after completion of Phase | reclamation.

uoAue) j|epuel)
auI 8len) s[isern
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TABLE 3.7-11

CRANDALL CANYON
RECLAMATION HYDROLOGY PEAK FLOWS

DIVERSION | CONTRIBUTING AREA PEAK WATERSHED
WATERSHEDS | (ACRES) FLOW®

(CCRWS- ) (CFS)
CCRD-2 2 43.50 0.45
CCRD-4 4 47.00 0.48
CCRD-6 6 238.90 2.41
CCRD-8 8 47.10 0.48
CCRD-11 11 24.22 0.52
CCRD-12 12 229.57 4.84
. CCRD-14 14 26.17 0.57
CCRD-16 16 11.13 0.24
CCRD-19 19 121.4 2.55
CCRD-20 20 15.40 0.34
CCRD-21 21 23.80 0.40
CCRD-23 23 18.76 0.41
CCRD-25 25 9.92 0.22
CCRD-27 27 11.29 0.25
CCRD-30 30 41.52 0.90
CCRD-32 32 25.47 0.55
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TABLE 3.7-11 (Continued)

February 1996

CRANDALL CANYON
RECLAMATION HYDROLOGY PEAK FLOWS
DIVERSION CONTRIBUTING AREA PEAK WATERSHED
OR MAIN WATERSHEDS (ACRES) FLOW®
CHANNEL (CCRWS-) (CFS)
SECTION ®
CCRD-34 34 8.08 0.18
35+80-34+70 10-16 1659.40 100.78
34+70-33+40 9-17 1670.70 105
33+40-31+90 9-18 1677.90 110
31+90-22+00 7-20 1874.30 120
22+00-16+80 7 -20 1874.30 122
16+80-14+60 5-20 2117.30 128
14+60-9+10 3-21 2191.60 129
9+10-7+20 3-22 2198.80 130
7+20-5+85 3-22 2198.80 131
5+85-3+50 3-22 2198.80 132
3+50-2+10 2.22 2242.40 133
2+10-0+00 2-22 2242.40 134.75
replacement of 1-38 2716.49 159.42
culvert near
highway
tal Diversions are designed for the 10-year, 6-hour storm (P = 1.4"), unless otherwise noted.
® Main channel designed for the 100-year, 6-hour storm (P = 2.1").

NOTE: See Appendix 3.70 for supporting calculations.
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RECLAMATION HYDROLOGY CHANNEL GEOMETRIES

TABLE 3.7-12

CRANDALL CANYON

uoAue?d jjepuesd)
BuUIN 8l1eD) 8jise)

LS uonaag ‘g 1sdey?d

MINIMUM MAXTNUM RIPRAP
RECLAMAT 10N BOTTOM TOP WIBTH NINIMEN MAXTMLM HINIMUN FLOM FREEBOARD WA TMUM REQUIRED
u.s.® wIDTH™ (FT) DEPTH SLOPE SLOPE DEPTH (FT) VELOCITY Do
(FT) (FT) (%) {X) (FT) (FPS) CIN)
CCRUWS-2 0 8 1 32 8 0.21 0.79 4.38 3
CCRMS-4 0 8 1 40) 5.9 0.55 D.45 &4 .84 3
CCRWS-6 0 8 1 9 2.9 0.47 0.53 4.14 2
CCRWS-8 0 8 ] 16 6.4 0.22 06.78 3.43 3
CCRWS-11 0 8 1 10 10 .0.21 0.79 2.93 NONE
CCRWS-12 0 8 1 [ & 0.53 0.47 4.23 3
CCRWS-14 0 8 1 13.3 13.3 0.21 0.79 3.34 3
CCRWS-16 0 8 1 12.1 12.1 0.15 0.85 2.60 NONE
CCRWS-19 0 8 1 16 5.3 0_43 0.57 5.70 3
CCRWS-21 0 8 1 5.3 3.2 0.24 0.76 2.17 NONE
CCRWS-23 0 8 1 17.6 17.6 0.17 0.83 3.42 3
CCRWS-25 0 8 1 24 24 0.13 0.87 3.29 3
CCRWS-27 0 8 1 27 27 0.14 0.86 3.68 3
CCRWS-30 0 8 1 17.5 17.5 0.23 0.77 %.15 3
ol See Exhibit 3.7-7B for channel and reach locations.
o} Minimum bottom width measured at minimum depth from top of channel. If zero then channel is triangular
el Riprap Dy, calculated using the Searcy methed developed for the U.S.D.O.T.

9661 Alenigad
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TABLE 3.7-12 (Continued)

CRANDALL CANYON
RECLAMATION HYDROLOGY CHANNEL GEOMETRIES
RECLAMAT ION MINIMUM MAX 1M RIPRAP
CHANNEL™ BOTYOR TOP WIDTH | MINIMUM MAXIMUN MINIMOM FLOM MAXIMUM | REQUIRED
OR SECTION OF MAIN wIpTH™ (FT) DEPTH SLOPE SLOPE DEPTH FREEBOARD | VELOCITY Dgo"
CHANNEL (FD) (FT) ) x) (FT) (FT) (FPS) (IN)
CCRUS-32 g 8 1 9.3 9.3 8.22 0.78 2.89 NOKE
CCRWS-34 0 8 1 27.3 27.3 0.14 0.86 3.66 3
35+80 - 34+70 8 20 2 9.1 7.7 0.9 0.97 9.33 12
34470 - 22+00 8 20 2 7.7 5.1 1.23 0.77 9.23 9
22400 - 16+80 8 20 2 3.8 3.5 1.32 0.68 7.98 6
16+80 - 7+20 8 20 2 5.5 4.5 1.32 0.58 8.72 9
7+20 - 3+50 8 20 2 8.5 7.4 1.20 0.80 9.87 12
3+50 - 0+00 8 20 2 6.7 5.0 1.32 0.68 9.44 9
REPLACEMENT OF 8 20 2 10 10 1.23 0.77 11.06 12
CULVERT BY HIGHWAY

ta)
1B}
{cl
idi

See Exhibit 3.7-7B for channel and reach locations.

Minimum bottom width measured at minimum depth from top of channel. If zero then the channel is triangular

Riprap Ds, calculated using the Searcy method developed for the U.S.D.0O.T..

Dsy = 9 inches is required only on the steep reach of this diversicn betow Pond 014.

uoAue) |lepues)
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Chapter 3, Section 3.7
Castle Gate Mine
Crandall Canyon February 1996

TABLE 3.7-13

CRANDALL CANYON
RECLAMATION HYDROLOGY BERM GEOMETRIES
MINIMUM TOP MAXIMUM SIDE HINIMUM
RECLAMATION BERM™ WIDTH SLOPE HEIGHY FREEBOARD

(FT) H:v (FT) (FT)
CCRB-1 1.0 1.5:1 2.0 1.52
CCRB-2 1.0 1.5:1 1.5 1.02
CCRB-3 1.0 1.5:1 1.5 1.02
CCRB-4 1.0 1.5:1 2.0 1.52

ta} See Exhibit 3.7-7B for berm locations.
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CRANDALL CANYON RECLAMATION HYDROLOGY

TA

BLE 3.7-14

RIPRAP AND FILTER VOLUMES

RIPRAP

THICKNESS
(IN)

Main Channel

RIPRAP
VOLUME (FT*)

0+00-3+50 g 350 29.9 18 13,300 12 11,651
3+450-7+20 12 370 33.3 24 19,980 12 13,542
7+20-16+80 9 960 29.9 18 36,480 12 31,958
16+80-22+00 & 520 26.6 12 12,480 12 15,584
22+00-34+70 9 1270 29.9 18 48,260 12 42,278
34+470-35+80 12 110 33.3 24 5,940 12 4,026
Tributary Channels
CCRMWS-2 3 130 9.0 6 683 6 1040
CCRWS-4 3 180 8.0 6 945 6 1440
CCRMS-6 3 440 9.0 6 2310 ) 3020
CCRWS-8 3 130 2.0 -] 683 -] 1040
CCRWS-12 3 100 9.0 6 525 6 800
CCRMWS-14 3 100 2.0 & 525 (-] 800
CCRWS-19 3 200 9.0 6 10590 -] 1600
CLRWS-21 3 170 2.0 6 893 ") 1410
CCRWS-25 3 125 2.0 -] 656 -] 1000

uoAue) |lepuesd
8ullp B1RD) 9158

L € uonoesg ‘g J1e1deyd
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TABLE 3.7-1

4

RIPRAP AND FILTER VOLUMES
CRANDALL CANYON RECLAMATION HYDROLOGY

RIPRAP RIPRAP FILTER
Dgo LENGTH PERIMETER THICKNESS RIPRAP THICKMESS FILTER
CHANNEL {IN) {FT) {FT) (IN) VOLUME (FT°) {IN) VOLUME (FTS)
Tributary Channels
CCRWS-27 3 90 9.0 -] 473 6 720
CCRWS-30 3 80 9.0 6 420 6 640
CCRWS-34 3 110 9.0 ] 578 ] 880
TOTAL 146,181 133,430

10,232 tons)"

(8,672 tons)™

ib)

Unit weight of riprap is based on an in-place density of 140 pounds per cubic foot.

Unit weight of granular filter is based on an in-place density of 130 pounds per cubic foot.

uoAue) ||epuei)d
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L € uonoag ‘¢ lesydeyn

9661 Aeniged



APPENDIX 3.7A

SLOPE STABILITY ANALYSIS
MINE ACCESS ROAD IN CRANDALL CANYON

CASTLE GATE, UTAH
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SLOPE STABILITY ANALYSIS

MINE ACCESS ROAD IN CRANDALL CANYON

CASTLE GATE, UTAH

OCTOBER 1981

ROLLINS, BROWN AND GUNNELL, INC.
Professional Engineers
1435 West 820 North, P.O. Box 711

Provo, Utah 84603
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L_—.ﬂ scar—e=werso ) | INS, BROWN AND GUNNELL, INC.

'

Lrice River Coal Compapy Mine and exte

PROFESSIONAL ENGINEERS
October B8, 1981 T T S .

Horrocks Engineers . . A -
1 West Main R h — _
American Fork, UT 84003 . U

Gentlemen:

In accordance with your request, a slope stability analysis .
has been performed for a.mine access road in Crandall Canyon
located sou;hwest'of-Castleqate,‘Utah. The purpose of the ..
investigation was to obtain an indication of the stability

of existing slopes and the slopes contemplated for modifica- -

tions to the ‘highway._ '~".. ™ - L
The work has been completed in accordance with a verbal pro-- .
posal submitted to our organization, and the results of the . v
investigation are outlined in .the following sections of this
report. The information contained in the report is discussed
under the following headings. (1) General Site Conditions - .
and Investigated Approach, (2) The Results of Field and Labora-<
tory Tests, (3) A Slope Stability Analysis, and (4) Conclusions

and Recommendations. - . ' e Sl e

©.’%1. General Site Conditions and Investjcated Aporoach

. The proposed access road begins in ‘the vicinity of the -
nds for a distance of 6700
feet down the canyon. An existing road is located in the canyon
and it is anticipated that this road will be widened ané modified
during the new construction program. Typical roadway cross sec-—
tions along the proposed alignment is presented in Figure No. -1.
The subsurface materials along the proposed alicnment generally
consist of large rock fragments with a matrix of sandy silt.. -

The existing roadway was-constructed by dumping the
excavated material along the roadway over the slope and permitting
it to reach equilibrium with the surrounding conditions. 1Insofar
as we can determine no major slope stability problems have occur-
red along the existing alignment, and repairs to the road have
consisted of removal of relatively small amounts of material which
have sluffed downward from the adjacent slopes. Since construct-
ing drilling locations uphill and downhill from the roadway would be

o X

ey

1435 WEST 820 NORTH, P.0. BOX 711, PROVO, UTAH 84831 TELEPHONE ATASTIY

e




-within the overbgrdqq.mate;ials thro

caleulations to provide an indicationo
Jexisting an@_contempla;ed slopes.- . °© | . oo

Horrocks Engineers
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October 8, 1981

relatively difficult and could only be performed at a substan-
tial cost, and since the cut into the hillside where the road-
way is located generally defines the character_of the material
throughout the soil profile in this area, field investigations
have been limited to determining the in-place density of the sub-
surface materials along the natural slopes and along the cut

and fill slopes performed during the construction of the origi-
nal facility.. o ST S : .

' nion that the in-place density of the sub-
surface materials at a depth of approximately 1 to 2 feet below
the existing ground surface will be the "lowest in-place unit
weight of any material within the soil profile along the slope.
Since the natural material contains a considerable amount of .
rock fragments, it is not possible to obtain satisfactory undis-
turbed samples in the subsurface material. It is our opinion,
however, that the shearing strength of the subsurface soils will
likely be determined by the fine grain fraction which exists -

ughout the profile. " 77,7

It is our opi

- -

- -
-

It is believed that a reasonable estimate of the in-place’
shearing strength can be obtained by performing triaxial shear '
tests on samples of the fine " grain. material compacted to its
in-place unit weight and natural moisture content. The .shearing '
strengths obtained by this approach have been utilized in stability

f the factor of safety for th

-

2. The Results of Field and Laboratory Tests - .- .
-, pield and laboratory tests performed during this investi-
gation to determine the physical characteristics of the subsurface
material in the area have included in-place unit weight, natural
moisture content, Atterberg limits, mechanical analysis, and = '%.°
triaxial shear tests. The summary of all test data performed

during the investigation with the exception of the triaxial . = -
shear tests are presented in Table No..l, Summary of Test Data.

- L oae

It will be noted from this table that the in-place unit
weight varies from about 82.4 pounds per cubic foot to 105.0 pounds
per cubic foot and that the natural moisture content varies from -
3.4 to 16.6 percent. The results of mechanical analysis performed -
on relatively large samples obtained in the field indicate that
the amount of material passing at 200 sieve will likely range from
35 to 37 percent. The results of the' Atterburg limits performed
on representative samples of the subsurface material indicate that
the fine grain. fraction of the overburden materials have low

plasticity characteristics.




‘area. S . . A . .

‘moment equilibrium and is considered to be an exac
method. The method is based upon two

_value' of 200 psi and a friction angle of 30 degrees. A fact
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Three triaxial shear tests were performed on represen-
tative samples of the sand and silt fraction compacted at the
natural moisture content to an in-place unit weight of about - . ,
100 pounds per cubic foot. The results of these.tests are pre-
sented in the form of .a Mohr Envelope in Figure No. 2 and ic ..
will be observed that a cohesion of 6 pounds ‘per sguare inch -
and a friction angle of 31 degrees was obtainedl. S

Three triaxial shear tests were also performed on -
representative samples of the silt and sand fraction compacted
at the initial moisture content to a density of 82.5 pounds
per cubic foot. The results of these three tests are also pre-
cented in the form of Mohr Envelope in Figure No. 3. It will .
be noted that a cohesion of 5 pounds per square inch and a . .-
friction angle of 30 degrees was obtained for this sample.. - °

- "I.1t should be noted that materials for the two triaxial .
tests were obtained at Station 59+30. The results of these - ;.

. tests were used in a stability analyisis to obtain an indication

of the slope stabili )

- -
-

ty of the n_taterials‘throughout this general

3. Slope Stability Analysis
. A computer slope stability analysis has been performed ...
for slopes along the proposed alignment using a computer program .,
based upon Spencers method and developed by Steven Wright at the -
University of Texas.  Spencers method satisfies both force and S
t slope stability
dimensional considerations I-.
and is only as accurate as the shear strength parameters’.u_‘sgdﬂi_.xf_' O

LR B I

P . - B e - I .

the analysis. . : o - e A
" The stability analysis was performed for ‘cross sections.:
located at Station 10+50 and at Station 58+00. The cross CELATED
sections at these two stations generally represent the steepest 7. -
overall cross sections along the existing alignment. The ¢ross™ . -
sections for each of these stations are presented in Figures 4 .7-
and 5. The slopes along the various segments of the cross RS
sections are presented in these figures. The shear strength para-
meters obtained from the triaxial tests were used in the stability
analysis along with representative unit weights obtained from the
in-place density tests. The factor of safety was determined for:-
the overall slope conditions shown for the two cross sections - '
shown in Figures 4 and S. A localized slope stability analysis

was performed for the slopes between points A and B in Figure . . "~
No. 5. The results of the slope stability analysis are presented
in Table No. 2 below. It will be observed that a factor of safety

of 1.6 was obtained for the slope at Station 10400 for a cohesien
or -_’. _'-__: :

e
.
-

L P N
* g T wme SIDALL
- - . - r Flal it

. R A
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of safety of 1.5 was obtained for the overall slope at-Station
58+00 assuming a cohesion of 400-psi and a friction angle of

30 degrees. The -analysis performed for the left hand side of.
the cross section at Station 58400 indicated a factor of safety
of 1.5 for a cohesion of 200 psi anda friction angle of 30 .
degrees. - L SR EmeEsR I T

- TABLE 2 ° .
STABILITY ANALYSIS RESULTS

':.". ' Cohesion . _
Friction Angle (psf) Factor of Safetvy
Station 10400 . R
. ror 300 . . 100 .
S | 200

Stétidn,58+00 e 51 ::v,r;ialyi'j :f-,;”

(Entire Slope) -, o @ ¥ Ter T
s IR 3°g - " - -.:-.' "':_.'-.'.100 ClTE "_
. 30° . K . - o 200 e - . ;-.‘;"t_.
31, - " 200 L . 0T L
30°v-_f: . 400 S :=_f -

- _ 307 . 500 - .0 o
station 58400 . .. - . T hirts ;
(Left Side of Slope) R . o

‘o. 30° ‘_ .-;: _‘ ‘-',‘. lOO ., .:._ . .__;. ‘ - :
300 L i 2000 R S

30° . A00 WU T

It should be_fecoénizéd thét'ﬁﬁéiélépé'étabii{£§*§h§%i&;;
h parameters ”.

lysis performed above were based upon shear strengt
determined for materials at their natural moisture content.’ It ™~
has also been assumed that no pore pressures exist within the soil
profile at this location. o . . TR
. S N . e YL
Based upon the analysis performed above, it is our opinion
that slopes characteristic of the profile defined by Figures

A el d
L -, T -

s A
T A g - .

4 and 5 will be stable under ord I€ the environ-

inary conditions. -

mental conditions throughout
become saturated, a decrease
and some pore pressures may
Under these conditions, slum
occur. It is not anticipate
movement will occur in this

the area are such that the slopes . -

in the shearing strength will occur
develop throughout the profile. .- "
ping of the steeper-slopes,willilikely
4, however, that any massive land =

area. T S S
- .: . - . l_ Lt -'-_.':.,
- ...' - .._ i .a-t ‘.-"
- TR - —
- -::- T e

1 * N
24%05 -
- — T - - - o aee 4-.‘-""“""'
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' L 4, Conclusions end Recommendations- NG _

. R el e -(_'f.[-""'"h,'--w.'-',':-"':,‘-—,-—v- _:' ~"'Z'. ._
"‘.E A, Based upon the investigation indicated, above; it
. ' opinion that the followlng -conclusions are warranted- T

- . .
. . - d_...._,_ R ‘_.‘_‘ -

-, - . 4 .... '.':.:. - p -_‘_-.': ‘-‘—".-Qv -w- '\‘r‘.-"‘\"_ __'.....' cg_ T _'_ st __.._‘““'.'. Rty .- A

‘ A. . The’ subsurface materials along the proi:o'sed alignment
o onsist ‘of angular. fragments with a matrix ‘of 'silty sands and --_-:
© " ‘sandy silts. . The’ ‘entire.” soil’ mass constituting the’ oyerburden

L -m.ll most J.ikely perform 1ike a granular-type _so:x.l."":‘ g .-__.'-.*

ES ‘,-,'“._ s :’;1-1 ] T SN v R .
.\..,. -~ -'-. "' K 2 --.r\..,._-' gt Sl ,.f B ST .. .

-'4- ez

Ty

SR 'I‘he 1n-place unit weight ‘of the overburden\ materials:-_

_[.'-'- R throughout “the Site willZlikely Vary-from’ about 8274 pounds per iy
et 'cub:.c foot to_.195 POungis per cudblc _foot,ui:-é'- SR IR T *.-if'-,e“.'i;‘1;-,3_;.1-’5__-;;'-_,t

I A R, ".-'u - ';v.“{;v'.e--._.‘é:-'lz‘é"-.':-?'-.‘E.":.'“’;‘“:".:'_‘ '—“"..:.ﬁ_.—-i" e TR e "'?:“"'*" AR A e i ..:'T"--i":&
J S TR et Gl The. ~shear strength character:.st:.cs of, -the--— NO 1050l
s "',,‘"fnaterial isa reasonable estimate of. thel ent:.re soil mass zalong T

" the’ ahgnment ‘and that_ a’ coheslon f 5_pounas__per square-.inch“'_ s
and a- frict:.on angle of 30 degrees 3.5 a: reasonable est:.mate 35-—- Fars

- the strength of these materials in. their ‘insitu’ ‘Zondition.:. ot
:e okl ",_‘:}d‘__"_‘._‘":"‘4443:-“‘3{‘*‘&';4‘—-.'#*‘-'”‘\,? - T T
—-‘-:;-_.:-.- it e A R AT T T i NENTNT s ARl 2 e T
slopeswcharacterist;c ‘of  those; showz_:__—in FJ.gures and

‘‘‘‘‘ - — gl

D - R R . N Rt - ey
5 have factors -of_‘_safety'-'ofv:"l.’S""_'-'Br?"gi‘eater £or ICohesivervaluesy
_i vary:.ng from 200°to 400 psi. and a friction angle of -30 'aegrees._

-

The actual’ cohes:.on -determined in the triax1a1 s‘hear tests_ Z.s
’ g_en_e.rally greater than,that requ:.red for‘_st{- -

-.‘H...._ ‘_ ...svv.-’

" El TF the subsurface mater:Lal ‘beco e

thrbughout ‘the. life of “the: fac:.l:x.ty,. the cohes:.on of,,t_he sub-.-_
T ¥surface ‘materials™: are; dikely to decrease and_ﬁslope failures
“on the’ steeper slopes will® ll‘kely oceur.= Mass:.ve“s:]_._ope sta‘bﬂ.n.ty‘-'_-'-

- —

fa:.lures do no'tappear 11ke1y in thn.s general area._..

=.'—" .,;,-.-.,....q..h:‘. > - ,...n;',.‘ _\--
A et .

) Based upon' the results of 'th::s :anestlgatn.on,
. o 10_._‘;'3-5.,-\?.,'

S . A. Since the strength character:.stlcs of the subsurface
X matev-:.als are sensitive to mo:.sture c:ond:.tlors, every effort :

should be made 'in the modification of . the _proposed facn.ln.ty to‘
., - . _prevent surface waters from ;.nf:x.ltrat:z.ng ‘into. the subsurface'-.:
1 “"material. Alpositive drainage .system” J.ncludlng subsurface GRS
A G pipe drains and cross drains where requlred should e J.ncorpor— Cl-
- ated into the design of the proposed facn.lity. . Cross “drains .
should terminate well below a point’ where .- the' - dn.scharge R
'water could inflltrate :Lnto the subsurface materlals. RO R

St e
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DEVELOPMENT

The Welded Wire Wall is the invention of
william K. Hilfiker and is the third retaining wail
system he has designed and patented. Mr.
Hilfiker is the third generation to manage the
tamily business of manufacturing concrete
and steel products and is a general engineer-
ing contractor specializing in installing retain-
ing walls. The Weided Wire Wall hés

Low Cost Transportation undergone a five year research program at
Up to 5,000 face sq. 1t. per load Utah State University, supervised by Dr. Loren
R. Anderson. Dr. Anderson is an Associate
Professor of Civil Engineering and is co-author
of a textbook on fundamentals of geotechni-

cal analysis. Jack Selvage, of the Selvage and
Heber Engineering firm in Eureka, has worked
closely with the practical development of the
wire wall. He has developed standard wall
designs as well as the TI-58 computer pro-
gram for special designs.

USE
Lightweight The Welded Wire Wall is an easily installec
Allows Hand Placement composite wire and granular sail structure.

Because of tie unique 2" x §” spacing of the
wire matting, a wide range of materials USugly
found at the jobsite can be usec for backiiil.
The use of jobsite materials and simple hand-
piaced installation, plus bacxfilling that lend
itself to mechanical placement and compac-
tion, makes the Welded Wire Well practical,
economical, and affordable. Additional wall
features you can choose are a blown mornar
finish that can be colored to blend with the
landscape, or you may plant with vegelaticn
which will grow through the wire mesh.
Upon request, we will senc you ouf Ti-52
computer design program anc our illustrated,
step-by-step, construction mznual.

Mechanical Equipment for
and Compaction
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HILFIKER
Welded Wire Wall
P.O. Drawer L
Eureka, CA 95501
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City of Redding, California
Welded Wire Wing Walls
on either end of the culvert.
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Power Line Access Road
Southern California Edison
Angeles National Forest, Calitornia

Fall 1978
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Red Cap Creek Bridge
Orleans, California
Six Rivers National Forest
Blown Monrtar Finish
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Same Southern California Edison Wall
Spring 1981 - One and one half years later

— Showing Nature taking a hold.
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Beach Access Road
Shelter Cove, California
Colored Brown Mortar Finish - Blending
with the natural color of the bluff,
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MERCIAL TESTING & ENGINEERING CO.

ARCA COOE 312 TN

cCOoOM

QENENAL DFHCES 170 NORTM LA SALLE STALET, CHICAGO, HLUINOIS #0607

® Y. -

gl YR

Reply t0
Phone: 303-278-952

Instrumental Analysis Division

490 Orchard Street X
Golden, CO 80401 ; April 7, 1931

Jack Blair

CT&E

139 South Main Street
Helper, Utah 84526

RE: IAD #97-F980-335-05 (1) - #5613
4 TAD §97-G223-335-05 (5) - #5613

Revised Analytical Report

It seems as though the problems we've had checking the pH on these core
samples may be due to several factors. The only way to get enough voiume
to run an Alkalinity titration (as well as an Acidity titration and 2

Conductance reading) is to extract the soil with at least an equal weight

: - of water. Due to the small amount of sample remaining after the metals
.; extraction, we decided to extract the soil 1:2 to make it as concentrated
as possible and still have enough volume to titrate. When the sample was

mixed with that amount of water it did, in fact, Jook 1ike a saturated
paste. This mixture was filtered and analyzed for Alkalinity. The first

to take the initial pH of the

step of an an Alkalinity procedure is
solution. This was done with each sample in batch F980 and this was the
pH reported on the report dated March 16, 1981, rather than a saturated

; paste pH as described in the text of that report. The difference between
: batch F980 and batch G223 results are that the former was a pH taken on a

filtered 1:2 extract and the latter was a pH taken on a saturated paste.
d so similar to the unfiltered extract led us

The fact that the paste Jooke
to believe that the results should be similar. This was not the case.
1ities that may account for the discrepancy:

There are several possibi
1.) The pH reading on the original extract may have been wrong for
whatever reason. We went back and re-extracted the original
sample to check this possibility. The results of the analysis
of this extraction are presented in Table No. I along with the

data from the original analysis.

Table No. I
Parameter F980-1 (first run) F980-1 (second run)
pH (of extract) 4.3 5.7
Acidity (as CaC0, in mg/1) 62 112
cdco, in mg/1) <l 3

. Alkalinity (as

-26
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2.)

Sinze both Acidity and Alkalinity titrations are beseS ON ine mwiriiiieees
of standard base or acid (respectively) it takes 1o achieve a given end
point, these results show fair reproducibility. They also show that the
possibility of a gross error in the original pH measurement is less likely.
But, this data does not address the difference between a water extract and

a saturated paste. _
Sample G223-5 was then checked to determine if there was actually a difference.
(Since there was no sample remaining for F980-1 this comparison could not be

1ts of this comparison are presented in Table No. 11

made for it also.) The resu
along with data included in the G223 report.

Table No. Il

Original Rerun 1:2 Water
Parameter Saturated Paste Saturated Paste Extract
pH 7.3 7.1 5.8
Alkalinity
-—— 8

(mg/1 as Cacos) ---

This data shows there is a difference in the pH values for this particular
sample between the saturated paste and the 1:2 water extract. Furthermore,
the results of both the pH and Alkalinity compare favorably with values
obtained from the second run of F980-1 (see Table No. I) which solves the
third problem of sample homogenity between the two samples sent different

dates.

1 am confident of the above data. The pH values obtained are both useful,
but it should be stressed how they were obtained. I've never seen this
discrepancy before and it surprised me. There is no charge for the above
research effort. If you have any questions concerning this, feel free to

call me.

Ph.D., Mngr.

e AL

Bruce A. Hale V. 4
Instrumentaf Analysis Div.

Section Supervisor
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. COMMERCIAL TESTING & ENGINEERING CO.

NOATHM LA BALLE STALELT, CHICADD, RLINOIS sos0t - ARLA COOE 312 -

GEINERA) OrngLs. m
PLEASE ADDRESS ALL CORRESPONDENCE T¢

ESTERN DIVISION MANAGER
"DIEXIATOOSIR, 139 SOUTH MAIN, HELPER, UTAH g84c:
. _ PALMER : A & OFFICE TEL. (801) 472-25°
PRICE RIVER COAL CO. . — April 1, 1981
, P. O. Box 629 '

Helper, Utah B4526
Sample Identification
by ’

Price Ri\.:et Coal Co.

Castle Gate -#1

Kind of sample Rock Core .
reported 10 us Castle Cate #2
Castle Gate Castle Gate #3

' Castle Gate {4

sample taken at

ample taken by Price River Coal Co.

Date sampled 3-19-81

3-20-81

Date received

Analysis report no.  57-3883, 57-5884, 57-5885 & 57-5886

. SAMPLE PH
{ Castle Gate {1 8.4
i
] Castle Gate {2 8.8
Castle Gate 73 8.4
i
8.8

Castle Gate #4

|
!
4 .
E Respectfully submitted,

X COMMERCIAL TESTING & ENGINEERING CO.

. JB/gp ' . -28- Jack Blair,
-~ I SR
L ..{ . - -’-‘ ‘_. . {‘.
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APPENDIX 3,7C

ENGINEERS HYDROLOGICAL AND SOILS CERTIFICATION

AND

CHEMICAL ANALYSIS MC-207

ccé.chapter 3/7
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HORROCKS & CAROLLO ENGINEERS
: A JOINT VENTURE
ONE WEST MAIN
P 0. BOX 377
AMERICAN FORK, UTAM 84003

September 14, 1981

CRANDALL CANYON
SITE ACCESS ROADWAY DITCH

Paved Area Runoff
Diversions Around Site

HYDROIOGICAL CERTIFICATION

I, Harold Lee Wimmer, do certify that I am a
registered professional engineer, and that I hold cer-
tificate No. 3535 as prescribed under the laws of the
State of Utah. I further certify that I have a Bachelor
of Engineering Science Degree in Civil Engineering
from Brigham Young University and a Master of Science
Degree in Civil Engineering from the University of
Southern California, with an emphasis on Hydrology.

I further certify that by authority of the owners [ have
reviewed or performed the attached hydrology computa-
tions and that sald calculations and computations

have been correctly performed in accordance with
professional standards of practice relating to hydrology
and that the conclusions contained herein are true and
correct and represent use of current hydrologic and
climatological information.

Harold Lee Wimmer, P.E.
Utah P,E, No. 3535

-30-



HORROCKS & CAROLLO ENGINEERS
A JOINT VENTURE
ONE WEST MAIN
P.0.BOX 377
AMERICAN FORK, UTAH 84003

CRANDALL CANYON SITE WORK

SOILS CERTIFICATION

I, Gilbert R. Horrocks, do certify that I am a
registered Professional Engineer and that I hold certificate
No. 2986 as prescribed under the laws of the State of
Utah., I further certify by authority of the owners ! have
performed or caused to be performed various soil classi-
fications and tests as required by the Of fice of Surface
Mining regulations and that these tests as contained in
the attached document are true and correct. I further
certify that the A-3 material proposed for the canyon fill
is acceptable for the use intended if properly compacted
to 95% relative density (T-99) near optimum moisture.

L L /

Gilbert R. Horrocks] P,E, o
Utah P.E, No. 2836

-3



. HORAROCKS ENGINEERS

Ons West Main
P£.0. Box 377 R
) Amarican Fork, Utah 84003
. .- Telephons (801) 756-7628

MOISTUR; DENSITY RELATIONS

PROJECT NAME DE/(}' Q 1128 R p OA )

TeEST No. !
CYL & WET EARTH
{14 crams /% | /0358
CYLINDER WT. IN _
GRAMS 1 563 | 562
WET EARTH IN o
lcrans’ vsNA <742
WET DENSITY IN
. |iesscu FT /350 /3‘/‘-.4/,_‘t e
had DISH o , :
HUMBER r~
DISH © WET SaiL
WT. iY GRAMS GCols| 882
; | DoiSs & DRY SOIL — M
~ WT. 1N GRAWS 5'76.5_, (=5%.2
WATER
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DISH & DRY. SOIL
WT IN GRAMS S78.( &S5.4
DISH .
VT 1IN GRAMS /O« /104
DRY SOIL : .
WT. IN GRAMS 47191 SYYEH
MOISTUARZ IN % :
OF DRY WT 4 q 610
DAY DENSITY IN
LBS./CU. FT. 196.61 /31y

ProsEsT No

}eTHOD OF COMPACTION

T /80

&) -0

SAMPLE No.

‘DATE ..

/28.0 pPC C+

0 % Cag HloisTURE

DRY DENSITY »

—

"\ .
TosTen Ry ”L_-;'/!/"Lﬂ//‘/ ;: P N P

WET DEMSITY ¥
100 + % MOISTURE
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" COMMERCIAL TESTING & ENGINEERING CO.

agninAL OFNCES. I NORTH LA BALLE BTREET, EMICAGO, ILLINDIS soar AREA COOL 317 T26:0434

¢ - i

Reply to
instrumental Analysis Division Phone: 303-278-95%
490 Orchard Street - .

March 16, 1981

Golden, CO 80401

Mr. Jack Blair

CTEE
139 South Main Street

Helper, Utah 84526

RE: IAD #97-F980-335-06
Analytical Report

Six core samples were received for analyses on February 18, 1981.
.These samples were given our jdentification IAD #97-F980-335-06.

Approximately 100 g of each of the samples were extracted by the
procedures of EPA Test Methods for Evaluating Solid Wastes/SW-846,
(1980). The diluted and FiT1tered extract was then analyzed for
Cadmium, Lead, Chromium, Barium, Manganese, Iron and Silver by flame

, atomic absorption and for Arsenic and Selenium by hydride generation
atomic absorption. Mercury was determined on the extract using the
methods of EPA Methods for Chemical Analysis of Waters and Wastes, 1979,
(Method 245.1-Manual CoTd vapor) using gold 2salgamation to concentrate

the Mercury.

, The pH was determined on the saturated paste according to U.S. Department
_ of Agriculture Handbook No. 60 procedures. .

procedures of Standard Methocs,

Acidity and Alkalinity were determined by the
lined in the Agriculture

14th edition using a 1:2 water extract as out
Handbook No. 60.

salinity was calculated from conductivity measurements taken on the 1:2

extract.

The results of these determinations are presented in Table No. I and are
reported in milligrams per litre (from the respective extracts) (mg/1)

except pH or as otherwise noted.
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Table No.

Castle glte Blacl,dzmuk (—IIE)]TT—; Sha{é & : g5 ¥6

Sandstone Formation erdeen SS Sandstone Aberdeen Starpoint Coluvial materisl
Parameter 57-5613 57-5614 57-5615 57-5616 57-5617 57-5627
Arsenic <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
Selenium <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Mercury 0.00003 0.0012 0.0005 0.00006 0.0002 0.0012
Cadmium <0.008 <0.008 <0.008 <0.008 <0.008 < 0.008
Lead <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Chromium <0.01 <0.01 0.05 0.05 <0.01 0.04
Barium 0.3 0.5 2.1 2.5 0.5 2.4
Manganese 1.06 1.71 4.72 4.52 2.01 8.46

. Iron 29.17 1.78 0.09 1.90 40.1 8.3

Silver <0.005 <0.005 0.033 0.23 0.005 0.025
Acidity (as CaCO,) 62 -284 13 -63 - =29 ~98
Alkalinity (as CaCO <l 378 43 157 108 119
pit 4.3 - 8.4 7.1 7.8 1.5 1.1
Salinity (%) 0.045 0.058 0.083 0.037 0.022 0.029

If there are any questions concerning these results, please call.

Bruce A. Hale
Section Supervisor

ML Techs by, (‘3‘{/ L

M. L. Jacobs, Ph.D., Mngr. Ib .
Instrumental Analysis Div.




APPENDIX 3.7D

UNDISTURBED AREA
RUNOFF CALCULATIONS
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9.2

Table 9.1.--Runoff curve numbers for hydrologic soil -cover complexes

(Antecedent moisture condition II, and I, = 0.2 S)

-

Cover

Land use Treatment Hydrologic Hydrologic soil group
or practice condition A B c D
Fallow Straight row ——— T7 86 | 91 '9&
Row crops " Poor T2 8 8 a9
" Good 67 18 8 89
Contoured Poor 70 79 8t 88
" Good 65 ) 8 86
"and terraced Poor 66 Th 8 82
"ow " Good 62 T1 78 &1
Small Straight row Poor 65 76 gy 88
grain : Good 63 ) 8 87
Contoured _ Poor 63 s 8 &
Good 61 73 - & 84
"and terraced Poor 6L T2 79 8
' Good 5 70 T8 &
Close-seeded Straight row ' Poor 66 77. 8 89
legumes 1/ " "o Good 58 T2 8. &
or Contoured Poor 64 ™ 8 85
rotation " o Good 55 69 8 8%
meadow " "and terraced Poor - 6 73 -8 8
"and terraced Good 51 67 76 80
Pasture | Poor 68 T9 8 89
or range Fair k9 69 79 &
Good - 39 61 ™ &
Contoured Poor Y1 67 8 88
"o Fair a5 59 ™ 83
" Good 6 3% T 19
Meadow Good - 30 58 1 178
Woods Poor L5 66 7 8
Fair % 60 T3 719
Good 25 55 70 717
Farmsteads ———- 59 T4 82 86

Rosds (dirt) 2 : e~ T2 8 87
_ (hard sﬁ/rface) 2/ _——- ™ 8 90 @

1/ Close-drilled or broadcast.
2/ Including right-of-way.

7 )
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forest-range complexes in western United States: herbaceous
and oak-aspen complexes.
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¥ EARTHFAYX ENGIMEERING. INC. *
* *
* MYDROGRA&FH GENERATION MODEL #
* USING 5C8 CURVE MUMBER *
# METHODOLOBY 3
e X P e B K AW WX W B W 3 O W e e B

IDENTIFICATION: CCWS-UY

INFPUT SUMMARY:

FEFRFFEERREEEBEFEREREENEFI U R EF IR EEREEEEEERERAN R R IR FEREEFE RN
5TORM: WATERSHED:
DIGT. = SCS TYFE 11 AREA = 0,038 SR. MI,
DEFTH = 1.90 IN. CN = 70,0
DURATION = 24.0 HR. TIME OF CONC. = 0.20 HR.

LIRSS T T XL IS LTSS ELL L L L L LR L LL L L LR R X2 R LR L T L bt b kb g b kLo

ERREHERFEFEREERREREEPREFREEERFEEERARERFEEEERE R LR R XXX ERXERLR

GUTFUT SUMMARY S
FA AR RH R R W T F N W WK B I W T W U U P I
TATAL RUNOFF DEFTH = 0,.2041 INCHES
INITIAL ABSTRACTION = 0.8U71 INCHES
FPEAK FLOW = F.310 CF8 (0, 1349 IN/HR)
TIME TO FPE6E = 12,068 HOURS
RUNOFF VOLUME CHECK = 0.2040 INCHES
B I B KN A R WA RN BB TR WA RN RN H KRR KRR H K



FFEEEREEEERELERNE IR EREERERE R EXTE

* EARTHFAX ENGINEERING, INC.
* *
* HYDROGHAFH GENERATION MODEL #
¥ USING SCS CURVE NUMBER »
* ME THODOLOGY *
LR HEFEERELENFLEENFEEEEREFERNFEEEERRER
IDENMTIF TCATION:  COWS-Uz
TNFUT SUMMARY :
FRFERFUEFREX AR ER R AL LB FEFNERER R EREFREEREE AR LR LR RLERREE LR ERER
&TORM: WATERSHED :
DISY. =808 TYPE 11 AREA = 0,359 850, MI.
DEFTH = 1.90 IN. M o= 70,0
DURATION = 24.0 HR. TIME OF CONC. =  O.359 HR.

EZE I EEEERLIITL TR LTSS L L L LA R L SR LR i AR L R R R Rl ok ks

HERFEEEERERERERRERE R R FFERERBEREERE AR EEEREEER R R EREREREERERRR

QUTFUT SUMMARY @
EERFRREREFFEERRRRERERFERREEEFREREREERERRERR R TR R REEE R ERERR SRR
TOTAL RUNOFF DEFPTH = 0,2041 INCHES
INITIAL ARSTRACTION = O.8571 INCHES
FEAK FLLOW = 1430 CFS ( Q. 0617 IN/HR)
FiME 70 FEAK = 1.2% HOURS
RUNMOFF WVOLUME CHECE = 0Q.204% INCHES
B WA BN TR N R R R KR F R T E RN R R R E KRR E AW BT W KB K
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LTy Iy S I T B Y ) !
* EARTHFAY ENBINEERING., IND. =
# *
HYDROGRAFH GENERATION MODEL *
* USING SCS CURVE NUMBER *
* HMETHODOL.OEY *
W ¥ e A e e BB S e B N K 2 RO

*

IDENTIFICATION:  COWS-UX

ITMPUT SLIMMAaRY
AR B W NN BN T B NN I B R R R R W R
STORM: WATERSHED:
DIBYT. = SCE TYPE 11 ARES = 0,012 88. HMI.
DEFTH = 1.20 I, Gio= 70,0
DURATION = 24.0 HR. TIME OF CONC. = 0,10 HR.
He et B0 U U B B W T e K S B W T B B B B K N K A 3 3

OUTPUT SUMMARY :
W B I e B B W B R T K B F N U R T N 0 B B A
TOTAL RUNOFF DEFTH = 0.2041 INCHES
INITIAL ARBBTRACTION = O.8871 INCHES
PEAE FI1L.OW = 1.33 CF8 ( 0.1746 INJHR)
TIME TO PEAK = 12.0F HOURS
RUNCFF VOLUME CHECK =  0.2045 INCHES
FRFEREHERERERREREERERRERREERBREREEEEREERRRRRREREREERBERERRERE
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W F I R W W R X F W P M e W W RN PR

* EARTHFAY ENGINEERING, INCZ, =
#* *
¥ HYDROGRAFH GENERATION MODEL =
* LIBTING 805 CURVE NUMBER *
* METHODOLOGY ®
Fe W W T W e WA NN KR BN N

IDENTIFICATION: CCOWS-UE & U4

TR SUMMARY :

BEEBRKFEEREREREFRERERELEFEFEFEERFERRREE B E TR R REF RN E LR NFE
STORM: . WATERSHED:
DIST., = SCE TYFE 11 AREA = 0.053 8. MI.
DEFTH = 1.90 IN. Cho= 70,0
DURATION = 24.0 HR. TIME QOF CONC. = O.1é6 HR.

EE R L AR R LRSI E LS LSS S S S LRI L SIS L L LT LREEEREE L L L L L0 5.8 8.

E R AL RS LR LR LR R L LA LR R LR AL I AT LR L L LR EE T R T T Y]

QUTFUT  SUMMARY =

TOTAL RUNOFF DEPTH = 0.2041 INCHES

IMITIAL ABSTRACTION = 0,.8571 INCHES

FEAE FLOW = .14 CF8 (01501 IN/HR)

TIME TO PEAE = 12.05 HOURS

FUNOFF VOLUME CHECE = D.2045 INCHES
FREERERRERERREEBEEREE RS EEEREE R R R R E R EEF R R R BT H WP
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*¥ EARTHFAX ENGINEERING, INC.
%

*

* USING 508 CURVE NUMRER
* METHODOLOGEY
W o B Ve 2 B e M B N BT O N S B0 RN R

*
»
HYDROGRAFH GEMERATION MODEL *
¥
¥

IDENTIFICATION: COWS-US

INFUT SUMMARY

Pt B W F BT F R RN E RN WX WX RN F R R E R R R R R AR R RN
STORM: WATERSHED:
DIST. = 8OS TYFE II AREA = 0,002 8R. MI.
DEFTH = 1.%90 1M, Ch = 70,0
DURATION = 24.0 HR. TIME OF CONC. =  O.05H HK.

Fo M Y W P Fe B W WX W e W M e S B He Y B W A R K e B W N I i W e B AR X e MR K B

T I T TS ST TR LT E TR FRE T LEE L LTI RLEELLERT TR L L

QUTFUT SUMMARY 2
FRFREFELEEEREREEEFHFELEFRERRBREELERFRDRH R EFE RN R RE T EAER R
TOTAL RUNOFF DEFTH = 0.2041 INCHES
INITIAL ABRSTRACTION = O0.8571 INCHES
FEAK FLOW = 0.26 CF8 ( 0.2002 INJHRD
TIME TO FEAK = 12,00 HOURS
RUNGFF YOQLUME CHECE = 0.2045 INCHES
PR R B WK N e W W B e A B R N 0 0 U IE 0 0 T 3
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EZTTE TSR SRR ST ST AL L S LS LR
* EARTHFAX ENGINEERIMG. INC.
#

&*

¥ USING SC8 CQURVE NUMRBER
¥ METHODOLLOGY

*
®
HYDROGRAFH GENERATION MODEL *
*®
L
T R N 0 O B K O 2 B e B R

IDEMTIFICATION: COWS-UD & Us

IMFUT SUMMARY:

A X I XTI LR SRS R L IT L L LSBT AL LI L SR SE LS LR L L L
STORM: WATERSHED:
DisYT. = 8BS TYFE 11 AREA = O,01% SR. M.
DEPTH = 1.%0 INM. CN = 70,0
DURATION = 24.0 HR. TIME OF CONC. = 4,311 MR

EE ST REE S LLE LTI LIS E LS R L AL L S E L LR E L R RS AL S LR T Lok
HFRFEEFEFEEEEENEREEE TR REERER U R EEREAEERERELEEFE R L L EEREEE R R EE

QUTPUT SUMMARY:
FRERFELERKEFEEREREFERRERREEERTRRR R R TR R R RN N R RT3 W F %W W3

TOTAL RUNOFF DEFPTH =  0O,2041 INCHES

INITIAL ARSTRACTION = O0.85971 TNCHES

FEAK FLOW = 2.06 CFE  { 0L,1683 IN/MHRD

TIME TO FEaAK = 12,02 HOURS

RUNGOFF VOLUME CHECKE = 0.2045 INCHES
ERFFEREREELRREREEREREFRERBEERRREERERRRREREEERHRERFEERRRREE XX



e W A P I W W W e N I N I F RN XN MR X

¥ EARTHFAX ENGINEERING., INC.
¥*
¥ HYDROGRAFH GENERATION MODEL

* UBING SC% CURVE NUMEER
#* METHODOLOGY
B W e W e e BB BN U I I 2 e B 0 K

ok ok ok &

TRENTIFICATION: CCWS-U7

TREUT SUMMARY s

HEEEEREREEREFEERREFER R R LT B LR R R R F W F W 40334 32 B2
STORM: WATERSHED:
DIST. = 8BCS TYPE 11 ARES = 0. 013 8R. MI.
DEFTH =  1.90 IN. OGN = 70,0

NURATION = 24.0 MR. TIME OF CONDG. = .11 HE.
A B BT 6 M B A e e B B 0 0 BN B U K B M K K R

FRFRRRELEEEEEEEREEEPELEELR P ERFFFREER R AL LEERLCEERLEEREEE RS E

QUTFUT SUMMARY :
R REREERERERFEREEEFEELRREERREEEE LR RHEEER R R
TOTAL RUNOFF DEPTH = 0.,2041 INCHES
INITIAL ARSTRACTION = 0.8571 INCHES
FEAK FLOW = 1.4% CF8 ¢ 01700 IN/HRD
TIME TO FEAK = 12,02 HOURS
RUNOFF VOLUME CHECK =  0,2045 INCHES
FHREUERR B EFERFEEEEEEER SRS B EEREEELERLEERERE LR RN EEREEEREE



BRI W R F K R F e H KN NN W W W TN RN
* EARTHFAX ENGINEERING, INC., *
# *
¥ HYDROGRAFH GENERATION MODEL *
* USIMG BCE CURVE NUMBER *
* METHODOLOGY *
2T E R ST SR R A S aa a

IDENTIFIGATION: COWS-U8

ITRFUT SUMMARY :

FERFFELREER LR FERER RS R AR R R R REEL R EEREEER LR R R ERRL G RER TR ER
ST0RM: WATERSHED:
DIST. =808 TYFE II AREA = 0.00% 8,
DEFTH = 1.90 IN. O == 70,0
DURATION = 24,0 HR. TIME OF COMZ. = 0,09 HR.

tA LT 2R 22 ST AL L EL LS L EEELE L L L LR EL LT R L L LR L L L 3R R LR RS R TR Sk

FUEFREEEBEEEREREEEEREXEREREFERETEELEREERUFEEEERLRRRER LRGN R R TR R

OUTHEUT SUMMARY @
FEEREFLEEUEEEERFETLENR LR L EE LN TR TR W I W W B W F 36 3 3 9
TOTAL RUNOFF DEFTH =  0.2041 INCHES
INITIAL ARBSTRACTION = O.8071 INCHES
FEAE FLOW = D.69 CFS ( 0.1190 IN/JHRD
TIME TO PEAR = 1,02 HOURS
RUNOFF VOLUME CHECEK = 0,2045 INCHES

MI.

20
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¥ EARTHFAY, ENGINEERING. INC,

2%

*®

* LSING 8C8 CURVE NUMBER
¥ METHODOL QGEY
PSS YT ETIL ST LSS S22 T

E

#*
HYDROGRAPH GENERATION MODEL *

*

.ﬁ.

*
IDENTIFICATION: (CCWS-U8 & uUs

INFUT SUMMARY:
AR AR EEFFEEFERFRERERERELERRERRRARFEERELEERERERREFEREER R RRRR

STORM: WATERSHED:
DIGT.=8CHE TYFE X1 AREA = 0O.178 0.
DEFTH =  1.90 IN. CN = 70,0
DURATION = 24,0 HR. TIME OF CONC. = 0.36 HR.

PP 33 9 0 6 e I W 3 0 96 WA 0 0 U BB 3000063000 B 00 B 3 0 K 3 e 06 6 96 0 36 W M B KB R N 0 R R 3

HUERFEFELEREFREEFRFREREREFREELEEERFER R RRERERREREEREELEREEREERERRF RS

QUITFUT SUMMARY :
T KWW R R W F AR TR NN R R H R FFEE RN R R T WK KA H B R AR
TOTAL RUNOFEF DEFTH = 0.2041 INCHES
INITIAL ABSTRACTION = 0.8571 INCHES
FEAFE FLOW = 7.47 CFS  { Q.0680 IN/HR)
TIME TQ FEAK = 1.20 HOURS
RUNOFF VOLLUME CHECE =  O.2045 INCHES
ERBBERBUEREFEEEERREREKERREEREREERERAREREEERERRRR KR TR TR RERE RN

M.
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BEFEEERERBEEREEREREREXEFER SRR X RS
¥ EARTHFAX ENGINEERING. INC. %
* *
¥ HYDRUOGRAFH GENERATION MODEL *
* USING 505 CURVE NUMBEKR *
* ME THODOL OGY ¥
g s S P E ST T R 2L L A

IDENTIFLCATION: CCwWwa-lo

INFUT  SUMMARY

EAEREREERREHEEERRERERERERER R R R R R LR B RERREREERRRERRLR RN
STOrM: WATERSHED:
DIST. =508 TYFE 11 AREA = 0.015 Bl
DEFTH = 1.90 1ih. T = 70.0
DURATIOM = 24.0 HR. TIME OF CONC. = 0.08 HR.

*%*******%*****%*******%***%**%%********%%*%%%*%%*%*%**%*%%*

%%**%%*%**%*%%***%*%*%*%%*************%*%***%%%%***%****%**%

QUTFUT SUMMARY$
FEREUUEEEREFERERERERFEREL AL RERRERRERERERREEXRERRREERRERRRE

TOTAL RUNOFF DEFTH = 0.2041 INCHES

INITIAL ABSTRACTION = ©.8571 INCHESD

FEAk FLOW = 1.20 CF8  ( Q1235 IN/JHRD

TIME TO FEAE = 1.02 HOURS

RUNOFF VOLUME CHECK = 0.2045 INCHES
EEEEREEREERBRREREEURREEREEEREEEEREEREFRERREXRERERR R R R EERE SRR

M.
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FEE SR EREREREREREEERERER R EEEWR
* EARTHFAX ENGINEERING., INC. %
* *
* HYDROGRAFH GENERATION MODEL +#
* UGBING 808 CURVE NUMBER *
* METHODOLOGY *
W B e e B e e e T B B0 O A3 30 e e B

IDENTIFICATION: COWS~-12

IMFLT SUMMARY R

2 2T ST T TR e E e R I T R R L A R R R S L R
STORM: WATERSHED:
DIST. = SBC8 TYFE 11 ARES = 0,007 8. M.
DEFTH = 1.90 IN. CN = 70,0
DURATION = 24,0 HR. TIME OF CONG. = 0,07 HR.

(A A A R L LRI L EL LR L L L SR L LR LT L ELELL L L LT EEL LT EEEE TS L L L L X LR
2R S ST E S EE LTS L E S LS A XX E LI AL XL L L ELELELELI LT L L LR L L TR

QUITFUT SUMMARY s
L2 E I e R eI R Y R Y O T I T Ty ¥
TOTAL RUNOFF DEPTH = 0.2041 INCHES
INITIAL ABSTRACTION = 0.8571 INCHES
FEAE FLOW = 0.84 CFS ¢ 0.1831 IN/HR)
TIME TO FEAK = 12.01 HOURS
RUNOFF VOLUME CHECK = ©0,2045 INCHES
FREREEFRERR KRR T DRI E R RN WKW W33 030 W NI 5 U 303036 00 36 T 0 O



e T T T E X TR L L T S S8 20
¥ EARTHFAY ENGIMNEERING, INC.
*

*

¥* USING SCE8 CURVE MUMBER
* METHQDOL. OEY

¥
¥*
HYDROGRAFH GENERATION MUDEL *
*
¥
D T A I LR R

IDENTIFICATION: CCWS-UZSs & UL3

ITNFUT SUMMARY:

REEFREEFLGREEREEREERERRELEBRRRERERRERREERERRARERFE L ERREEERRRLCR
BTORM: WATERSMED
DIST., = SCB TYFE II AREA = 0,031 80. ™MI.
DEFTH = 1.90 IN. N = 70,0
DURATION = 24.0 HR. TIME QF CONC. = 0012 HR.

****%%******%*%*%*%**%***%**%****%***%************%**%**%*%*

***%*%*%%**%%%%******%%%%*****%*%%**%%%%%%%%*%%%%%********%*

QUTFUT SUMMARY :
IR S R R R T SRS S R T 2T R I IS R RS R A AL L L L
TOTAL RUNOQFF DEFTH =  ©.2041 INCHED
INITIAL ABRSTRACTION = 0.83571 INCHES
PEAE FLOW = ELET CFE o 0U1637 INAHRD
TIME TO FEAM = L2403 HOURS
RUNOFF VOLUME CHECK =  0.2045 INCHES



FREBEREEEEFRERRERBREREER B YL R
® EARTHFAY ENGIMEERING, INC. %
* *
¥ HYDROGBRAPH GENERATION MODEL ¥
¥ UHING 8CH CURVE NUMBER ¥
# METHODOL OGY *
WK R AW WA B B0 2 0 9 B T B B B MR

IDENTIFICATION: COWS-UKH

INFPUT SUMMARY :
STORM: WATERSHED:
DIST. = 8UH TYFE 11 AREY = 0,008 8. MI.
DEFTH = 1.,%0 1IN CN o= F0.0
DURATION = 24.0 HR. TIME OF CONC. = 0,06 HR.
VPRV SIE S P E TR ST LR L SRS P T 2 TR DEEE SRS A S AR

epvgegvprpvegvvppggegrrpgvgE T T TR T e e e S T LR R S L L T L AR R ARt g

GUETTFLT SUMPaR Y
HEEFEEERERRREEFEREERREERLEREREREERRERREERAEFRERRERERERERRERERDE

TOTAL RUNOFF DEFTH =  0,2041 INCHES

IHITIAL ARBTRACTION = 0.8571 INCHES

Ak FLOW = O.X7 CFS ¢ 0.1929 IN/HR)

TIME TO FEAE = 12,00 HOURS

RUNOFE VOLUME CHECK = 0, 2045 INCHES
FERERFEEREERREELEBEREERERREEREREHBERRERFRRRRERAERXEREE RN R ER SRS

31



32

EX AL T L 2L LR L L LRl SRR AR E R LR

* EARTHFOSX ENGINEERIMG. INC., =
¥ *
* HYDRUOGRAFPH GENERATION MODEL *
* USING SCE CURVE MUMEER *
# METHODOLOGY ¥
Fl 3 e B W WK B A B

IDENTIFLOCATION: COWS-118

TRFPLT SUMMARY S

FERFHREERERHRREFERERERRREERRERRBFERERERRERERRRERRRFRREEREERSE
STORM: WATERSBHED:
DIST. = S8 TYFE 11 AREA = 0,016 S0, ML,
DEFTH =  1.%90 IN. CH = 70,0
DURATION = 24.0 HR. TIME OQF CONGC. = 0,10 HR.

EX 2RSS LI ELEL AL LTS L LSS L L LS E ST VL LR LEE S L LT R L L LT T T LS 02 L

HR R R EEELEREREEREEEEERUBEREEELESXELLSREEERENEEREEF X R RS R EE LS

QUTPUT SUMMARY:
ERREBEERAEREEREEEE R R REEERREER KRB RERRRREEERE R R AR R R R R R LR XA R RN
TOTAL RUNCOFF DEFTH = Q.2041 INCHES
INITIAL ABRSTRACTION = 0.8BH71 INCHES
FEAK FLOW = 1.81 CF8  ( 0.1735 IN/HRD
TIME TO FEAK = 12.01 HDURS
RUNQFF VOLUME CHECE =  0,204% INCHES
UKERRRWE TRl B R Rl H R KN W AW R W T I BRI IE 600 06006 B



KRR ERERERRERE R R TR E
¥ EARTHFAYX ENGINEERING. ING. ¥
* *
* HYDROGRAFM GENERATION MODEL *
* USING SC8 CURVE NMUMBRER *
¥* METHODOLOGY ¥
S TR SRR R X T LA R R R R R

IDEMTIFICATION:  CCWb~U1ée

CHFUT SUMMARY 3

EEFFERRFRFRFERRBDERERREERREER LR R BRERRREEREFFREFRRERRERERR L
STORM: WATERSHED:
DIST. = SC8 TYFE 11 AREA =  .003% 50. MI.
REFTH =  1.90 IN. M = 70.0
DURATION = 24,0 HH, TIME OF CONC. = .00 HR.

*****%%*****%%%***%*%%**%*%**%********%****%**%%*%*******%**

EEEERERTERAEEREFERARFEAE BRI FAUEREEEEFERFRERAREEEFELRERRAERRE R EE

QUTFUT SUMMARY @
REREREERERERREEREEERFFEEREREBERFERREERRREREEERERERERRERRER R REH

TOTAL RUNOFF DEFTH = 0.204]1 INCHES

INITIAL ARSTRACTION = 0.8%71 INCHES

FEAkK FLOW = 0.38 CF8 ( 0.1982 INJHR)

TIME TO FEAR = 12,00 HOURS

RUNOFF VOLUME CHECK = Q.,2040 INCHES
EREEFEEREREERERRERREREREEEREERERERURRRRRRRREREREERERREE RS
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EEEXRFEAEREEEXE U RRERRELEEREEESR R

¥ EARTHFAX ENGBINEERING, INC.
®
* HYDRUGRAFH GENERATION MODEL

* LIBING 5C8 CURVE MUMBER
* METHODOLOGY
R PR T SIS ST ST SRS LT LA

® ok ok ok &

IDENTIFICATION: CCWS-Ue % UL7

ITMPLIT SUMMARY :

EREFFEREREERERRERREREEBRRREFRAFERREAREREERERRE R X BEERERERRE R R
STORM: WATERSHED
DIST. = 8CE TYFE II AREA =  0.021 BO. MI.
DEFTH = 1.90 IN. CN o= 70,0
DURATION = 24.0 HR. TIME OF CONC. = 0.12 HR,

EZTETI ST T LSS S EE LSS L L AL LT T LI R LT L L LR L LT TR T L LR LI SR L L

FRFEEFFFEFERXFRFRERFEERERRE R W E LR R R R EEE R SRR T TN N RN

GUTPRLUT 8UMMARY:
FEREREEREFFRERERR LR LR LSRR RREFERRRREREERRRR AR RER AR ERERERER
TOTAL FUNCOFF DEFTH =  O.2041 INCHES
INITIAL ARSTRACTION = O 8571 INCHES
FEAE FLOW = 2.26 CF8 ( 0, 14669 IN/HMR)
TIME TO FEAK = 12,02 HOUKS
RUNGOFF VOLUME CHECK = 00,2045 INCHES
UERERBEEEEREREEREREREEEERERREEEERREREEEFRREERERREERERRRRR R F
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FEEE T R R LR SRR SR L R R
* EARTHFA&YX ENGINEERING. INC.
*

E

* UGSTHNG 308 CURVE NUMERER
* ME THRDOL DGY

*
*
HYDROGRAFH GENERATION MODEL *
*
PR R T LSRR A PR RS Y T

IDENTIFICATION: CLOWGS-L11a

INFLT SLMMARY:

S I R AR LI T ISR R A T R A S 2T AT RS A R SR SRR SRS A T
BTORM: WATERSHED
DIST. = 8CH TYFE IX AREMA = 0,004 GR. MI.
DEFPTH = 1.90 IM. CM o= 70.0
DURATION = 24,0 HR. TIME OF CONC. = ©0.0&6 HRL
o W e B T e B 2 B K B e BT 2 e B R e B N B N K R W Y
AT TR TR TS P E R L R LR R A R SR AL R I R R AR LR LR

QUTFUT SUMMARY S
BHREREEEREEERERFREEREEERE SR RFRERERRLFBEREER SRR R ERE TR E TR EH

TATAL RUNOFF DEFTH = 00,2041 INCHES

INITIAL ARSTRACTION = 0.8571 INCHES

FEAK FLOW = 0,49 CFG ( 0,1899 IN/HR)

TIME TO FEAR = 1Z.01 HOURS

RUNOFF VOLUME CHECK = O.2045 ITNCHES
HREEEREFEREEEERREERFEEERR B R R EERERRFEEER R R ERREE TR R TR



36

3 0 W W 30 W B W M W W AN I KWK R X

¥ EARTHFAX ENGIMNEERING., INC. =
3% *
* HYDROGBRAFH OGENERATION MODEL #
#* USING SCH CURVE NUMEER *
* METHODQL OGY ¥
Fe e W e I B B U B e e e O 33 M B e

IDENTIFICATION: CCWE-U18 & Uie

INPLT SUMMARY

EREEFLEREEEFFERERS LR LR EFEREREFE X ERE LU FFEAERREEEE R P AR LR EER LR
STORM: WATERSHED:
DIST. = SCS TYPE II AREA =  0.068 SG. MI,
DEFTH = 1.90 IN, CN = 70,0
DURATION = 24.0 HR. TIME DF CONC. = 0.17 HR.

Ko e B F Fe W W W W B R 30 i B W W TN e W N P B B W B T B W BB B 3 W W K e U 3 W R

EA R AL S R LR LR L LR LR R EEEEEE L EEEL LT L L L L EELEELTE LTI L L L EELTELTL L

QUTEUT  gUMMARY

TOTAL RUNOGFF DEFTH = 0.2041 INCHES
INITIAL ARSTRACTION = 0,8571 INCHES
FEAE FLOW = &6.0539 CFE (0, 1455 INAHRD
TIME TO FEAK = 12,05 HOURS
RUNOFF VOLUME CHECE = 0.2045% INCHES
LR A AR eI XL IR RS R AT T ISR LTI L L LS L LY R L R R O Y
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W R IR W TR R ERETERERTHEREEEF
¥ EARTHFAY ENGINEERING. INC.
¥

&

# LS ING SCS CURVE NUMBRER
* METHODOLOGY
PEETTEE TSR LSS RS TR ST 2

.*:.

*
HYDROGRAFH BENERATION MODEL #

*

LS

*
TREMTIFICATION: ClWa-U20

INPUT SUMMARY :
HEREEEEEEEERREREEEEERREEEEBFEREREFAERERFEERGRERERRREERRAREREE

STORM: WETERSHED
DIST. = 808 TYFE 11X AREA = 0,004 GE&, M1,
DEFTH = 1.90 IN. Ch o= 70.0
DURATION = 24.0 HRF, TIME OF CONC. = 0,08 HR.

Frprgnpepegr g agrgvgvp g E e e P P E L2 R L L LR 2 2L L LR L L LR Rl L Rk

EERERERERERERERBEEERERERERELRBREEREEREREXER L REEEE L REREER

QUTFUT SUMMARY :
EEEFREEERFHEERERBERRRFFEERERFREEERF R REE R F R TR TR W RRE R FRE

TATAL RUNOFF DEFTH = 0.2041 INCHES

IMITIAL ABRSTRACTION = 0.83571 INCHES

FEAE FLOW = 0.47 CFS8 ¢ 0.1816 IN/HRD

TIvE TO FPEAK = 2.01 HOURS

RUNOFF VOLUME CHECE = 0.2045 INCHES
FEEEEEEEERFREAERFERRRRBEERERENREEEEERREREEREREREEREAERRRRR R
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¥ X T e W F W T I W WA W W W W W W W W W W G R
* EARTHFAX ENGINEERING, INC. =*
* *
+ HYDROGRAFH GENERATION MODEL *
* USING SCS CURVE NUMREBER *
* METHODOLOGY *
LT L ER L ETE LT L EL.E L0 L L L L X kL Rk ko

IDENTIFICATION: CCWs-Uae 2 Uzl

INFUT SUMMARY s
FAEEEFREEEERE AR RFERREERERRE R R LR KL EREFRRFERERERRRERRRERRXRE R

STORM: WATERSHED:
pIBY. = 8CB TYFE II AREA = 0,044 S0, MI.
DEFTH =  1.90 IN. Chl = 7o.0
DURATION = 24.0 HR. TIME OF CONC. = .16 HR.

EX LRSS T EA LTS LELEEE LT LR L L L L LR L LA L L L a0 2R3 L b3 E R L L L3 L L Lk

LR AR LA RS TR LT LTSI AR L L L LR E RS L LI L LT LSRR E T ELL L E L LT S L XL

SUTFUT SUMMARY
KREREEEEERRERERERERERERELERFHREERE KRB R RN TR TR RN WKWK R KW

TOTAL RUNOFE DEFTH = 0.2041 INCHES

INITIAL ABBTRACTION = 0.8571 INCHES

FEAF FLOW = 4,25 CFE ( 0.1497 IN/HR)

TIME TO PEAK = 12,05 HOURS

RUNCOFF VOLUME CHECE = 0.20435 INCHES
KEUEEREEEEHEHREFEEEFERAEERREERRBRRRERF R ERREEEEEEREE LR RN TR R R R RH W



P T XL LT LR T LR R R R e R Rk L R R E

* EARTHFAY ENGINEERING., INC. *
* *
* HMYDROGRAFM GENERATION MODEL =
* USTNG SCs CURVE NUMRER ¥
* METHOLOLOAGY *
B 3 e e I T W U B e e e H I W I M MR B

IDENTIFICATION:  COWs-ULT

TFUT SULIMMak Y =
PR R SR TR R R R R R T T R R T R R F R R R R R

EHTORM WA TERSHED:
DIST. = 8ls TYFE 11 AREA = 0,004 GR. MI.
DEFTH = 1.90 In. ChH o= 70,00
DURATION = 24,0 HR. TIME OF CONC. = Q.08 HR.

tEE TS E LR AT LT LT LR ETE LR L E L ELEE LT L L EE L LR T LR L EEEE R R R 2R R R T L

B A W W W o B TR R W E W Wk W A W W W W I T WK e R R

QUTFUT SUMMARY 3
EEFREEEEEREREAERFEAERFRERRBRE RN B RRERERERHEREREEREXEEREER R RN
TOTAL RUNOFF DEPTH = 0.2041 INCHES
INITIAL ABSTRACTION = 0.8071 INCHES
FEAK FILLOW = .47 CFS  ( O.1836 IN/HR)
TIME TQ PEAK = 12.01 HOURS
RUNOFF VOLUME CHECK = 0.2048 INCHES
WA A e B RN A B BTN BN K IR AT I A I I R
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P S E R ST E T TR S S RS AL 2 A R L L
# EARTHFAX ENGINEERING, INC. *
* *
¥ HYDROGRAFPH GENERATION MODEL =
* USSING SCE CURVE NUMBER *
* METHODOLOGY *
PR P S ST ST 2SS LS X LR R

IDENTIFICATION: COWS-U22 & UZ3

THFUT SUMMARY @
RRFEFEREEUFFRRBERREREERRERERRERERRERRHRERERERL AP RERBERERREEEF

S5TORM: WATERSHED
DIST. = BCB TYFE 11 AREA = 0,017 S&. MI.
DEFTH = 1.%0 IM. CN o= 70,0
DURATION = 24.0 HR. TIME QF CONC. = ©0.10 HR.

************-ﬁ-*******************%**%*****%%******%i-*******%%

HEEEEREFEERFEEFREEREEERREEEREREXE AR REERKAEREREREERERERERL LR

GUTFUT SUMMARY:
KEEEREREEREEREEEEREERERAREEERBREREERREREREFEERER AL R RTELR
TOTAL RUNOFF DEPTH = 0.2041 INCHES

INITIAL ABSTRACTION = 0.8571 INCHES
FEAK FLOW = 1.91 CFS  ( O.1738 IN/HFK)
TIME TQ FEAK = 2.02 HOURS

RUNCOFF VOLUME CHECK = 0.,2045 INCHES

FRURREERERFREREEEERREERRRREREBLEEREREEEEEERTREEEEREREER R
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* EARTHFAX ENGINEERING, INC. *
* *
* HYDROGRAFH GENERATION MODEL #
*  USING 8C8 CURVE NUMEER *
* ME THODOLOGY *
e W Ko W T Ko K T e e W B B P IR W W G e He A WK N F

IDENTIFICATION: CCWs-U24

INFUT SUMMARY
B T TR R I R Y T R R IS LR R

DTORM: WATERSHED:
DIBT. = 8CS TYFE 11 AREA = 0,015 80. MI.
DEFTH = 1.90 IN. CM = 70,0
DURATION = 24.0 HR. TIME OF CONC. = 0,10 HR.

ka2 S Rt r A AL RS AL R AL EL LTI ELLE L L LS RLL L L ETEE TR L L L L R L L L

b3 A AR AR AL AL L IS ELLELL LTI LIS TIIS LT LSS LT S E LT E L SR

OUTFUT SUMMARY:
KERERFRERERREARERERRERBERUR RS RRELREEERLEEEEFRELEREEFERBREEFRN*

TAOTAL RUNOFF DEPTH =  0,2041 INCHES

INITIAL ABSTRACTION = O,85%71 INCHES

FEAK FLOW = 1.69 CFS  { Q.1743 IN/JHFO

TIME TO PEAK = 12,02 HOURS

RUNOFF VOLUME CHECE = 0,2045 INCHES
HEERREEEEEREERFEREREERE R REREREERERERRERRFRERERLERERRE RN R E



HRUFHRFRTE R TR RRRER R R ERAG LR
¥ EARTHEAYX ENGINEERING. INC. ¥
* *
% MYDROGRGFH GENERATION MODEL *
* USING SCS CURVE NUMBER *®
* METHODOLOGY *
RV SR SR T R LR R R RS

IDENTIFICATION: COWS-UZs

ITNFUT SUMMARY
HEREERREEREFERRAEERREREEREEERBRRERRBEELXRERRER R R AR EEFEERRER R

STORM: WATERSHED:
DIGT. = BCS TYFE 11 AREA = 0,008 &0. MI.
DEFTH = L.90 IN. CN o= 70,0
DURATION = 24.0 HR. TIME OF CONC. = 0.09 HR.

R e B B B B B e T 3 B K P A 3 96 U I I B 3 M AN B A O U M A KR W A

PR REEgE g g e e e e A R LR R TS 2 R L LA AL RS A L AR R Al

QUTFUT SUMMARY :
ERERRERFREREREELRURREERRRREREREERERRRERRXERERREERERRERERR RN E
TOTAL RUNQFF DEFTH = 00,2041 INCHES
INITIAL ABSTRACTION = (.8571 INCHES

FEAK FLOW = 0.92 CFS  ( 0.1790 IN/HR)
TIME T0 PEAK = 2.01 HOURS

RUNOFF VOLUME CHECKE = Q.2043 INCHES
EHEEERFEEEEERERFHERRERFERBRERERRER R RRERFEEERLREFERR RN BRTRR

4z



B 3 e e M W TR I P NI W N
* EARTHFAY ENGINEERING. INC. =
* *
* HYDROGRAFH GENERATION MODEL *
* USING SCE CURVE MUMBER *
* METHODOLOGY #
e N W R IR RN KRR RE R R

IDENTIFICATION: COWS~U2e

INELT SUMMARY :

ERFRRREFEREEEERREREFRRERREFREEFEFERBREREERRBRERBEEERERERERIEE
STORM: WATERBHED:
NIGT. = 8C8 TYFE Il ARES = 0,009 4. Ml
DEFTH = 1.90 In. CN = 70.0
DURATION = 24.0 HR. TIME OF CONC. =  0.07 HR.

PR EVE R SR TS TR STE P LR T ELEE L ERL L I E LS L L EEEE SR kS

ERREEEREFEEEREEREELEFERELREEFERREFEEEREERFELERELBERRERREEREEE R R E

QUTRPUT SUMMARY s
EEEREFEELERFRERRSREEREEREEERBRRERREREERREAERRREREEERRRRER R E*
TOTAL RUNOFE DEFTH = 0.204) INCHES
INITIAL ABSTRACTION = 0.8571 INCHES
FEAE FLOW = 1.07 CFS 0.1851 INJHRD
TIME TO FEAK = 12.01 HOURS
RUNOFF VOLUME CHECK = 0,204% INCHES
Wl B WA NN AT RN KB F e I I W KN

¥3
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TR T LRSI T TSI S S 2 S S X
¥ EARTHFAY ENGINEERING., INC. *
* »
* HYDRUGRAFH GENERATION MODEL *
# USTING 8C8 CURVE NUMBER *
* METHODOLOGY *
B3 W Y I e W K Y B e e BB M R

IDENTIFICATION: COWS-U27

NPT SUMMARY s
KEEREEEEEEEEREEEAERRERERRELREEERBRRREREREEREREEEEREERELE AR R

STORM: WATERSHED:
DIST. = §CS TYFE 11 AREA = 0.014 80. MI.
DEFTH = 1.90 IN. GN = 70,0
DURATION = 24.0 HR. TIME OF CONC. = 0.132 HR,

(23 LTI E LTS ESTEELLEE L L LRSS LS L E LSS LR L R LR LR R b Bl R ok b g b

L2 XTI LI ATAZEESELE L LS LS LSS LEL L LS L L. L B0 B 8 &8 208 R R R 5 R 0k kb b

GQUTPUT SUMMARY @
Fet e R R BRI N R BN U B K A WA RN R

TOTAL RUNOFF DEPTH =  0.2041 INCHES
INITIAL ABRSTRACTION = O,8571 INCHES
FEAK FLOW = 1.0 CFS8  { 0.16536 IN/JHR)
TIME TO FEAR = 12,02 HOURS

RUNOFF VOLUME CHECE = ©0.2043 INCHES

EERR L LA LSS E LS L L LSS IL S LIS IS LLELE L SR RS LR LA L LR T T X
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EVERpg R BT T PR Y
* EARTHFAX ENGINEERING. INC. *
+ k.3
¥ HYDROGRAFH GENERATION MODEL =
* USING SCS CURVE NUMRER *
¥* METHOROLOGY *
VTRV SR SN S T T T 21

IDENTIFICATION:  COWS-U2Q

FNFLT SUMMARY s

EREREREERREREREEEER R ERE AR EFRERRFRRER U R R A EREFER AR RERFER RS
BTORM: WATERSHED:
DIBT. = GG TYFE 11 AREA = 0,002 S6. MI.
DEFTH = 1.90 IN. CHom= &0
DURATION = 24,0 HR. TIME OF CONC. =  0.04 HR,

W o N N WP P W B A T 6 U N I I K K K K ¥ NI XK

BEBEEEREREEFERE N LR R LR E TR RUEERER R EEEERERUREEREERELEEER TR RN

GUTFUT SUMMARY:
HEREREEREELFERAREEEDEERTERERERREERERNHTREREERERRFEEREEREERRRRRRS

TOTAL RUNOFF DERPTH = 0.1091 INCHED

INITIAL ARBSTRACTION = 1.076%9 INCHES

A FLOW = 0.0% CFE ( 0,.0669 IN/HRD

TIME TO FPEAK = 2. 01 HOURS

RUNCFF VOLUME CHECE = 0.1093 INCHES
FRFEEEREEFEEREREERERERRERRLREREREREREERE R R TR TR TFEEN NSRS N



PEEEET ST E LT S S AT LA RS S
+ EARTHFAX ENGIMEERING. 1INC.

USING 808 CURVE NUMBER
METHODOL O{3Y
PP T TR E T T A L S LA S AR

¥
*
HYDROGBRAFPH GENERATION MODEL *
.ﬂ.
*.

* ok ok &

IDENMTIFICATION: CCuws-UZ9 % U300

INFUT SUMMARY 2

FHRREEEEBEEERB U R ERBRURREERRS LB RE R LSRR EERRRERRR SRR R ERERERERFE
GTORM: WATERSHED
DIST, = SCE TYPE 11 AREA =  0.363 BR. MI.
DEFTH =  1.90 IN. Ch = %0
DURATION = 24.0 HR. TIME OF CONC. = 0.37 HR.

**********%*%%**********%%**%****%**%%**%****%**%*********%*

%%%*********%*********%*************%%%*%%*%%***%***%*%*****

OUTFUY SUMMARY:
ERRERRFFEFEERREBREERRFRAERERAERREREFREREREEERRER AR RRRER KRN

TOTAL RUNDFF DEFTH = 0.1091 INCHES

INITIAL ARSTRACTION = 1.076% INCHES

FEAE FLOW = 6,26 CF8 ( 0,02687 IN/HR)

TIME TO FEAE = 12,49 HOURS

FUNMOFF VOLUME CHECE =  0.1093 INCHES
EFFREEREREREEREREEEFRERERERERNCREERREELEEERRRERREERERELREERE

4o
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Y Y Y I TR
¥+ EARTHFAX ENGINEERINMG. INC, ¥
* *
¥ HYDROGRAPH GENERATION MODEL *
* USING SC5 CURVE NUMBER ¥
* METHODLOLQGY ¥
Wt 30 R e P T B T T 96 9 6N e N B B

IDENTIFICATION: CCOWS-U3|

INFUT SUMMARY :
EREREEEEERERRERRERRERFEREERRERHREEERREREREARE X EREREERREEREER

STORM: WATERSHED:
DIST. = 8C8 TYFE 13X AREM =  O,008 S&. MI.
DEFTH =  1.90 IN. CN = &65.0
DURATION = 24.0 HK. TIME OF CONC. = 0.09 HR.

LT E LA EELEL LSS L LSS L LIRS LI LT LSS LA LT AL LT LT EL DL L LT T LE

AR A AR R AR LA AL AR SRR AR L AR LTI LIS L L LTI E ST TR L EE LT ETEE LS

OUTFUT SUMMARY:
FHREFREXEEERERERFERRR SR SRR R WK R AR F K, R N

TOTAL RUNOQFF DEFTH = 00,1091 INCHES
INITIAL ARSTRACTION = 1.076% INCHES
FERAK FLOW = Q.26 CF8  ( 0,0305 IN/JHRD

TIME TO FEAK 12.0% HOURS
RUNCOFF VOLUME CHECE =  Q,109% INCHES
a2 222 AT eI A R T Y Y I R
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* EARTHFAX ENGINMEERING. INC.
*

*

* UGTNG S80S CURVE NUMBER
* METHODOL OGEY
W W e W KN TR H WY R

Fs
*
HYDROGRAFH GENERATION MODEL *
*
>

IDENTIFICATIONT COWS-Ul % U232

INFUT SUMMARY 3
BHEEREREERREREEREEFXEFEEREREREE XL HER B RS E R R LR AR R R R R R A LS

STORM: WATERSHED:
PIST. = SCE TYFE II AREA = 0,080 GR. MIi.
DEFTH = 1.%0 IN. CN = &5.0
DURATION = 24,0 HR. TimME OF COMC. = 0.21 HR.

3 P e e W U P P U T N B YU N T e P T e B W Y03 W WK U R K N R

TR R R R R U R R R R Y Y e s AR TR R L L LR L RS A LA LR

OUTRUYT SUMMAKY :
ERERBERERREREREREREEFERFRRRREREREEREXELERRERE R LSRR R R TA R B XK
TOTAL RUNOFF DEFTH =  0,1091 INCHES
INITIAL ARSTRACTION = 1.0769 INCHES
FEAK FLOW = 1.62 CFS  ( QL0315 IN/HRD
TIME TO FEAK = 12.12 HOURS
RUNMOFF VOLUME CHECE =  0.1093 INCHES
Y R R ST Y R R R A I Y R R R A S IR R eI D
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+ EARTHFAX ENGINEERINGE, IMNC.
*

*

* USTING SCE CURVE NUMEBER
* METHOLOLOGY
Fo B U 0 B B BTN KWW

A
*
HY DROGRAFH SENERATIONM MODEL *
,!‘
¥

IDENTIFICATION: COWS-U33

INFUT SUMMARY s
HEFEERLERERFERRDERAEREELREREREREEREABEREEURRERB RN SR LR ERERREERRRE

STORM: WATERSHED:
DIST. = SCS TYFE 11 AREA = 0.004 S0. MI.
DEFTH = 1.90 IN. CN = 65.0
DURATION = 24.0 HR. TIME OF CONC. = 0.08 HR,

S A LA e LTRSS LT LT L L L LT BT L L R L TR E R TR R otk b
FEREEFREXFEFER PR EXFEEEERREERERELRE R R EERER RN RERREEEREREEN

OUTHFUT SUMMARY:
ERFRFRERERRERFER RN ERERREEFEEEFRE AR R ERBRERER RN EREREERRR RS EH

TATAL, RUNOFF DEPTH = 0.1091 INCHES

INITIAL ABRSTRACTION = 1.0769 INCHED

FEAE FLOW = O.14 CFS ( 0,0048 IN/HR)

TIME TO PEAK = 12.0% HOURS

RUNGFF VOLUME CHECK = O, 1093 INCHES
EEFREREEEEREEEREERERREEREERRAFEFEERRRSEEEERRELEREERERREREER R,
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* EARTHFAX ENGINEERING, INC.
%

*

* USING SC8 CURVE NUMBER
* METHADOL OGY
FeF B N K U T K A R U B N

k)
*
HYDROGRAFH GENERATION MODEL *
*
*®

ITDEMTIFICATION: CCOWS-UZE

INPUT SUMMARY
HERFERBEREREEEREEBARFFREREREEREEREERRERERERESR R LR R AR LR RIS RLR

BTORM: WATERSHED
DIST. = 5C% TYFE 11 AREA =  0.060 SE. MI.
DEFTH = 1.90 IN. CN = &5.0
DURATION = 24,0 HR. TIME OF CONC. = 0.20 HR.

x2S A LS LS LS LR LSEIE ST LELAS LSS LS LSS L ELE L EL LS L LT L RS L 2L X T

EE XS LT L LS L LS LI LTSI ESIALEL L R LEIL LIS IS LA EL TS LS L0

OUTFUT SUMMARY:
ERREEEEFE R R UEFEFREREERREARER AR ER SRR AREREREES A RER R ER R
TOTAL RUNOFF DEPTH = 0.10%1 INCHES
INITIAL ABSTRACTION = 1.0769 INCHES
FEAK FLOW = 1.22 CFS  { O.0%185 IN/HR)
TIME TO FEAE = 12,12 HOURS
RUNGOFF VOLUME CHECK = 0, 1097 INCHES
FERERFEEEENRERERREEER XL LR R REE RS R R XK REEREER RN REEE R

0
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Fo A e B e 3B e T B0 T U036 I N R
¥ EARTHFAX ENBIMEERING. INC.
*

ES

* LUSTNG SCB CURVE NUMBER
* METHODOL.OGY

*.
*
HYDROGRAFH GENERATION MODEL =
»
.*.
EA S L L L L LR EETE L L E R L L L TTETT T IEEE

IDENTIFICATION: COWS-UE7

INFUT SUMMARY :

WEEEFEEEREERERRREREER R ERE R REF LR EL RN RN H T B H e F RN R RHEEERER
STORM: WATERSHED:
DIST. = SCS TYPE 11 AREA = 0,003 S8, MI.
DEFTH = 1.90 IN. UM = 70,0
DURATION = 24,0 MR, TIME OF CONC. = 0,06 HR,

L2 S AL E LSS A LEEL I L LR LTS L L L L LT L L L T ELEL LT LT L TR

ERREEEFEELXEEEPEBEERFERFFEELEEFEREREER TR RS E XN R HE TN R R T E R8N E LR

OUTFUT SUMMARY
R 22 ARSI ST 2ZAZTI2LT IS 2T TS ITE SRR Y Y N YT Y
TAOTAL RUNOFF DEFPTH =  0.2041 INCHES
INTTIAL ABSTRACTION = O.8371 INCHES
FEAE FLOW = L2 CFS (01929 INAHED
TIME TO FEAK = 12,00 HOURS
RUNOFF VOLUME CHECK = 0.204%5 INCHES
KEERRRRERERRFEREEERERXEREERERRE LR KRR RN TR KR KRR W3 W W R
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¥ EARTHFAX ENGINEERING. INC. ¥
* *
HYDROGRAFH GENERATION MODEL *
* USING 808 CURVE NUMBER *

¥

*

E 3

* METHODOLOGY
WRUFRRRFERERFREEEREREUREREERELE

IDEMTIFICATION: CCWS-U1 THRU U8 & UZ8

INFUT SUMMARY:
EREEEEEREFREFEES AR EREEEEREREREBREREERERERLERRABEEEEUERREREREE

STORM: WATERSHED :
DI&T. = 8C8 TYFE Il AREA = 2,835 80, MI.
DEFTH =  1.%0 IN. CN = &6B.0
DURATIMON = 24.0 HR. TIME OF CONC. = 0.84 HR.

FRUBREREREEREERFEEFLEEEREREREEREREREREEREERRRFE LU RRRRERRTRE N

PRV R g g E R R e PR R X R R R R PR L R LA LA L LSRR LR R ko

QUTFUT SUMMARY:
FREBERRERUEFEEBEEEERREEREERRERRFRRERRRRRERERERRERERFHERRRRRELE
TOTAL RUNOFF DEPTH =  0,1623 INCHES

INITIAL ABSTRACTION = (0.9412 INCHESD
FEAK FLOW = 77.91 CFS  ( Q.0426 IN/HR)
TIME TO FEAK = 12,80 HOURS

RUNOFF VOLUME CHECE = 0.1626 INCHES
BRERBREEEEREREERRERRERREREFERERREEREREERE R KRR FEEREERERXL TR RN

£2



43

e P 3 B 3 N e e Y U Y BB BN F R WU A I B 3 X W KK
* EARTHFAX ENGINEERING. INC. *®
% *
¥ HYDROGRAFH BGENERATION MODEL ¥
* UHING SCE CURVE NUMBER *
* METHODOLOGY *
EX TR SIS L LS L L LS TR

TDENTIFICATION: COWS-UL THRU UH % UZ8 THRU W32

INFUT SUMMARY :
EHEREFEEFRLRREE RN FREREREERRERFERERREREREHXER R ERERERERL RN RS

BTORM: WATERSHED:
DI&T. = SCS TYFE Il AREA =  AJFEDL 0. MI.
DEFTH = 1.90 IN. CN = &8.0
DURATION = 24.0 HR. TIME OF CONC. =  0.85 HRK.

23 36 2 3 T I 30 6 0 I T R T T 600U 2 K 90 e 300 36 3 0 3 9 96 96 36 3 0 2 00 00 B 0 X B e e N 0 R W K e e e

%%%%**%*****************%*%%*%**************%*%%*%****%**%**

GUTFUT SUMMARY:
FEERBEEERERREEEFEEERERFRERERRE RS R R R EEERERERRRRBE R SRR REERR RN R
TOTAL RUNOQFF DEFTH = 0.1623% INCHES
INITIAL ABSTRACTION = 0.9412 INCHES
PEAK FLOW = g1.23 CFS  { Q.0424 IN/HR)
TIME TO FEAK = 2.80 HOURS
RUNOFF VOLUME CHECK = 0.1626 INCHES
PP R S L TR R I AL AT S AL S AL S AR AR I s Rl
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T TTE R TS TR P A R
+ EARTHFAX ENGINEERING., I, ¥*
* *
* HYDROGRAPH GENERATION MODEL *
* UBINGE SC8 CURVE NUMBER *
¥ METHODOL.OGY *®
R TR P TS T PR PSR AT S

IDENTIFICATION:  ALL SUBWATERSHEDS

INFUT SUMMARY
HEREEREEEREEREEFERERERERFERRREEREFELERERRREEREREREEFT R R TR EEEEE

BTORM: WATERSHED:
DIST. = QLS TYFE 11 ARER =  4.146 8L, MI.
DEFTH = 1.90 IN. CN = 48.0
DURATION = 24,0 HR, TIME OF COMC., =  1.07 HR.

EE T L L LT LELLEIE LS LAETL LS L LS L L EE LTI YL EE LR L E LR L LS L LS 3L

(AT AT S LIS ELE LRI A L L L L EELEE LS SR I LS LR L L LR LT L S 0 1L R L R4Sk

OUTFUT SUMMARY:
HRERGEEEEFEREREFEELERREERERRNREERRFRREFRERFRREREERRERREERRRR S

TATAL RUNOFF DEPTH = 0. 1623 INCHES
INITIAL ARSTRACTION = O.9412 INCHES
FEAK FLOW = 101.81 CF8  { 0.0381 IN/HR)
TIME TO FEAE = 135,00 HOURS

RUNOFF VOLUME CHECEKE = 00,1426 INCHES

LI LTI AL AT 2R AL TR LIS IR LA LTI LRI LIS TT AL TR LI AL E L L L L L LT



KEREERERERLE LR B RRE AR R ERERREE
* EARTHFAX EMNGINEERING, INMC., =
# %
¥ HYDROGRAFH GENERATION MODEL *
* LUSING 8CE CURVE NUMRER #*
¥ METHODOL.GGY *
ERRUEFEFEEEXEERERDEREREFLEERFEE ST

IDEMTIFICATION:  CCWs-D1 A

TNFLT SLIMMARY »

F R R R RFERERER SR TE TR KW T W F T 0 003 B F 00 0 O 3
BTORM: WATERSHED:
DIST. = &GOS TYFE 11 AREA = 0,004 S0. M.
DEFTH = 1.90 IN. CH = 90,0
DURATION = 24.0 HR. TIME OF CONC, = 0,173 HR.
FH W W B B 0B B O B I B0 B KOO I U M I B 3 96 0 W O
KUREFEEEFEERERRREEEEFERRERF R EEEF LR R R TR R R R FRERERERREEREL®

OUTFUT aUMMARY 4
Fole MWW R F W N W W WA W T R W H AW W W RN VBT H W W RN E TR R R
TOTAL RUNOFF DEFTH = 1.0093% INCHES
INITIAL ARSTRACTION = Q.2222 INCHES
PEAK FLOW = 2.46 CFS ( D.9517 IN/JHRD
TIME TO FEAK = 12,00 HOURS
RUNOFF VOLUME CHECK = 1.0114 INCHES
ERERBEERREREEEEFELEFREEERRRE L ERER AL R REEERAERREEEERRR N RS FEEE



APPENDIX 3.7E

AS-BUILT CALCULATIONS FOR
DRAINAGE DIVERSION DITCHES
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EARTHFAX ENGINEERING, INC.
ENGINEERS / SCIENTISTS

T vu\ m;
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Mﬁm

et e . e - .-1 U ! .,, .
. Bed Slope = . QL7
s Manning's N = . O35
Bottom Width = X
Channel Side Slope = -3
N Flow Depth = - 2452231
. Crose Sectional Area = . BES9378
i Wetted Perimeter = 4,096671
’ Hydraulic Radius = « 208935
_ Discharge = X3
R Velocity = 3. 867103
- Froude Number = 1.376186
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EARTHFAX ENGINEERING, INC.
ENGINEERS / SCIENTISTS
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Bed Slope =.
Manning ‘s N
Bottaom W1dth =
Channel Side Slope =
Flow Depth =
Cross Sectional Ares
Wetted Perimeter =
.o Hydraulic Radius =
" Discharge =
Velocity =
" Froude Number =
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- EARTHFAX ENGINEERING, INC.
ENGINEERS / SCIENTISTS
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n Bed Slope = . Q33 ]
Manning’'s N = P
- Bottom Width = 2 feet
- Channel Side Blope = . O%’
#ﬂf . Cross Sectional Area = - 463172 square feet
' ; Wetted Perimeter = 2.867433 feet :
A Hydraulic Radius = . 1615284 feet
- L Discharge = 1.38 cubic feet/sec -
- { Velocity = 2.9144684 feet/sec
g Fy—mude Number = 1. 16628 i i ‘
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s o T e et e - f’;_l_j'f“ﬂf e
. T
o Bed Slope = LO7L
‘ Manning's N = O35
8 Bottom Width = 2 feet
- Channel Side Slope = 5 !
= Flow Depth = .178118S feet ‘ :
Cross Sectional Area = 4196894 sguare feet :
Wetted Perimeter = 2. 79657 feet ;
i Hydraulic Radius = - 150073 feet f
- ) Discharge = 1.35 cubic feet/sec
- Velocity = 3. 216664 feet/sec ' ;
.. Froude Number = 1.343146 CM/ o
. - - - e - e




EARTHFAX ENGINEERING,
ENGINEERS / SCIENTISTS

INC.

U0 NSNS SO SRS SO S
’\h %F'Mé:-* L e v
A R R e o Ll U R
-i:»......;.. I T — - B .,..._;.......,,- e s g i - ” - s e ST
T e S O S i - e
N Dlpe. = - 0% U S S SO NS NS S S
- i SR YO e = - e R ;
. Bed Slope = - Q086
H;_ Manning‘'s N = . 035
. Bottom Width = 2 feet
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[~ ~ Flow Depth = 6.396607E-02 O feet
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Discharge = .26 cubic feet/sec
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F~ Bottom Width = 2 feet SR
-+~ Channel Side Slope = . 3 v
|- Flow Depth = 6. 114727E-02 fewt .. -
. Cross Sectional Area = 1297725 sguare feet ]
Wetted Perimeter = 2.273459 feet ' )
"7 Hydraulic Radius = 5. 708153E~02 foet | | |
T Discharge = « 26 cubic feet/sec “‘"Fﬂ
- Velocity = 2. 003506 feet/sec OV// | i
—i-—. Froude Number = 1.427323 . :
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1 Bed Slope = .074 |
’ Manning’s N = - O35
N Battom ngth = 2 , feet
Channel Side Slope = - 625
[ gigg Dgpt:_= . 3557479 feet OV g
i wett:d §c ional Area = - 139863 square feet
ool 1_er1me?er = 3.342448 feet
i Dzszs:rgz iadxus = « 2734482 feet
2 are 4.45 cubic feet/sec
i | Velocity = 4.868782 feet/sec
B Froude Number = 1.4385358
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Bed Slape = -1
Manning’'s N = - QES
Bottoam Width = 2 feet
{ Channel Side Slope = . 625
Flow Depth = . 3266401 feet
Cross Sectional Area = - B2I9903 square feet
Wetted Ferimeter = 3. 232607 feet
Hydraulic Radius = - 254899& {eet
Discharge = 4.45 cubic feet/sec
Velocity = 5. 400549 +eet/aec\¥mF/
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..— Bed Slope = .08
Manning's N = . O35

F";‘”" Channel Side Slope =
. Flow Depth =

Cross Sectional Area

e, MEtted Perimeter =

Hvdraulic Radius =

Discharge =

Velocity =

Froude Number =

Bottom Width = 3
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{ Bed Slope = . 021
. Manning‘'s N = « O35
Bottom Width = 3
.. Channel Side Slope = .83
i Flow Depth = LD897107

Cross Sectional Area = . 2788285 sguare feet
Wetted Perimeter = 3.28093 feet

" Hydraulic Radius = 8.498459E-02 '
- Discharge = .69 cubic feet/sec
Velocity = 2.87464
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| Bed Slope = . 053
o Manning ‘s N = <035
L. Bottom Width = 4.5 feet
Channel Side Slope = i
Flow Depth = . 1158533 feet OF-
Cross Sectional Area = - T33F420 square feet
""" - Wetted Perimeter = 4.826834 feet
povee Hydraulic Radius = « 1104953 feet
L. Discharqe = 1.2 cubic feet/sec
Velocity = 2.2489962 feet/sec
Froude Number = 1.166423
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Bed Slope = -1
. Manmning’'s N = « Q35
Bottom Width = 4.5 feet
Channel Side Slope i
- Flow Depth = 7.510831E-02 feet
- Lross Sectional Area - 4370331 square feet
. Netted Perimeter = 4,7489007 feet
. Hydraulic Radius = 7. 164026E-02 feet
Discharge = 1.2 cubic feet/sec
i Velocity = 2.745788 feet/sec OK’
Froude Number = 1.3569025
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Channel Side Slope =
Flow Depth =

Croses Sectional Area =
Wetted Perimeter =
Hydraulic Radius =
Discharge =

.. Velocity =
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Bed Slope = 071

Manning’'s N = ' « O35

Bottom Width = 2.3 feet
Channel Side Slope = -7 0 ,
Flow Depth = ) 7.458104E-02 ' feet
Cross Sectional Area = 1962111 square feet
Wetted Perimeter = 2.801214 feet :
Hydraulic Radius = 7 . Q04501E~-02 foat -
Discharge = - 38 cubic feet/sec
Velocity = 1.935669 feet/sec
Froude Number = 1.24973%
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Bed Slope = . 091 1
Manning's N = « Q33
Bottom Width = 2.9 feet
Channel Side Slope = 57
Flow Depth = 6, 26049 1E~0Q2 feet
Cross Sectional Area = . 182512 sguare feet N
Wetted Perimeter = 2.781117 feet
Hydraulic Radius = 6. D6H2544E-Q2 faat
Discharge = . 38 cubic feet/sec ‘
Velocity = 2.082058 feet/sec DK/ ' e
Froude Number = 1.39073% 4
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[ Wetted Perimeter = 2.456007 feet
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.. . Velocity = 2.000254 feet/sec
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Velocity = 1.248181 feet/sec 0\(/
Froude Number = « F700743
— i o S O
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Bottom Width = 2 feet
Channel Side Slope = 1
Flow Depth = . 1864237 feet (O
Cross Sectional Area = 4076012 sguare feet
Wetted Perimeter = 2.827286 feet
Hydraulic Radius = - 1612802 feet
Discharge = 1.22 cubic feet/sec
Velocity = 2.993122 feet/sec OV/
Froude Number = 1.221647 :
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Castle Gate Mine

. Chapter 3, Section 3.7 April 1995
Crandall Canyon

ADDENDUM TO

. AS-BUILT CALCULATIONS FOR DRAINAGE DIVERSION DITCHES

ey,
v,

® .o



/ ’QFSJ?

EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENERATION PROGRAM OUTPUT
BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CCWS-8B

STORM : WATERSHED :
Dist.=8CS Type II - 24 Hr Area = 0.97 acres
Depth = 1.90 inches

CN = 70.00
Duration = 24.00 hrs Time conc.= 0.122 hrs

OUTPUT SUMMARY

Runoff depth 0.20410 inches
Initial abstr 0.85714 - inches
Peak flow = 0.17

cfs ( 0.17351 iph )
at time 12.037 hrs




Trapezoidal Channel Analysis & Design
. Open Channel - Uniform flow
Worksheet Name: CRANDALL CANYON
Comment: CCD-8B (AVERAGE SLOPE)
Solve For Depth

Given Input Data:

Bottom Width..... 2.50 £t
Left Side Slope.. 2.00:1 (H:V)
Right side Slope. 2.00:1 (H:V)
Manning’s N...... 0.035
Channel Slope.... 0.0570 ft/ft
Discharge........ 0.17 cfs

Computed Results:

Depth..'......... 0005 ft
Velocityeeoseense 1.32 fps
Flow Area...cevss 0.13 sf
Flow Top Width... 2.70 ft
Wetted Perimeter. 2,72 ft
Critical Depth... 0.05 ft
. Critical Slope... 0.0492 ft/ft _
Froude Number.... 1.07 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc., * 37 Brookside Rd * Waterbury, Ct 06708

z ¢ 7



APPENDIX 3.7F

AS-BUILT CALCULATIONS FOR
DRAINAGE DIVERSION CULVERTS
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Circular Channel Design Evaluation

Based on Methods in:

OPEN-CHANNEL HYDRAUWLICS
BY CHOW, 1932

Results for: Cee—1

Normal Flow

Y O TN AL ULk MAbk e . PSS R S S LR, bbb e TP PR PN SOFY Ak AL SAlde ey e =TT TS B AR ke b e T R N AL Sk A b ey BT S S R e e ey TR

Channel Characteristics:

7.486 fps
1.60 t

Diameter = 2.0 ft Design Discharge

Manning’'s n = 0.0240 Channel Slope
Design Characteristics:

Depth = 0.397 ft Velocity

Area ] Q.44 ft72 Top Width

Wetted Ferimeter= 1.847 +t Froude Number

Circular Channel Design Evaluation

Based on Methods ine

OFEN-CHANNEL HYDRAUL ICS
BY CHOW, 1959

Results for: CCe-2

Normal Flow

2.506

TTTTY SALL MU TS SLALL e AL i A S S Ak Y TR TS M ey PR Sl e P B e Al o e e T e rrmes Al
TN S T e s s s s s e AR AL S v A S Y PHAL B v YA M AL S e e i e s

- Channel Characteristics:

Diameter = 7.0 f£% Design Discharge
Manning ‘s n = 0.0240 Channel Slope

L Sl e R AL e S kb g TS e e T Al e T AL U e Y, B v e ——— iy — e — —— 2 — [ —
- ——— T e ey AL s e o U e S i e s i
— - —— v —— — —— s e

Design Characteristics:
Depth 0.B53 +t Velocity
Area 2.68 ft™2 Top Width
Wetted Ferimeter 4.993 £t Froude Number -

Hout

5.34% fps
4,58 §t
1,232



Circular Channel Design Evaluation
Based on Methods in:

OPEN-CHANNEL HYDRAULICS

BY CHOW,

Results for: CCC-2

Normal Flow

R LS ey P L LAl iy Y S S b ey

Channel Characteristics:

B T T p—

1959

Diameter = 2.0 ft Design Discharge = .1 cfs
Manning’'s n = 0.0240 Channel Slope = 0.079
Design Characteristics:
Depth = 0.514 ¢ Velocity = 8. 030 fps
Area = Q.64 F£2 Top Width = 1.73 ft
Wetted Perimeter= 2.127 ¢ Froude Number = 2. 247
Uircular Channel Design Evaluation
Based on Methods in;
QFEN-CHANNEL HYDRAULICS
BY CHOW, 1959
Results for: ccc-4
Normal Flow
Channel Characteristics:
Di ameter = 220 Ft Design Discharge = 2.1 c¥s
Manning‘s n = 0. 0240 Channel Slope 1= Q. 009
Design Characteristics:
Depth = Q.5&67 ft Velocity = 2.810 fps
Area = Q.73 ft°2 Top Width = 1.80 ¢
Wetted Ferimeter= 2.247 ¢ Froude Number =

Q.777



Circular Channel Design Evaluation
Based on Methods in:

OFEN-CHANNEL HYDRAULICS
EY CHOW, 1959

Results for: cec-S

Normal Flow

—— e it e
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Channel Characteristics:

Diameter 2.0 ¢t Design Discharge = 1.4 ctfs
Manning ‘s n Q.0Q240 Channel Slope o= 0. 009

UL e TS S b = PYPTY S AL by e THEN AL e PareY S WA o T S AL e PP W L . e S Y A S i S T LA SPTYY P AL Sk et T BN S ooy TR S by TP S

Design Characteristics:

Depth 0.471 ft Velocity 2.534 fps

Area 0.356 £t"2 Top Width = 1.70 £¢
Wetted Ferimeter =

I

T

2.027 +t Froude Number D.774
Circular Channel Design Evaluation
Based on Methods in:
OFEN-CHANNEL. HYDRAUL ICS
_v BY CHOW, 19959
Results for: CCC—-&
Normal Flow
Channel Characteristics:
Diameter = 4,0 ¢ Design Discharge = 7.9 cfs
Manning’'s n = Q.0240 Channel Slope .., = Q. 009

m—--....._-.--._.-u..-..—m—m...—.——-—_—_.—---—.-—.——-—-—-_.-—-——-..-........—-u—-..-.-..._.-—-.._-..--.._—

Depth
Area
Wetted Ferimeter

0.842 ¢ Velocity = F.881 ¥ps
1.92 $£"2 Top Width = F.26 ft
3.813 ft Froude Number = . 890

Hnn
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Circular Channel Design Evaluation
RBased on Methods in:

OPEN-CHANNEL HYDRAULICS
BY CHOW, 1959

Results for: cee—-11

Mormal Flow

Channel Characteristics:

Di ameter = 4.0 4% Design Discharge = 1.6 cfs

Manning ‘s n = 0.0240 Channel Slope = 0.017
Design Characteristics:

Depth 0.342 +t Velocity 3.122 fps

Area

i

Q.32 Ft~2 Top Width = 2.24 £t
Wetted Ferimeter =

2.373 £t Froude Number 1,142
Circular Channel Desiagn Evaluation
Based on Methods in:
OPEN~-CHANNEL HYDRAULICS
BY CHOW, 1939
Results foir: ccec-9
Normal Flow
Channel Characteristics: '
Diameter = 7.0 ft Design Discharge = 6.3 cfe
Manning's n = 0.024Q Channel Glape = 0.009

S LAl b $444 Y S TS S W WA S SLiih S TS ATV WD S LS v brbly Y SRS WP ML ML bl b ) N S SRS SR AL e e ST FPOTS S AR MASS b Ty T Y FPPPY MY WP U Ak dhm o et TP Y R S AR SR A b i e e

Design Characteristics:

Depth = 0.658 ft Velocity = 3.422 fps
Area = 1.83 ££"2 Top Width = 4.09 £t
Wetted Ferimeter= 4,36F L Froude Number = Q.901



Circular Channel Desiagn Evaluation
Based on Methods in:

OPEN—-CHANNEL HYDRAUILICS
BY CHOW, 19u%
Results far: CCC-12

Normal Flow
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Channel Characteristics:

Diameter = 4,0 ft Design Discharge = 0.1 cfs

Manning ‘s n = 0.0240 Channel Slope . = Q.123
Design Characteristics:

Depth = 0.069 ft Velocity = 2.917 fps
Area = Q.05 ft~2 Top Width = 1,04 £t
Wetted Perimeter= 1.083 +t Froude Number = 2.394

Circular Channel Design Evaluation
Based on Methods in:
OPEN-CHANNEL. HYDRAUIL ICS
BY CHOW, 1959
Results for: CCC~13

Normal Flow

Channel Characteristice:
Diameter = I.0 Ft Design Discharge = 1.2 cfs
Manning ‘s n = 0.0240 Channel Slope = 0,510

Design Characteristics:
Depth = 0.145 4t Velocity = ?.712 fps
Area = 0.13 $t~2 Top Width = 1.29 f¢
Wetted Ferimeter= 1.330 £t Froude Number = 5.478
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Circular Channel Design Evaluation
Based on Methods in:

OPEN-CHANNEL HYDRAULICS
BY CHOW, 1989

Results for: CCC~14

Normal Flow

Bt L e L oy ey S ——

Channel Characteristics:

Diameter = 1.5 ft Design Discharge = 3.3 ¢fs
Manning’'s n = 0.0240 Channel Slope Lo 0,100

Design Charactefistics:
Depth = 0.432 £t Velocity = 7.7536 fps
Area = 0.42 2 Top Width = 1.36 £t
Wetted Perimeter= 1.700 ¢ Froude Number = 2.454

Circular Channel Design Evaluation
Based on Methods in:
OPEN-CHANNEL HYDRAULICS
BY CHOW, 1959
Results for: CCC-13G

Normal Flow

Channel Chatacteristics:
Diameter = 1.5 ft Design Discharge = 0.4 cts
Manning's n = 0.0240 Channel Slope = 0. 060

Design Characteristics:
Depth = 0.164 ft Velocity = 3.540 fps
Area = 0,10 ft°2 Top Width = 0.94 ft
Wetted Ferimeter= 1.010 % Froude Number = 1.864



Results for:

Normal Flow

DL T —

)

Circular Channel Design Evaluation
' Based on Methods in:

OPEN-CHANNEL HYDRAUL ICS
BY CHOW. 195%

CeC-16

D e L L Y U ——

Channel Characteristics:

Diameter
Manning's n

e D L T IR ———

= 1.5 ¢ Design Discharge = 1.8 cfs
= 0.02480 Channel Slope . = 0.140

Al St i o ey Y T B i AL g Sy ST S — — A e S S

Design Characteristics:

S —— i rere e S —— i rere e

Depth = 0.292 ft Velocity = 7.49% +ps
Area = 0.24 ft"2 Top Width = 1.192 ft
Wetted Perimeter= 1.370 £t Froude Number = 2.926

Circular Channel Design Evaluation
Based on Methods in:
OFEN-CHANNEL HYDRAUL.ICS
BY CHOW, 1959
Results for: CCC—-17

Normal Flow

Channel Characteristics:
Diameter = 1.5 ft Design Discharge = 2.3 ctfs
Manning ‘s n = 0.0240 Channel Slape = 0,110

A e s e ey o Y S it b

e i ke e T VR WD Al e s PR A S L e ey e S BAAA Sk b e SR e

Design Characteristics:

Depth
Area

Wetted Ferimeters= 1.505 ¢ Froude Number

= 0,347 ft Velocity 7.305 fps

= Q.31 ft"2 Top Width = 1.26 ft
= 2. 603
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Circular Channel Design Evaluation
Based on Methods in:

OFPEN-CHANNEL HYDRAULICS
BY CHOW, 1959

Results for: Ccec—-18

Normal Flow

b e e oy

Channel Characteristics:

g Lo T VR —

Diameter = 2.0 ft Design Discharge = 6.4 cts

Manning’'s n = 0.0240 Channel Slope .. = 0. 040
Design Characteristics:

Depth = 0.688 ft Velocity = 6. 679 +tps

Area = 0.94 £t2 Top Width = 1.90 ft

Wetted Ferimeter= 2.8507 £t Froude Number = 1.659

Circular Channel Design Evaluation
Based on Methods in:

OPEN~CHANNEL HYDRAUL ICS
BY CHOW, 1959

Results for: ccc-1i9

Normal Flow

L N e r T T ————

Channel Characteristics:

T T Al i e YT D WD B b e FPETS TY SEUTS SPERL ML A . FYTPP D A EED My b S PP N AR S AL

Diameter = 2.0 ft Design Discharge = 4.3 ctfs

Manning’'s n = Q. Q240 Channel Slope L= Q. 090
Design Characteristics:

Depth = 0.454 +% Velocity = 7.931 fps

Area == 0.3534 £t°2 Top Width = 1.68 ft

Wetted Ferimeter 1.987 +t Froude Number 2.472
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Circular Channel Design Evaluation

- Based on Methods in:
OPEN-CHANNEL HYDRAULICS
BY CHOW, 1959

Results for: CCC-20

Normal Flow

S L o T Ak AL e WS LD (AL M v SASS M Sl S D b A SrTTY Y SRS Sl e S AL S bl s L S ALk iy TS WETE S e b e i Y AL e ey e

Channel Characteristics:

Ll ke e e L Al i i S s A LA 447 o TS s

Diameter = 1.5 ft Design Discharge = 1.9 cfs

Manning ‘s n = Q.0240 Channel Slope - = 0.005
Design Characteristics:

Depth = 0.722 £t Velocity = 2.270 fps

Area = 0.849 ft+2 Top Width = 1.50 ¢

Wetted Perimeters= 2.300 ft Froude Mumber = 0.534

Circular Channel Design Evaluation

Based on Methods in:

OPEN-CHANNEL. HYDRAUL ICS
BY CHOW, 19859

Results for: CCce-21

Normal Flow

0 T S o, L L L R S e S L L e Y Bt AL Ly s S Sk TR PV S AR Sy W AL Sy sy By S ke ey S Al i e S ARk ke s T e o e v B

Channel Characteristics:
Diameter 1.5 ¢t

Design Discharge
Manning's n Q.Q240

Channel Slope ..

L T i L LT R S S S Y S Lk i et WD SLAL i rren S AAL S PEPTY W A i e S S oy 4477 S L b s St AL i Y S S A i St S A A b e

Design Characteristics:
Depth = Q.366 ft Velocity
Area = 0.33 £t"2 Top Width
Wetted Ferimeters= 1.8950 ¢ Froude Number

LT T TV L —

T AL i v o — AL i i T A A b



Circular Channel Design Evaluation
. Based on Methods in:

OPEN-CHANNEL HMYDRAWULICS
RY CHOW, 1959
Results for: CCC-22

Normal Flow

et bt s — s

Channel Characteristics:

i T TR SETYS Y VEER L ke i ke ey PEPYY PP TS A AAMRL A ik o ey ey P T iy dim TrrTT S S

Diameter = 1.5 ¢ Design Discharge = 0.9 cfs
Manning’s n = 0.0240 Channel Slope .7 = Q. 060

Design Characteristics:
Depth = 0.287 ft Velocity = 4.570 fps
Area = 0.20 ft*2 Top Width = 1.13 f¢
Wetted Ferimeter= 1.280 ft = Froude Number = 1.908

Circular Channel Design Evaluation
Based on Methods in:
OFEN~-CHANNEL HYDRAUL ICS
BY CHOW, 1959
Results for: CCe-23

Normal Flow

Channel Characteristics:
Diameter = 1.0 £t Design Discharge = i.1 cfs
Manning ‘s n = 0.0240 Channel Slope = Q.14

Design Characterigtics:
Depth = 0.224 §t Velocity = 6.485 fps
Area = 0.17 $t"2 Top Width = 1.07 £t
Wetted Perimeter= 1.190 ft Froude Number = 2.909
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Circular Channel Design Evaluation
Based on Methods in:

OPEN-CHANNEL HYDRAULICS

BRY CHOW,

Results for: CCC-23

Normal Flow

e e e it il ey e — o weven — — e

1959

Channel Characteristics:
Diameter 1.5 f¢
Manning’'s n 0.0240

Bt et T L ——

no#

Design Characteristics:

Depth = 0.310 ¢
Area = Q.26 ££2
Wetted Perimeters= 1.41% £t

Circular Channel Design Evaluation
Based on Methods in:

OPEN-CHANNEL HYDRAUL.ICS

BY CHOW,

Results for: CCC—24

Normal Flow

e e S S . P S Sl o S

Channel Characteristics:
Di ameter 1.5 ¢t
Manning‘s n 0.,0240

—— e ryvey s ———nd s ey

Design Characteristics:

Depth = 0.112 ¢
Area = 0.0 £t
Wetted Ferimeters 0,830 ft

S e — i e brere — ——

Froude Number

Design Discharge = 2.9 cfs
Channel Slope ' = Q. 213
Velocity = 7.345 fps
Top Width = 1.21 ft
Froude Number = . 537

1959
Design Discharge = 0.8 cfs
Channel Slope = 1.540
Velocity = 14,062 fps
Top Width = 0.79 ft

G . 002
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Circular Channel Design Evaluation
. Based on Methods in:

OFEN-CHANNEL. HYDRAUL.ICS
BY CHOW, 1959
Results for: CCe-27

Normal Flow

T e T —— " TI VYTS YR TS YEYY WYY TP P FRYS STPTR Tevry vhver yerrs meew $réee Trame ey by i Ak by 44kt ikl A LS A S AL S S AL AL D MM S AL Ak fAlh SRS M AL S W S S

Channel Characteristics:

Diameter = 1.5 4t Design Discharge = 0.3 cfs
Manning’'s n = 0. 0240 Channel Slope .- = 1.110

e = e YT e e T T e pAeke el by ik e iy i e b b e b g e AL e A i Ak ALLAK AR S AL SR AL s SRS LA MALS SN A S A i A s

Design Characteristics:

Depth = 0.069 ft Velocity as 8.510 fps
Area = 0.03F ft"2 Top Width ‘ = Q.63 ft
Wetted Ferimeter= 0.6T50 ft Froude Number = 6.944
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Full-Flow Dats for Structural Plate Pipe-Arches
Corrugations € x 2 in.

Corner Plates 9 pl Radius (Rc) = 18 in.
Dimensions, ft-in, Waterway ;
! Area, Hydraukic
Span Rise . fit Radius, ft
61 w1 | 2 129
64 &9 2% . 135
69 41 2% 139
7-0 o Bl 28 145
73 53 30 - 151
78 " 5.8 - < 155
7-11 . 57 35 1.61
8-2 59 38 167 -
87 511 40 L1
810 6l 43 1 .
© 63 45 181
9-6 6-5 4 187
99 &7 - 81 1%
\ 103 69 54 197
10-8 g-11 57 201
10-11- 7-1 80 “207
15 7-3 83 211
11-7 7-5 o B 2y
1110 7 70 22y
12-4 7-9 7 226
12-6 7-11 17 vl
12-8 81 8l 238
12-10 84 . 85 24
135 85 " 88 248 ',
13-11 87 91 252
14-1 &9 95 257
14-3 811 100 263
14-10 3 103 267
154 i 93 107 2N .
15-6 %5 111 7
15-8 97 116 283
15-10 910 121 - : 289
16-5 g1l 125 292
167 10-1 - 130 298
: b
FULL T
. Lo
| LA/ AR
00 - LA LN
Wetted Perimeter / / : / \
e N / i |
\/ Area / o /
. 70 14/ . 7
Z eof /‘/ : .
s ez A
£ af /. /
Disch : : '
.5 “ Discl {a\rge / i ) /
. / - J /
& 49 >/"/ 1
/ / ) ‘-‘ /' \ . .
20 ., 3 IS - - )
- \
/ / LA | | HydraulicRadius 7 | N
j01-L2 e { \
4 - y
[t /_..--‘/ e
0 :
01 02 03 04 05 06 07 08 09 10 1.1 12 13
, Proportional Values Based on Full Conditions

Hydraulic propertias of corrugated steel and structural piate pipe-arches. -

Rﬁp [ A'VV\QVFCF/P\ IVU"\ - g*’f‘:‘ TMSﬁ'Nk_ 19 23
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STONE DIAMETER~FT. .

0.8}

TOTAL - DEPTH OF FLOW-FT. d

1.0

0.6

04

0.2}

25

ENGINEERS

ADAPTED FROM HYDRAULIG GHART 7iz-%
1 HYDRAULIC DESIGN GRITERIA,CORPS OF -

- 50$lstbne

gize

- 02

VELOCITY AGAIRST STOME ON CHANNEL BOTTOM

-

04

4 Stone « F.P.S.

. Velocity Aeains
Average Velocity In Channel-_- 25, V¥

FIGURE 1

06
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VELOCITY (Vg) IN FEET PER SECOND

24

20

e

~

22

o

STONE WEIGHT, IN POUNDS

5

EQUIVALENT SPHERICAL DIAMETER OF STONE, IN FEET

600 1000 1500 3000 5000
1 510! 40| 100 200 400 I 00| | 2000 ! 4000 |
T A A L L T 1 | J—
' 12.1or
] / bottom
. / 4.1
| / / >
) 7// 21
_ // ' DX
T // | *
/A / / pd 1
B / | FOR STONE WEIGHING
g p 165 LBS. PER CU.FT. .
—
ADAPTED FROM REPORT OF
: SUBCOMMITTE ON SLOPE
! PROTECTION, AM. SOC. CIVIL
‘ ENGINEERS PROC. JUNE 1948
i
L
o) b 1 2. 3 4

SIZE OF STONE THAT WILL RESIST DISPLACEMENT
FOR VARIOUS VELOCITIES AND SIDE SLOPES

FIGURE 2
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Chapter 3, Section 3.7 April 1995
. Castle Gate Mine
Crandall Canyon

ADDENDUM TO

s

. AS-BUILT CALCULATIONS FOR DRAINAGE DIVERSION CULVERTS

. 007/004
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EARTHFAX ENGINEERING, INC.
. HYDROGRAPH GENERATION PROGRAM OUTPUT

BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: CCWS-U32

. T T T S o A W T T S Sk W S T S S S S S . . il s — g S e S S S S de o

STORM : WATERSHED :
Dist.=SCS Type Il - 24 Hr Area = 46,08 acres
Depth = 1.90 inches CN = 65.00
Duration = 24.00 hrs

Time conc.= 0.120 hrs

—— T S d— G S e oy G S S e Y T e W T T . e W S S e w W S e e D e M S AP S N S D . e — A S

. —— S i T G S e T D s S I il g T e e A S e e S e i S S S ek e S A i s

Runoff depth

0.10913 inches
Initial abstr 1.07692 inches
Peak flow = 2.21 cfs ( 0.04748 iph )
. at time 12.064 hrs

T i T vy W S S e G T v S T Y A S Y e S S e S S S S e W G S

{/os
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Circular Channel Analysis & Design
. Solved with Manning’s Equation

Open Channel - Uniform flow

Worksheet Name: CRANDALL CANYON
Comment: CCC-28
Solve For Actual Depth

Given Input Data:

Diameter.......... 1.50 ft
Slope...cceeevenns 0.1540 ft/ft w .
Manning’s n....... 0.024 W L 0S5
Discharge......... 2.21 cfs >
Computed Results:
Depth....covviuene 0.32 ft
Velocity.eveveaenen 8.06 fps
Flow Area......... 0.27 sf
Critical Depth.... 0.56 ft
Critical Slope.... 0.0169 ft/ft
Percent Full...... 21,25 %
Full Capacity..... 22.33 cfs
. QMAX @.94D........ 24.02 cfs
Froude Number..... 3.00 (flow is Supercritical)

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708

419
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CCC-2Y (creae =i ).
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