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The county road ends at the BLM/State property boundary, which is located approximately 300 feet

northeast of the southwest edge of the proposed disturbed area boundary (i.e., near the upstream

edge of the sedimentation pond). Those operations to be conducted within 1 00 feet of the county

road include construction and operation of the sedimentation pond with its associated inflow and

outflow structures, construction and operation of the downstream end of culvert UC-6 with its

associated energy dissipator, construction and operation of sewer pipeline and storage of materials,

snow, or equipment. The owner of the land in this area is the United States of America, as

administered bythe U.S. Bureau of Land Management. The interests of the publicand the landowner

will be protected by:

Complying with the requirements of the BLM land lease.

Conducting the mining and reclamation operations in compliance with the permit
issued by the State of Utah.

Maintaining a guardrail along the south edge of the road at the outlet of culvert UC-6
and the energy dissipator, whose height will be equal to at least the axle height of the
vehicles which frequent the road.

Maintaining a guardrailalong the north edge of the road adjacenttothe sedimentation
pond, whose height will be equal to at least the axle height of the vehicles which
frequent the road.

Plates4-1 and 5-2depictthe location of an existing UP&Ldistribution linethatwill be improved and

activated to provide electrical service to the mine. lt is unknown when the original distribution line was

initially constructed. This line will be upgraded as necessary to provide power to the mine.

Generally, all support facilities will be located within or in close proximity to the associated

operations areas. lt is currently anticipated that mine support buildings will generally be steel-frame

buildings with concrete floors, spread footings, or slab foundations, with metaf exterior walls.

Buildings of this design have been used extensively in the region and allow for ease of erection,

long-term structural integrity, and minimal maintenance.
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current location with an approximate grade of 1 0 to 14o/o. The primary water tank access road and

the ancillary survey-monument access road will be graded and rnaintained as a dlrt road.

DrainagewayAlterations. Alterations of Dugout Creek are planned to accommodate the needs of

transportation systems. These alterations consist of installation of culverts in two locations - one on

the eastern tributary of Dugout Creek and one along Dugout Creek, beginning approximately 1 50 feet

upstream from the confluence with the eastern tributary and extending downstream to near the

sedimentation pond (culverts UC-5 and UC-6, respectively, as noted on Plate 7-5). Pace Creek will

not be impacted by the Pace Canyon Fan Portal Site.

a

Culverts UC-s and UC-6 provide several advantages, including: allowing coal haulage trucks to enter

and leave the surface facilities area,protecting Dugout Creekfrom coal fines and sedimentwhich may

be generated on the adjacent disturbed areas, providing space forequipment and material storage,
providing a location for snow to be stacked away from the operations area during winter months,
providing additional parking space, and increasing the safetyof vehiculartraffic byeliminating the drop

off into the channel area. These advantages are discussed in further detail below.

Coal haulage trucks will enter and leave the surface facilities area in the loop shown on Plate 5-2

immediately upstream from the sedimentation pond. Culverting of the stream allows a sufficienttuming

angle for the coal trucks to access and safely maneuver in this area.

The surface facilities at the Dugout Canyon Mine have been designed to adequately control sediment

which is generated from those facilities. However, as indicated in Section521.100 and Plate 5-4 of

this M&RP, past mining at the site has resulted in previous disturbance of the surface area. As a

result, several areas along the banks of Dugout Creek which may otherwise had not been disturbed

by SCM (if the Dugout Creek culvert was not installed) contain overcast, disturbed soils which would

have continued to erode into Dugout Creek (see, particularly, the areaof "OB" soils noted on Plate

2-2). Culverting of the creek protects it from this sediment as well as from wind-blown coal fines which

could otherwise be transported to the stream throughout its length within the disturbed area.
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0.5 acre immediately northeast of the office/bath house building;

0.1 acre in the storage area on the north side of the substation access road; and

0.2 acre adjacent to the fan portal.

Given the relativelysmallarea of the Dugout Canyon surfacefacilities, and with space ata premium,

installation of the Dugout Creek culvert is an important part of providing the storage and parking space

that will be needed at the mine.

A final advantage of installing the Dugout Creek culvert throughout the disturbed area is the improved

safety for surface operations that the culvert affords. In several areas of the site, the embankments

into the stream have been over steepened by past activities, with vertical slopes present in selected

areas where deep down cutting has occurred from past blockage of an old culvert at the site.

Installation of the Dugout Creek culvert has eliminated the safety hazardassociated with most of these

steep slopes.

R645-301-358.400 requires that coal mining and reclamation operations be conducted in a manner

that "wif f avoid disturbance to, enhance where practicable, restore , orreplace, wetlands and riparian

vegetation along rivers and streams . . ." (emphasis added). Installation of culverts UC-s and UC-6

can unfortunately not be accomplished in a manner that will avoid disturbance to the riparian

vegetation along Dugout Creek. However, as noted in Section322.200 of this M&RP, the lost riparian

vegetation will be replaced within the Dugout Creek watershed during the operational period at a ratio

of three feet of replacement for every one foot of lost vegetation. This action will also immediately

enhance the riparian vegetation in the areas where the mitigation is implemented.

Furthermore, during reclamation of the site, the riparian vegetation within the disturbed areawill be

both enhanced and restored. Enhancement of the riparian vegetation will be facilitated through the

construction of reclaimed Dugout Creek channelsvvhich, as indicated in Section 762.100 of thls M&RP,

have been specificallydesigned to improve the geomorphological stabilityof the stream. By increasing

this stability, the riparian vegetation will be enhanced and restored along the stream to a condition
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which more closely mimics that which probably existed prior to disturban@ of the site. Hence, through

installation of culverts UC-s and UC-6, the requirements of R645-301-358.400 will be met by

immediately replacing and enhancing riparian vegetation in the Dugout Canyon watershed, and by

ultimately (upon reclamation) restoring the riparian vegetation within the disturbed area. The

enhancement, restoration, and replacement activities will result in an improvement of the riparian

system to a condition which greatly exceeds that which is present prior to installation of the culverts.

Information regarding the design of these culverts is presented in Section 732.gXlof this M&RP. Prior

to installation of the culverts on Dugout Creek, silt fences were emplaced in the stream channel
perpendicular to the flow direction in accordance with Figure 54. A minimum of four such silt fences

were installed ih the creek downstream from the county qulvert outlet but within the disturbed area.

The downstream-most silt fence was installed in the stream at the downstream end of the disturbed-

area boundary, downstream from the location of the county culvert. The silt fences were located in

an area convenient for maintenance and cleanout. The silt fences were removed after completion of

all initial site construction activities. During culvert installation, the silt fences were periodically

inspected and accumulated sediment removed from behind the silt fences when required to minimize

downstream impacts.

No bridges are currently planned for the site.

Road Maintenance. The road which will access the disturbed area will be owned and maintained

by Carbon County. SCM will paya tollfor use of the road, with this toll being used bythe Countyfor

repayment of upgrade costs and maintenance. In the event of a catastrophic event that causes

damage to the county road, SCM will cooperate with the County to promote rapid repair of the road

as soon as practical following the catastrophic damage. For all primary roads within the permit area

that are not owned by the county, SCM will itself repairthe road (or cause it to be repaired) as soon

as practical following the catastrophic damage.

The roads within the surface-facilities area will be maintained by SCM as necessaryto permit access

to the respective facilities. The remaining roads in the permit area are private roads and will be
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creek downstream from the by-pass culvert (UC-6) outlet butwlthin the disturbed areapriorto removal

of the culvert. The downstream-most silt fence will be installed in the stream at the downstream end

of the disturbed-area boundary, downstream from the location of the energydissipater. The siltfences

will be located in an area convenient for maintenance and cleanout. The silt fences will be removed

when reclamation construction activities are completed. During reclamation activities, the siltfen@s

will be periodically inspected and accumulated sediment will be removed from behind the silt fences

when required to minimize downstream impacts.

The sedimentation pond and sediment trap in Pace Canyon will be retained for as long as practical

during reclamation. Once backfilling and grading operations proceed to the location of the pond, it

will be removed. Because the pond is designed primarily as an exmvated structure, removal of the

pond will consist primarilyof backfilling. This removal will be accomplished using backhoes, loaders,

dozers, and other appropriate earthmoving equipment.

As soon as regrading of an area no longer allows that area to drain to the sedimentation pond or

sediment trap, silt fences will be installed along the base of the slopes adjacent to Dugout Creek and

Pace Creek and its tributaries to control erosion on an interim basis prior to revegetation success.

These silt fences will be installed using a supportive backing and burying the toe of the filterfabric as

noted in Figure 54.

On a temporary basis, straw-bale dikes may also be installed as ne@ssary to control localized erosion

prior to the establishment of revegetation efforts. lf installed, locations of the straw-bale dikes will be

selected to reduce sediment contributions to runoff based on field observations. Straw-bale dikes will

be installed by keying the bales into the ground as noted in Figure 5-4.

542.300 Final Surface Configuration Maps and Gross Sections

Final surface configuration maps and cross sections for the Dugout Canyon site are provided on

Plates 5-5 and 5-6, respectively. The final surface configuration map and cross sections forthe Pace

Canyon Fan Portal Site can be found on Plate PC5-5 in Appendix 5-10. Roads which access the
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Potential Hydrocarbon Gontamination. Diesel fuel, oils, greases, and other hydrocarbon
products will be stored and used at the site for a variety of purposes. Diesel and oil stored in above-
ground tanks at the mine surface facilities may spill onto the ground during filling of the storage tank,
leakage of the storage tank, or filling of vehicle tanks. Similarly, greases and other oils may be
spilled during use in surface and underground operations.

The probable future extent of the contamination caused by diesel and oil spillage is expected to be
small for three reasons. First, because the tanks will be located above ground, leakage from the
tankswill be readilydetected and repaired. Second, spillage during filling of the storage orvehicle
tanks will be minimized to avoid loss of an economically valuable product.

Finally, the Spill Prevention Control and Countermeasure Plan which will be developed forthe site
will provide inspection, training, and operation measures to minimize the extent of contamination
resulting from the use of hydrocarbons at the site. This plan is not required to be submitted.
However, a copy will be maintained at the mine site as required by the Utah Division of Water
Quality.

Road Salting. When necessary for safety purposes, salt and/or ice melting compounds will be
used on paved road areas. The paved road areas report to the sediment pond for treatment.

Goal Haulage. Coal will be hauled over the county road from the mine portal area to the Soldier
Creek Road and thence to its ultimate destination. In the event of an accident which causes coal
to spill from the trucks, residual coal following cleanup of the spill may wash into local streams
during a runoff event. Possible impacts to the surface water are increased total suspended solids
concentrations and turbidityfrom the fine coal particulates. The probabilityof a spilloccurring in an
area sufficiently close to a stream channel to introduce coal to the stream bed is considered small.

In addition to spills, wind may carry coal dust or small pieces of coal from the open top of the coal
trucks into creeks near the roads. The impact from fugitive coal dust is considered to be
insignificant due to the small amounts lost during haulage in the permit and adjacent areas.

Water Replacement. The water consumed in operating underground equipment, dust
suppression, and evaporation is obtained from ground water sources. These underground water
sources are not connected to the surface waters in the area. Research has been performed by the
mine to verify that water currently entering the mine is not coming from the surface or depleting
surface waters. Continued monitoring by the mine of the surface waters and seeps and springs
flows in the permit and adjacent areas have shown no discernable impacts due to mining activities.
It is the operator's position that the water consumed in operating Dugout Canyon Mine is not
depleting surface water sources. In fact, there is an overall net gain to local river systems
discharging to the Colorado River as a result of the mine's discharge.
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The Permittee will replace the water supply of any land owner if such a water supply proves to be
contaminated, diminished or interrupted as a result of the mining operations. First, a determination
wilf be made by the Division in accordance with R645 - 301 -731.800 as to whether or not material
damage has occurred. Then, in accordan@ with Regulation R&15-301-525.510, Dugout Canyon Mine
will correct any material damage resulting from subsidence caused to surface lands (which includes
water rights), to the extent technologically and economically feasible, by restoring the land to a
condition capable of maintaining the value and reasonably foreseeable uses that it was capable of
supporting before subsidence damage. Negotiations will be held with the water right holders to
determine the best plan of action and implementation of water replacement.

729 Gumulative Hydrologic lmpact Assessment (CHIA)

A Cumulative Hydrologic lmpact Assessment to include the permit and adjacent areas is to be
prepared by the Division.

730 OPERATION PLAN

731 General Requirements

This permit application includes an operation plan which addresses the following:

Groundwater and Surface Water Protection and Monitoring Plan;
Design Criteria and Plans;
Performance Standards; and
Reclamation Plan.

731.100 Hydrologic-Balance Protection

Groundwater Protection. To protect the hydrologic balance, coal mining and reclamation
operations will be conducted to handle earth materials and runoff in a manner that minimizes acidic,
toxic, or other harmful infiltration to the groundwater system. Additionally, the permittee will manage
excavations and disturbances to prevent or control discharges of pollutants to the groundwater.

As indicated in Section 728.300, it is anticipated that an average of approximately 190 gallons per
minute of groundwaterencountered in the minewill eventually be discharged to Dugout Creek or Pace
Creek. This waterwill be discharged in a controlled manner, in accordance with an approved UPDES
permit, via a pipeline from the mine to the creek. The Dugout Creek discharge point is anticipated to
be located at the upstream inlet to the Dugout Canyon culvert, UC-6. lf the discharge occurs to a
point outside of the culvert, riprap will be placed at the outlet of the pipe to prevent erosion. The Pace
Creek discharge pointwill be located southeast of the fan shaft. The pipe will discharge directlyto the

o

o

o

o
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Allowing all upstream runoff in Dugout Creek to bypass the disturbed area through
the use of culverts;
Routing runoff from the adjacent undisturbed areas above the facilities through
culverts and diversion ditches where feasible to bypass the disturbed area; and
Routing any runoff from undisturbed areas which enters the disturbed area into the
sediment control system.

The location of each diversion ditch orculvertforthe main facility areais presented on Plate 7-5 or
in Addendum A to Appendix 7-9. Details regarding design of the diversions are presented in
Appendix 7-9. A brief list of the proposed diversion structures follows (refer to Plates 7-6 through
7-8 for the location of each watershed boundary):

Diversion Ditches:

Interception ditch UD-1 along the southeast border of the disturbed area will collects
runoff from adjacent undisturbed watersheds and direct the runoff into Dugout
Creek.
Disturbed drainage ditches DD-1a through DD-3care located within the main portion
of the facility pad, directing disturbed-area runoff from this pad toward the
sedimentation pond.
Disturbed drainage ditch DD-3a through DD-3c are located along the north edge of
the road that accesses the large and small substation pads. Runoff from ditches
DD-3a through DD-3c is conveyed to the sedimentation pond via culvert DC-S and
ditches DD-2a through DD-2d.
Disturbed drainage ditches DD-4 through DD-7 are located along the west side of
the water-tank access road. These ditches convey runoff from the water tank
access road to culverts DC-7 through DC-g. Culverts DC-8 and DC-9 discharge to
the slope above Dugout Creek because crests in the road prevent runoff from
reaching the sedimentation pond. Ditch DD-4 and Culvert DC-7 also discharge to
the slope above Dugout Creek. Although runoff in DD-4 could reach the sediment
pond it has been diverted because the runoff was creating large puddles and mud
holes in front of the principle access portal. Alternate sediment control is provided
for discharge from these ditches and culverts (see Section 742.200 of this M&RP).

Diversion Culverts:

Culvert DC-4is located along the northwest portion of the main facility pad. This
cufvert conveys runoff from DD-2e to DD-2d and to the sedimentation pond.

o
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Culvert DC-6 will convey runoff from the portal pad via a drop inlet to the lowerfacility
pad. This runoff will ultimatelydischargetothe sedimentation pond via ditches DD-9
and DD-2 and culvert DC-s.
Culvert DC-1 will conveywaterfrom ditches located on the south side of the facility
pad to the sedimentation pond.
Culvert DC-s will conveywaterfrom the substation access road into ditch DD-2 and
then to the sedimentation pond. A drop inlet is used on this culvert.
Culverts DC-7 DC-B and DC-9 are located along the water-tank access road,
conveying runoff from the roadside ditches to Dugout Creek. Because of the
presence of the crest in the road between the facility pad and these culverts, this
runoff cannot be conveyed to the sedimentation pond. Hence, alternate sediment
control has been provided as noted in Section742.200 of this M&RP.
Cufverts DC-2 and DC-3 convey runoff from the parking area and truck loop to
ditches DD-2b and DD-2c respectively. Both culverts have drop inlets.
Culverts UC-1 through UC-4convey undisturbed-area runoff from undisturbed
watersheds to the Dugout Creek bypass culvert (UC-6). Culvert UC-4 conveys
undisturbed-area runoff from ditch UD-1 to the Dugout Creek culvert (UC-6).
Culvert UC-s is located on the eastern tributary of Dugout Creek. Containing this
tributary in a culvert will prevent uncontrolled sediment from the adjacent disturbed
areafrom impactingthiswaterduringtheoperational period. Gabion basketswill be
installed adjacent to the culvert as shown on Dwg. No. 8101 in Appendix 7-9.
Culvert UC-6 is located on the main branch of Dugout Creek, containing the creek
through the disturbed area and allowing coal-haul trucks to enter and leave the
loadout pad and mine access/haul road. Installation of this culvert will protect
Dugout Creek from sediment which may be generated from the adjacent disturbed
areas.
Culvert DC-10 conveys runoff from the sediment basin beneath the storage racks
west of the office/warehouse building into ditch DD-1a.
Culvert DC-11 conveys runoff from the sediment trap to the sediment pond.

All diversion ditches will be maintained with adequate riprap or alternative erosion protection in the
ditch sections where flow velocities are predicted to be sufficiently high to require a ditch lining.
Adequate ditch capacities will be maintained in all ditch sections. Culverts will be kept free of debris
and each outlet will be protected with riprap where deemed necessary. Detailed diversion design
is presented in Section742.
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732.400 Road Drainage

Road drainage facilities wlll include diversion ditches, culverts, and containment berms. The road
drainage diversion ditches and culverts for the mine site are included in the list of diversions
presented in Section732.300 above. Additional road drainage design information is presented in
Section 742.

All road drainage diversions will be maintained and repaired to original condition following the
occurrence of a large storm event. Culvert inlets and outf ets wlll be kept clear of sediment and other
debris. Culverts to be installed on Dugout Creek to permit turning of the coal haul trucks are
discussed in Section 742.300.
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Provision of siltfences, riprap, contemporaneous revegetation, vegetative sediment
filters, a sedimentation pond, and other measures that reduce overland flow
velocities, reduce runoff volumes or trap sediment; and
Treatment of mine drainage in underground sumps.

7 42.200 Siltation Structures

General Requirements. Additional contributions of suspended solids and sediment to stream flow
or runoff outside the permit area will be prevented to the extent possible using a sedimentation pond.
The pond will be constructed before mining operations begin. The structures will be certified by a
qualified registered professional engineer.

The sedimentation pond has been designed and will be constructed and maintained as described
in Chapter 5 and Sections 733 and 743.

Someareaswithinthedisturbedareaboundarywill notflowtothesedimentationpond. Areasnot
contributing runoff to the sedimentation pond would be impractical, if not impossible, to divert to the
sedimentation pond due to their location. The proposed disturbed areas which will not flow to the
sedimentation pond can be generally described as areas downstream from the sedimentation pond,
areas along the water-tank access road, and the area occupied by the water tanks.

Areas of alternate sediment control (ASCAs) are shown on Plate 7-8 and in Addendum A to
Appendix 7-9. These include ASCA-1 (a small portion of the primary haul road downstream from
the sedimentation pond), ASCA-2 (the water-tank access road upstream from the crest in the road
below watershed WS-9 and upstream of culvert DC-8), ASCA-3 (the water-tank access road
upstream from culvert DC-g including the water tank area), ASCA-4 (the water-tank access road
upstrearn of culvert Dc-7 ), and ASCA-S (the topsoil storage area) .

ASCA-1 consists of a small portion of the primary haul road adjacent to and downstream from the
sedimentation pond. Sediment control in this area is provided by paving the road, thus precluding
the production of sediment from the ASCA.

Runoff from ASCA-2 is precluded from flowing to the sedimentation pond because of a crest in the
water-tank access road at the downstream edge of thisASCA. Instead, runoff from this area flows
to Dugout Creek via culvert DC-8 (see Plate 7-5). Sediment generated from this ASCA is controlled
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by installing silt fences or straw-bale dikes in ditch DD-s immediately upstream from the inlet to
culvert DC-8. These sediment-control devices have been installed in accordance with Figure 5-4.
Sediment which accumulates behind these devices will be periodically removed and either spread
on the adjacent road or disposed of with waste-rock generated from the mine.

Runoff from ASCA-3 is piecluded from flowing to the sedimentation pond for the reasons outlined
above. This runoff will flow to Dugout Creek via culvert DC-g (see Plate 7-5). Sediment generated
from this ASCA will be controlled by installing silt fences or straw-bale dikes in ditch DD-6
immediately upstream from the inlet to culvert DC-g. These sediment-control devices were installed
in accordance with Figure 5-4. Sediment which accumulates behind these devices will be
periodically removed and either spread on the adjacent road or disposed of with waste-rock
generated from the mine.

ASCA-3 also includes the water-tank area and the adjacent cut slope. Sediment yield from this area
will be controlled by placing a layer of gravel around the water tanks and the explosives magazines.
The cut slope west of the water tanks will also be contemporaneously reclaimed using the interim
seed mix identified in Section341.200 of this M&RP. Runoff which is generated from this ASCAwill
also flow through culvert DC-g, with additional sediment control being provided at the inlet to this
culvert as discussed above.

An additional alternate sediment control measure (ASCA-S) is implemented at the topsoil storage
area. Sediment contributions from this stockpile will be controlled by placing a berm around the
stockpile to prevent both runoff from the pile and run-on to the pile. The location of this berm is
indicated on Plate 2-3 and the design of the berm is noted in Appendix 7-9. Furthermore, erosion
from the stockpile will be minimized through the establishment of a vegetative cover on the pile, as
indicated in Section234.200 of this M&RP.

Runoff from ASCA-4 is on the water-tank access road. Instead of runoff flowing to the sediment
pond, runoff from this area will flow to Dugout Creek via culvert DC-7 . Sediment generated from
this ASCA will be controlled by installing silt fences or straw-bale dikes in the ditch immediately
upstream from the inlet to culvert DC-7. These sediment-control devices were installed in
accordance with Figure 5-4. Sedimentwhich accumulates behind these devices will be periodically
removed and either spread on the adjacent road or disposed of with waste-rock generated from the
mine.
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Sediment-control measures were implemented during the relocation of the west fork of Dugout
Creek. These measures will include installation of three straw-bale dikes and/or reinforced silt
fences in appropriate locations within the creek channel below the relocation site to minimize
potential contributions of sediment to Dugout Creek. The straw-bale dikes/silt fences will remain
in-place until channel relocation and pad construction is completed.

Pace Canyon Fan Portal Facilities
The entire site is an ASCA area. Sediment from the site will be controlled by a combination of
contemporaneous reclamation, revegetation, gravel, and the use of a sediment trap. Plate PC7-5A
identifies the various altemative sediment control methods thatwill be used and where the methods
will be irnplemented. Other than the realigned road and a small area on the outslope of the
sediment trap embankment the entire site will drain to the sediment trap. Although calculations in
AppendixT-12, Attachment 2 demonstrate that the contemporaneous reclamation, gravel, and
revegetation will reduce the sediment yield to less than pre-mining conditions a sediment trap will
be constructed to contain sediment generated by the site.

Sedimentation Ponds. A single sedimentation pond has been designed for the Dugout Canyon
Mine facilities. The sedimentation pond is located in the southwest corner of the disturbed area.
This pond will function individually.

The sedimentation pond will be located as near as possible to the disturbed areas as indicated on
Plates 7-4 andT-5. The pond will not be located within a perennial stream channel.

Design, Construction. and Maintenance

Sediment Storage Volume. The sedimentation pond has been designed to control sediment
from disturbed and undisturbed areas. The disturbed area contributing runoff to the sedimentation
pond contains 16.9 acres from watersheds DWS-1 through DWS-7 (portions of which will be
undisturbed or contemporaneously reclaimed - see Appendix 7-9). The undisturbed area
contributing runoff to the sedimentation pond contains 33.7 acres from watersheds WS-1 , -3, -5,
-6, -7, -8, -9a, and -1 1. Refer to Plates 7-7 and 7-8 for a delineation of watershed boundaries.
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TABLE 7.6
SUMMARY OF WATERSHED DATA

Watershed(") Curve Number Area (acres)
Time of Concentration

(hours)

WS.1 72 1.96 0.051

WS.2A 7 1 6.68 0.103

WS.2B 92 1.03 0.079

WS.3 70 4.87 0.071

WS-4 73 4.63 0.055

WS.5 70 15.9 0 . 1 1 9

WS-6 74 2.09 0.046

WS.7A 70 1 1 . 9 7 0.082

WS-78 88 1.05 0.016

WS.8 71 5.45 0.072

WS-9 7 1 4.42 0.068

WS.1O 7Q 47.77 0.198

WS.11 7 1 1 1 . 9 1 0.075

WS.12A 60 4.48 0.107

WS.128 88 2.35 0.048

WS.13 67 15.31 0.123

WS.14 67 13.11 4.147

WS-15A 67 5.58 0.067

WS.158 91 3.2 0.075

WS.16 95 0.56 0.059

WS.17 97 1.32 0.085

ODCWS-1a 66 1794.7 1.069

oDcws-1b 66 1794.9 1.223

See Plates 7-6, 7-7 , and 7-B for watershed boundaries
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TABLE 7.7

STAGE.CAPACITY CURVE FOR THE SEDIMENTATION POND

ELEVATTON (FT) AREA (FT') INCREMENTAL
VOLUME (FT3)

CUMULATIVE
VOLUME (FT3)

6,947 724 0

3,668

6,950 1,721 3,668

1 5,1 80

6,955 4,351 18,848

30,225

6,960 7,739 49,073

48,500

6,965 1 1 ,661 97,573
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Prevent, to the extent possible, additional contributions of suspended solids to stream flow
outside the permit area; and
Comply with all applicable local, state, and federal laws and regulations.

All diversions within the permit area will removed when no longer needed. The diversions will be
reclaimed in accordance with the reclamation plan defined in Chapter 5.

Peak discharge rates from the undisturbed and disturbed area drainages within the permit area
were calculated for use in designing diversion ditches and culverts. With the exception of the
culverts on Dugout Creek, the storm runoff calculations for the temporary diversion structures were
based on the 1O-year, 24-hour precipitation event of 1 .95 inches. For the design of the Dugout
Creek culverts, a 10O-year, 6-hour precipitation eventwas used, with a storm depth of 2.05 inches.

Curve numbers were based on those defined in Appendix 7-9 and professional judgement. A
description of the methods used to determine the peak discharge rates is presented in Appendix 7-
10 .

A precipitation gauge will be installed at the mine site in the summer of 2001to monitor and assess
the types of precipitation events occurring at the mine site. The information will be used to
determine if precipitation events exceed design parameters.

The disturbed and undisturbed drainage areas within and above the facilities area are presented on
Plates 7-6 through 7-8. A summary of the characteristics of watersheds contributing to the
diversions is presented in Table 7-6.

All proposed diversions are presented on Plate 7-5 or in Addendum A to Appendix 7-9. The
minimum capacity and freeboard of each diversion ditch and culvert was determined based on the
minlmum ditch slope. The maximum velocityand need fora channel lining oroutlet protection was
calculated based on the maximum ditch or culvert slope. Slopes were measured from a contour
map with a scale of 1 " = 50'. A description of the methods used to determine diversion capacities,
flow velocities, and riprap sizes is presented in Appendix 7-10. All diversion calculations are
presented in Appendix 7-9.

Diversion of Perennial and Intermittent Streams. Dugout Creekwill be diverted through culverts
within the disturbed area. UC-6 and UC-S consist of 60-inch diameter CMPs with mitered inlets.
Both culverts are designed to pass the peak flow, of approximately 90 cfs with a combined flow of
approximately 180 cfs belowtheirconfluence, from a 1OO-year, 6-hour storm eventwithout creating
a excess headwater above the top of the culvert. The justification for diverting the creek with
respect to the stream buffer zones is discussed in Section 731 .600. To the extent feasible, these
culverts will be installed during a season of the year other than the high-flow season.
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Culvert UC-s is located on the eastern tributary of Dugout Creek. This culvert will have a constant
slope of 4.9% and an approximate length of 160 feet. This culvert will merge with UC-s
approximately 1 15 feet downstream from the inlet of UC-6.

Culvert UC-6 is installed on the main branch of Dugout Creek, with a slope that varies from about
2.2% to 8.0% and an approximate length of 2140 feet. This culvert will also consist of a 60-inch
diameter CMP. To reduce the velocity at the culvert outlet below the velocities under natural
conditions, a riprap basin was constructed in the channel immediately downstream from the outlet.
This riprap basin will extend a minimum of 56.25 feet downstream from the culvert outlet and will
be underlain with a geofabric to prevent piping of the soil beneath the riprap (see Appendix 7-9).
This riprap section will be periodically monitored and modified if necessary to prevent erosion.

Detailed design calculations for culverts UC-6 and UC-5 can be found in Appendix 7-9. All designs
have been prepared byorunderthe direction of, and certified bya qualified registered, professional
engineer. The location of each culvert can be found on Plate 7-5 or in Addendum A to Appendix 7-9.

Calculations presented in Appendix 7-9 indicate that the capacity of Dugout Creek upstream and
downstream of culverts UC-6 and UC-5 is in excess of 3,000 cfs. This high natural capacity of the
stream channel has been caused by a combination of factors, including steep natural gradients,
narrow valleys which preclude the development of flood plains, and erosion of the channels due to
headcutting following failure of an old culvert located nearthe centerof the operationalfacility prior
to construction of the Dugout Canyon Mine. Hence, although UC-6 and UC-S have been designed
with a capacity of 1 80 cfs (see Appendix 7-9), the combined conditions of the stream channel noted
above indicate that it is not feasible to design these culverts to have a capacity at least equal to that
of the natural channel up- and downstream from the culverts.

The west fork of Dugout Creek nearthe Gilson waterwell will be relocated for approximately 50 feet.
This will be necessary to protect the retaining wall that stabilizes the well site and other support
facif it iesforthewell, mainlythewell house. RefertoAppendixT-11 design calculationsand typical
channel drawing for RD-4, the relocated portion of Dugout Creek will mimic this design.

Diversion of Miscellaneous Flows. Diversion ditches and culverts have been utilized within the
permit area to divert miscellaneous flows from disturbed and undisturbed area drainages.

Diversion Ditches. A summary table of the minimum channel geometry, channel slope, peak
discharge, minimum riprap requirements, maximum flow velocity and minimum freeboard values
for each diversion ditch within the facilities area is presented in Table 7-8. All calculations are
contained in Appendix 7-9. Within the main facility area, diversion ditches will generally be lined with
concrete if required for erosion protection, thereby aiding long-term maintenance of the ditches.
Each ditch has adequate capacity and erosion protection to safely pass the peak flow resulting from
the 1 O-year, 24-hour precipitation event. A description of the diversion ditches within the facilities
area is presented in Section 732.300.
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Diversio,n Culverts. A summary table of the culvert size, slope, peak discharge, outlet riprap, and
outlet flow velocity for each culvert within the facilities area is presented in Table 7-9.

All calculations are contained in Appendix 7-9. Except for culverts UC-6 and UC-S, each culvert has
adequate capacity and outlet erosion protection to safely pass the peak flow resulting from the 1 0-
year,24-hour precipitation event. Culverts UC-6 and UC-S were designed to conveythe peak runoff
resulting from the 1 OO-year, 6-hour precipitation event. A description of the diversion culverts within
the facilities area is presented in Section 732.300.

Diversion Berms. Although several berms are noted on Plate 7-5, these will be installed primarily
to meet MSHA requirements for safety concerns adjacent to slopes. However, these berms may
also locally convey runoff from higher-elevation pads to lower-elevation pads, where it will be
conveyed via diversion ditches to the sedimentation pond. Since none of the berms have been
designed specifically to convey runoff, no calculations concerning the hydraulic characteristics of
these berms are provided in Appendix 7-9.

742.400 Road Drainage

All Roads. The proposed roads within the facilities area are the county road which accesses the
mine site and the additional roads noted on Plate 5-2. All of the roads will be constructed to include
adequate drainage controlwith the use of diversion ditches and culverts. None of these roads are
located in the channel of an intermittent or perennial stream. Control
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structures have been located to minimize downstream sedimentation and flooding. Diversion
ditches and culverts for all roads are described in Section 732.300.

A generic cross section showing a typical diversion ditch adjacent to a road is provided in Figure 5-
1 . This cross section is typical of the ditches to be installed at the Dugout Canyon Mine. As noted
in Table 7-8, each of the ditches to be installed at the site will have positive freeboard when flowing
at the design rate. Hence, the ditches have been designed to avoid spreading of water on the
adjacent roads during the design event.

Primary Roads. The location of primary roads is discussed in Section 527 and presented on Plate
5-2 of this M&RP. The county road which accesses the mine site will be located by Carbon County,
where practical, along the alignment of the existing dirt road to minimize erosion and be on stable
ground. The access road will not ford Dugout Greek. However, prior
to entering the disturbed area, the county road will cross Dugout Creek using a 1 0'diameter circular
corrugated metal pipe culvert with headwalls. As this culvert is located outside the disturbed area
boundary and part of the county road, design of this structure was handled by Carbon County.
Within the disturbed area, Dugout Creek will be diverted through culverts UC-s and UC-6 to prevent
uncontrolled sediment from reaching the stream and to allow for efficient use of the site. A riprap-
lined energydissipaterwill be constructed downstream from the outletof culvert UC-6 towithstand
the peak flow from a 1 O0-year, 6-hour storm event. Calculations regarding the design of the energy
dissipater can be found in Appendix 7-9.

The drainage control system forthe primary roads within the permit area includes diversion ditches
and culverts. Except for culverts UC-S and UC-6, the diversions will adequately pass the peak
runoff from the 1O-year, 24-hour precipitation event. Culverts UC-6 and UC-S have been designed
to convey the peak flow resulting from the 1O0-year, 6-hour precipitation event. Culverts will be
constructed to avoid plugging or collapse and erosion at the inlet or outlet. Drainage details for the
access road are presented in Section 732.300.

Pace Canyon Road

Runoff and erosion on the road will be controlled by the use of water bars. The water bars will divert
any runoff from the road before an erosive volume of water can accumulate. Three water bars will
be placed approximately 200 feet apart on the road. The water bars will be placed as shown on
Plate PC7-5. The first water bar will be placed approximately 5 feet upgradient of the start of the
realigned road to prevent any runoff rom the existing road from flowing onto the road. The other two
water bars will divert any runoff that has fallen on the realigned road off the road into well vegetated
areas. Due to the berm running parallel to the road only precipitation falling directly on the realigned
road could impacttheroad. Therefore,veryllttlerunoff isexpectedtobegenerated. Thelittlerunoff
generated by the realigned road will be controlled by the water bars.
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TABLE 7-9

SUMMARY OF DTVERSION CULVERTS

Culvert

Existing

Pipe

Diameter

(in)

Inlet Type

Average

Pipe

Slope

(%)

Maximum

Allowable

Hw/D*

Inlet

Control

Capacity

(cfs)

Design

Dischar

ge

(cfs)

Minimum

Allowable

Culvert

Size

(in)

Design

Status

DC-l 24 Headwall 4.0 1.5 18 2.3 t2 OK

DC-2 t2 Projecting 6.9 1.3 2.6 0.8 <12 OK

DC-3 t2 Projecting 10.2 1.5 3.2 0.5 <t2 OK

DC-4 24 Headwall 5.6 1 .1 14.2 1.0 <t2 OK

DC-5 l8 Drop Inlet 14.6 2.4 15.5 0.2 <6 OK

DC.6 12 and6 Drop Inlet 17.8 2.0 3.5 0.1 <6 OK

DC-7 22 Projecting 5.6 1.5 t 4 0.2 <6 OK

DC-8 18 Projecting 5.6 1.8 1 0 0.1 <6 OK

DC-9 30 Projecting 5.6 2.1 4 l t .2 <12 OK

DC-r0 22 Projecting 4.1 1.3 t 2 2.1 t2 OK

DC.l1 24 Headwall 4.4 r.0 13.0 3.1 l 5 OK

DC-l2 l 8 Projecting 3.5 1.0 5.5 0.2 <6 OK

UC-I l 8 Projecting 32.0 1.2 7 0.1 <6 OK

uc-2 t8 Mitre 17.0 2.3 l3 0.2 <6 OK

uc-3 18 Projecting 18.0 2.4 l3 0.4 <12 OK

uc-4 l 8 Drop Inlet 25.0 2.0 l 1 0.2 <6 OK

uc-s 60 Headwall 2.0 + 1.8 230 8e.2 @ <48 OK

UC-6

(inlet)
60 Headwall 2.0 + 2.6 300 e0.4@ <49 OK

uc-6

(barrel)
60 NA 2.0 + NA NA

185.48

@
60 OK

{.
+

@

HWD : Ratio of the maximumheadwater depth and the culvert diameter

Values are for the minimumpipe slope to insure adequate capacity.

I O0-year 6-hour storm event
For a drop inlet the inlet control capacity is determined assuming a projecting culvert since the area of the grated inlet is greater than the

area of the culvert,
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APPENDIX 7.9

Diversion and Culvert Design Calculations
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Table z-z.--Runoff curve numbers for selected agricultr:ral, subr:rbanr d'drrrban land lJse. (.qnieced,ent moisture eondition rI, and Ta = o.2s) 
-l

I.A}ID USE DESCSIPTTON
IryDROLOGIC SOIL CROUP

A B c D

Crrltlvatecl leadl/ : rrlthout conse:irratton treataeat

: rlth consenratlon treatuent

T2
62

81

7r

88

T8
91

81

Pasture or rBage laacl: poor cond,ltloa

good, condltlon

58

39
T9
5x

86

7l+

89
80

!Gad,or: good. cond.itloa 30 58 ?1 78

I{ood or Foregt 1aad.: tbia sta,nd., poor cover, ao utrlcb

good coverS/

\ ,
2 '

66

,5
T7
?0

83

77

Opea Spaces, lerras, psb, goJ.f courlres , eeueterles, etc.
good, condltloa: glass cover od Tjl or trore of tb'e erea

fair coud,itlon: grass cover oa irOl fo TJI of, the area

39
l+9

51
69

T\
T9

80
8l+

Couerclel aait brrslaege areds (B:l Uperrious) 89 92 g4 9 '

Iadwtrlel illstrlcts (TAt {FFervtoug ) 81 88 91 93

Regtdeatlef:!/

Average lot slze Average I rnperrrlo*!/

1/8 acre or less 6,
1/t+ acre 38
1/3 acre 30
L/2 *te 2j
I acre ZO

T1
6L

,7

5b
51

85
,r,
'12

70
68

90
83

81
80

79

92
8T
85
I5
8l+

Pavcd, perktag lots, roofE, drlvorays, etc.!/ 98 98 98 98

Streets aod, roads:

pavcd. wttb crrrbs end. stotn 
""r"t"!/

gravel

ill.r.t

98
76
T2

98
85

82

98
89
8?

98
9r
89

l/ ror a tlore detetlecl clescrlptlon of, agrtcultural land uge curye ar.ubers refer to
satlona.l Engiaeerlag Haaclbook, sectlin l+, Irya,rologr, cbapter 9, Agg. Lgrz.

3/ Cooa cor€r la protected, fton grczlng ssd. llttcr aad, bnrsh covcr soll.
!/ ctrro. aumbers arc couputed, esEu:llng thc nruoff, fron the bougc aad drlvcvry

ls cllrected, tonards tb.e street rrlth e ulninun of roof vater d,lrected, to larlns
rtrere adclltlonal inflltratlon corr.ld, occut.

t/ nt" rc-'lnlag pcnrloua a;rceg (hrra) r,re conctdered to be lu good Beatr:rc cond.ltton
for tbccc curyc. nunberg.

2/ to rogo sarE r cllnatcr of thc country a curva nunbcr of 9i netrr !c used,.

t l

U l  t .  O " p {  a €  ( * q " , 4 * n i f n , c t  l a t 7 7
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Table T.  l r -Cont inued

C^RYYTLLE 8  CENTRAL POINT
C^SA GR NOE C CERESCO
CASCADE C CERRTLLOS
CASCAJO E C ER,RO
cAsctLLA 8 CHACRA
CASCO 8 CHAFFEE
clsE B CI|AGRI I
CASECTER D CTIAIX
;ASEY C CHAtFolrT
:ASHEL C CHALflERS
:ASHIofl  D CHAHA
CASHTERE 8 CHAI{8€R
c^sHxo}lT I CHAXEERINO
cAs lr{0 A CHAr{t SE
cAsllo o cHAf{OKAilE
CASPAR I CfiAHAIOt{
CASPIAI{A B CHAilCE
CASS A CHANOL€R
CASSAOACA CHATIEY
cAsstA c cHANt{AltOll
cAsstRo c cHAt{r+tilc
cassotARl E CHArftt
CASSVTLLE CHAi lT IER
CASTAIC C CHAPI I {
CASTALIA C CHAPH N
cAsTAlrA I CHAPPELT
CASTELL C CHARO
CASTTI.E T CHARGO
cAsTti lo C CHARTlOlt
CASTLE O CI{AR,I rY
CASILEYALE O CHARLE8OI S
CASTNEfl C CHARTESTOTT
cAsTo c CI|ARLEVOIX
CASTRO C CHARLOS
CASTROVITLE 8  CH^RLOTTE
CASUSE D CHARLTON
CASIELL O CHISE
CATALINA 8 CHASESURG
CATALPA C CHASEYTLLE
CATANO A CHASTA
CATARINA O CHASTAII{
cArAULl c cHAlSURr{
C^TAI8A 6 CHATFIELO
CATH 0 cflATHArl
CATHCART C CH^T5HO8IH
CA'II€DRAL O CHAUNC€Y
CATHERTIIE 8.ID CHAYTES
CAT}NO O . CHAIAIIAI(EE
CATLETT CIO CTIEAOLE
CATLIi l  8 CHECKETT
CATilTP O CTIED€HAP
CATOCTIN C CHEEXTOTACA
CATOOSA . B CHEESEHAil
CATSXTLL A CHEHALEII
CATTARAUGUS C cH€lt^Lls
CAUOLE 8 CHEHULPU}I
CAVAL I CsELAll
CAV€ O CHELSEA
CAYELT O CHEI,IAI'A
CAVE ROCI( A CH€I,II'NG
CAYO O CHEI{
CAYODE C CHEilr
CAVOUR 0 CHEI1ANOO
CAIKER 8 CHEflEY
CAYAGUA C CHEdilESY
CAYLOR B CHENOHETH
CAYI,GA C CHEQU€ST
CAZAOE8,O C CHERE€TE
cAzAooR E CHERIOT{!
CAEENOVIA 8  CHEROKEE
CEBOTTA C CHERRT
CEEOT{E C GHERR.YHI LL
CECI I  8  CHERRY SPRINGS
CEOA B CHESAT
CEDARAN O CHESHTR€
ceoAR SrrTTE c cHESHT{tnA
CEOAREOG€ 8 CH€sil t i l I IUs
C€OAR ITOUNTAIN D CHESIEI
CEDARV ILLE E CHESTERTON
cE 00N tA 0 cltE Tc o
C€DROI{ CID CHETEK
CELAYA B CHEVELOT{
CEt ETOII D C}IE IIACLA
CEt TNA C CIIE IELAH
C€LTO ^I) CHEYENNE
CELLAR O CHIARA
CENCUYE 8  CHTCKASHA
CEi lTER C CHTCOPEE
CEITTER CREEX 8  CHICOTE
C E N T € R F I E L O  8  C H I G L E Y
CEI ITERVILLE O CHI  LCCTT
cEt tTRAt tA  s  CHt  L lS

IIUTES A ELANK HYOROI.OGIC
I r0  50 tL  GRqUpS SUCH AS

SHTQUITO CIO CLEGG
I cHIRIcArul o ctEl l t i
I  cHlspa B ctEns
O CHITI i l ^  B  CTEiYILLE
D CHTTTENDEN C CLEORA
D CHl rHoOo C c tERF
c cHrvaro D ctERl{s{i
C CHITAI'A g CLEV ERT,I
I clr.o F Cl rCf
A CHOB€E O.  cL IFEoo iN.
No cH( rK 6 . to  c r l tF tbusE
8 cHocoloc;o g crtEEdfrb ,
c cHriFA(a q clrFFtlooo
I clroPTANK I clrrt  Rsi j i i
A CHoPTIE o cLtF?61
C CHORAL'IOilT B CLIFTY
o cltosru 6 cLttrARA
I CHOTEAU C cL tf t ix
c cHRIsrtAn C ct l t iE
I cHRrsTtAr{A g cLIi lTol
D c l rR ls r tA i lBURG g c t lppER
C CHRISTY O CLOOINE.
I CHRO,€ C eto$tAsf
c CHUALAR 6 cr.ocuAct Ur{
c CHUEES C c[oquATd
o CHUCKAXALLA 6 cloeuEr
S CHUGTER I '  CLA'O ., , : ,
O CTIULITNA F CTOUOCiOFT
c cl{rf+ty lt o ct ouo prjii
c cHrrlsr IcK g crouo i lfi
s CTUPADER C CLou€n
0 CHURCH p CLoVERDILE .
B cHuRcHtLL o cloy€R spirnds
A CFURCHVILLE O CTOYIS
I Cr{rRil 0 cuurr

C}T.lRNDASHE R
CI{UTE
CIALES
CI EEQUE
cl Bo
CI EOL.A
C ICERO
CIORAL
C IENESA
C I,{A
CT IIARRON
CI ilC I NNAI I
cl r{co
c tr{otRcoN€
CINEEAR
cl fiTRONA
CT PR IANO
CIRCLE
C I R C L E V I L L E
cI  sn€
c t s P U s
c t T t c 0
CLACKAI{A5
CLAT SORNE
CI.A I Ri
C LA IRE HOI{T
CLALLAI{
CLA}I CULCH
CLAHO
C LANTIJN
CLAPPER
C L^F,EilORE

B CLUI{ I E
A CLU8oE
0 cluRo
E ci.Yot ,
0 cLYxEd .
9- CoACH€L tA
0 c0A0
c  c o A t . 9 R E E K
c coALl{${T
I coAilo
c  coAnsEGO[0
c goATIccok
A COATSEURG.
B go-.8s .
B cOsEN
o Cogiv.
D COEURG
C COCHETOPA
c c0c0A
o coco r- lt- ti
a crtoot(us
0 c00Y
c coE
I CoESUR'{
A C0E80CX
8 COFF
C COFFEEK
O COGGON
c coGsk€LL
c cofos sET
B CO}OCTAH
0 coro E

c o K e L  I
COKER O
COXESEURY O
C O K E Y T L L E  8
coLBATt{ Clo
C O L E E R T  O
COLBURN A
COLBY 8
COLCH€sIER 8
C O L D C R E E K  9
coLDEr{  0
co l t  sPRt i lGs  ,  c
C O L E  B I C
CoLE8R,OoK I
ccLEHqi l  c
COLE I{A NTOI'N D
COLETO A
COLFAX C
C O L T B R O  B
C O L I H A S  B
COTLAI IER C
CoLLARo I
COLLSRAI{ C
cotLEEr{  c
C O L L E G T A T E  C
COLLETT C
C O L L I E R .  A
CCLLIT{GTON 8
coLLI i lS  C
COLL II{ STON C
C O L L T N S V I L L E  C
COLHA S
COLHOR 8
coto  B
caLocKur{ B
c o L o n A  A .
CoL0HBO I
cotoi lA c
COTONIE A
cotoR^Do I
c0 t0R0cx  o
coroso 0
cotossE A
COIP D
C O L R A T N  8
coLroi l  A
CoLTS r {EgK : .  I
COLUHSIA B
COLUHE I NE .A
COLUSA C

8 CHI LGR,EN
A CHILHO|.  IE
8  C H T L I
c cHtL l (^T
C  .  C H I L L I C O T H E
C  C } I T L L I S A U A Q U €
8 CHI LLUI{
8 CHI L'{ARK
C  C H I L O
C  C H I L O Q U I N
s cHt lson
C  C H I L T O N
c cHl r{aYo
B CHI IINEY
8 CHINA CREEK
8  C H I N C H A L L O
g I O  C H T N I A K
I  C H ! N o
c cHtNooK
S  C H I P E T A
B  C H I P L E Y
S  C H I P H A N
D  C H I P P € N Y
C  C H I P P E I A

c
c
a
I
c

CLAR ESON
C L A R E Y T T L E
ctlR lr{oA
clan iorl
CLAR ITA
cLARr(

8 CLAR,X FORK
E CLARKSSURG
AI  O CTARKSDALE
8 CLARKSOI{
D CLARKSY ILLE
B CLARNO
O CLANY
B CLAIO
S CLATSOP
SID CLAVERACK
A CL taso t
8I C CLAYBTNN
B c t  AyspRrNds
D CLAYIiil
c  CLEABFTETo
D CLEAR LAIi€
p  c leek
SIO CTE ELUH

COI(EDALE

COLV T LLE

COHPTCHE
COHPTON

0
I
0
I
A
c
c
B
B
E
B
B
0

s
0
B
c
0

I
I
I
B
I
B
c
0
I
A
s

I

B
c
B
D
o
c
8
E t c
D
I
c
E
s
D
0
c
B
D
D
B
I

D

D
E
B
6

0
c

Etc

0
I
0
B
c

A

c
A
A
c
D
0
I
I

I
0
B
c
E E \

BlC

stc

' l

I
v

cJLYt t {  C
couaooD sto
coLY .  S
COLYER ClO
COI{ER B
c o r { E R t o  : 8
cofiElA O
COIIFREY C
COI{ ITAS A
cox lY  C
cor,tilERcE c
c0|{0 A

ffi

o
A
A
8
c
E
c
A
l)
o
c
I
c
A
I
c
s
I
c
D
I
c
c
B
8
o
I
I
0
c
0
I

S O I  L
g lc

I' c

CLARENCE -O COTT
6 R O U P . I N O I C A T E S  T H €  S O I L  G f l O U P

INOTcATES TH€ ORAINED/Ui lORAI I iED

coxsTocr c
cor{us I
coxALS I
col{Ailt c
corASAUcA C
3 0l{A TA 0
cortSoY o
co{cHls c
colcHf, c
CONCOIIULLY 8
colrcoRo o
C O N C R € E K  8
coiloA c
c0{0t  r  o
coNoort c
CONE A
c0{EJ0 c
CON€STOOA B
co{Esus I
COXGAqEE 6
coxcER I
cox t  o
coNrLlN 8
clfltEil B

J ETEI{ I  NEOr{A's uor a
S I T U A T I ] {o NEH Notice 4-fOZ, August LgTz
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9.2

Table 9.1 . - -Rr:noff curve numbers for Lryd.rologic soll -cover eompLexes

(Anteeedent moisture cond,ition If , and Ia = 0.2 S)

Cover
Land. use Treatnent

or practice
Hydrologic
condition

d.rologic soil

Fal].ow

Row crops

Sma11
grai.n

C].ose -seed.ed
legr.uoes !/
or
rotation
nead.ow

Pasture
or range

Meadow

Woods

Fa:rnsteads

Straigbt row

rr 
Poor

rr 
Good

Contoured Poor
?f 

Good
ttand terraced. poor
It t l tt 

Good

Straight row poor

Good
Contor:red poor

Good
ttand terraced poor

Good

Straight rorlr poor
tl It 

Good
Contor:red poor

It 
Goodtrand terraced. poor

ttand. terraced Good

Contoured,
I t

I'

Poor
Fair
Good
Poor
Fair
Good

Good

Poor
Fair
Good

: : : -
Roads (airt) z/

(nara slrface) 4

77

72
6l
7o
6Z
66
6e

6,
6l
6l
5r
6t
,e
66
58
64
,,
6l
5t

6B
4g
39
4f
2'
5

3o

1+,
76
2'

,9

72
7\

A Close-dri I led or broadeast.
4 fnclud.ing right-of -way.

94

8r 88 9t
78 8' Bg
79 84 88
75 Bz 86
7\ 80 Ba
71 78 Br

76 84 88
7' Bt 8r
74 8z B,
73 8r 8l+
72 79 Be
70 78 8r

77 8' 8g
72 8r 8,
7' 81 8'
6g T8 81
71 80 81
6f 76 80

7e 86 Bg
6g T9 Bl+
6t 7\ 80
61 8r 88
,9 7' 85
5' 70 79

58 7L 78

66 7T 8t
6o T1 79
, ,  70,77

T4Bz%

8a 8t Bg
8l+ 9Q 92

(ZoF, Q<,t o.rf i  o.f frqn,',-rn{*ur-.. , lq7L )
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Triangular Hydrograph

SCSHYDRO

Calculat ions using

Program

Watershed I .  D.  :
ws-]. 10-YR 6-HR

INPUT ST]MI,IARY

STORM :
D is t . :  Scs  Type  -b r

Depth =  L .35 inches
Durat ion =  6 .0  hrs

WATERSHED :
A r e a  :  1 . 9 6  a c r e s
C N  =  7 2 . O O

T i m e  c o n c . :  0 . 0 5  h r s

OUTPUT STJMMARY

Runoff depth:
Ini t ia l  abstr :
Peak f low:

at t ime:

O.  073  inches
O . 7 7 8  i n c h e s

O .  0 5  c f s  (  0 .  O 2 7  i p h  )
3 . 5 0 9  h r s
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Triangular Hydrograph

SCSHYDRO

Calculations using

Progrram

Watershed I .  D. :
ws-2A 10-YR 6-HR

INPUT SUMI\ARY

STORM :
Di .s t . :  ScS Type *b |

Depth :  1.35 inches
Durat ion =  6 .0  hrs

WATERSHED :
A r e a  :  6 . 6 8  a c r e s
C N  :  7 1 . 0 0

T ime conc . :  O .  10  h rs

OUTPUT SI'MT{ARY

Runoff depth:
Ini t ia l  abstr :
Peak f low:

at t ime:

O . 0 6 2  i n c h e s
0 . 8 1 7  i n c h e s

O .  1 5  c f s  (  0 .  O 2 2  i p h  )
3 . 5 2 9  h r s



Triangular Hydrograph Calculat ions using

SCSHYDRO Program

Watershed l .D.:
WS.2B 1O.YR 6-HR

INPUT SUMMARY

STORM :
Dis t .=  SCS Type 'b '
Depth -  1 .35 inches
Durat ion = 6.0 hrs

WATERSHED :
Area = 1.03 acres
CN = 92.00

Time conc.= 0.08 hrs

OUTPUT SUMMARY

Ru noff depth : O.67 6 inches
ln i t ia l  abst r :  0 . I74 inches
Peak flow: 0.66 cfs ( O.637 iph )

at  t ime: 2.507 hrs
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Triangular Hydrograph

SCSHYDRO

Calculations usingr

Program

Watershed f .  D.  :
ws-3 10-YR 6-HR

INPUT ST'MII,IARY

STORM :
D is t .=  ScS  Type  -b f

Depth :  1 .35 inches
Durat ion =  6 .0  hrs

WATERSHED :
A r e a  :  4 . 8 7  a c r e s
C N  :  7 0 . O O

T i m e  c o n c . :  0 .  0 7  h r s

OUTPUT ST'MII{ARY

Runoff depth:
Ini t ia l  abstr :
Peak f low:

at t ime:

0 .051  i nches
0 .857  i nches

0 .09  c f s  (  0 .01 -9  i ph  )
5 .510  h r s
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Triangular Hydrograph

scsHyDRo

Calculat ions using

Progrram

Watershed I .  D.  :
ws-4 L0-YR 6-HR

INPUT SUMI,IARY

STORM :
D is t . :  scs  Type  tb r

Depth :  1 .35 inches
Durat ion =  6 .0  hrs

WATERSHED :
A r e a  :  4 . 6 3  a c r e s
C N :  7 3 . 0 0

Tirne conc.  = 0.  06 hrs

OUTPUT SUMMARY

Runoff depth:
fni t ia l  abstr :
Peak f low:

at  t ime:

O . 0 8 6  i n c h e s
O . 7 4 0  i n c h e s

0 .  1 5  c f s  (  0 .  O 3 2  i p h  )
3  . 5 0 5  h r s
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Triangular Hydrograph

SCSHYDRO

Calculat ions using

Program

Watershed I .  D. :
ws-s 10-YR 6-HR

INPUT SUI{I,IARY

STORM :
D is t . :  SCs  Type  *b r

Depth :  1 .35 inches
Durat ion =  6 .0  hrs

WATERSHED :
A r e a  :  1 5 . 9 0  a c r e s
C N  =  7 0 . 0 0

T i m e  c o n c . :  O . L 2  h r s

OUTPUT SUIUMARY

Runoff depth:
fni t ia l  abstr :
Peak f low:

at  t ime:

0 . 0 5 1  i n c h e s
0 . 8 5 7  i n c h e s

0 . 3 1  c f  s  (  0 .  O 1 - 9  i p h  )
5 . 5 2 2  h r s
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Triangular Hydrograph Calculat ions using

SCSHYDRO Program

Watershed l .  D.:
WS.6 1O.YR 6.HR

INPUT SUMMARY

STORM :
Dis t .=  SCS Type 'b '
Depth -  1 .35 inches
Durat ion = 6.0 hrs

WATERSHED :
Area = 2.09 acres
CN = 74.O0

Time conc.= 0.05 hrs

OUTPUT SUMMARY

Runoff  depth: 0.101 inches
lni t ia l  abstr :  0.703 inches
Peak flow: 0.09 cfs ( O.042 iph )

at  t ime: 2.515 hrs
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Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed l.D.:
WS-7A 1O-YEAR 6-HOUR

INPUT SUMMARY

STORM :
Dist.= SCS Type 'b'

Depth = 1.35 inches
Duration = 6.0 hrs

WATERSHED :
Area = 11 .97 acres
CN = 70.00

Time conc.= 0.08 hrs

OUTPUT SUMMARY

Runoff depth: 0.051 inches
Initial abstr: 0.857 inches
Peak flow: 0.23 cfs ( 0.019 iph )

at t ime: 5.510 hrs



t7

Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed l.D.:
WS-7B 1O-YEAR 6-HOUR

INPUT SUMMARY

STORM :
Dist .= SCS Type'b'
Depth = 1.35 inches
Duration = 6.0 hrs

WATERSHED :
Area = 1.05 acres
CN = 88.00

Time conc.= 0.02 hrs

OUTPUT SUMMARY

Runoff depth: 0.475 inches
lnitiaf abstr: 0.273 inches
Peak flow: 0.51 cfs ( 0.478 iph )

at time: 2.500 hrs
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Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed l.D.:
WS-8 l O.YEAR 6-HOUR

INPUT SUMMARY

STORM :
Dist.= SCS Type 'b'

Depth = 1.35 inches
Duration = 6.0 hrs

WATERSHED :
Area = 5.45 acres
CN = 71.00

Time conc.= 0.07 hrs

OUTPUT SUMMARY

Runoff depth: 0.062 inches
Init ial abstr: 0.817 inches
Peak flow: 0.12 cfs ( 0.022 iph )

at t ime: 3.514 hrs



Triangular Hydrograph

SCSHYDRO

Calculat ions using

Program

Wate rshed  I .D . :
ws-9 10-YR 6-HR

INPUT SI'I{MARY

STORM :
D i -s t .=  scs  Type  -b r

Dep th  =  1 .35  inches
Dura t ion  :  5 .0  h rs

WATERSHED :
Area  -  4 .42  ac res
C N  :  7 1 . 0 0

T i m e  c o n c . :  0 . 0 7  h r s

OUTPUT STJMT,IARY

Runoff depth:
Ini t ia l  abstr :
Peak f low:

at t ime:

O . 062 inches
0 . 8 1 7  i n c h e s

0 .  1 0  c f s  (  0 .  O 2 2  i p h  )
3 . 5 0 9  h r s
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Triangrular Hydrograph

SCSHYDRO

Calculat ions using

Program

Watershed f .  D.  :
ws-10 10-YR 6-HR

rNPUT SUMITIARY

STORM :
D is t .=  ScS  Type  ' b r

Depth :  1 .35 inches
Durat ion =  6 .0  hrs

WATERSHED :
A r e a  =  4 7 . 7 7  a c r e s
C N  :  7 0 . 0 0

T i n e  c o l l c . :  O . 2 O  h r s

OUTPUT SUMITIARY

Runoff depth:
In i t ia l  abst r :
Peak f low:

at t ime:

0 . 0 5 1  i n c h e s
A . 8 5 7  i n c h e s

0 . 9 1 -  c f s  (  O .  O 1 - 9  i p h  )
5 . 5 4 4  h r s
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Triangular Hydrograph

SCSHYDRO

Calculat ions using

Program

Watershed I .  D. :
ws-11 10-YR 6-HR

rNPUT SUMITIARY

STORM :
D i s t . =  s c s  T y p e  - b l

Dep th  :  1 .35  inches
Durat ion = 6.0 hrs

WATERSHED :
A r e a  :  1 L . 9 1  a c r e s
C N  =  7 1 . 0 0

T i m e  c o n c . :  O . 0 8  h r s

OUTPUT SUM}IARY

Runoff depth:
Ini t ia l  abstr :
Peak f low:

at t ime:

O.  062  inches
O . 8 1 7  i n c h e s

0 . 2 6  c f s  (  0 . 0 2 2  i p h  )
3 .  51-0 hrs



Triangular Hydrogrraph

SCSHYDRO

Calculat j-ons using

Program

Vi la te rshed  I .D . :
WS-L2A 1O-YR 6-HR

rNPUT SI'MMARY

STORM :
D i s t . =  S c s  T y p e  - b l

Dep th  :  L .35  inches
Dura t ion  =  6 .0  h rs

WATERSHED :
A r e a  =  4 . 4 8  a c r e s
C N :  6 0 . 0 0

T ime conc .  =  0 .  11  h rs

OUTPUT ST'M}IARY

Runoff depth:
Ini t ia l  abstr :
Peak f low:

at t ime:

0 .  O O 0  i n c h e s
1 . 3 3 3  i n c h e s

0 .  0 0  c f s  (  0 .  O 0 0  i p h  )
6 . 0 4 9  h r s
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Triangular Hydrograph

SCSHYDRO

Calculat ions using

Program

Watershed I .  D.  :
WS-LzB IO-YR 6-HR

TNPU1T ST'MIUARY

STORM :
D i s t . :  S C S  T y p e  

- b l

Dep th  :  1 .35  inches
Dura t ion  :  6 .0  h rs

WATERSHED :
A r e a  :  2 . 3 5  a c r e s
C N  :  8 8 . 0 0

T ime conc .  =  0 .  05  h rs

OUTPUT SI'MIqARY

Runoff depth:
Ini t ia l  abstr :
Peak f low:

at t i-me:

O . 4 7 5  i n c h e s
O . 2 7 3  i n c h e s

l - .  l -0  c f  s  (  o .  463  iph  )
2  . 5 O 2  h r s



7r l

Triangular Hydrograph

SCSHYDRO

Calculat ions using

Program

Watershed I .  D. :
ws-L3 10-YR 6-HR

INPUT SUMITIARY

STORM :
D i s t . =  S c s  T y p e  

' b l

Dep th  :  1 .35  inches
Dura t ion  :  6 .0  h rs

WATERSHED :
Area :  15 .  31-  acres
C N  :  6 7 . 0 0

T i m e  c o n c . =  O . L 2  h r s

OIJTTPUT SUMIIT.ARY

Runoff depth:
Ini t ia l  abstr :
Peak f low:

at t ime:

0 .025  i nches
0 .985  i nches

O.  L9  c f s  (  0 .  OLz  i ph  )
5 .527  h r s
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Triangular Hydrograph

SCSHYDRO

Calculat ions using

Program

Watershed I .  D. :
ws-14 10-YR 6-HR

INPUT SU}IIIIARY

STORM :
D is t . :  scs  Type  ' b l

Depth :  1.35 inches
Durat ion =  6 .0  hrs

WATERSHED :
Area : 13 . 1l- acres
C N  :  6 7 . 0 0

Time conc. :  0  .  l -5  hrs

OUTPUT SI'MI,IARY

Runoff depth:
Ini t ia l  abstr :
Peak f low:

at t ime:

0 .  025  inches
0 . 9 8 5  i n c h e s

0 .  1 6  c f s  (  0 .  O L z  i p h  )
5  . 5 4 7  h r s
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Triangular Hydrograph

SCSHYDRO

Calculat ions using

Program

Watershed  I .D .  :
WS-15A 1O-YR 5-HR

INPUT ST'MI{ARY

STORM :
D is t .=  ScS  Type  -b r

Depth :  1 .35 inches
Durat ion :  6 .0  hrs

WATERSHED :
A r e a  =  5 . 5 8  a c r e s
C N  :  6 7 . 0 0

T ime conc .  =  O.  07  h rs

OUTPUT ST'MMARY

Runoff depth:
In i t ia l  abst r :
Peak f low:

at t ime:

0 .  025  inches
0 . 9 8 5  i n c h e s

0 .  0 7  c f s  (  0 .  0 L 3  i p h  )
5 . 5 L 2  h r s
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Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed l.D.:
WS-158 l O.YEAR 6-HOUR

INPUT SUMMARY

STORM :
Dist .= SCS Type'b'
Depth = 1.35 inches
Duration = 6.0 hrs

WATERSHED :
Area = 3.20 acres
CN = 91.00

Time conc.= 0.08 hrs

OUTPUT SUMMARY

Runoff depth: 0.620 inches
Init ial  abstr:  0.198 inches
Peak flow: 1.90 cfs ( 0.590 iph )

at time: 2.510 hrs
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Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed l.D.:
WS-16 1O-YEAR 6.HOUR

INPUT SUMMARY

STORM :
Dist.= SCS Type 'b'

Depth = 1.35 inches
Duration = 6.0 hrs

WATERSHED :
Area = 0.56 acres
CN = 95.00

Time conc.= 0.06 hrs

OUTPUT SUMMARY

Runoff depth: 0.875 inches
Init ial  abstr:  0.105 inches
Peak flow: 0.45 cfs ( 0.802 iph )

at time: 2.502 hrs
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Triangular Hydrograph Calculations using

SCSHYDRO Program

Watershed l.D.:
WS-17 1O-YEAR 6-HOUR

INPUT SUMMARY

STORM :
Dist.= SCS Type'b'
Depth = 1.35 inches
Duration = 6.0 hrs

WATERSHED :
Area = 1.37 acres
CN = 97.00

Time conc.= 0.09 hrs

OUTPUT SUMMARY

Runoff depth: 1 .039 inches
Initial abstr: 0.062 inches
Peak flow: 1.25 cfs ( 0.902 iph )

at time: 2.505 hrs
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Triangular Hydrograph

SCSHYDRO

Calculatj.ons using

Program

Watershed I .  D.  :
ws-3 100-YR 6-HR

INPUT SUMMARY

STORM :
D is t . :  ScS  Type  -b l

Depth  =  2 .OS inches
Durat ion :  6 .0  hrs

WATERSHED :
A r e a  :  4 . 8 7  a c r e s
C N  :  7 0 . 0 O

T i m e  c o n c . :  0 .  0 7  h r s

OUTPUT ST'IIII4ARY

Runoff depth:
fni t ia l  abstr :
Peak f low:

at  t ime:

O.260  i nches
0 .857  i nches

0 .93  c f s  (  0 .1 -90  i ph  )
2 .  5 l-8 hrs
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Triangular Hydrograph

SCSHYDRO

Calculat ions using

Program

Watershed f .  D.  :
ws-s 100-YR 6-HR

INPUT SIJI4MARY

STORM :
D i s t . :  s c S  T y p e  ' b l

Dep th  :  2 .OS inches
Dura t ion  =  6 .0  h rs

WATERSHED :
A r e a  :  1 5 . 9 0  a e r e s
C N  :  7 0 . O O

T i m e  c o n c . :  O . ! 2  h r s

OUTPUT SUI{MARY

Runoff depth:
In i t ia l  abst r :
Peak f low:

at  t ime:

O.260  i nches
0 .857  i nches

2 .66  c f s  (  0 .  L66  i ph  )
2 .555  h r s
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Triangular Hydrograph

SCSHYDRO

Calculations using

Program

Watershed I .  D. :
ws-13 100-YR 6-HR

INPUT SUMITARY

STORM 3
D is t . :  scs  Type  tb f

Depth :  2 .O5 inches
Durat ion =  6 .0  hrs

WATERSHED :
Area = 15 .  31-  acres
C N  :  6 7 . 0 0

Tirne conc. :  O .  t2  hrs

OT]ITPUT St'MMARY

Runoff depth:
In i t ia l  abst r :
Peak f low:

at  t ime:

O . 1 8 9  i n c h e s
O . 9 8 5  i n c h e s

1 . 2 8  c f  s  (  0 .  O 8 3  i p h  )
2 . 5 7 5  h r s



Triangular Hydrograph

SCSHYDRO

Calculations using

Program

Watershed I .  D.  :
ws-L4 10o-YR 6-HR

INPUT SI'MMARY

STORM :
D is t . :  scs  Type  ' b r

Depth :  2 .O5 inches
Durat ion :  6 .0  hrs

WATERSHED :
Area : l -3 .  11 acres
C N  :  6 7 . 0 0

T i m e  c o n c . :  O . l - 5  h r s

OUTPUT SI'MMARY

Runoff depth:
fni t ia l  abstr :
Peak f low:

at t ime:

0 .  189  inches
0 . 9 8 5  i n c h e s

1 . O l -  c f s  (  0 . 0 7 6  i p h  )
2 . 5 8 7  h r s
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DUGOUT CANYON MINE
DIVERSION DITCH DESIGN FLOWS

Note: When only part of a watershed contributes runoff to a ditch or culvert the runoff will be
determined by multiplying the total flow by the percentage of the watershed area flowing to the
ditch or culvert. In some cases the total watershed runoff may be used.

Design flows are rounded up to the nearest tenth of a cfs.

All design flows are for a 10-year, 6-hour storm event.

Diversion Ditch Contributing Watersheds
Design Flow

(cfs)

0o-  la lZ . ,  feb ,  16",  ,  l5h 3,' l
f ro -  lb l  Za .  lTt '  ,  l r% ,r  l5b t,\
rOQ - Z^, Zo.Zb L l  ,6  7o  7b ,  l l 3,4
00-zb 3,p
OA -Zc zoy" za .7o7"Vb, ' / ,6.7o 1b l .T
00 -74 Zo% 7-,  .  6o" l  Zo'1,L.7".7b T , ' I
Q0-  7e 7", 7b o.7
0P-3q Ll O,L

0o-3o ,t 0,L

CIfr-3e ,{ 0,L

f r#* bl T 0 ,7

'$ f r*T 7 0,1
0a*6 u 0,3

frG *v jo4, ll o, l

#a* g l { o.f
00 -o l 6 o, I

I

uo- I r3 O,L



3*

P
, ^ v( i i o
o c \

€ ' E
; €
d
F

?

I

F
F

F

d . E
EE
S e

C r G l o

b  . s a
'  9 H
h  = x
b  E o
( )  L ) , : /

E  . 2 -
,Y 5 -.;
! < ( )

E  v t =

b o  , q :
=  t q o )
=  . c )

5 ' ' j  l€
€  F d . =
€ #  aE
-E .gBe
€ i

a r  I l : >
c 6  = t  d

E T  q :
. =  E E d
E  e E  !
-  6 = s ?

A  e . 6  E
! {  - -  F
V i L I

!  J ( ) 6
3 > c )
o o t r

H  F , E a
2  E € E
E  8 E . ;
q )  b > u  q ,

E .e d 8-.E
= L O C ) ( €

: Eig E
> .  o !  E  x

E E?;;
o. ..:: 'o =
s  !E ' t  E

t aEg€
:  d ' 5 t  5

E ;E !E'  o  q l t  b r )
6 g€ B.E
. =  r  l . , i ' E l

E !$Eq
i  Ez .E3. E  p l d . E €
E  F -  E ' .

T E€E F
F  € , 9 H ;

F $F FH
;  Y d E F
e r ' s€ i
€  t j € E €
E  =  3  F ' a
#  es ;oE
f i  Eg€E
€  o . 9 ' i . Eg FEEi
€ E: E E
e  F g . E ;
F  {E>  E

CN
H r -
n zy r {
t r>
e f.i
z>,

T A 9r c ! :
f:l kl -r

' l > F (

iEB
F F q

v \ o

7 * .
e 2
3 d
- !

a e

ca

\c}
\o \o ra1

r+

\o
rf)

e

\o
\o

trtr-
r.I lf

ra
\c e GI

\c \c ra
!c
\o \o g\

S  9 - c ^
3 E E :
$iae
a ; v

!+
o\

o\
t-

a-
rr

t€ r-
t-

cl
\c, \o \o

la
\o

({)
\0

rr')\€) q\
ra

\e
ln

ia
\o \o

ta

U'(u

o

(.,
6t

Q

) i  ! f  ^

Ei ige
r(f,
tal .+ €\

ol \o
t-
cl

!(n r*
tl

cl tft FI tal g\ \o ra

. : . !  ^
=  9 <

a  e e

rtt
r|
ra

a
t- \o

ra)

cl
\c, al

ol
=

o\
Itt ra

€
F

la

\f\o
\o

('I
o\
GI

r- o\

FI

tat
(a
N

rtr
a
t\l

|a
rt!
(a

qJ

ut

o

(J
EO

u,
,'1

H

E

l!(
2

t !  o A
e i .=

U'

(,
o

1'

o

c)

\c

I

o
L

r l

I
(u
(J

o

(u
I

q)

o
U

ru
(u
tr
q)

o
U

(r
{,
tr
c.,

U

q,

o
L

(l)

tr

ru

z
9

L

1|J)

tq

(u

o
z

(|,

z

t9

oz
(|J

z
\o fa

aa

I

a

= E o
- E :  e

t\ € (n€ F |fI
\c

r- r')
r-

ra
F

ra
r- \c) r- .n

F-

€ !;*st- r- €\ €\
e

\o
fa fa

el
s

\o €
s

€ ral la
(\I

{Y)
N
t\

rr)
!t

\o
€\

s 5ss t\

rt'!
(.1
c T

\o
i n.c Iri

( T
GI

c|

N

t e
d

t
ra
GI

g\

o\ ra
t-
tal
f')

(a
f.r(r)

€
r.)
FI

€&o'6  
3=

o\ t g\ €\ €\ €\ t- ln r-
(\ al

e
G| (n

in
GI

GI

e -

8 E o
EB-

r.)
ell

Itl€ e (a€
e

Q s
la
t-

Bsc(n
!c

(Y) t'l
ra ! rr N |\I (\l GI FT rn G|

'F t
gE
c

qt

I I

6l
l\I

I

H

al
I

I
G|

I
al

I

ru
N

I

cl
CN

I

st
t l

I

I

?
a

Te
ra

I
\0

I

o
\ae

€
I

g\
I I

(r-

2 eoe



EARTHFAX ENGINEERING,  INC.
ENGINEERS /  SCIENTISTS

pRoJEcrUc?r (  -o (  pace l la -  oF-

coMPurED Lff DArE-

CHECKED- DATE

20
t l 100 200 I  8001

5000
4000 |

12l  l  o r
bottom

4 : l
3 : l

ttt":l

I z e . 3 4o
EQUIVALENT SPHERICAL DIAMETER OF STONE,  IN FEET

ETG. Z-SIZE OF STONE THAT WILL RESIST DISPLACEMENT
FOR VARIOUS VELOCITIES AND SIDE SLOPES

S*. ty r i [ /< ,  t167,  ( lsc  o f  f \ , 'p t 'op  { -^  Bonl tPfo i -cof i ' r2n,  U,S. .Oce* .  a f
Tf^n"po, lo#oo ,  &^ . - " ,n  oF Pnb l i 'u  tL . "4J  ,  U ,J  Qar*nhen{ -  f l r ^Jz .h t1s

* r'hJ^ q 1z r, O, L,E#i-e- . Vo.'hr'^ q tz 4 P, L,

60
40 1

STONEwEtGHT, tN
600 1000

POUNDS
1500

| 2000
3000

I

o
z
o()
UJ
@

E
lrl
o-
F
lrJ
lrt
lr.

=

f

ts
()
o
J
lrl

t6

t4

t2

to



31
DD-1A MINIMUM SLOPE

Worksheet for Trapezoidal Ghannel

Project Description

Worksheet

Flow Element
Method
Solve For

Dugout As-bui l t
TrapezoidalCha
Manning's Formr
Channel Depth

lnput Data

Mannings Coeff ic 0.035
Slope 017000
Left Side Slope 1.00
Right Side Slope 1.00
Bottom Width 1.50
Discharge 3.10

roo Kt' f,lr.rl':hvcr{

fl/ft
V : H

V : H

ft
cfs

Results

Depth
Flow Area
Wetted Perimr
Top Width
Critical Depth
Crit icalSlope
Velocity
Velocity Head
Specific Energ
Froude Numb'
Flow Type

0.54
1 . 1

3.03
2.58

0.46
0.030170

2.82
0 . 1 2
0.66
0.76

Subcritical

{  rLn , ' .  ,g  fuf t 1
ft:
ft
ft
ft
fl/ft
fl/s
ft
ft

PcF* "
, g , . f  , "  { , e i 6 . r . . ,  f a r f r e *  GJo r ,a< /o l . 4 . . r  d l # ,# i  d t6 . *  l l  i - i "

f i*,"Tfte**- $,us{* d,{,,*; (' 'k*,. /o*u */-' for{t**0, i.efi dt*' . '

#?, Fu t- t,tt^ ; *' ge-r, ii *U .*blt+ qr",.? *fr 6 *, *-1. k" tr&{ L,.

f*, r, f d,, ,nodg. *r'*. * f i* *.,

EarthFax Engineerlng lnc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Richard \A/hite
FlowMaster v6.0 [614b]untitled.fm2

0412610O 11:08:00 AM @ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



Project Description

DD.IA MAXIMUM SLOPE
Worksheet for Trapezoidal Ghannel

3F

Project Engineer: Richard \A/hite
FlowMaster v6.O [614b]

Worksheet
Flow Element
Method
Solve For

Dugout As-built

TrapezoidalGha
Manning's Formr
Channel Depth

Input Data

Mannings Coeffic 0,035
Slope 100000
Left Side Slope 1.00

Right Side Slope 1.00
Bottom Width 1.50
Discharge 3.10

v1r{ a,sc F.F gaf*L.

fVft
V : H

V : H

ft
cfs

ft
ft2
ft
ft
ft
fUft
fl/s ?

, EarthFax Englneerlng Inc
@ Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA

Results

Depth
Flow Area
Wetted Perimr
Top Width
Critical Depth
Crit icalSlope
Velocity
Velocity Head
Specific Energ
Froude Numb,
Flow Type

0.32
0.6

2.42
2 . 1 5
0.46

0.030170
5.25
0.43
0.75
1 .76

iupercritical

ft
ft

tr .c{r** J/,?h#y ovr,F 5:$ fr*. t ,  F{*ruev*r, S,*,;  g,, to,,r*sf

, f fur* i .A , i * , i ;  &a JFopfa d , tn6L.4. r  g-Le* ,4  , { { r ' ,o . l :dr , } id t+-

bgg6't"r6, d*Le a-d.o* *, ' .  f  r ;  Gfb : $ 
' !  

fcr iE 1.. i ' ' f "- ,

aq d , i * i ta  Jo i l ' .  r t id ;o  6"* ; ;  f :y , , ; i r . , . ; . *o*  t r ' ,4 { -  xwi  n t4er ' r rh

6L.o***. I, P-. J,e. <- **A- di!*ij.i* ffi.tg .*d*r gi'{,r.,&. ur /"15/:ijgo''{*

H*;n.* g*{,r, , t .-s oio d"hu, 6tt , . t# #d ui*U*1"{., , t i '  , f iaf i t*".-

Nt,aA 1F dr*s h# #'. Y-fo*'g-e6*'er *t&'o' ' '*' q

fCI*r-;lig.d tta''tid'c". f,."r $r rr"' s f l" i'" g$ s* |f i'*r' $ c *ln*

Vtcf (nr.@t a^f tmo fi a.g O..$' 
'fu'o c.'ta'u* n '{F { { dkn " 'b 

dn 
}

untitled.fm2
0412610O 11:08:59 AM (203) 75s-1666 Page 1 of 1



DD-18 MIN SLOPE
Worksheet for Trapezoidal Channel

Project Description

Worksheet
Flow Element
Method

Solve For

DUGOUT CAAIYON MINE
Trapezoidal Channel
Manning's Formula

Channel Depth

Input Data

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

-f rtoal,r^

fttft
H : V

H : V
ft
cfs

C o n  e f  o *  e0 .013
0.017000

1 .90
1 .90
0.00
1 .40

Results

Depth
Flow Area
Wetted Perimeter
Top Width
CriticalDepth
CriticalSlope
Velocity
Veloci$ Head
Specific Energy
Froude Number
Flow Type

L . 4 0  f t  1  l , o '  o K
0.3 ft2

1.70 ft
1 .51 f t

0.51 ft
0.004578 fuft

4.67 ftls
0.34 ft
o.74 ft
1 .85

Supercritical

untitled.fm2
O4lO3lO3 O1:48:OB PM

EarthFax Engineerlng Inc
37 Brookside Road Waterbury, CT 06709 USA

Project Engineer: Tom Suchoski
FlowMaster v6.O [61r+el

@ Haestad Methods, Inc. (203) 75s-1666 Page 1 of 1



DD-{B MA)( SLOPE
Worksheet for Trapezoidal Channel

Project Description

Worksheet

Flow Element

Method

Solve For

DUGOUT CANYON MINE

Trapezoidal Channel

Manning's Formula

ChannelDepth

lnput Data

Mannings Coefficient

Slope
Left Side Slope

Right Side Slope
Bottom Width

Discharge

0.013
0.200000

1.90
1.90
0.00
1.40

S m o o
fVft
H : V
H : V
ft
cfs

l4 Ca^ crn*(<-

Results

Depth
Flow Area

Wetted Perimeter

Top Width
CriticalDepth

CriticalSlope
Velocity
Velocity Head

Specific Energy
Froude Number
Flow Type

0.25 ft

0.1 ft"

1.07 ft

0.95 ft
0.51 ft

0.004578 fUft

!-'re-!o
2 .16  f t
2 .41 f t
5.87

Supercritical

Ca^Lf ola- ofL

untitled.fm2
O4l03/03 O1:50:26 PM

EarthFax Engineering Inc

37 Brookside Road Waterbury, CT 06708 USA

Projec{ Engineer: Tom Suchoski
FlowMaster v6.O [614e1

@ Haestad Methods, lnc. (203) 755-1666 Page 1 of 1



Project Description

Results

Depth $!9.e d.
Flow Area 0.7 ft2
Wetted Perimr 3.01 ft
Top Width 2.82 ft
Crit icalDepth 0.38 ft
Crit icalSlope 0.041988 fuft
Velod$ 4.25 ftls
Velocity Head 0.28 ft
Specific Energ 0.57 ft
Froude Numb, 1.50
Flow Type iupercritical

untitled.fm2
0412610O 11:15:54 AM

DD-2A MINIMUM SLOPE
Worksheet for Trapezoidal Ghannel

fto,** # @ 
Qdo

. .  0le-

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 0670g USA

1t

Projec{ Engineer: Richard White
FlowMaster v6.0 [614b]

Worksheet

Flow Element
Method

Solve For

Dugout As-bui l t
TrapezoidalCha
Manning's Formr
Channel Depth

Input Data

Mannings Coeffic 3-.042
Slope 100000
Left Side Slope 1.40
Right Side Slope 1.40
Bottom Wdth 2.00
Discharge 3.00

fiEa * i*
fUft
H : V
H : V
ft
cfs

o ,g  
I

@ Haestad Methods, Inc. (2O3) 755-1666 Page 1 of 1



DD.2A MAXIMUM SLOPE
Worksheet for Trapezoidal Ghannel

Stop. = 33.7'/-

g.u,-A-J .:f r\f ,' . o lL

W

Project Description

Worksheet
Flow Element
Method

Solve For

Dugout As-bui l t
Trapezoidal Cha
Manning's Formr

Channel Depth

Input Data

Mannings Coeff ic 0.051
Slope 333330
Left Side Slope 1.40
Right Side Slope 1.40
Bottom Width 2.00
Discharge 3.00

P7e =6 "
fl/ft
H : V
H : V
ft
cfs

Results

Depth
Flow Area
Wetted Perimr
Top Width
Critical Depth
Critical Slope
Velocity
Velocity Head
Specific EnerE
Froude Numb,
Flow Type

0.23
0 .5

2.79
2.65
0.38

0 .061910
5.60

ft
ft"
ft
ft
ft
fl/ft
fl/s

0.49
0.72
2 . 1 9

iupercritical

ft
ft

untitled.fm2
04126 ,10A 11 :15 :11AM

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Richard \A/hite
FlowMaster v6.0 [614b1

@ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



Project Description

DD.zB MINIMUM SLOPE
Worksheet for Trapezoidal Ghannel

o L

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

Ll3

Project Engineer: Richard White
FlowMaster v6.0 [614b]

Worksheet

Flow Element
Method

Solve For

Dugout As-bui l t
TrapezoidalCha

Manning's Formr

Channel Depth

lnput Data

Mannings Coeff ic 0.013
Slope 009000
Left Side Slope 1.90
Right Side Slope 1.90
Bottom Width 0.00
Discharge 3.00

6,..o(.
fvft
H : V
H : V
ft
cfs

Results

Depth 0.60
Flow Area 0.7
Wetted Perimr 2.56
Top Width 2.26
Critical Depth 0.69
Crit icalSlope 0.004135
Velocity 4.46
Velocity Head 0.31
Specific Energ 0.90
Froude Numb, 1.44
Flow Type iupercritical

f t 1
ft2
ft
ft
ft
fl/ft
fl/s
ft
ft

i .o '

untitled.fm2
O4l26lOG 11:13:42 AM @ Haestad Methods, Inc. (2O3) 755-1666 Page 1 of 1



Project Description

DD-28 MAXIMUM SLOPE
Worksheet for Trapezoidal Channel

g2aafo#e olu

EarthFax Engineerlng lnc
37 Brookside Road Waterbury, CT 06708 USA

LILI

Project Engineer: Richard \Mtite
FlowMaster v6.O [614b]

Worksheet
Flow Element

Method

Solve For

Dugout As-bui l t

TrapezoidalCha
Manning's Formt

Channel Depth

Input Data

Mannings Coeff ic 0.013
Slope 116000
Left Side Slope 1.90
Right Side Slope 1.90
Bottom Width 0.00
Discharge 3.00

Canc re  l - t

fVft
H : V
H : V

ft
cfs

Results

Depth 0.37 ft
Flow Area 0.3 ft2
Wetted Perimr 1.58 ft
Top Width 1.40 ft
CriticalDepth 0.69 ft
CriticalSlope 0.004135 fVft
Velocity 11.62_ fl/s
Velocity Head 210 ft
Specific Energ 2.47 ft
Froude Numb' 4.77
Flow Type iupercritical

untitled.fm2
O4l26lOG 11:14:07AM @ Haestad Methods, Inc. (2O3) 755-1666 Page 1 of 1



Project Description

DD.2C MINIMUM SLOPE
Worksheet for Trapezoidal Channel

o,t3 ' ,'. o tl-

EarthFax Englneering lnc
37 Brookside Road Waterbury, CT 0670g USA

qT

Project Engineer: Richard White
FlowMaster v6.O [614b]

Worksheet
Flow Element
Method
Solve For

Dugout As-bui l t
TrapezoidalCha

Manning's Formr
Channel Depth

Input Data

Mannings Coeff ic 0.013
Slope 009000
Left Side Slope 1.90
Right Side Slope 1.90
Bottom Width 1.00
Discharge 1.50

{ansr'gi" 'a'
ftift
H : V
H : V

ft
cfs

Results

Depth g,ZJe <
Flow Area 0.4 ft2
Wetted Perimr 2.18 ft
Top Width 2.04 ft
Critical Depth 0.33 ft
CriticalSlope 0.0043SS fl/ft
Velocity 3.60 fUs
Velocity Head 0.20 ft
Specific Energ 0.48 ft
Froude Numb, 1.41
Flow Type iupercritical

untitled.fm2
04126106 1 1:19:08 AM @ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



Project Description

DD-2C MAXIMUM SLOPE
Worksheet for Trapezoidal Ghannel

C,1;'naf'a'l** ." A L

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

Ll6

Project Engineer: Richard \A/hite
FlowMaster v6.0 [614b1

Worksheet
Flow Element
Method
Solve For

Dugout As-bui l t

Trapezoidal Cha

Manning's Formr

Channel Depth

Input Data

Mannings Coeff ic 0.013

Slope 014000

Left Side Slope 1.90
Right Side Slope 1.90

Bottom Width 1.00

Discharge 1.50

(.4, ' srn i-+
ft/ft

H : V
H : V

ft
cfs

Results

Depth 0.24 ft
Flow Area 0.4 ft'z
Wetted Perimr 2.04 ft
Top Width 1.92 ft
Critical Depth 0.33 ft
Critical Slope 0.004355 fuft
Velocity &*fls
Velocity Head 0.28 ft

Specific Energ 0.52 ft
Froude Numb, 1.73
Flow Type iupercritical

untitled.fm2
0412610,6 11:19:36 AM @ Haestad Methods. Inc. (2O3) 75s-1666 Page 1 of 1



Project Description

DD-2D MIN SLOPE
Worksheet for Trapezoidal Channel

47

Project Engineer: Tom Suchoski
FlowMaster v6.O [614e]

Worksheet
Flow Element

Method
Solve For

DUGOUT CANYON MINE

Trapezoidal Channel

Manning's Formula

Channel Depth

lnput Data

Mannings Coefficient

Slope
Left Side Slope
Right Side Slope
Bottom Width
Discharge

0 .013
0.036000

1 .90

1 .90

0.00
'1.40

LOa c fc{ c
fUft
H : V
H : V

ft
cfs

Results

g-9{rt
0.2 ff

1.48 ft
1 .31 f t

0.51 ft
0.004578 fr/ft

6.19 fl/s

0.60 ft

0.94 ft
2.63

Supercritical

"- o I'LDepth
FlowArea
Wetted Perimeter

Top Width

Critical Depth
CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

untitled.fm2
O4|O3/O3 03:15:56 PM

EarthFax Engineerlng Inc
37 Brookside Road Waterbury, CT 06708 USA@ Haestad Methods, lnc. (2O3) 7ss-1666 Page 1 of 1



Project Description

DD.2D MA)( SLOPE
Worksheet for Trapezoidal Channel

Llq

Project Engineer: Tom Suchoski
FlowMaster v6.O [614e]

Worksheet
Flow Element

Method

Solve For

DUGOUT CANYON MINE
Trapezoidal Channel

Manning's Formula

Channel Depth

Input Data

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

0.013 Lo'z'cf^cd+-
0.143000 fuft

1 . 9 0  H  : V
1 . 9 0  H  : V

0.00 ft
1.40 cfs

Results

Depth
Flow Area
Wetted Perimeter
Top Width
CriticalDepth
CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

0.27 ft
0.1 ft,

1 .14  f t
1 .01 f t
0.51 ft

0.004578 fuft
10.39 fU,s ConcVfa

1.68 ft
1.94 fr
5.O2

Supercritical

." o4c

untitled.frn2
O4lO3lO3 O3:16:54 PM

EarthFax Engineering lnc
37 Brookside Road Waterbury, CT 0670g USA@ Haestad Methods. Inc. (2O3) 755-1666 Page 1 of 1



Project Description

DD-2E MIN SLOPE
Worksheet for Trapezoidal Channel

t41

Project Engineer: Tom Suchoski
FlowMaster v6.O [614e]

Worksheet

Flow Element
Method
Solve For

DUGOUT CANYON MINE
Trapezoidal Ghannel
Manning's Formula

ChannelDepth

Input Data

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

0.013
0.031000

1 .90
1 . 9 0

0.00
0.70

(angrot r -

fuft
H : V
H : V

ft
cfs

Results

Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

o.27 ft <
0.1 ft,

1 . 1 7  f t
1.04 ft
0.38 ft

0.005021 fuft
4.92 ttls
0.38 ft
0.65 ft
2.35

Supercritical

/ , o  '  o1 (

untitled.fm2
O4lO3/03 O3:18:34 PM

EarthFax Engineerlng Inc
37 Brookside Road Waterbury, CT 06708 USA@ Haestad Methods, Inc. (203) 7s5-1666 Page 1 of 1



Project Description

DD-2E MAX SLOPE

. Worksheet for Trapezoidal Channel

5o

Project Engineer: Tom Suchoski
FlowMaster v6.O f614el

Worksheet
Flow Element

Method

Solve For

DUGOUT CANYON MINE

Trapezoidal Channel
Manning's Formula

Channel Depth

Input Data

Mannings Coefficient

Slope
Left Side Slope
Right Side Slope
Bottom Width

Discharge

0.013
0.133000

'1.90

1.90
0.00
0.70

loacrt t*-
ft/ft
H : V
H : V
ft
cfs

Results

Depth
Flow Area

Wetted Perimeter
Top Width
CriticalDepth
CriticalSlope
Velocity
Velocity Head

Specific Energy
Froude Number
Flow Type

o.21 ft
0.1 ft,

0.89 ft
0.79 ft
0.38 ft

0 .005021 wf t
ggrys
1 . 1 2  f t
1.33 ft
4.65

Supercritical

I t
e-o^c.tut-t- ' DL

untitled.fm2
04/03/03 03:17:44 PM

EarthFax Engineerlng Inc
37 Brookside Road Waterbury, CT 06708 USA@ Haestad Methods, Inc. (203) 755-1666 Page I of 1



Project Description

DD.3A MIN SLOPE
Worksheet for Trapezoidal Ghannel

5l

Project Engineer: Tom Suchoski
FlosMaster !'6.0 [61 4€l

Worksheet
Flow Element
Method
Solve For

Dugout ditches
Trapezoidal Channel
Manning's Formula
ChannelDepth

Input Data

Mannings Coefficient
Slope
Lefi Slde Slope
Right Side Slope
Bottom Width
Discharge

0.035
o.042000

0.70
0.70
0.83
o.20

rouh
ft/ft
H : V
H : V
ft
cfs

y  J o , / ot bt-lno 
" 

k

Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity
Veloclty Head
Specific Energy
Froude Number
Flow Type

o.12 ft 1
0.1 ft?

1 .12  f t
1.00 ft
o.12 fr,

o.o43775 frJft
1.84 fi/s
o.o5 fi
o.17 ft
o.98

Subcritical

/ , /7  / oh

untitled.fm2
1Z24lO1 01:44:19 PM

EarthFax Englneerlng Inc

37 Brookside Raad Waterbury, CT 06708 USA@ Haestad Methods, Inc. (203) 755-1666 Page 1 of I



Project Description

DD.3I\ MAX SLOPE
Worksheet for Trapezoidal Ghannel

7z

Project Engineer: Tom Suchoski
FlowMaster !'6.0 [61 4ol

Worksheet
Flow Element
Method
Solve For

Dugout ditches
Trapezoidal Channel
Manning's Formula
Channel Depth

Input Data

Mannings Coefficient
Slope
Lefi Side Slope
Right Side Slope
Bottom Width
Discharge

0.o35
0.202000

o.70
o.70
o.83
o.20

(Lat
fi/ft
H : V
H : V
fr
cfs

lw coi I o l  b rJ* r /u

Depth
Flovv Area
Wetted Perimeter
Top Width
CriticalDepth
CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

o.07
o.1

1.01
o.93
o j2

o.043772
3.O7
o.15
o.22
2.t5

Supercritical

f  { r ,  o<

fr
fr,
fi
ft
ft
ft/ft
fi/s L
ft
ft

untitled.fm2
12r2UA1 O1:43:54 PM

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA@ Haestad Methods, Inc. (203) 755-1666 Pago 1 of 1



ProJect Description

DD.3B MIN SLOPE
Worksheet for Trapezoidal Channel

5s

Project Engineer: Tom Suohoski
FlowlMaster v6.O [61 4e]

Worksheet
Flow Element
Method

Dugout ditches
Trapezoidal Channel
Manning's Formula

Solve For ChannelDepth

Input Data

Mannings Coefficient
Slope
Left Slde Slope
Right Side Slope
Bottom Width
Discharge

0.030 {o i I
0.016000 ft/ft

5 . O O  H : V
5 .0O H :  V
1.00 ft
O.2O cfs

Depth
FlowArea
Wetted Perimeter
Top Width
CriticalDepth
CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
Flor Type

0 . 1 1
o.2

2 .12
2.10
o.09

o.032271
1.',17
o.o2
0.13
o.72

Subcritical

o .65  okf i <
fl3
fi
ft
ft
fi/fr
11/s
ft
fi

untitled.fm2
12/2c01 O1:45:35 PM

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA@ Haestad Methods, Inc. (203) 75s-1666 Page 1 of 1



Project Description

DD-38 MAX SLOPE
Worksheet for Trapezoidal Channel

,,1

Project Engineer: Tom Suchoski
FlorMaster \j/6.0 [61 4€]

Worksheet
Flow Element
Method
Solve For

Dugout ditches
Trapezoidal Channel
Manning's Formula
Channel Depth

Input Data

Mannings Coefficient
Slope
Left Slde Slope
Right Side Slope
Bottom Width
Discharge

0.030
0.042000

5.00
5.OO
1.00
o.20

S o i l
fitft
H : V
H : V
fi
cfs

Depth
Flor Area
Wetted Perimeter
Top Wldth
Critical Depth
CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
Flovv Type SuPercritical

0.o9 fr
o.1 fi2

1.87 ft
1.85 f i
0.o9 ft

0.032267 frJft
1.64 ft/s-
o.o4 fr
o.13 fr
1 . 1 3

untitled.fm2
1?l24l01 O1:46:O1 PM

EarthFax Englneerlng Inc

37 Brookside Road Waterbury, CT 06-708 USA@ Haestad Methods, Inc. (203) 7s5-1666 Page 1 of l



DD.3C MIN SLOPE
Worksheet for Trapezoidal Channel Tf

Project Descriptlon

Worksheet
Flow Element
Method
Solve For

Dugout ditches
Trapezoidal Channel
Manning's Formula
Channel Depth

Input Data

Mannings Coefficient
Slope '

Let Side Slope
Right Side Slope
Boftom Width
Discharge

0.035 noo Fy e^rA
0.048000 ftift

0 .70 H :V
0 . 7 0  H : V
0.8:l ft
0.2O cfs

o t be*l^Pc/L

Results

Depth
FlowArea
Wetted Perimeter
Top Width
CriticalDepth
CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number

0 .11
0.1

1 . 1 1
0.99
o .12

o.043775
1.92
o.06
o.17
1.O4

< 1 , 1 1  o  l Lfr
fiz
ft
ft
ft
fttfi
fl/s
ft
ft

Flow Type Supercritical

untitled.fm2
12124101 01:47:45 PM

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Tom Suchoski
FloryMaster v6.O [614e]

@ Haestad Methods, Inc. (203) 755-1666 Page 1 of I



DD.3C MAX SLOPE
Worksheet for Trapezoidal Channel

,6

ProJect Description

Worksheet
Flow Element
Method
Solve For

Dugout ditches
Trapezoidal Channel
Manning's Formula
Channel Depth

lnput Data

Mannings Coefficient
Slope
Left Side Slope
Right Slde Slope
Bottom Width

0.035 f,ocky eaM..
0.200000 frtft

O.7O H :V
0 . 7 O  H : V
0.83 ft

or be"LrooL

Discharge 0.20 cfs

Depth
FlowArea
Wetted Perimeter
Top Wldth
Critical Depth
CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
Flovu Type

o.07 ft
0.1 ft2

1.01 ft
0.93 fr
o.12 tt

o.o43777 ftm
3.0€-8/s- <.t-
0.15 ft
o.?2 ft
2.O4

Supercritlcal

{7.t olL

untitled.fm2
12r2ql1 O1:47:O4PM

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Tom Suchoski
FlowMaster !'6.0 [61 4€l

@ Haestad Methods, Inc. (203) 755-1666 Page 1 of l



Project Description

DD.4 MIN SLOPE
Worksheet for Trapezoidal Ghannel

,7

Projed Engineer: Tom Suchoski
FlowMaster v6.O [614e1

Worksheet
Flow Element
Method
Solve For

Dugout Canyon Mine
Trapezoidal Channel
Manning's Formula

Channel Depth

Input Data

Mannings Coefficient
Slope

Left Side Slope
Right Side Slope
Bottom Width
Discharge

0.030
0.008000 fuft

1 . 0 0  H  : V
20.00 H : V

0.00 ft
0.20 cfs

Results

Depth
Flow Area
Wetted Perimeter
Top Width
CriticalDepth
CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

0.15 f t
0.3 ft,

3.32 ft
3.25 ft
o . 1 2  f t

0.034664 fUft
0.79 fUs
0.01 ft
0 .16 f t
0.50

Subcritical

untitled.fm2
O2f22lO2 O3:47:4O PM

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 06708 USA@ Haestad Methods, Inc. (203) 7s5-1666 Page 1 of 1



Project Description

DD.4 MAX SLOPE
Worksheet for Trapezoidal Channel

58

Projed Engineer: Tom Suchoski
FlowMaster v6.O [614e]

Worksheet
Flow Element

Method

Solve For

Dugout Canyon Mine
Trapezoidal Channel

Manning's Formula

Channel Depth

Input Data

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

0.030
0.254000 fuft

1 . 0 0  H : V
20.00 H :V

0.00 ft

0.20 cfs

Results

Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

0.08 ft
0.1 ft,

1 .74 f t
1 .70  f t
o.12 tt

0.034664 ft/ft
2.90 fUs

0.13 f t
0.21 ft
2.54

Supercritical

untitled.fin2
OU2AO2 O3:48:13 PM

EarthFax Englneerlng Inc
37 Brookside Road Waterlcury, CT 06708 USA@ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



Project Description

DD-s MIN SLOPE
Worksheet for Trapezoidal Channel

,1

Project Engineer Tom Suchoski
FlowMaster v6.O [614e]

Worksheet

Flow Element
Method

Solve For

Dugout Canyon Mine
Trapezoidal Channel

Manning's Formula

Channel Depth

Input Data

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

0.030
0.005000 fuft

1 . 0 0  H  : V
20.00 H :V

0.00 ft
0.10 cfs

Results

Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
CriUcalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
Flor Type

0.13 ft
0.2 ft

2.80 ft
2.74 ft
0.09 ft

0.038017 ft/fr

0.56 fUs
4.87e-3 ft

0 .14 f t
0.39

Subcritical

untitled.fm2
OU2AO? O3:49:08 PM

EarthFax Engineering Inc
37 Brookside Road Waterbury, CT 06708 USA@ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



Project Description

DD-s MAX SLOPE
Worksheet for Trapezoidal Ghannel

ta0

Project Engineer: Tom Suchoski
FlowMaster v6.0 [614e1

Worksheet
Flow Element
Method

Solve For

Dugout Canyon Mine

Trapezoidal Channel
Manning's Formula

ChannelDepth

lnput Data

Mannings Coefficient

Slope
Left Side Slope
Right Side Slope
Bottom Width

Discharge

0.030

0.009000 fuft
1 . 0 0  H : V

20.00 H :V
0.00 ft

0.10 cfs

Results

Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
GriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

0 .12  f t
0.1 ft,

2.50 ft
2.45 tt
0.09 ft

0.038020 fuft
0.70 fUs

0.01 ft
0 .12 f t
0.51

Subcritical

untitled.fm2
OA2AO2 03:49:29 PM

EarthFax Engineering Inc
37 Brookside Road Waterbury, CT 06708 USA@ Haestad Methods. lnc. (203) 755-1666 Page 1 of 1



6N

DD-6 MIN SLOPE
Worksheet for Trapezoidal Channel

Project Description

Worksheet
Flow Element
Method

Solve For

Dugout Canyon Mine

Trapezoidal Channel

Manning's Formula

Channel Depth

lnput Data

Mannings Coefficient

Slope
Left Side Slope
Right Side Slope
Bottom Width
Discharge

0.030
0.025000 fuft

1 . 0 0  H : V
20.00  H :V

0.00 ft
0.30 cfs

Results

Depth
Flow Area
Wetted Perimeter
Top Width

Critical Depth
CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

0.15 f t
o.2 fr

3.12 ft
3.06 ft
0.14 ft

0.032841 fUft
1.35 fUs
0.03 ft

0.17 ft
0.88

Subcritical

untitled.fm2
O2|2UO2 03:5O:37 PM

EarthFax Englneering lnc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineen Tom Suchoski
FlowMaster v6.o [614e]

@ Haestad Methods, lnc. (2O3) 755-1666 Page 1 of 1



Project Description

DD.6 MAX SLOPE
Worksheet for Trapezoidal Channel

6L

Project Engineer: Tom Suchoski
FlowMaster v6.0 [614e]

Worksheet
Flow Element
Method
Solve For

Dugout Canyon Mine
Trapezoidal Channel
Manning's Formula

ChannelDepth

Input Data

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

0.030
0.091000 ft/ft

1 . 0 0  H  : V
20.00 H :V

0.00 ft
0.30 cfs

Depth
Flow Area
Wetted Perimeter
Top Width
CriUcal Depth
CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number

Flow Type

0.11 f t

0.1 ft2
2.45 ft
2.4A ft
0.14 ft

0.032838 fuft

2.19 fl/s
0.07 ft
0.19 ft
1 .61

Supercritical

untitled.frn2
OA2AO2 03:50:07 PM

EarthFax Engineerlng Inc d.
37 Brookside Road Waterbury, CT 06708 USA@ Haestad Methods. Inc. (203) 755-1666 Page 1 of 1



Project Description

DD-7 MIN SLOPE
Worksheet for Trapezoidal Channel

{o3

Project Engineer: Tom Suchoski
FloivMaster v6.O [61 4€l

Worksheet
Flow Element
Method

Dugout ditches
Trapezoidal Channel
Manning's Formula

Solve For ChannelDepth

Input Data

Mannings Coefficient
Slope
Lefr Side Slope
Right Side Slope
Bottom Width
Discharge

0.030 sa I I
0.013000 ftrft

1 . 0 O  H : V
3O.OO H : V
o.@ ft
O.1O cfs

Results

Depth
Flow Area
Wetted Perimeter
Top Width
CriticalDepth
CriticalSlope
Velocity
Velocity Head
Specilic Energy
Froude Number
Flow Type

0.09
0.1

2.96
2.92
0.08

o.039680
0.73
0.ol
0 .10
0.59

Subcritical

nao,6 f l
ft2
ft
ft
fr
fr/fi
ll/s
ft
ft

oL

untitled.fm2
12n4l01 01:56:36 PM

EarthFax Englneerlng Inc
37 Brookside Road Watorbury, CT 06708 USA@ Haestad Methods, Inc. (203) 755-1666 Page 1 of1



DD.7 MAX SLOPE
Worksheet for Trapezoidal Channel

61

Project Description

Worksheet
Flow Elemenl
Method
Solve For

Dugout ditches
Trapezoidal Channel
Manning's Formula
Channel

Input Data

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

0.o30
0.031000

1.00
30.00
o.oo
0.10

^tc i  I
ft1ft
H : V
H : V
fr
cfs

Depth
FlowArea
Wetted Perimeter
Top Width
Critical Depth
CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
Flor

untitled.fm2
121241101 O1:56:58 PM

0.08 ft
o.1 fl3

2.51 ft
2.8 fr
0.o8 ft

0.039677 ft/fr
1.O1 {1/s
0.02 fi
0,10 f i
0.89

Subcritical

1 CQ fet 5'lL

EarthFax Englneering Inc

37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Tom Suohoski
FlowMasterv6.O [614€]

@ Haestad Methods, Inc. (203) 755-1666 Page I of 1



Project Description

DD.8 MINIMUM SLOPE
Worksheet for Trapezoidal Ghannel

6 
t' t?*,74{a ti+7#e'

CI,7 fa ,', A {L"

EarthFax Engineerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

6T

Project Engineer: Richad White
FlowMaster v6.0 [614b]

Worksheet
Flow Element
Method

Solve For

Dugout As-built
TrapezoidalCha
Manning's Formr

Channel Depth

Input Data

Mannings Coeffic 0.043
Sfope 122000
Left Side Slope 1.50

Right Side Slope 1.50
Bottom Width 4.00

Discharge 0.50

ffrp *
fVft
H : V

H : V
ft
cfs

Results

Depth 9.09*ft 4

Flow Area 0.3 ft2
Wetted Perimr 4.23 ft
Top Width 4.19 ft

Critical Depth 0.08 fr
Critical Slope 0.064643 fl/ft
Velocity 1.90 fl/s
Velocity Head 0.06 ft
Specif ic Energ 0.12 ft
Froude Numb, 1.33
Flow Type iupercritical

untitled.fm2
0412610O 11:22:04 AM @ Haestad Methods. Inc. (203) 755-1666 Page 1 of 1



Project Description

Results

Depth 0.05 ft

Ffow Area 0.2 tr

Wefted Perimr 4.19 ft

Top \Mdth 4.16 ft

Critical Depth 0.08 ft

CriticalSlope 0.094535 fl/ft

Velocity -3,s.Q IUJ 4
Velocity Head 0.09 ft

Specific Energ 0.14 ft
Froude Numb, 1.83

Flow Type iupercritical

untitled.fm2
A4l26lOG 11:23:05 AM

DD.8 MAXIMUM SLOPE
Worksheet for Trapezoidal Channel

3V,*'{ %1 r{ya&

f,0 {pt

EarthFax Engineerlng lnc
37 Brookside Road Waterbury, CT 06709 USA

Project Engineer: Richard White
FlowMaster v6.0 [614bJ

Worksheet
Flow Element
Method

Solve For

Dugout As-built
TrapezoidalCha
Manning's Formr

Channel Depth

Input Data

Mannings Coeffic 0.052

Slope 357000

Left Side Slope 1.50

Right Side Slope 1.50

Bottom Width 4.00

Discharge 0.50

tqu *
fl/ft
H : V
H : V
ft
cfs

@ Haestad Methods. Inc. (203) 755-1666 Page 1 of 1



Project Description

DD.g MIN SLOPE
Worksheet for Trapezoidal Ghannel

67

Project Engineer: Tom Suchoski
FlowMaster v6.O [614e]

Worksheet
Flow Element
Method

Solve For

DUGOUT CANYON MINE

Trapezoidal Channel

Manning's Formula

ChannelDepth

Input Data

Mannings Coefficient

Slope
Left Side Slope
Right Side Slope
Bottom Width
Discharge

0.040
0.143000

2.OO
2.00
0.00
0 . 1 0

of, = 3'
fUft
H : V
H : V
ft

cfs

l tcpc. = l ' i ' |  Y

Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
CriticalSlope .

Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

0.15 [  c ,
4.3e-2 f(

0.66 ft
0.59 ft
0.17 ft

0.060548 fuft
2.30 fUs
0.08 ft
0.23 ft
1 .50

Supercritical

o,7 r '  oK

untitled.fm2
O4IO3/O3 O3:32:46 PM

EarthFax Engineerlng lnc
37 Brookside Road Waterlcury, CT 06708 USA@ Haestad Methods. Inc. (203) 755-1666 Page 1 of 1



67
DD-g MAX SLOPE

Worksheet for Trapezoidal Channel

Project Description

Worksheet
Flow Element

Method
Solve For

DUGOUT CANYON MINE

Trapezoidal Channel

Manning's Formula

Channel Depth

lnput Data

Mannings Coefficient
Slope
Left Side Slope
Right Side Slope
Bottom Width

Discharge

0.046
0.333333

2.00
2.00
0.00
0.10

7?,7 7,?Sa = 3"  $ l 'Po e

fr/ft
H : V
H : V
ft
cfs

Depth
Flow Area
Wetted Perimeter
Top Width

Critical Depth

CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
FIow Type

0.13 f t
3.5e-2 ftz

0.59 ft
0.53 ft
o .17  f t

0.080888 fuft
2.84 ftts < ,o {r" ok

ffiil
0.26 ft

1 .94

Supercritical

untitled.fm2
O4l03/03 03:34:19 PM

EarthFax Engineering Inc

37 Brookside Road Waterbury, CT 0670g USA

Project Engineer: Tom Suchoski
FlowMaster v6-O [614e]

@ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



Project Description

UD.l MIN SLOPE
Worksheet for Trapezoidal Ghannel

6q

Project Engineer: Tom Suchoski
FloruMasterv6.O [61&]

Worksheet
Flour Element
Method
Solve For

Dugout ditches
Trapezoidal Channel
Manning's Formula
Channel

Input Data

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

r"oP.y so I I
fttft
H : V
H : V
ft
cfs

0.035
o.096000

1.20
1.20
o.75
o.20

Results

Depth
FloryArea
Wetted Perimeter
Top Width
Critical Depth
CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow

untitled.fm2
12124101 O2:OO:25 PM

0.10 ft  1l-;  {a
0.1 ftz

1.05 ft
0.98 ft
o.12 ft

o.o4?213 fttft
2.42 ftls
o.o9 fr
o.19 ft
1.47

D I L

EarthFax Englneerlng Inc
37 Brookside Road Waterbury, CT 0670g USA@ Haestad Methods, Ino. (2O3) 75$1666 Page I of I



Project Description

UD.l MA.X SLOPE
Worksheet for Trapezoidal Channel

10

Project Engineer: Tom Suchoski
FloirrMaster v6.0 [61 4€l

Worksheet
Flow Element
Method
Solve For

Dugout ditches
Trapezoidal Channel
Manning's Formula
Channel Depth

Input Data

Mannings Coefficient
Slope
Left Slde Slope
Right Slde Slope
Bottom Width
Discharge

0.035 toofuV to, I
0.258000 fi/ft

1 . 2 O  H : V
1 . 2 O  H : V
o.75 fr
0.2O cfs

Results

Depth
FlowArea
Wetted Perimeter
Top Width
CriticalDepth
CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

0.07 ft
0.1 ft2

0.97 ft
0.92 ft
o.12 ft

o.o42215 ft/ft
3.35 fl/s < r,o fr'-
o.17 ft
0.25 fr
2.32

Supercritical

o f u

untitled.fm2
1Z24lO1 02:01:13 PM

EarthFax Englneerlng Inc

37 Brookslde Road Waterbury, CT 06708 USA@ Haestad Methods, Inc. (203) 755-1666 Page I of 1
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]7

DUGOUT CANYON MINE
CULVERT DESIGN FLOWS

Note: When only part of a watershed contributes runoff to a ditch or culvert the runoff will be
determined by multiplying the total flow by the percentage of the watershed area flowing to the
ditch or culvert. In sorne cases the total watershed runoff may be used.

Design flows are rounded up to the nearest tenth of a cfs.

All design flows are for a 1O-year, 6-hour storm event except UC-s and UC-6 which are for a
10O-year, 6-hour storm event.

Culvert Contributing Watersheds
Design Flow

(cfs)

0c- l lL",  lzb. l5e .  l5b J .  I

rJC- L t1 l" 3
rJc- 3 5o"d zb o, f

0( - ' / 7^,7b 0,7

OC-T Ll  ,6 0"7
pc-( 6 o, l
oc-t 8 O,L

Oc- 8 7 0l

Oc-? to; tl I ,Z
ICC- lo t?a, tLb - 6O% st p7" $q 2.3
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Project Description

DC-1 OUTLET VELOCITY
Worksheet for Circular Ghannel

7'"{

* r.u,"t a,.,i:;i ,*"{; o*{* t,

ft.***f #un,s,rp r^

Worksheet
Flow Element

Method
Solve For

DUGOUT AS.I

Circular Chann
Manning's Fon

Channel Depth

lnput Data

Mannings Coeffic 0.O24

Slope 040000
Diameter 24
Discharge 3.10

fvft
in

"fr .g; 
{t":j s-..!,;'{-, 

f 
t-, lJ"L*, SFL - f f ;;. {# i*g5r.'4

f *+,,n,.pif" !4 #6* lo f,^; t {*"d,i*.,* dJ**.

d4,r  &.u, iut*r#.
Results

Depth
Flow Area
Wetted Perime
Top Width
CriticalDepth
Percent Full
Criticaislope
Velocity
Velocity Head
Specific Energ'
Froude Numbe
Maximum Disc
Discharge Full
Slope Full
Flow Type

0.48
0.6

2.05
1 . 7 1

0.62
24.0

0 .015150
5.34

ft
ft2
ft
ft

ft
o/o

fl/fi
fl/s

0.44
0.92
1.62

26.36
24.51

0.000640
iupercritical

ft
ft

cfs
cfs
fi/ft

Th;J g^(v7rt d) *oL..c,^g.€r , 'ndo *L, ScJ, *r6.,a.* / ,ou\4.

T h -  v t o F c r  j " '  ! \ .  f o ^ n \  i ^ l  l i l  A t t ' t . r r 7 u * n  & t " *

# ^ f f ,rrrrey} el* dr.u 6"* i,,t1pi or* i' ie 'F' s-,t 60^i".,{ fu *

4.o urrr-J te y t no,{) tuc,at , $'h+*t. ldn ; I ,'fr sy*;'

#'n{"r 9 {

So+,  < ' , f r ,  t  y

. - . 6 n
t ;  f l e f , * c * { f , " . t

untitled.fm2
0412610O 02:24:17 PM

EarthFax Englneering Inc
@ Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Richard White
FlowMaster v6.o [614b]

(2O3) 75s-1666 Page 1 of 1



7,fDC-6 OUTLET VELOCITY
Worksheet for Circular Ghannel

Project Description

Worksheet

Flow Element
Method

Solve For

DUGOUT CANYON MINE

Circular Channel
Manning's Formula

Channel Depth

Input Data

Mannings Coefficient
Slope
Diameter
Discharge

0.024
0.178000 fuft

22 in
0.10 cfs

Results

Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Percent Full
CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
Maximum Discharge
Discharge Full

Slope Full
Flow Type

0.07
3.1e-2

0.70
0.69
0 . 1 1
3.6

0.021124
3.24
0 .16
o.23
2.70

44.09
40.99

0.000001
Supercritical

f,o €p" No

oro

ft
ft2
ft
ft
ft
o/o

fUft
fUs (

ft
ft

cfs
cfs
fvft

o-ll'( p f-bL,*;*^ 6-<- 7 t^ ino{

= gT 
rut  oro *{*^ n- l rq,^o,Fc .

untitled.fm2
O4|O3/O3 04:22:45 PM

EarthFax Engineering Inc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Tom Suchoski
FlowMaster v6.0 [614e]

@ Haestad Methods, Inc, (203) 755-1666 Page 1 of 1



Project Description

DC.7 OUTLET VELOCITY
Worksheet for Circular Ghannel

76

Project Engineer: Tom Suchoski
FlowMaster v6.O [614e1

Worksheet
Flow Element
Method

Solve For

DUGOUT CANYON MINE
Circular Channel
Manning's Formula

Channel Depth

Input Data

Mannings Coefficient
Slope
Diameter
Discharge

0.015
0.056000 fuft

22 in
0.20 cfs

Results

Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Percent Full
CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
Maximum Discharge
Discharge Full
Slope Full
Flow Type

0 . 1 0
0.1

0.85
o.82
0.16
5.3

0.oo7524
3.72
o.21
0.31
2.56

39.57
36.79

0.000002
Supercritical

ft
ft2
ft
ft
ft
o/o

ftJft
fVs 1

ft
ft

cfs
cfs
fvtt

f.o frt no on{lul- p.o{u{nn rcX^irr,\

untitled.fm2
O4lO3lO3 O4:17:47 PM

EarthFax Engineerlng Inc
37 Brookside Road Waterbury, CT 06708 USA@ Haestad Methods, Inc. (203) 75$'1666 Page 1 of 1



Project Description

DC.8 OUTLET VELOCITY
Worksheet for Gircular Ghannel

v

Project Engineer: Tom Suchoski
FlowMasterv6.0 [614e]

Worksheet
Flow Element
Method
Solve For

Dugout Canyon Mine
Circular Channel
Manning's Formula
Channel Depth

Input Data

Mannings Coefficient
Slope
Diameter
Discharge

o.o24
0.056000 fi/ft

18 in
0.10 cfs

Results

Depth
FlorArea
Wetted Perimeter
Top Width
CriticalDepth
Percent Full
CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
Maximum Dlscharge
Discharge Full
Slope Full
FlowType Supercritical

5 f7, f1o suF lat ,ar-o {ccAou /-1w\rcA

0.09
4.5*2

o.75
o.72
o.12
6.1

0.021061
2.24
o.08
o.17
1.58

14.8
13.46

0.000003

fr
ft2
ft
ft
ft
%
fr1ft
frls z
fi
ft

cfs
cfs
fi/fr

untitled.fm2
12r27n1 O2:37,,2OPM

EarthFax Engineerlng Inc
37 Brookside Road Waterbury, CT 06708 USA@ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



IF
DC-g OUTLET VELOCITY

Worksheet for Circular Ghannel

Project Description

Worksheet
Flow Element
Method
Solve For

Dugout Canyon Mine

Circular Channel
Manning's Formula

Channel Depth

Input Data

Mannings Coefficient

Slope
Diameter
Discharge

0.024
0.0s6000 fvft

30 in
1.20 cfs

Results

Depth
Flow Area
Wetted Perimeter
Top Width
Critical Depth
Percent Full

CriticalSlope
Velocity
Velocity Head

Specific Energy
Froude Number
Maximum Discharge
Discharge Full

Slope Full
Flow Type

0.26
0.3

1.64
1 .53
0.36
10.4

0.015354
4.41
0.30
0.56
1.84

56.55
52.57

0.000029
Supercritical

ft
ft,
ft
ft
ft
o/o

fUft
fUs ( 5 fio'

ft
ft

cfs
cfs
fUft

EarthFax Engineering lnc
37 Brookside Road Waterbury, CT 06708 USA

ho ou{iai- F rvi*e<-ke- is ra^)rJ

Project Engineer: Tom Suchoski
FlowMaster v6.O t614el

\

untitled.fm2
05/16/03 1 1:37:36 AM @ Haestad Methods. Inc. (2O3) 755-1666 Pagel of 1



7q

Project Description

DC-10 OUTLET VELOGITY
Worksheet for Gircular Ghannel

frr" ov-tte'r €", f"{"r+ 6'^ivt'rt t 'r f f ^ o, -*f 6,1i lrof ly

Worksheet
Flow Element
Method

Solve For

DUGOUT AS-I
Circular Chann
Manning's Forr

Channel Depth

Input Data

Mannings Coeff ic 0.015

Slope 041000

Diameter 22

Discharge 2.30

ft/ft
in
cfs

Results

Depth
Flow Area
Wetted Perime
Top Width
Critical Depth
Percent Full
Cri t icalSlope
Velocity
Velocity Head
Specific Energ'
Froude Numbe
Maximum Disc
Discharge Full
Slope Ful l
Flow Type

0.34 ft
0.3 ft"

1.62 ft
1.42 fr.
0.54 ft
18.3 o/o

0.006102 fl/ft
6.95 fl/s
r''s}

0.75 ft
1.09 ft
2.54

33.86 cfs
31.48 cfs

0.000219 fl/ft

iupercritical

On b*{ r**tY ,

l,4 {,q J+*{* -

CPe' f dr-F f 
'-" fl'fls'd'r nr'*Y*us, fl$

untitled.fm2
O4l26lOG 02:26:38 PM

EarthFax Englneering Inc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Richard \Nhite
FlowMaster v6.O [614b]

@ Haestad Methods, Inc. (203) 755-1666 Page 1 of 1



Project Description

DC-l1 OUTLET VELOCITY
Worksheet for Circular Channel

7q

( -^ lv* r f  / i " . t^a-1<r  )^ lo  { -h-  f tAJ,  l , )o t - r  ,^  f , * " .  f  e^}  6 t t l {

Ql, f,r:) f o k &'.yrlV p a f ,r* r".p Vae*c,f *r- 
f

p"t* 'o i .{o,,  { ,^i . t t .F {-e,n h.*.( l* f . '*+*..  { '* i l  {d* '- '  {n'*

f f , i *h  # f i * l * ,  / " {a6 tg ,< ! *dn  u ' { '  * * r - . { , , " - " t * t .n i  t ' d

f l- j?",ot- tL* oa' r{io*o fnn* #L, *.- -rr,,".d t **e

Y"r*fo eJiBt-t"i- f{ao f tt"t-oli* d* {'u-.$-n, x d\ 7t,1*L

fr I - ta **"4- f'r, u &", rL,*. f *aA Yi4*tuy rr

(uiv<rr*' #e.*. | , 7*k*5, #L,r &ut*r rd #a*s

rto & mt.1oA Fg .b*,. ,rla e r ,* i{oi st**"1.. i'.4" #i*+*- *Ei n F r" +

;#t * & {'r*e=+,q': t4'^{& J'r 4,;'d #'#uk ##* /s- o^"t*{'

Ct^luvrr 8€,*l co-*, tl' ';ii ;*f* {y 4i*-r';r-g fA*

f ro ̂ o#t {r Ff,*'' g*an*4'

Project Engineer: Richard White
FlowMaster v6.O [614b1

Worksheet

Flow Element

Method
Solve For

DUGOUT AS-t

Circular Chann

Manning's Forr

Channel Depth

Input Data

Mannings Coeffic 0.024
Slope 044000
Diameter 24
Discharge 3.10

fvft
in
cfs

Results

Depth
Flow Area
Wetted Perime
Top \Mdth

Critical Depth
Percent Full
Cri t icalSlope
Velocity
Velocity Head
Specific Energ'
Froude Numbe
Maximum Disc
Discharge Full
Slope Ful l
Flow Type

o.47 f t
0.6 ft"

2 .02 f t
1 .69 f i
0.62 fi
23.5 %

0.015150 fuft
5.53 fUs
0.47 ft
0.94 ft
1 .69

27.65 cfs
25.70 cfs

0.000640 fl/ft
iupercritical

untitled.fm2
04126106 02:27:18 PM

EarthFax Engineerlng Inc
@ Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 0670g USA (203) 755-1666 Page 1 of 1



Project Description

Mannings Coeff ic 0.024
Slope 035000
Diameter 18

Discharge 0.20

DC-12 OUTLET VELOCITY
Worksheet for Circular Ghannel

Y1{ f | (Qfei.- ,rto.*'( n-J

$;3 a

Project Engineer: Richard White
FlowMaster v6.0 [61ab]

Worksheet

Flow Element
Method

Solve For

DUGOUT AS.I
Circular Chann
Manning's Forr
Channel Depth

Input Data

fvft
in
cfs

Results

Depth
Flow Area
Wefted Perime
Top Width
Critical Depth
Percent Full
Critical Slope
Velocity
Velocity Head
Specific Energ'
Froude Numbe
Maximum Disc
Discharge Full
Slope Ful l
Flow Type

0.14 f t
0.1 ft2

0.94 ft
0.88 ft
0 .16 f t

9 .5  %
0.019385 ft/ft

,2,-34 fi1s
0.09 ft
0.23 ft
1 .32

11.45 c fs
10.64 cfs

0.000012 fvft
iupercritical

untitled.fm2
O4l26lOG 02:28:05 PM

EarthFax Englneerlng lnc
37 Brookside Road Waterbury, CT 06708 USA@ Haestad Methods, Inc. (203) 755'1666 Page 1 of 1



yt
UC.6 MINIMUM SLOPE

Worksheet for Circular Ghannel

Project Descriptlon

Worksheet
Flow Element
Method
Solve For

DUGOUT CANYON
Circular Channel
Manning's Formula
Channel Depth

Input Data

Mannings Coefficient
Slope
Diameter

o.o24
0.020000 firfi

6O in
Discharge 185.5O cfs IOO-|- 6-l"r r{o^rtl

Results

Depth
Flow Area
Wetted Perimeter
Top Wldth
Critical Depth
Percent Full
CriticalSlope
Velocity
Velocity Head
Specific Energy
Froude Number
Maximum Discharge
Discharge Full
Slope Full

3.81 ft
16.1 ft2

10.62 ft
4.25 ft
3.90 fi
76.3 04 e f(*

0.019073 ft/ft
11.54 fl/s
2.O7 ft
5.88 ft
1 .05

214.60 cfs
1ee.5o cfs ) IST,T c-ft

0.417292 ftm
Flow Type Supercritical

ol,ro*" fL- s lo4* os 7

J4"- tt ac{t^- ll y

'/, '^ta eL .fi, n

r "...tf, l laA ^v o'l*

lL, ' ,  eelc, ' i * ts l r

d-hw tL, t ,'r 4

i :  l ;h l f  ^ . ,qoL,  lou .n

( . e a . 1 L r \  w . l * t v z  e [ f  r z - - o { 2 .

untitled.fm2
1Z26101 1O:59:16 AM

EarthFax Engineerlng Inc
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Tom Suchoski
FlowlMaster !'6.0 [6f 4€l

@ Haestad Methods, Inc. (2O3) 755-1666 Page 1 of I
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uc- 6
Natural Channel Condition at€€=2 Ouflet

Worksheet for Trapezoidal Channel

b.r/* 
?/q

FlowMaster v5.13
Page 1 of 1

_froject Description
Project File
Worksheet
Flow Element
Method

untifled.fm2
Dugout Canyon Energy Dissipator Design
Trapezoidal Channel
Manning's Formula

Solve For Channel Depth

lnput Data
Mannings Coetficient
Channel Slope
Left Side Slope
Right Side Slope
Bottom Width
Discharge

0.040
0.065000 fuft
1.500000 H : V
1.500000 H : V
6.00 ft

200.00 cfs

Results
Depth
Flow Area
Wefted Perimeter
Top Width
Critical Depth
Critical Slope
Velocig
Velocity Head
Specific Energy
Froude Number
Flollis supercritical.

1.95 ft
17.41 ft2
13.03 ft
1 1 . 8 5  f t
2.60 ft
0.021867 fUft

11.49 111s #
2.05 ft
4.00 ft
1 .67

brs\c6.- ru Assif.l"r 'f"
+/;f {'l^-4 u

11nop7
1O:48:52 AM Haestad Methods, Inc. 37 Brookside Road waterbury, cT 0670g (203) 7s$1666



nc-6
#€ Outlet Velocity for 72-inch Culvert

Worksheet for Circular Channel

untitled.fm2
Dugout Canyon Culvert Design
Circular Channel
Manning's Formula
Channel Depth

0.024
0.065000 fuft

72.00 in
200.00 cfs

2.42
10.68
8.26
5.89
3.87

40.32
0.013628 fVft

18 .73  f t l s?
5.45 ft
7.87 ft
2.45

629.10 cfs
584.83 cfs

0.007602 fuft

^.J

Etl

7/oz

Project Description
Project File
Worksheet
Flow Element
Method
Solve For

Data
Mannings Goefficient
Channel Slope
Diameter
Discharge

Wetted Perimeter
Top Width
Critical Depth
Percent Full
Critical SloPs

C Velocg-)
Velocity Head
Specific Energy
Froude Number
Maximum Discharge
Fult Flow Capacity
Full Flow Slope
Flow is supercritical.

ft
ft2
ft
ft
ft

11120,/97
11:23:O4AM

FlowMaster v5.13
Page I oflHaestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666
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EARTHFAX ENGINEERING,  INC.
ENGINEERS /  SC IENTISTS
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DATE

CULVERT BRINK
DESIGN DISCHARGE -  O

V,,, WETTED AREA AT BRINK OF CULVERT

Q secronr

d5g =  THE MEDIAN SIZE OF ROCK
B Y  W E I G H T .  R O U N D E D  R O C K
OR ANGULAR ROCK.

Yg =  EOUIVALENT BRINK DEPTH
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Triangular Hydrograph Calculat ions using

SCSHYDRO Program

Watershed l .D. :
WS.3 IOO.YR 6.HR

INPUT SUMMARY

STORM :
Dis t .=  SCS Type 'b '
Depth = 2.05 inches
Durat ion = 6.0 hrs

WATERSHED :
Area = 4.87 acres
CN = 70.00

Time conc. -  0 .07 hrs

OUTPUT SUMMARY

Runoff depth: 0 .260 inches
In i t ia l  abst r :  0 .857 inches
Peak f low: 0.93 cfs (  0.190 iph )

at  t ime: 2.518 hrs
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Triangu lar Hydrograph Calcu lat ions using

SCSHYDRO Program

Watershed |  .  D.:
WS.5 1OO.YR 6.HR

INPUT SUMMARY

STORM :
Dis t .=  SCS Type 'b '
Depth = 2.05 inches
Durat ion = 6.0 hrs

WATERSHED:
Area = 15.90 acres
CN = 70.00

Time conc. -  0 .12 hrs

OUTPUT SUMMARY

Runoff depth: 0.260 inches
Ini t ia l  abstr :  0.857 inches
Peak f low: 2.66 cfs (  0.166 iph )

a t  t ime:  2 .555 hrs



?z

Triangular Hydrograph Calculat ions using

SCSHYDRO Program

Watershed l .D. :
WS.13 IOO.YR 6.HR

INPUT SUMMARY

STORM :
Dis t .=  SCS Type 'b '
Depth = 2.05 inches
Durat ion = 6.0 hrs

WATERSHED :
Area = 15.31 acres
CN = 67.00

Time conc.= 0.12 hrs

OUTPUT SUMMARY

Runoff  depth: 0.189 inches
I n i t ia I  abstr :  0.985 inches
Peak flow: I.28 cfs ( 0.083 iph )

at  t ime: 2.575 hrs
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Triangular Hydrograph Calculat ions using

SCSHYDRO Program

Watershed |  .  D.:
WS.T4 TOO.YR 6.HR

INPUT SUMMARY

STORM :
Dist.= SCS Type 'b'

Depth = 2.05 inches
Durat ion = 6.0 hrs

WATERSHED :
Area = 13.11 acres
CN = 67.A0

Time conc.=  0 .15 hrs

OUTPUT SUMMARY

Runoff depth: 0. 189 inches
Ini t ia l  abstr :  0.985 inches
Peak f low: 1.01 cfs (  0.076 iph )

at t ime: 2.587 hrs
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SEDCAD 4.0
Qgpyright 1998 pameta J. Schwab
CivilSoftware Design

Xftaoh r-tc^ + A O,.gou* Orze k
{ ? i p t r r o  C a l c " l a { i a  n S

o' Material: Riprap

Trapezoidal Channel

Left Right
Sideslope Sideslope Slope,(o/o)

Ratio RaUo

Freeboard Freeboard

o/o of Depth M.ult' x, _  _ .  __ r_ . .  
(VxD)  r

Freeboard

Depth (ft)

1.0 :1  1 .0 :1

Simons/OSM Method - Mild Slope Design
w/o Freeboard w/ Freeboard

Design Discharge: 179.00 cfs

Depth: 1.88 ft

Top Width: 18.75 ft

Velocity: 5.58 fps

X-Section Area: 31.65 sq ft
Hydraulic Radius: 1.559
Froude Numben 0.77

Manning's n: 0.0377

Dmin: 2.00 in

D50: 9.00 in

Drnax: 12.00 in

SEDCAD Utilig Run Printed 04-15-1999
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N urnber/Desig nation Gomparison for
Ditches and Gulverts

2006 with 1998

2006
Diversion

Ditch

1998
Diversion

Ditch

2006
Culvert

1998
Culvert

DD-la DD.4 DC.1 DC-6

DD-lb DD-3 DC-2 DC-l0

DD-2a DD.7 DC.3

DD-2b DD-7 DC-4 DC-5

DD-2c DD.7 DC-5 DC.7

DD.2d DD.7 DC-6

DD-2e DD-6 DC-7

DD-3a DD-8 DC-8 DC-8

DD.3b DD-8 DC-9 DC-9

DD-3c DD.8 DC-l0

DD-4
DD.I l
&12

DC-il

DD.5 DD.l3 DC-12

DD-6
DD-14, 15

&16
UC-I UC-6

DD.7 DD-l7 vc-2 ac-2

DD-8 UC-3 uc-r

DD.9 uc-4 uc-3

UD.1 UD.1 UC-5 uc-4

UC.6 UC.5

The ditches and q.llvert numbering dcignation uas revised in 2006. this chart has been prepared for ease of comparison in incidences where
a document has not ben updated to the2006 numbcing slstern.



Canyon Fuel Company, LLC
SCM/Dugout Canyon Mine

Mining and Reclamation Plan
May 26,2006

ATTACHMENT A TO APPENDIXT-11

Riprap Calculations for DD-7 Outlet and
Stream Bank Directly Downstream of the County Culvert

Note: Information in this Attachment A to AppendixT-9 is included here rather than modifying
existing pages within Appendix 7-9. The affixed Professional Engineer's Stamp certifies the
calculations contained only within this attachment.

The ditch number was changed from DD-7 to DD-2a in May of 2006. All information referenced
for DD-7 refers to DD-2a in this attachment.


